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DESCRI PTI ON - ELECTROSTATI C | MAGE DEVELOPI NG TONER
TONER KIT AND | MAGE FORM NG APPARATUS 5 techni ca
Field The present invention relates to electrostatic
i mge devel oping toners, containing a polyester resin
as a binder resin, that are utilized as dry toners to
devel op electrostatic images or magnetic |atent inages
in el ectrophotographiggErfasfingtati c recording or .
el ectrostatic printing 10 processes; and al so toner
' ' orm apparatuses. ~_Backaround Art
pet B cTROSTREG AT DAL NG SopneRe OV I Avvp
in order to inprove |low tenperature toner fixability
(Patent LiteratiM&SE FORMENG APPARATEIS to i nprove the
| ow tenperature toner fixability still further, the 1s
nol ecul ar mass and/or the glass transition tenperature
Tg should be I|owered with respect to the resins,
however, which typically |eading to poor bl ocking
Terkmical Biedd of toners under high tenperature and high
hum dity conditions. Such resins are al so problematic
as t iR OrFRRGh
t he ?(%g?g%tﬁg% firmy to carrlers ]gﬁ%éﬁ%%eﬁﬂé 2
sl eeves,_zo etc., Mdreover, E eductlon of charglng
'&%Fﬁa“cq“t‘;?mt"éﬁ aolxesier ‘Bﬁl&ﬁﬁm thapare gtilized as dry
parti cul ar under high tenperature and high humdity
togasdb ideostsp electatdtiipelsr b en@itbtcduidh Hndigty in
conditions with |arge i mage 1 areas As such, toners

IR BT RR S OR RACRURER IRl e nBE s

wi de variety of
processes; and also toner kits and image forming apparatuscs.

Background Art

Polyesater resins have been used as binders in the art in order to
improve low temperature toner fixability (Patent Literatures 1 and 2). In
order to improve the low temperature toner fixability still further, the
molecular mass andfor the glass transibion temperature Tg should be
lowered with respect to the resins, however, which typically leading to poor
blocking resistance of toners under high temperature and high humidity
conditions. Such resins are also problematic as to reduce charging capacity
of developers since the toners adhere firmly to carriers, developing sleeves,
ete. Moreover, the reduction of charging capacity tends to be pronounced
with time in particular under high temperature and high humidity

conditions or low temperature and low humidity conditions with large image
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operating conditions nmeanwhil e being substantially
non- probl emati c under wusual operating conditions. 5 A
bi nder containing a charge controller or a charge
control agent is proposed in order to inprove
charging ability or charge stability and to prevent
background snear (Patent Literature 3). However, the

arGRar 08s s M) bk Gndloy RhnGak IRmep! zkﬂﬂaiaaﬁg.gwa

) nady . , vef:een -
tenperature fixability inferior to"that pol yest er
resins, . thus is |ikel Q detejiorate the | ow . )

derEsiLibat i pYRY Yy Pk Guakigiotens ieler Advideyaristy of
therefore necessary for the toner to i nprove the | ow

opeeatimy ednditiohs mehnivbily teing tulsiaetidihahohheolilbaiage under
control l er should disperse wuniformy into the toner

: - syfficient charging property in |ess
uef o LR T hafichll

el opers are typically used in
el ectrophot ographic, electrostatic 15 recording or

el ectt biadar rentpringiamhapeoemizdlerior axcheage tintrokagent is

devel oper firstly attaches to a photoconductor on

prisfdsel iARr@broetinTbad EieareiBoghility bPLRRGe staldlity and to

evel opi ng step, then the developer is transferred

from,th hot,ocondyct or ta, a recqrdi nmedi uym such as
prgyetih backetpundstasarPatent TRl o SIHOF 408 CRAFED
mediumin a transfer step. The devel opers for
cogireBeo pipaelly26chethiecs los tanhperdtopgisakatity hdfedor feibas of
with latent inmages are usually two-conponent

po n\é{:ﬂr‘}@% ﬁ.ﬂﬁgg;/'e. %g%&‘i@fiﬁa@é (RO oPediRpardle fixability of

e- conpone rs contarning a maghetic or
non- magnetic_toner and no carrier- In 2 - - -
polyester resimsh e lige §herplere nesessage farcthetenems-immrpwn tha low

devel opers, the toner particles tend to attach the

tg%%gﬁgﬁgzgﬂﬁﬁﬂﬁﬁmﬁﬂnﬂﬁﬁﬁﬁdﬁﬂ&?ﬂuﬁ%ﬁ@bﬂﬁﬁﬂeréﬂﬁﬂddﬁme&m
umiformly mto the toner and represent a sufficient charging property in less
amount.

Devclopers are typically used in electrophotographie, electrostatic
recording or electrostatic printing processes in a way that a developer firstly
attaches to a photaconductor on which an electrostatic image is formed in a
developing step, then the developer is transferred from the photoconductor to
a recording medivm such ag paper in A transfer step and fixed on the
recording medium in a transfer step. The developers for developing
clectrostatic imapes on the suriaces with latent images are usually

bwo-component developers containing a carrier and a toner or one-component

developers containing a magnelic or non-magnetic toner and no carrier. In
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consunption of toners decreases the toner
concentration in the devel opers, which requires to
maintain a certain ratio between toner and carrier by
s nmeans of |arge-size devel opi ng devices, On the other
hand, the apparatuses or devices have been downsi zed
by virtue of advanced function of developing rollers
el A P R B R0 el PR Pl i
ﬁéill further in offices, such that various graphs by
te %gﬁéfﬁa%? GHTIRT t@ dggrade £he dgveleper, wad opesled
digital caneras, or pictorial drafts read by scanners

coasemptiontof dorisie deapassh i tenseetirentth ibane the Ge¥elopers,
personal presentation, for exanple. Inmages to be

rinters typically. tain.,a co i cate
whith Rt REnRiia s Buratie Fiinded nfrt gt o
hal ftone i mages even in one draft, thus are demanded
megns/eilpegessipadersleping dayices.t HOhithe otlferteiridabhé apparatuses
Conventi onal el ectrophotographi c processes on the

orlR%icss Bhve BEST AOWRERED by Eeeﬁ{e BP&dwarREE fihéi %f&%idf;‘il?g

magneti ¢ one- conponent evel opi ng processes by use 0
rdﬂg%gftic toners and non-magnetic one-conponent
%Rﬁmﬂﬂﬁﬁﬁé@@éﬁguﬁwﬂﬂ§ BHOPREH- magnetic toners. In
the 20 magneti c one-conponent devel opi ng processes,

whi clinhesmtiyears, attanitiyn aad cploirid leddc hiee goplalarized still
numerous small-size printers etc., a magnetic toner

. i etic materi al such. as nmagnetites
fubthef in SR1E B SRS B S by She it dh el Ao ks,
. menber. with a_n&gpetic field-generating unit therein,
impggs telen wHbdigital camerha,yurmotopial deafis refd by scymers are

t hi ckness-control nenber and devel oped
prmted and copied on a number of papers for perscnal presentation, for

example. Images to be output by printers typically contain a complicated
configuration including solid images, line images and halftone images even
1 one draft, thus are demunded in varicus manners along with high
reliability.

Conventional electrophotographic processes on the basis of
ona-component developers are classified into magnetic one-component
developing processes by wse of magnetic toners and non-magnetic
one-component developing processes by use of non-magnetic toners. In the
magnetic one-component developing processes, which have been recently in
practical use for numerous small-size printers etc., a magnetic toner that

contains a magnetic material such as magnetites is supported by a developer
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subsequent|ly. However, nost of the magnetic materials
are of colored or black, which affording a deficiency
that the coloring is difficult. 5 On the other hand,

i n the non-nagnetic one-conponent devel opi ng
processes, a toner supply roller etc. is urged to
contact with a devel oper bearing nenber thereby to

r N i t
beBFRR deBbbP B, £ ol R R PG B ERRRE Bl o

. thin-layered by neans of_ a_layer thickness-contro
15 %ﬂ%@#%ﬁ%ﬁlﬂ?&y thickneris-gmtryl anapberanddeyrleped
property of toners. The processes may advant ageously

subSequimitiyl | Hvhwdver, GRbRof Ehé thagaetit tndtbfiabPaenFeokted or
col or magnetic materials, an t he apparatuses may be

spal li--si z till re and of | ow cost d o the
hl%‘@@@??égh 3’%??@6% 3td§%nﬁ%\%ﬂ“o%rm#é—ﬂﬁ Hg" ﬁr’!;%r s, thus
have been recently in practical use for small-size

f ul | {hothy oifper hapd singhe nopSmaAgpetinone omppormt developing
devel opi ng systens nmay maintain stably the charging

S tabiLi . od

Prdises SIBE MR FNARAL T Rkdd do Qe IPRE s yelped
develo&%gg evi ces, siqce a carrier is_ enployed as a

begERgm fcﬂ?ﬂra‘i%aﬂ sply Adragom theydevaleper hearingsaember
carrier is sufficiently stirred inside a devel opi ng

thabelectrostatinglly sappapotHeadnts wiich iditeal ihbelrRedad b @neans
menber before the developing. In contrast, there

[N EHIT n robl to be.sol.ved i t he
of B AR e bonleda R B RetBes S ANYHRE otBbbl ons
in charging or 4 transporting tend to occur under
nogriypeRefecprpaty ditokgrgh The gaodessesdmay adventgeposizbe

devel opi ng processes due to the absence of the

cofipfiagt BcAPEmnE RRIBILE hBLerB U SolE tlhAtic i letlals, and

-Specifically, when the toner is

the apparatuses may be small-sized still more and of low cost due to the
absence of magnets in developer bearing members, thus have been recently
in practical use for small-size full-colar printers etc.

The two-component developing systems may maintain stably the
charging ability and the transportability even under prolonged usage and be
easily compliant with high-speed developing devices, aince a carrier is
employed as a means for charging and transporting, the toner and the
carrier 15 sufficiently stirred inside a developing unit and then transported to
a developer bearing membher hefore the developing.

Im contrast, there remain currently many problems to be solved in

the one-component developing processes. That is, problems in charging or
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transported on the devel oper hearing nenber foll owed
by thin-layering the 5 toner by neans of the | ayer

t hi ckness-control mnenber before the developing in the
one- conponent devel opi ng processes, toners of |ow or

i nverse charging tend to generate in a rate nore than
that of the two-conponent devel opi ng processes since

tr&srltbg-ﬁftriﬁ% ﬂa&[d[ Eﬂm&rﬁro&ﬁ&mf %ﬁ@%@aﬂaﬁgg 9} g@pg&gﬁiiﬁ% is -

devel oper bearlng menber, the |ayer Zo
onewpPEINeESEL deyelomang m&wsciuqﬂqeﬁheﬁbéwwwhe charging and
electrification. In non-nmagnetic one-conponent

trt Ry HeRE fHkaBb QGES 86 SarridE SphtificARY AAHeRahs tahe: is
transported typically by at lTeast one toner

e e S e T

transported toner. In the processes, the |ayer
tonér lgkmeass of theHaydsthidmess-shatrbbimieentes bielira ths developing
possible on the surface of the toner transporting

in SR PG copPaper S| ESRRL AP Bl R, ﬁ‘*ﬁff‘*"dﬁm‘?ﬁ?@?ﬂ"%@ Bk

one- conponent devel opers and toners wth a hig
BrRemeratedny asFala aporg tham ki byidde: ipatomapongnt dewelﬁ@ng
| ayer thickness of the toner should also be as thin

pré@sfirsindd thel ddnRadtingGH the fristifes charding deplddns si%lhﬂic!a&ltly
be chargdey devel oping units. In cases where th

o B e BB AN il

uniformy charging over the entire toner |ayer.
thitkoesstemérol nerober o thedricbguilredectrificatatibi t a rapi d

charging velocity and an appropriate chargi ng anount.

ﬁ%nig%?Pgﬁg??gﬁMQﬁggﬁﬁ%6ﬁ%%£g§?gﬁﬁu%ﬂﬂ%%éto 'stabi || ze
develapSrs Hrd trausported typically by At Iohst ous bomer transporting
member and zlecirostatic latent images on the latent image are developed by
use of the transported toner. In the processes, the layer thickness of the
toner should be as thin as possible on the surface of the toner transporting
member. This is applicable to two-component developers with carriers
having a very small diameter, When one-component developers and toners
with a high electric resistance are employed together with, the layer
thickness of the toner should also be as thin as possible in particular, since
the toners are to be charged by developing wnits. In cases where the toner

layer is thick, the toner Layer 15 blkely to be charged at only around its surface

and far from uformly charging over the entire toner layer.  Therefore,
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5 agent controls and nountains the frictional charge
anount of toners. The charge control agents of
negative electricity are exenplified by nono ago
dyes; netal salts of salicylic acid, naphthoic acid
and di carhoxylic acids; netal conplex salts of

di carboxylic acids; diazo conpounds; and boron

BB GamR G er GAOR AR RN

amopni um sal ts, i m dazol e conmpounds, nigrM nes and
charging aWumE. foyever, some of these charge control .
agents are of chromatic color and inadequate for

col orAd @iy shargs cafttol Aghts aaie dditivdiaae cBhRdémfnally

control agents have a poor conpatibility wth binder

w58 P 8 P L A B TR e

the surface and fluctuate the charging ability of
agehesrirols andumerndiamadhe driskienal shyrgmeaoudkeftioopisig The

sl eeves or cause Rim ng on photoconductors.

chER @I 2 cb /O QAN ObIcBNALLY Rl SRERHIMAT YRGS AOE |

phenonenon™ 20 that initial appropriate | m

radual.ly. to,cause background. snear _or. uncl earness.
dyp Tmed s¥lss of slicy e aad, %@ﬁ@%ﬁﬁ%s’gcaﬁbﬁwhc acids;
supplying toners in particular; |ong termusage cannot
mdéial anhplexedlisiof dearbexylic cRflugdiszoeunpoahds;end Soron
decreases and the initial tone of images significantly

th han several thousand sheets
cofpl S drmpdliitisl 2o Balil b BeBiof el b ede o
cartri d%;s of an imaging unit, which leading to a
cxemplified hyi qusiemary ammanivam dalin timddszole compewsds, ng  of
users. 5 Moreover, heavy netals in alnost all process
nigdkinek (@A EdFAYSI Ng a soci al
However, some of these charge control agents are of chromatic color
and madequate for color toners. In addition, some of these charge control
agents have a poor compatibility with binder resins and those on toner
surface, which mostly contributing to the charging, tend to separate from the
surface and fluctuate the charging ability of toners, or may
disadvantageously smear developing sleeves or cause filming on
photoconductora.
Therefore, there conventionally arises a troublesome phenomenon
that initial appropriate images degrade gradually to cause background

smear or uncleerness. In cases of continuous color copy along with

supplying toners in particular, long term usage cannot he achieved since the



10

15

20

Ll Pl " N WP L L F "1 I P Tl P e B RSl R i M il P LSl RS e e St e e e e - e e e el L AR A e A e A

safety issue in recent years. In order to solve the
probl ens descri bed above, resin charge-control agents
are proposed that inprove the conpatibility with

bi nder resins, clarity of fixed toner inages and
environmental safety. The resin 10 charge-contro
agents may afford stable charging ability/clarity due

%@%ﬁm?ﬁ%ﬂg%r ge co n? I‘ 0] ttlé%g ents ?%l‘p%@]]l{ﬂ%%% g%ﬂil%l.‘.ﬂ.]] tl)"

t he charge annunt/charglng rate conﬁared to toners
altesysachithat pemore thag gesserahighomsand pheets of mydrieg aperak
salts of salicylic arid, naphthoic acid or

prEm&BiR0ethh A6 éé@aﬁﬁ&@swﬁﬁquﬁgm@hnﬂf whit® 168&in

i s charge-control agent increases, the charging
ilit be .i mpr qve the toner_fixability such
to 3 dares, St Bo sad e (OB BPPSsing SRsrince | <
likely to degrade. Moreover, these compounds tend to

Mepcoitn, heawe swdals ¢h plriasigdl proewss carbmdgad aretcalkingtaysmal
noi sture resistance with respect to their charge

080 0 jbly resulting in background smear

#ﬂbefﬁﬂ%%%?gg% Literatures 4 to 7). As such,
copolyners are proposed that are groposed from
nonoARoEdenigiolng e repblamadeseribed abeves gegin ghagge-control

sul fonic acid salt group and aromatic 7 nononers

aghald i@ [RHpRiedahbPinpidveatik| loﬁﬁfpﬁh*hﬂﬂy wilWeheIer reRiAse
copolynmers represent an insufficient dispersion into

Sl o R it Aot D e BB 0 T A0BAET R The

filmng on devel opi ng sl eeves or photoconductors are
chiareendeintoi] eigentesmag géford sigpble sharetipabjlity/derity dpe to

al t hough the charge anounts are sufficient by virtue

pgi-usﬁﬁ!@f; };:H?i P IS A0 R DRI rekthal " HohRSEE 168 Shalf! i fhol

agents are inferior in the charge amount/charging rate compared to toners
containing meno azo dyeg, metal salts or metal complex salts of salieylic acid,
naphthoic acid or dicarboxylic arids, When the added amount of the resimm
charge-control agent increases, the charging ability may be tmproved but the
toner fizxability such ag low temperature Axability or offset resistance 1s likely
to degrade, Moreover, these compounds tend to exhibit excessively large
environmental stability or moisture resistance with respect to their charge
amount, which possibly resulting in background smear or fog (Patent
Literatures 4 to 7).

As such, copolymers are proposed that are proposed from monomers

having an organic acid salt such as a sulfonie acid salt group and aromatic

L B o S i
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contai ning the organic acid salt such as the sulfonic
acid salt group (Patent Literatures 8 to I1). In
addi ti on, such copolyners are proposed, forned of
nmononers 10 containing an organic acid salt like a
sulfonic acid salt group, aromatic nononers
containing an el ectron- attracting group and styrene

m@%‘%%ﬁt%’%*f’?%'y e B ABr 0l [HRRARE Bilshopolymors

resins and yes resrns however , provrdrng
TEPIESGRE AR PB Etﬁaﬂﬂ Hatp khe pidey remas cang the offesimen
or preventing the filmng on devel opi ng 15 sl eeves or

suppoteirgniheciartsatidn oPiinkt ebhmge, arthbentCdiaigeemidni td Alming

agents are typrcally unsatrsfactory in conbrnatron

' e o sins as se for Ior
onpriciing S os B miBaianb s A5 FRpMISH ATerrfite g, s
of coloring property and intensity. There have been
prelopged pedednilthaughy the¢hahgs ambentpparsfbdest by girt@oof the

smal | -si zed, high-speed, and cost-lowere d along wth

L ﬁﬁ.lrﬁrzibﬁéﬁab kla ta@ﬂﬁ%ﬂ? Sved #frfﬁﬂﬁ byqn%&gnd

apparatuses are denanded hi ghe
nger t.one s urred o narntarn t hei.r
t%a%@rﬂt L‘J@éﬁrssmcsc{ﬂ alt such as the subbonic 3, salt group (Ratgnt

peri od; however, the resin charge control agents are
Literaturek Baby1).0 - maintain their charge control effect
thus to blur or foul the developing sleeves or |ayer

consanadii s eﬁﬂﬁrﬁﬁ&zﬁq@ré@ﬁﬁ%ﬂ@r RO et

causj ng frlnrng on hot oconduct or s. The
msmmng@zmanm aynd §§;]é eappdfomcsad sabaroup,rdroyadtizad
mpnnmere containing an electron-attracting group, and styrene or polyester
monomers, In order to enhance the compatibility with binder resins such as
styrene resins and polyester resins, however, providing insufficient effects on
maintamning the charge amount or preventing the flming on developing
sleeves or photoconductors. In particular, the charge control agents are
typically unsatisfactory in combination with polyester or polycl resins as
used for a color toner binder resin that are usually desirable in terms of
coloring property and intensity.

There have been such a technical trend that the apparatuses are

small-sized, high-speed, and cost-lowered along with the printer market
expanding; and currently, the apparatuses are demanded for higher

reliability and longer life, toners are required to maintain their properties for

e
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devel opi ng processes with | ower anmounts of devel opers

and shorter periods, which requiring devel opers

havi ng an excellent initial charging property. A

vari ety of devel oping systens have been proposed for

bot h of one-conponent 10 devel opers and two-conponent

devel opers; non-nagneti c one-conponent devel opnent is
2 BB ARl dREyl (HABLE: LhiiRoPlectliBhic BLE R0 AD

wel"ght-saving ability an sence carriers.

he
devel opi ng,systens, . the toner anount on devel opi ng

mpipN iy ercehaies utaolsEoRk b torlre phop] the levaloniag

and attaching toners on developing rollers or by neans

sleived babiger ibickhessaront npiehasisnel a8 bixdeendllers,
toner-supplying ability onto the developing rollers

and toner, sust ai ni.na _abi l,i-i. t he deyel opin .
coffiielsPRF dedHgsficiiteton ahility &lobatutd Cypig Bipmingon
filmng tendency of toners onto the devel opi ng

photcosductoshorter |ifetime of the developing rollers
and 'unstabl e charge anbunt of toners, and these

prob h@i&%nﬂﬂ%ﬁh@&yhi%h%ﬁﬁn@é@ a ﬁ%ﬂé@s ﬂ%ﬁéﬁﬁﬁ%ﬁd Ay

Accordi ngly, color "toners r the nonnagne

one- conponent deye] opnment are_often unsatisfactory in
deprlopiag Drogasees &'ﬁ@%ﬁrtﬂaﬁ@aﬂtﬁ phaevelonazs aadishortey getipds

to usually necessary properties for conventional color

which eequiringtdevElopess baHak yntexceleifSnitti ehatgihFipigpaity. A
t he developing rollers. Furthernore, Patent

gl hESeEbide kiR IS HACH eFORRR) Boflf o B0 BipBgone

amount of resin charge-control agents for the
deyelgnersranshisn-eomponent deaelogersi henuhagugtinprs:-@im paneyt
may be inproved but the toner fixability such as | ow

debElopRicat W GosidabiePir igrinteR bPHIRE of £ is likely
-t%mge det eri or at ed. Nbreovéf?&?ﬁise %%%%%ﬁ%ﬁg tend to
exhi bit ex

welght-saving ag Stjsl’f ia}/_lﬁla%s:lar?gegn% %{L.rrs?n [}E%g lde'.sr’élna[?iin!gi Bty%/teg[rls.
the toner amount on developing rollers is adjusted by way of forcibly
frictioning and attaching toners on developing rollers or by means of blades
gince such properties are poor as toner-supplying ability onto the developing
rollers and tonersustaining ability on the developing rollers.  As a result,
there arise such problems as filming tendency of toners onto the developing
rollers, shorter hifetime of the developing rollers and unstable charge amount
of toners, and these problems possibly distuxb adequate development.
Accordingly, color toners for the non-magnetic cne-component development

are often unsatisfactory in thermal resistance of toner binder resing in

addition to nsually neeessary properties for conventional eolor toners, thus
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noi sture resistance in their charge anount, which
possibly resulting in background snear or fag. 10
Furthernore, the proposals in Patent Literatures Sto
11 may assure a sufficient charge anmount due to

noi sture absorbability or adhesive property, however,
there remai n such problens as insufficient dispersion

' Q ' - | Sf essi on of -

art Mty fo08he Bt G inl ORThE TpPitbBlnk SURRL P
preventing filmng onto sleeves and phot oconductors.
15 | Frthennayei Rawas Literatuses Ldp HotesgribehEsamplasdbabs
a latent image is electrostatically forned on an

shotBgRr PRakde WiniRAPSLd & FABHEH CIWHEN thRh8AkPhMount of

eta, then charged toner particles are attached to the

ro O Hy LR EFCF £ CTde T REPne A e Bl U Charging

recordi ng medium |l i ke papers and fixing thereof to
abglityduay benmpdowedt bpaitthe iemer Atabiligeanh asdatwstemperature

el ect rophot ographi c copiers and printers are changi ng

T R

formng color images by full-color electrophotographic
copppgupds tend to erlibil ersessivglblargonemyisonmentql stability or
el enentary col ors of yellow, nagenta and cyan or four

mEiehaE TeAdEinRs iR tRGK chAeaifo it wdiEl 62U rhulting in

reproduce every color. In order to produce clear

l::-f |1 -cqglor images with excellent col or

E‘Fg%ﬁﬂ KA HTYP8- 5 therefore, the surface of fixed
toner images should be sonmewhat snoothed to decrease

opt i dhirthiriarecthcqropesads it Patend [steratgres S8antl1trhayt assure
pignents are wuniformy dispersed into toners and the

n %&@ﬁ?%% R lﬂtlﬁtiji@tlhg%bsurhabﬂity or adhesive
property, however, there remain such preblems as insufficient dispersion into
toner binders, unsatisfactory suppression of charge Muctuation and
msufficient eflect on preventing filming onto sleeves and photoconduetors.
In forming 1mages by electrophotographic processes, a latent image
is electrostatically formed on an image bearing memher of photoconductive
materials etc., then charged toner particles are attached to the electrostatie
latent image to form a visible image, followed by transferring the toner
image onto a recording medium like papers and Gxing thereof to produce an
output image. In recent years, electrophotographic copiers and printers are
changing rapidly from monechrome to full-color systems, and the full-color

market has been expanding,

10
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finely dispersed condition w thout re-coagulating. In
order to reproduce the color of human skin in
particular, it is io required that the color is
expressed by a subtractive m xing process through
over | apping a yellow toner and a magenta toner, thus
an opti mum conbination fromyellow pignents, nagenta

pig s i X
P vodt toatlf oo fBert by A 2B B1eAB 0B B aulES 3?%%%
12, for exanpl e, dlscloses a magenta toner for

tymically, 6plon onare of three glamentazy ealors of mﬂnuhnﬂmentmmd cyan
prepared by way of dissolving a toner conposition;

or ﬁﬁi}t-ﬂd}b BddhPRb YR h@btd 88 dugRdtdd fArelpRodiReByedy sHIER

bond, into an organlc solvent to forma sol ution,

AT I R AR e

rinsed, and t he toner contalns at | east a col orant of
thereﬁ:pepﬂid surfavepd fined Béhebrriregids should Hesdoentwha it smiaithed to
13 di scloses a nagenta toner for electrophotography

defRRRPbfiGA e O o RS En SRk e G L

certain structure as 11 the colorant, and the tone has
uniformipdispersed intortopersf and the dispaved pigmentsi maintan the
average particle diameter of 2 to 9 pm However, these

finR[sOMiRpEdsBd BN dibRn vt hd g by thensel ves
t he poor col or reproducibility due’ to plgnent

re-a ratlon i n ner.s nd 5 hus t col or. .
repr g'g i (picpproguce ﬁlaegggo; B’?ﬁ:ﬁu&‘ﬁ
accurate reproduction as for hunan shin color in

reqared thdtahe cBlar enexpresseddiyun subitradinramdsiag Parbent through
Application Laid- Open (JP-A) No. 62-178278

overiapping a yellow toner and a magenta toner, thus an optimum

combination from yellow pigments, mapenta pigments and resins for
dispersion matrix has been investigated as a subject matter.

Patent Literature 12, for example, discloses a magenta toner for
developing electrostatic images, in which the toner is prepared by way of
diszsolving a toner composition; contaimng a polyester resin modifed to form
a urea bond, into an organic solvent to form a solution, which then undergoes
a polyaddition reaction, then the dispersion liquid is removed for the solvent
and rinsed, and the toner contains at least a colorant of a specific compound.

In addition, Patent Laterature 13 discloses a magenta toner for
electrophotegraphy conteaning at least a binder resin and a colorant, 1n

which the toner contains a naphthol pisment having a certain structure as

11
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Patent Literature 2: JP-A No. 4-313760 1 o Patent
Literature 3: Japanese Patent Application (JP-B) No,
7-062766 Patent Literature 4: JP-A No. 63-88564
Patent Literature 57 JP-A No. 63-184762 Patent
Literature 67 JP-A No. 03-56974 Patent Literature 7=
JP-A No. 06-230609 15 Patent Literature 8- JP-A No.

th RSkt pp P Hing s Gl ton 510, BB B R e volume

Literature 117 JPA No. 11-218965 Patent Literature
avgrage yPrtisls digowherafés® PPmpat ent Literature 13: JPA

No. 2003-215847 D scl osure of Invention 12 It is an

obj efovtvet 1Beft BERBLalk WO b B &&J%@Hﬂ%gﬂﬁf themselves

el ectrostatic - | mage devél opi ng toner t hat

th BRGRoloh reprpeuen it (ot bR rer e @lﬂ%ﬂ?ﬁsgﬁﬂd

hum dity conditions, free from backgr ound snear, and

thbsthd endon iapmmdﬁnﬁbj]jtjnafigﬁmadb chrentlgiiab fideyatcopates due
to firmdeposition of toner ingredients onto carriers

en under high
e @#ﬂgﬁé hggé andﬁéﬁ%ﬁﬁéﬁ&ﬁgg”%y conditions or |ow
tenperature and | ow humdity conditions and _al so
undePasentitenatigran apraeert visay dpatisation LaidsOpen (JP-A)

outputting stably high quality inmages. 10 It is
N get{7e7ebj ect of the present invention to provide an

Patent Literature 2: JP-A No. 4-313760
Patent Literature 3: Japanese Patent Application (JP-B) No, 7-062766
Patent Literature 4: JP-A No. 63-88564
Patent Laterature & JP-A No. 63-184762
Patent Literature 6' JP-A Noe. 03-56974
Patent Literature 7- JP-A No. 06-230609
Patent Literature 8: JP-A No. 08-30017
Patent Literature 9: JP-A No. 08-171271
Patent Laterature 10: JP-A No, 9-211896
Patent Laterature 117 JF*-A No. 11-218965
Patent Literature 12° JP-A No. 2004-77664

Patent Literature 13- JP-A No, 2003-215347

Disclosure of Invention

12
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el ectrostatic i mage devel opi ng dry-toner that can
control and maintain stably the frictional charge
anmount of the toner, keep stably the frictiona
charging ability, be excellent in transportability,
devel oping ability, transferring ability and storage
stability, and be free from abnor nal inages caused by

depoitis's&[‘ulﬁé& Athe Péb.%%ﬁ%% giuﬂé'&}&%m -
obj ect of the prese I nvention to prOVI

one-.conponent an tmo co onent deveIo er each
Imggr deye nek} cagswbas low

and an i mage forn1ng apparatus utiI|S|ng at | east one

tempetdtars vgbibipe nade? Right tenfperAftide@indobighHui{dith@nditions,
pr esent |nvent|on to provide a toner kit for

i P D B R 2 iy Mo €8 RBaribi Bl o

resins and the related inferior co]or 13
deyelppegshiediolfitmy depasitdon aftonppingreidEnt ynioepreesr a

color reproducibility of- yellow and nagenta, and al so

dev@lpink Aol Wias Lilnkee vBn it rti %gulﬁ;g%{hgcgg{ éy”ﬁt?@ﬁ%hol Ve

i nventors have been investi gat
th probl ens d scrlbed above nd have found _that the
13{}1? o fieragertyye and fve hugidify copditipns and

polyeondensatlon pol yester resin produced under a

alsspesleriontpatitalgysith datpednd apaairelis thig oatftinirGlably high

di ameter and a particle dianmeter distribution each

d in a certain range, or by use of a
quﬁﬁ@%ﬁﬁ tharge control agent. The present invention

has been made based on the findings |e described
abov & 1stametheroBicaint tuspraspetinybolien éapriwds anhved by
the invention as follows:

elecffmstatic image developing dry-toner that can control and maintain stably
the frictional charge amount of the toner, keep stably the frictional charging
ability, be excellent in transportahility, developing ability, transferring ability
and storage stability, and be free from abnermal images caused by deposition
onto photoconductors.

It is another object of the present invention to provide a
one-component and a two-component developer each utilizing the
electrostatic image developing toner and an image forming epparatus
utilizing at least one of the developers.

It is another ohject of the present invention to provide a toner kit for
developing latent electroatatic images, which is free from re-agglomeration of

pigments once-dispersed into resins and the related inferior color

13
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Cl> Atoner, conprising a colorant and a binder resin,
wherein the binder resin conprises a polyester resin
that is prepared by a polycondensation reaction in
the presence of at |east a 15 titani um containing

catal yst expressed by CGeneral Formula (1) or (ID, the
toner has a vol une average particle dianeter of 2.0 um

HQIE' i_eh
I'B{}')f\ajrepresents a J%ﬁ v%?gﬁ%&%gg?F% e aﬁ%?gﬁﬁgﬁg

esents a average particle dlaneter, -Ti
YEE‘;‘X)HH %@51%@# m@rsnﬂq tgactive misingprocess) 4 (-
v R ¢ GEneraI Forrmula (11) 20 14 in Ceneral Formul as

(1) ane frebont iXvesRESEeR: beeh mnﬂgﬁeﬂfm@mushr to solve the
nonoal kanol anine of 2 to 12 carbon atons or

Prﬁﬂﬂgr OX‘:)% g!)oup Sf r O%mdﬁ) %g?¥gl{lﬁg§%@ﬁat om Of'}EF(()%cﬁ ed

and still other hydroxyl group(s), within the
byptaper bindsiof pinslyendelsséiinpalyestet zesimpridueed pder a
bonding TI atom may pol yeondense to forma ring

spé&ﬁﬂ@ﬁﬁlﬁt e&u@mﬁ%wa LR ORmARE -3 a} r

hydr oxyl group(s) nmay pol ycondense |nternD ecularly
a..repeati Str ure; and the po|ynerization
ﬂlfb*es@egéﬂ% btfog sch fogireliéd Som cedm Fipaener PEpeart &g
structure; R represents one of a hydrogen atom and

spediky bhgreaupatol agerito 8 10 carbon atons that may have 1
to 3 ether bonds; "m' is an integer of 1 to 4; "n" s

2 altP e%%ﬂ%fm?ef&‘f“ﬁaé Bt g basdi gf ES%PDS#% 3r f

the sumof "p" and "(fis 2; and in a case that
described above; the pmhlems described above can be solved by the mventmn

as follows:

<1>> Atoner, comprising g colorant and a binder resin,

wherein the binder resin comprises a polyester resin that is prepared
by a polycondensation reaction in the presence of at least a
titanium-containing catalyst expressed by General Formaula (I) or (IT},

the toner has a volume average particle diameter of 2.0 pm to 10.0
pm and a ratio Dv/Dn of 1.00 to 1.40, in which Dv represents a volume
avernge particle diameter and Dn represents a number average particle

diameter,

Ti (—X) m (—QOH) n General Formula (I)

O=T i (—X) p (—OR) g General Formula {(ID

14
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and "p" is 2 or nore, the respective Xs may be
identical or different each other, 15 <2> The toner
according to <1>, wherein the polyester resin
conprises at | east a species of polyester resin that
is prepared by a polycondensation re action in the
presence of a titanium containing catalyst expressed

For nu F@ (Fd?ghﬁ? t?a%gpqlgzjgn gé:r'ﬂgsﬁr %e of )

di al ano amne or atrralkann m nx. from 20 vvhrch a

R £ tgd2 sy atgmyens polvallkanckymine

The toner accordl ng to <1> or <2>, wherein the

wiiich wdgidebgeresion of eiakyd@iybiroupds terdoGhE @t]ﬁﬁ- Bdroxyl
pol yester resin that is prepared by a 15 .

eipQ o P RN R bual e B igegaﬂ'@emreseme

General Fornula (1) or (II) in which "nm or "p" is 2
mpcylo that haria divettly hoa@ng’B sdomi Ltmﬁpcdwongjlensqatu Fodn a

The toner according to any one of cl> to <3>, wherein

ridgd Qructub® dﬂ)ﬁ%l ﬂm}g
pol yepoxi de mnlgf %bﬁra@%§%> T ]é‘hfgi Pgﬁ&gﬁg JIF
one of <1> tqQ <4>, wherein the polyester resin
Pﬂ@@ﬁﬂ&f\r/ %ﬂrﬁyw fors T FEPaating shsveure@nsk the e
cont ent of the ingredients having a nol ecul ar mass of

pobGficrdfatictsdegree 02 65 €n hivake 40forbynFHsSrdpaatiig structure;
nmol ecul ar mass distribution based on gel perrreatr on 10

o TSP s By PR G AL B AL
carbon atoms that may have 1 to 3 ether bonds; “m” 15 an integer of 1 to 4 “n"
Eanmteger of 0 to 3; the sum of “m” and “n” 15 4; “p” 1s an integer of 1 or 2;
“q" is an inleger of 0 or 1; the sum of “p” and “g” is 2; and m a case that “m
and “p” is 2 or more, the respective Xs may be 1dentical or different each
other,

<2Z> The toner according to <I1>, wherein the polyester roagin
comprises at least a species of polyester resin that is prepared by a
polycondensation reaction in the presence of a titanium-containing catalyst
expressed by General Formula (D) or {II), and X in General Formulas (I) and
{I1) represents a residue of a dialkanolamine or a trialkanolamine from
which a hydrogen atom of ane hydroxyl group is remeved.,

<3> The toner according to <1 or <2> wherein the polyester resin

comprises at least 8 species of polyester resin that is prepared by a

1a
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<6> The toner according to any one of <1> to <5>,
wherein the binder resin represents an endothermc
peak within a range of 60C to 70C under the
nmeasurenent using a differential scanning calorineter
(DSC), 15 <7> The toner according to any one of ci>to
<6>, wherein the binder resin has a ratio Mv Mh of 2

poﬂﬁnﬁﬂendﬁdﬂﬁeﬁﬂﬂﬂ\iﬂ £ GReM G of SBES Vn?ﬁ:%%%e catalyst

nol ecul ar nass and M represents a nunbe

nmol ecul a <8> T e t er rdi,ng to_any one of
“EF%SS?@Q ,D Hﬁﬁé}ﬂgr%m Hals 4fr morg, and

val ue of 10 ngKOHIg or | ess. <9> The toner according

alk of Xrgrecoeidehtiecdberoap<6>, wherein the binder resin
represents a tenperature within a range of 95C to 120C

rreasur em gaﬂ%?o%&ﬁg'é%% éﬂﬁ%il’%éf%;%r@% WOJ? 193 Ra-s

conB3 i sing the_ toner according to any one of <l > to
polypster fraingompriges es herst @ apeciespf pelyepexidemadifiedresin. a
magenta toner and 5 a Cyan toner, the nmamgenta toner

CONP kS STRE L8 Abkdr AR Hy F@ﬁe&;%mﬁ% in th
followi ng Structural Fornula (1), and the ye rg]vj\:/ltgner

pofydPlear e R st rubaB gy o DRk pRatublaagpies e spmtent
and no hal ogen atom H3COCI|I OCH3 HNHO O

of the ingredients having a molecular mess of 500 or less is no more than 4%
by mass in the molecular mass distribution based on gel permeation
chromatography, and a main peak exists within a range of 3000 to 2000 in
the molecnlar mass distribution.

<G> The toner according to any one of <1> to <5, wherein the
binder resin represents an endathermic peak within a range of 60°C to 70°C
under the measurement vsing a differential scanning calorimeter (DSC),

<'T> The toner according to any one of <I>> to <>, wherein the
binder resin has a ratio Mw/Mn of 2 to 10, in which Mw reprosents a mass
average molecular mass and Mn represents a number average molecular
nass.

<3> The toner according to any one of <> to <7>, wherein the
binder resin has an acid value of 10 mgKOH/e or less.

<9> The toner according to any one of <1> to <&>, wherein the

binder resin represents a temperature within a range of 95°C to 120°C at

16
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N Structural Forrmula (1) CH3 H Structural Skel eton
(A) H1la in the Structural Fornmula (1) and Structural
Skel eton (A), = CN--NH may be =CH N=N <11> The toner
kit according to [100, wherein the organic pignent,
having two units per nol ecul e each expressed by
Structural Skeleton (A) and 15 no hal ogen atom is an

wiGEH 2hé ag a@mmscses B Esaestd b - Hﬁiéﬁ‘sﬁ{red:% H‘ﬂu%r &%n -

17 or ow - Xa Structural Fornul a

A3COO %Ci—g@@%%% Rboer ur%ﬂ&%&p@#ﬂn@ufﬂ}

conpri si ng-
to <O,

wherein the toner kit comprises a yellow toner, a magenta toner and
5 A c¢yan toner,
the magenta toner comprises an organic pigment expressed by the
following Structural Formula (1), and the yellow toner comprises an organic
pigment having two umts per molecule each expressed by Structural

Skeleton {A) and no halogen atom;

HaCG Cl
OCH,
0
Np— :‘: Structural Formula (1)
CHa
° |
H Y
'N%H)N_ Struectural Skeleton (A)

10

in the Structural Formula (1) end Structural Skeleton {(4),
=C=N-WNH- may be =CH-N=N—.

<11> The toner kit according to <10z, wherein the organic pigment,
having two units per molecule each expressed by Structural Skeleton {A) and

15  no halogen atom, 18 an crganic pigment expressed by Structeral Formula (2)

17
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a latent electrostatic i mage bearing nenber, a | atent
el ectrostatic image formng unit configured to forma
| atent electrostatic imge on the | atent
el ectrostatic i mage bearing nenber, at |east three
devel oping units configured to devel op a visible imge
10 using the toner lit according to C10> or Cl1>, a
oriimansfer unit configured to transfer the visible i mage
onto a recording nedium and a fixing unit configured
to fix t transferred i mage on the recording nedium
15 18 .Br cription of Drawings FIG 1 is a

sche ' ituti onaIHa i ew of a devel opi ng device
0 i nvent i weamQge f%ﬂg apparatus. FIG 2Ais a
S

S tic view of t N e to explSafustetabFetmade (2)5
factbr SF-1. FIG 2B Ts s ic view of toner
shape to explain the shape r SF-2. FIG 3Ais a

schematic view of toner shapefto explain the shape
factors SF1, SF-2. to FIG 3B is a schematic view of
toner shape to explain the shape factors SF-1, SF-2.
FIG 3Cis a schepggtd c view of toner shape to explain
the shape factors S CH3

oy
H c
3G_§_{' ad e Structural Formnla (3)

<12> An image forming apparatus, comprising:

a latent electrostatic image bearing mernber,

a latent electrostatic image forming unit configured to form a latent
electrostatic image on the latent electrostatic imege bearing member,

at Ieast three developing units configured to develop a visible image
using the toner kat according to <10> or <11,

a transfer unit conligured to transfer the visible image onto a
recording medium, and

a fing unit configured to Ax the transferred image on the recording

mediam,

18
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FIG 4 shows exenplarily an enbodi nent of an inventive
image 15 form ng apparatus. FIG 5 shows exenplarily
anot her enbodi nent of an inventive inmage form ng
apparatus. FIG 6 is a schematic view that shows
exenplarily a contact charger used in an inventive

i mge form ng apparatus, 20 FIG 7 is a schematic view

Lk f%/\s a color-imge formng

Bappa?at S (k)l?{fttdar% emsystem FIG 8 is a schematic view
thatﬁéuenplarlgy shows a_col or-imge . ~c formn
appa d1pp s WH%HP%WW%“&W# r&@wkmlagéemeﬂ an
transfer. FIG 9 is a schematic view that exenplarily

inehstive iaebhhteanfdrgtiat i on of an image forning
apparatus of tandem i ndirect image transfer system 5
FI G a i C V|e exenppl arily.shows an
g d 10 G AGCHEAPS Firt B tandh SuReT RrRler HPaere
systemw th an inventive process cartr| dge. FIG 11 a

faggomPl-1.hat plots the val ues neasured for a* and h* in
L*a*b* col or specification systemvvlth respect to the

tonelﬁeoéﬂﬁéa@;héﬁ fi Hﬁﬂe @&ﬁ?ﬁ
Exanpl es 26 to 29. aF?v]é?p a grap ﬁgt pl ots &hape

vaI é?' nmeasured for a* and b* in L*a*b* col or
f4-cati on systemw th respect to the toners of

Exarrpl es 75, 78 and Conparative Exanples 26, 27.
FIG. 3Ais a schematic view of toner shape to explain the shape

factors SF-1, SF-2.

FIG. 3B is a schematic view of toner shape to explain the shape
factora SF-1, SF-2.

FIG, 3C 1s a schematic view of toner shape to explain the shape
factors SF-1, SF-2.

FIG. 4 shows exemplarily an embodiment of an inventive image
forming apparatus.

FIG. 5 shows exemplarily another embodiment of an inventive image
forming apparatus.

FIG. 61is a schematic view that shows exemplarily a contact charger
used in an mventive image forming apparatus,

FI(z. 7 i& a schematic view that exemplarily shows a colorimage
forming apparatus of tandem system.

FIG. 8 15 a schernatic visw that cxemplarily shows a colorimage

19
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FIG 13 is a partially enlarged view of FIG 12, 15
FIG 14 a graph that plots the val ues neasured for a*
and b* in L*a*b* color specification systemwth
respect to the toners of Exanples 76, 77 and

Conpar ative Exanples 28, 29. FIG 15 is a partially
enl arged view of FIG 14. 20 Best Mde for Carrying

. _ - . e
fofting bt Gl bt ag ook SillP A8 in@LARU Bohely”
bi nder _resin, and al so optional qther ingredients. - 5
The B0 &ns pashemabisviaw shaftexemplanly showean sabiresi n
that is prepared by a pol ycondensation reaction in the
coffigaRien dfartindRMBimg hpiAabaTHORRNa M indteef i gest
expressed by General Formula (1) or (lIl). 5 The
tit.ani um containing catalyst is a conpound expressed
u%ﬁ%'%rwla (1) or (11) and may be two or nore
conpounds thereof T i (-X) m(-Od) n General Formula
(1) KGO is i schereakit viesy thatexemplanly semeral itkagerul as

() and (0OlI), X represents a residue of a

R ST ifadh i6dh for R hReD BB RN A ipventive
atom of one hydroxyl group is renoved; other hydroxyl
PTEGeSE GRETIdERd sti || ot her hydroxyl group(s), within the
pol yal kanol ami ne that directly bonds to a Ti atom nay
pol y ®itd énsegraphithabplots fHoalabs Biehbirsd Bt R andb#iaxy!

group(s) and still other hydroxyl group(s) may

LR ¥ Mdense 4 0L on oL ack LA Yoot 0 Qi 20! SRR Halthptes 75

to 78 and Comparative Examples 26 to 29.

FIG. 12 a graph that plots the values measured for a* and b* in
L*a*b* color specification system with respect to the toners of Examples 75,
78 and Comparative Examples 26, 27.

FIG. 13 1s a partially enlarped view of FIG, 12,

FIG. 14 a graph that plots the values measured {or a* and b* in
L*a*b* color specification system with respect to the toners of Examples 76,
77 and Comparative Examples 28, 29.

FIG. 15 is a partally enlarged view of FIG. 14.

Best Mode for Carrying Out the Invention

Toner

The toner according to the present invention comprises a colorant

20
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is of repeating structures, the polynerization degree

is 2to 5 Rrepresents one of a hydrogen atom and

al kyl groups of 1 to 8 carbon atons that may have 1

to 3 ether bonds; "ni is an integer of 1 to 4;'V7 is

an integer of Qto 3; the sumof "m and "n" is 4;

"p" is an integer of 1 or 2; "q" is an integer of 0 or :
and a bﬂfde%h’ﬁéuﬁf am?glsoQ::' I:i%ﬂgl h%%dleh@e case that " . )

andl or"’ I S %e respective Xs 21

--------- na be |de tical or di fferent each

ot herthe blrlﬂe@‘ﬁgr Spntgins Ak gast(a polypgier resin Aehis propared

represents a residue of a nono-al kanolam ne of 2 to
byl pelatdratenahtion redetndaltiie lpranelca ot aelchleseof from

whi ch a hydrogen atom of one hydroxyl group is

ﬂﬁﬁﬁéﬁ’qﬁﬁgﬁﬁmy, %g of nltro en 2‘??@5&'}5\}‘5 %h@-m al

preferably 1 or 2, nore preferabl y 1. The

monodl h@dﬂémmﬂﬁmﬂprH 3 ey peand dxprepsmtbng on ,.

the application; exanples thereof include '
GalhaTPbamBEIRRATD 2R R8P haTwD meé%n&ﬁlc%ﬂhﬁﬁ | ne

may be properly selected depen ng on t

appl i cation; exanples thereof include dialkano]anines

i et hapol N- et hyl di ef-hanol n
vﬁ-ui‘guf 3{§t hﬁopamq?eﬁﬁt rfal kanol am*T&s" g‘ﬁ? g‘éﬁactn
triet hanol am ne and tripropano]anm ne; and te
OrzalRanol @€ sgeh G- O R)Y g General Formula (IT)
N, N, N, N tetrahydroxyet hyl et hyl enedi am ne. |n cases
of pol yaI kanol am nes, there exists at |east one

hydr oxyl roup .in, addition to the hydroxyl group
for M ﬁ%&amrdmﬁ 67 andi(I, X:rmaantmatmuf/uﬁufatom

the hydroxyl group(s) and other hydroxyl group(s),
md-AlkiAnbeuine of 2 to 12 carbon atoms or a polyalkanolamine thereof

- - ammeea

from which a hydrogen atom of one hydroxyl group is removed; other
hydroxyl group(s) and still other hydroxyl group(s), within the
polyalkanolamine that directly honds to a Ti atom, may polycondense to form
a ring structure; other hydroxyl group(s) and still other hydroxyl group(s)
may polycondense intermolecularly to form a repeating structure. In cases
of repeating structures, the polymerization degree is 2 to 5;

R represents one of a hydvogen atom and alkyl groups of 1 to 8
earbon atoms that may have 1 to 3 ether bonds;

“m” is an integer of 1 to 4; “n" is an integer of O to 3; the sum of “m”
and “n” is 4; “p” i5 an integer of 1 or % “q" is an integer of 0 or 1; the sum of

“p” and “q" is 2; in case that “m” and/or “p” is 2 or more, the respective Xs

21
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pol yal kanol am ne that directly bonds to a Ti atom may
pol ycondense to farm a ring structure; or the

hydr oxyl group(s) and ot her hydroxyl group(s) may

pol ycondensate internolecularly to forma repeating
structure. In cases of 20 repeating structures, the
pol yneri zation degree is 2 to 5. In cases where the

mBP b WAl bLRird 99.{,)@@3[0],% hove 5, the catalytic .

activity tends to whi ch may |ncrease t he
anou orrers nd deteriorate bl ocking

r esi iﬂéﬁ&f@r&'f ?D (IIS xbeus.k representg @ereetdue ofa
di al kanol anunes in particul ar diethanol anm ne or a

m s hlke@oliminel 2N @ithde ftdmis 884 pbBllkdnolamine thereof
triethanol amne, particularly preferable is the

ri et banolamne. .5 represents
trf SR £ e PR R RyprorsF ArEBP o otk e upBier
atons that may have 1 to 3 other bonds. Exanpl es of
of mitgogerkgiiomsy il-edﬂe total numbd of priarg temmedarchod éertiary
nmet hyl group, ethyl group, n-propyl group, isopropyl

an$fnRE s pReBRi 1%%1:101@;&&%)6 Pup, n-octyl group,
beta nmet hoxyet hyl group an %e?a et hoxyet hyl group.

t hese, 1Q preferably h drogen atom_or al kyl
grou Wgﬂﬂﬁéalﬁﬁ%ﬁlaét berapgulysglaste d@mmdnm,ﬂym
nor e preferably, hydrogen atom ethyl group or

applieptiapyixagipdeptherést iknds athdrlatait: £hd pajevelamive.

is an integer of 1 to 4, preferably 1to 3; 'd is an
refer e, Syl of " Wand
Tﬂﬂ#ﬁ%ﬂ'ﬂ%ﬂ%&%ﬁ B BLGHRR] i ot S,
integer of 1 or 2; % is an |nteger of 0 15 or 1, the

applisaigin: pxampdes ghergof maclnde dirdlptyeolietiines guah

different each other in case that "1n' and/or "p" is

dieth@hoBRsite, KxaoRlyidiefiaddtemiid &M WH MRS mine;
cat al yst expresseéd by Gener al
trialkanclamines such as triethanclamine and tripropanclamine; and
tetraalkanclamines such as N,N,N’ N tatrahydroxyethylethylenediamine,
In cases of polyalkanoclamines, there exists at least one hydroxyl

group in addition to the hydroxyl group for the residue to form Ti-0-C bond

with a Ti atom; the hydroxyl group(s) and other hydroxyl group(s), within the

polyalkanclamine that directly bonda to a Ti atom, may polycondense to form

a ring structure; or the hydroxyl proup(s} and other hydroxyl group{s) may
polycondensate intermolecularly to form a repeating structure,  In cases of

repeating structures, the palymerization degree is 2 0 5. In cases where

the polymerization degree 1s above 5, the eatalytic activity tends to be lower,

which may increase the amount of oligomers and deteriorate blocking
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Formula (1) include titani um di hydroxybis(triethanol
alumna te), titanium tnhydroxytriethanol alum nate,
titani um di hydroxybi s(di et hanol alunm nate), 20

titani um di hydr oxybi s(nonoet hanol al unminate), titanium
di hydr oxybi s(nmonopr opanol al um nate), titanium

di hydroxybi s(N-net hyl di et hanol al um nate), titanium

- ﬂﬁ ¥hi s(N-but hyl di et hanol al um nate), -
tetra ydroxy titanium and - reaction products of
t hese, conpounds_w th N N N _ N -tetrahydnxy
et hy Iberferpsidhernf dialkpnplanypes syparticular diethanolamine

pol ycondensat i on products of these conpounds. 5

or Bresidue $f ofialka@olarbiadh Wips AP i haabRnyiak, Sk
by General Formula (TI) include titanyl his(triethanol

Pr?a%{_ﬂ;mgatﬁ% w%%ﬁg.gﬁlsa‘(% hanol al um nate).

titanyl hydroxyet hanol al um nat e
tit aﬁgﬂﬂm@om of inbpdiogah mwmaFR and alkyl groups of 1 to 8

titanyl et hoxytri et hanol alumna te,

wflﬂﬁélgmnggzt?ﬁ% | nt er nDIéHeck‘:“’:Tf= po@% Ogélﬁgg%ky%n

rodL%ct s of these conpounds Anong these, preferabl e
B FRGRTR Jiakndg Hﬂiﬂéﬂrﬁfﬁw ety gsove ajpropyl
titani um d| hydroxyb| s(di et banol al um hate),

groug, mwrbpsﬂ(gxﬁuﬁtmbﬁq*l gabuiREB)] groe 1P ORYEBRRID

products thereof, and conbinations of these

oo AN R ST RO ol 9H'g¥ﬂ%se Ris

titani umcontaining catalysts maybe read| Iy

rrefpratile divdegepypiomenalkplgronps ofinés dicathon stwaid bidieg no

titani um di al koxybi sal cohol al m nates (by DuPont Co.)

etlitr boRE, hidrd BrefeAiHI fyRtGReNRB8nD btMA LS bup or isopropyl group.
In General Formula (I) above, “m” is an integer of 1 o 4, preferably 1

to 3 “n” 1s an integer of 0 to 3, preferably 1 to 3; the sum of “m™ and “n” ia 4.

In General Formula {If) above, “p” is an integer of 1 or 2: "q” is an integer of 0

or 1; the sum of “p” and “q"” is 2, Xs may be identical or different each other
1n case that “m” andfor “p” is 2 or more.

Examples of the titanium-containing catalyst expressed by General
Formula (I} include titanium dihydroxybis(triethancl aluminate), Gitanium
trihydroxytriethanol aluminate, titamium dibydroxybis(diethanol aluminate),
titanium dihydroxybis(monogthanol aluminate), titanium

dihydroxybis(monopropanol aluminate), titanium

dihydroxybis{N-methyldicthanol aluminate), titanium

23

Al EmaEE Y - 1



i e e A e o e i T T Pt it Pl Pl b e D p Rl n o d ALy e” ol “wm sl g - 2 )

10

15

20

The amount of the titaniumcontaining catalyst is
preferably 0.0001 20 to 0.8% by nass based on the
resul ti ng pol ycondensati on product in view of

pol ymeri zation activity, nore preferably 0.0002 to
0.6% by mass, still nore preferably 0.0015 to 0-55%
by mass. 24 The titanium containing catalyst nmay be

SERY W&E’Wﬁ%ﬁ?ﬁ%ﬁﬁ%ﬁﬁﬁﬂ

esterificatiaon catal ysts include tin-containing
reaction Rrodycks of these compswngs ovigh &7, Nabetr
trioxide; titaniumcontaining catalysts other than 5

ethyletHyild euti At Ot iﬁbéﬁﬂkﬂg@lﬂhﬂF ¥eSn diehtioh prbduidth Bthese
al kaxi des, potassium titanyl oxalate and titanium
terﬁﬁﬁ% haI ate; zirconiumcontaining catal ysts;
um contai nn catal ysts; al kaline (earth) netal
cat al s such as carboxylates of alkaline netals and
al kaﬂi%qampiaa vithediahiymidonhiinimgpedhlystexpressid ing General

acetate, potassium acetate, sodi um benzoate and

Oﬁﬁ)%{rﬂ%@s I's @%@%Wto%ﬂyg@s y mass

based pon.the_r Itlng polyner he ampunt of no nore
alymmate), Si5myl Fﬁi@é‘ shieayhydrgxyatbanel
polyester resin thus |s deS|rabIe for color toners.

aluthénsae ity ligfdrbetristhand] Wiheonitel ftiledbaiividthhRol
the entire catalyst is preferably 50 to 100% by mass

15 Bi n'ﬁ%%ruR sin Tﬁw%@/ ;nsed E's CEster 8‘%3%%[_

_ resins (AX) between pol on s and pol ycarboxylic acids
1ntg uldrqilyongdessaon prodnsts(of Yhedpycongratiden of AX

and pol yepoxides Q These AX and AY nay be used al one

Jo,r " camiaiH el rRferh¥R R HfRhfiun dihydroxyhis(triethanol
aluminate), titaninm dihydroxybis(diecthanol aluminate),
titanylbis(triethanol aluminate), polycondensation products thereof, and
combinations of these compounds; particularly preferable is Hitanium
dihydroxybis(triethanol aluminate).

These titantum-containing eatalysts may be readily synthesized by
reaction of commercially available titanium dialkoxybisalcohol alminates (by
DuPont Co.) at 70°C to 90°C in the prescnce of water,

The amount of the titanium-containing catalyst is preferably 0.0001
to 0.8% by mass based on the resulting polycondensation product in view of

polymerization activity, more preferably 0.0002 to 0.6% by mass, still more

preferably 0.0015 to 0.55% by mass.
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20 The polyol may be dials (g) or trivalent or nore
pol yols W The polycarboxylic acid nmay be

di carboxylic acids () or trivalent or nore

pol ycar boxylic acids (P. These may be conbinati ons of
two or nore. 25 The polyester resin (AX) or (AY) may
be those shown below, and - these may be used in

nbi d.
e e R
re ared from(g) and (|) along 5 mnth (1~ and/or_(0;
e tion catplpicdy apgippeepraatenaharmiulrange.i ofxemples of
(AX2) with (c). The diol (g) is preferably those
thé 8itha¥dsBeriiciionea tVghtd Gnéludd $hi-bdhia kAP t§bﬂeh as

Speci fic exanpl es are al kyl ene gl ycol s of
t ons,.such as ne o]
Ry o oxife A BRGY SHEy MorTPORARE i ‘%ﬁ{b@&
and 1, 6- hexanedi ol ; al kyl eneet her glycols of 4 to 36

the & gmaaﬂmnseuhbhﬂMﬁagmanaﬂﬂmmﬁmephyﬁmmnn
gl ycol , di propyl ene glycol, polyethylene glyco

m%yoﬁl phﬂg{aﬁjﬁgﬂ&% W EEEH aiﬂoms sts.

1, 4- cycl ohexane di net banol_ and h dro enat ed
CeHNIpRER sPRtaLEmE ratalysis: alkalingeqmt  gtalypls such as
descri bed above with al kyl ene OXIdeS of 2 to 4 carbon

cacioRytales6fulkalifs MdtaRendOMkAEné ERth AERNY RRRIA AL,
(PO) and butyl ene oxide (EO) (added nole nunber: 1 t'o

Sﬂéﬁ%ﬁ m%ﬁ%§%§ﬁ%;5§#s nols suc as Blﬁgﬁtn | A, Fhagg S

EOQ PO and BO (added nDIe nunber- 2 to 30). 20 Anong
benkmde;, ampt =ine mettiate.arBheatingimhef Hewibbs cahlydts & fizferably
car bon at ons,

0 to 0.6% by mass based on the resulting polymer. The amount of no Toore

than 0.6% by mass may lead to less coloring of the polyester resin thus is
desirable for color toners. The content of the titanium-containing catalyst in
the entire catalyat is preferably 50 to 100% by mass.
Binder Resin

The polycondensed polyester resin of the binder resin may be
polyeondensate of polyester resins (AX) between polyols and polycarboxylic
acids or modified polycster resins (AY) by reaction of AX and palyepoxides (¢).
These AX and AY may be used alone or combinations of two or more.

The polyol may be diols (g) or trivalent or more polyols (b). The
polycarboxylic acid may be dicarboxylic acids (i) or trivalent or more

pulycarboxylic acids (j). These may be comhbinations of two or more.

25
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adducts of bisphenols wth al kyl ene oxi des, or

conbi nations thereof, particularly preferable are
adduct s of bi sphenols with al kyl ene oxi des, 26

al kyl ene glycols of 2 to 4 carbon atons, or

conbi nations of two or nore - S thereof The hydroxyl
val ue maybe neasured in accordance JI'S KOO70, for

exanmiife polyéiter fdshl B or AV NSy BOLN R Shbw) belbw Gnd -

to 8 valence or nore, are 5 preferably those having a

h roxyl val.ue of .150.to 1900 ngKOHlg. Specific
Wﬁyé?'ﬁafeglﬁ WRAHS o) yval ent al cohols of 3 to 36

car bon atons and 3 to 8 or nore val ences such as

al kafAX{id! linkar moivedtet rainsosrepateal fromselibad (3);

dehydrati on products |ike glycerin, triethylolethane

Sor bt ap  RARERES Doty RS pERA e Tl fad Ghatone

sa arlde and derivatives thereof like sinple sugar
Iue03|de adducts of aliphatic polyval ent
alcohols Mﬁth al kyl ene oxides of 2 to 4 carbon atons

such (a¥ 1FQnofiBled bl Rtdraddni Bilea AT BEAXD +#h39) ;

adducts of trlsphenols such as trisphenol PA wth

and” 0N RS mPlerabltbpes Daveshvmml Hita ot 195t 15

novol ac resins such as phenol novol acs and cresol
1900 \ogBO31/gavEpen Bmesumpleg are pBitylemy ilzails ofi2 de §oeartain 3
to 60 with al kyl ene oxides of 2 to 4 carbon atons
1'c

U e e ﬁ%r'%@%??ofe URIEPR SRt T brogade ol

al cohol s of to or nore valences and adducts of
1.4{yilepe Elé’giﬂrf%ld/\] 57119@@4%9@19}1 allgslerrather glyeels » 4/ta 86

nunmbef 2 to 30), particularly preferable are adducts

cafforsbeti satich @il disthyldie plaedl yirRRRy RYXE @8], dipropylene glycol,

polyethylene elycol, polypropylene glyeol and pelybutylene glycols
cycloaliphatic diols of 6 to 36 carhon atoms such as 1,4-cyclohexane
dimethancl and hydrogenated bisphenol Ai adducts of cyelealiphatic diols
described above with alkylene oxides of 2 to 4 earhon atoms such as ethylene
oxide (EQ), propylene oxide {P0) and butylene oxide {BQ) {(added male
number: 1 to 30); adducts of bisphenols such as bisphenol A, F and 8 with
alkylene cxides of 2 to 4 carbon atoms such as EQ, PO and BO (added mole

number: 2 to 30).

Among these, preferable are alkylene glycols of 2 to 12 carbon atoms,

adducts of hisphenols with alkylene oxides, or combinations thereof,

particularly preferable are adducts of bisphenols with alkylene oxides,
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Preferably, the dicarboxylic acid (i) has an acid
value of 180 to 1250 27 ngKOWg; specific exanples

t hereof include al kane di carboxylic acids of *to 36
carbon atonms such as succinic acid., adipic acid and
sebaci c acid; al kenyl succinic acids such as
dodeeenyl succi n; ¢ acid; cycloaliphatic dicarboxylic

wIFFRAR pReol o2 38 ORI MM AEOFIROL. | o

I'Tke I'inoleic acid dieter;

of t,o 3 arbpn atons such as eic acid, funaric
thﬁ'aﬂﬁ, P ﬁa@mwﬁvaéspaﬂ%m LT @waﬁ%ﬂéﬁoﬂm%ﬂr

di carboxylic acids of 8 to 36 carbon atons such as

exphighal i c acid, isophthalic acid, terephthalic acid
and napht hal enedi car boxylic acid. Among these,

part iggul r ef a dicarboxylic acids

e s T B aterfick Wit ol B, P4, <FRSs PhERES Sranors. 86
acids of 8 to 20 carbon _atons. The conpounds 6i) nmay

preferaldy dheseiaring adusiroad snduesofolsQ oi00ank KO gt  Bpecific
4 carbon atons, derived from chose descri bed above,

exfplefere Biphiic§olyR/ate i tMho®S4ES fo S FaibaARE SR land 3 ta 8

esters. The trivalent or nore polycarboxylic (])

i-.e..3 to 6 valepces o re). is preferab hose
o IRRFE T ICHreR Bk 95 FIBTBHOMRS R ini5a G AREAGROISSLIT, | ¢
15 exanpl es thereof include aromatic pol ycarboxylic

dehydcidionf préductsdikecdydrein, aietivylsketinms téiniatkyloliropamsi d

and pyronellitic acid; and vinyl polyners of

[ 0, i 1981 Rayd . enage
el oAl i O PR B R
chromat ography (GPC) such as. styrenelnmaleic acid
saechgsiderandsderiafives dhereel like sheplg svgap hpdwmethybglucoside;
al pha-ol efin/mal efic acid copol ynmers and
ad8tisiTalipHaRE pelydaletit GRIPALMBRE allkABRS xidBESE2 to 4 carbon

preferable are aromatic pol ycarboxylic acids of 9 to

o S B Tt T R O L5

trisphenols such as trisphenol PA with alkylene oxides of 2 to 4 carbon atoms

guch as EQ, PO and BO {added mole number: 2 to 30); and adducts of
novolac resins such as phenol novolacs and cresol novolacs having an average
pelymenzation degree of 3 to 60 with alkylene oxides of 2 to 4 carben atoms
such as EQ, PO and BO (added mole number: 2 to 30}.

Among these, preferable are aliphatic polyvalent alcohols of 3 to 8 or
mere valences and edducts of noveolac resing with alkylene oxides (added
mole number: 2 to 30), particularly preferable are adducts of novolac resins
with alkylene oxides.

Preferahly, the dicarboxylic acid (i} has an acid value of 180 to 1250

27
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28 nore pol ycarboxylic (j) nmay be acid anhydrides or
esters of lower alkyls of 1 to 4 carbon atons,
derived fromthose descri bed above, such as nethyl
esters, ethyl esters and isopropyl esters. The
compounds (g), W (i) or (]) maybe respectively
copolynerized 5 with aliphatic or aromatic

mQK SiciiPetiplas Hﬁe&ﬁhcﬁﬁemgl@&iﬁﬂ{a?gﬁc ahiRERF 4o

Iactones (]) of 6 to 12 carbon atons

34%?5[3 SR BRI 6CHh P ORSR A0 ABR FebeRe acid: alkenyl

hydrogenated castor oil; the lactone (1) i's
suesininrdidd sdhne dolepsotlandcirie acill) cieddiplesicaficimexylic
pol yopoxi de (c) include polyglycidyl et hers such as

cﬁﬁ}}cﬁcﬁﬂ 3"%1‘%0. dyﬁjt&%% .hdgé pﬁéeci"\%ﬁ ﬁ\l&%ﬁﬂn%ﬁy%gﬁ&é?ﬁ%r

bi sphenol F _di gl ycidyl ether glycerin tridiglycidyl
aﬂ@wlaféwtiﬁ af £ & 36 eatheg! atompsuchrsenaleiacid, fumaric

egC|dyI etherified phenol novol ac (average

achD it FRionZAkdiQ Bnd HERRoni3 akfl; AAN araRe tidi cﬁaﬁhsﬁﬁt%déufs

such as pent adi ene oxi de and hexadlene oxi de.

WBE %e%gab e }]g] g quglégg .ethe s ﬂ alic acid

bi sphenol A diglycidyl ether. The nurrber of epoxy
angrmapishilenpdehrtroxppliy afidt 0 A8nger thsst geiriieubirly pe:ferable are

pol yepoxi de (c), nore preferably 2 to 6, and still

oIRREAIBESLEI RO a2ol £1a0 Lffor e ERTl SRHLNR SRlpgls

pr ef er abl the lower limt is 70, still nore
acilsaf St Fagben wismes. pr Kiesappopndsid mayp pepcid aslydrides or
300, still nore preferably 200. The nunber of epoxy
eal@i® UPRwez Ullyls of 1 to 4 carbon atoms, derived from those described
above, such as methyl esters ethyl esters and isopropyl esters.

The trivalent or more palycarboxylic (} {ie. 3 to 6 valences or more)
is preferably those having an acid value of 150 to 1250 mgKOH/g; specific
examples thercof inelude aromatic polycarboxylic acids of 9 to 20 carbon
atoms such as trimellitic acid and pyromellitic acid; and vinyl polymers of
unsaturated carboxylhic acids having a number average molecular mass of
450 to 10000 by gel permeation chromatography {GPC) such as
styrene/maleic acid copolymers, styrenefacrylic acid copolymers,
alpha-alefinfmaleic acid copolymers and styrenef/fumaric acid copolymers.

Among these, preferable are aromatic polycarboxylic acids of 9 ta 20 carhon

atoms, in particular irimellitic acid and pyromellitic acid. The trivalent or

2B
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and the epoxy equivalent within the ranges may provide
appropriate - developing ability as well as fixing
ability, nore preferably, the nunber of epoxy groups
and the epoxy equivalent are within the preferable
ranges at the sanme tine. 5 The reactant ratio of the
pol yol and the polycarboxylic acid is preferably 211

mbr ﬁdi%ﬂ:ﬂ?%grgb refiy_ E?Scﬁ | o&_ﬁg Qs bl s of 1

nore - pre y 1 to 111.3, sti nore pre

, 311 to, 1112 It i s preferred_that the specific
fﬂé&ﬁé@%ﬁ%ﬂ% raed drops thegedeperabosbabnvey sesh a5 meghyl esters,
are selected such that the glass transition

ethylrqeess tanidasdgropf] édverst esul ting 10 pol yester toner
bi nder is 40C to 90C consi dering the nol ecul ar nmass.

The R Siy s1sS Alyy Bl cal- requi red for different

or opa by SlsEE 7 DY 626] e HhrerittineRlbpplihdited

applications, which also leading to different designs
mﬁgﬁhphahpor gengnatic hpdiomycarbhegylid acids (W) of dgb @0 dagayestoms

are required for high gloss, which requesting a

or 1WA SCASI AP b hoh §8ds. @nd nonochromic is images
are demanded for hot offset resistance instead of the

0 B o BT B e

conmbi nations thereof are preferable in order to form
ankdi giplgitiessidswfdgdregeniaee Eostof pils|the dhartne AP exemptified by
From the viewpoint that the polyester resinis

mgﬁgg‘%}e@ly of 20 lower viscosity, the content of (h)
n I's 0 to 20% by nole based on the total of (g)

to (j) by nole nunber, nore preferably 0 to 15% by
nol e Exeminles poihe polveppaited)imoluds puwglppdyhstbersarh, as

et!];ﬂene glycol diglycidyl ether, tetramethylene glycol diglycidyl ether,
bisphencl A diglycidyl ether, bisphenol F diglyeidyl ether, glycerin
tridiglycidyl ether, pantaerythritol tetraglycidyl ether and plycidyl-etherified
phenol novolae (average polymerization degree: 3 to 60) and diene oxides
such as pentadiene oxide and hexadiene oxide. Among these, preferable are
polyglycidyl ethers, in particular ethylene glycol diglyeidyl ether and
bisphenol A diglycidyl ether.

The number of epoxy groups is preferably 2 to 8 per molecule of the
polyepoxide {¢), more preferably 2 to 6, and still more preferably 2to 4. The
epoxy equivalent of the polyepoxide (c} is preferably 50 to 500; more
preferably, the lower himit is 70, still more preferably 80; more preferably, the

upper limit is 300, still more prelerably 200. The number of epexy proups

29
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The (AX) and (AY1l) described above and al so

conbi nations thereof are preferable in order to form
i mages wWith hot offset resistance suited for
nmonochrom c copiers etc. Fromthe viewpoint that the
pol yester resin is preferably of high nodulus, the
pol yester resin is preferably prepared by s both of

[ Li-ucul.ar. - a0f (j)-
et heR Bzt iptr s U B xa0dth BO0RERNA arbBp Al )
of. (g) ta (j) by nole nunper, nore preferably 0.5 to
deyelopig ahiliky aswellasfrng ghdiermere preferablo 6he pumbes of
In cases of polyester resins for full-color, the
epbRPRAARIsWHTR] i apBice Bryuwivibrd & Mathinithe @ebfeYable ranges at
coefficient il* being 100 Pars (TE) is preferably 900C
thto | Q.170C, nore preferably 100C to 165C, still nore
BrEYEHBfy 105C to 150C. The TE of no higher than 170C
may bring about sufficient gloss, and the TE of no
| owe fThetreacto®Craiay of dmgpdlyol amdr themolgcarbagiliegeid is
stability at high tenperatures. The tenperature TE

sOBR SELSUTAT NIl TR D (O SOORBb

Vi scoSity coe e resi

t rature using a commercially available_ .
Pryesahly drtth fo Al Tk mpremrRisRabix§ Sl WA cilt i mrefired

nmel ti ng- kneading a resin block at 130C, 70 rpmfor 30
thai thet gecifRicogipaunta bbtHeagdlydliddd tHagolysebabilR 458 hed

into tetrahydrofuran (THF) of polyester resins 20 for

| - | 5. nhg nore_than .10% by, ma id], Vi ew,0of

selpfted fith Yhat a5 LR GrmsmBFE Tt d g8 B

The insoluble matter or soluble matter into THE can be
polyegtantenerynden ist HECrto 306 cnysidepog ¢he suolecular mass.

The binder resin is typically required {or different properites between

full-color and monochromic applications, which also leading to different
designs for the polyester resins. That is, full color images are required for
high gloss, which requesting a low-viscosity binder resin, and monechromie
1mmages are demanded for hot offset resistance instead of the gloss, which
requesting a high-modulus binder resin.

The (AX1), (AX2) and {AY1) described above and also combinations
thersof are preferable in order to form high gloss images suited for full-color
copiers elc.  From the viewpoint that the polyester resin is preferahl},r-of

lower viscosity, the content of (h) and () is 0 to 20% by mole based on the

total of (g) to §) by mole number, more preferably 0 to 15% by mole, still more

prefarably 0 to 10% by mole.

30
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A sanple 0.5 g is precisely weighed into a 200 nL :
Meyer flask with a stopper, to which 50 nL of THE is ©
added and the mxture is stirred under reflex for 3 :
hours, then the insoluble matter is filtered off using

a glass filter. 5 The content of the THE insol uble :
matter is calculated fromthe mass ratio of the sanple P

and t ) f @%r%@

nol eggféar ma%glg escr | P??g?é i‘aéﬁglgue lh'gﬂéés E@g&f

of eflLtraiega the THE soluble _matter. I n eases
arg preferahle in pr gregwhBihahe fehresistanrey ataddon:

10 which the storage nodul us G being 6000 Pa (TG is ‘.

mxicehesraid oopiais etd, o FragDehe vivwpointehet gmﬁh%%&i&hnxs
230C, still nore preferably 150C to 230 The

Pr{ﬂ%%ﬁ% S e i, B ARG BRon PPl PRARNA 67

gEerat ure using a commercially available
bﬂﬂ‘e (W emd (1) inpargenlaor Tymenmtentoflbdenddp ixpreferablyed.1 to
15 nelting-kneading a resin block at 130C, 70 rpm for

A080bP i BEscdi thetotd 1306 B Hyﬁlbﬁ dfinkas ﬁﬁ}retrmfemmy

pol'yester resins for nDnochro e tenpératu

oSBT BSOS e o 0%

tenperature fixability and high tenperature storage 20

st abilh i:hses ofpolyeptezfresiabtfyr Rillceolsr, fRbemsdra burermvehich
preferably 105C to 130C. The pol yester resi n for

g PG B R eks B RO PhB (PRI et BRI

mass, still- nore preferably 10 to 50% by mass. The
1768 mempiefrablinlGEL tefl 658C] ¢l more preferably 105°C to 150°C.

T}fle TE. of no higher than 170°C may bring about sufficient gloss, and the TR,
of no lower than 90°C may lead to appropriate storage stability at high
temperatures.

The temperature TE can be determined by way of measuring the
complex viscosity coefficient n* while changmg the resin temperature using a
commercially available measurement device for dynamie viscoelasticity after
melting-kneading a resin block at 130°C, 70 rpm for 30 minutes using a
labablast mll.

The inscluble matter into tetrahydrofuran (THF) of polyester resins
for full-color is no more than 10% by mass in view of glossiness, more
preferably no more than 5% by mass.

The 1nsoluble matter or soluble matter into THF ean be measured by
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than 2% by mass may | ead to appropriate hot offset

resi stance, and no higher than 70% by mass t her eof
may | ead to favorable |ow tenperature fixability. 5
The peak top nol ecul ar nass Mp of the polyester resin
is preferably 1000 to 30000 for nonochronme as well as
full-color, nore preferably 1500 to 25000, still nore

thR SRk lﬁ[ﬁ]&ég%'to 20000. The peak top nol ecul ar mass.
Mp of n% ess than 1000 may | ead to appropriate high

tenperature storage . stability and groper owder )
f | owdb#Rple 0.8 gds Repdigednweighed intpa 860 mpk gl ygifh

enhance mlling ability of toners and thus bring about

BLEpRR o wiieH GOtrh Viof THF 14 addedod riPthy Rbaureth dthrbdander
i nventive toner containing a toner binder resin of

ST N WA P -

by mass or less, nore preferably 1.3% by 15 mass or
Theawntentrof the THE mmobihle efedtartit palbulted fromm e omst eatio of

The content of ingredients, having a nol ecul ar mass

thlé’Eaﬁ%]é%ﬁif tﬁ@ﬁﬁtﬂa@%r@&-dﬁcﬁ%t%‘?ﬁ?@? h% S .S:g]ﬁﬁ}é{)euular

ead to nore proper storage st

nmol ecul_ar ss. Mp, the nunber average nol ecul ar. nmss,
masAeERE %@%ﬁh@fﬂ%@ﬁé&mﬁ@fﬁh@ ﬁfrgﬂ%e afpthe T Esoluhle

of no nore 20 than 1500 nay be neasured for THE

ma&neribl e matter of polyester resins or toners using
CPC under the follow ng conditions. Apparatus:

Rt MR NI e e AN
W]:Ei(e:hmt)ﬁé salfugﬁrtg?e:mﬁgtct:lus (¥ being 6000 Pa (TG) is preferably 130°C to
23f[)“'C, morg preferably 140°C to 230°C, still more preferably 150°C to 230°C.

The temperature TG can be determined by way of measuring the
storage modulus while changing the resin temperature using a commercially
available measurement device for dynamic viscoelasticity after
melting-kneading a resin bleck at 130°C, 70 rpm for 30 minutes using a
laboblast mill.

In cases of polyester resins for monochrome, the temperature at
which the complex viscosity coefficient n* being 1000 (TE) is preferably 80°C
to 140°C m view of low temperature fixability and high temperature storage
stability, more preferably 90°C to 135°C, still more preferably 105°C to

130°C.

The polyester resin for monochrome preferably contains 2 to 70% by
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Sanpl e solution: 0.25%solution in THE 5 Injecting
solution amount: 100 lit Detecting device: refractive
i ndex Standard: polystyrene The nol ecul ar mass, which
corresponding to the highest peak on the resulting
chromatogram is referred to as peak top nol ecul ar
mass" (Mp). 10 The ratio of peak area, corresponding

m%%pﬁgém@. ra'%l 0 exi é?l{%ﬁg&lﬁﬁﬁecﬁﬂ? masb

matters. The acid value of the Iyeste resin is
mepegytsiczably K} o 505 by mgeoHTH ’Hgf yblepaten of prlgss
as full-color, nore preferably 0.2 to 50 ngKCH g, 15

thahiZd hﬁﬂiz&;sﬂﬁﬁ Bladth upPréprifeHot wHssHedistARe, a6H 8o higher
value of 0.1 to 60 rTgKO-II g may bring about

REOR00y BFarhrdt iy on ko ataljo I heubbenalBee Bttty

nonochrome as well as full-color, nore preferably 3 to

60 rhe@Hak top iohdlecnlae maze My aﬁl:];e polyes t&5rasiyKEH g fexfbly
hydr oxyl value of | 20 to 70 ngKA | | g may bring about

10801th 8R0HE ks xﬁﬂﬂ&dh%ﬁs%g#r %@ﬂ% Fcﬁ]e r 24 rqugrm]I:. 1500 to

transition tenperature

%ef bly 40C to 90C for rmnochrorre as well as
Py stdbmgre prefeeably dBAO b, PG00 C Fhe pesuk top molecular mass
------------- 80C, still nore preferably 55C to 75C.

Mp béng lasthin 4060 hgnleh 10 abpidfiriate Togle tedPérdtardR orAmy
favorably bri ng about hi gh t enper ature st orage

stzﬁ:}ﬂ’f}py ané iéruaprt]ag po% et fi0RGD I:i’lr,ra?n hés gq.l ‘a}ﬂmu thereof
may enhance milhing ability of toners and thus bring about proper
p]:ﬂ'dluﬂﬁ‘-'it}ﬁ

It 15 al=o preierred in the inventive toner containing a toner binder
resin of polyester resins that the content of ingredients having a molecular
mass of no more than 1500 1s 1.8% by mass or less, more preferably 1.3% by
mass or less, and still more preferably 1.1% by mass or less. The content of
ingredients, having a molecular mass of no more than 1500, of 1.9% by mass
or less may lead to more proper storage stability.

The peak top molecular mass Mp, the number average molecular
mass, and the content of ingredients having a molecular mass of no more
than 1500 may be measured for THF soluble matier of polyester resins ar

toners using GPC under the bllowing econdibions.

Apparatus: HCL-8120, by Tosch Co.
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The glass transition tenperature Tg of the pol yester

resin may be 5 neasured in accordance wth DSC net hod

defined i nASTM D 3418-82 using DSC20 SCC/ 580 by Sei ko

Instruments Inc., for exanple. The polyester resin for

the binder resin may be produced by a process simlar

as conventional processes for producing pol yesters;

under sy ORER| mq&d nert gas atnosphere |ike - -
nitrogen gas in the presence of 10 titani unconta]ning i
catal ysts at reaction tenperature of preferably 150C :
to 280C, norESKedidntingre IRleMdongdoc, still nore

preferably 170C to 240C, Sr exanple. The reaction

per i odMeasiiaf esapbyatdfe: oGt es or | onger, nore

preferably 2 to 40 hours fromthe view point of

assuri the pol.yc. sati.on . re ion. The

at mspﬁ%flg%[@gaé‘g%ﬁlg@i HRAGEEEG to 1 to 50 mHg,

for 15 exanple, in order raise the reaction velocity

at t heljenting sofetiof aroantett plon. The process for

produci ng the linear polyester resin (AX-1) is

exenpl hi4 {4 iQie 9) and a dicarboxylic

acid (ngte?gn?)gggﬁtéo%%vgto under go dehydrati on and

condengat i on pn?er normal or reduced pressure in the

pr esenc@Tsard: RolysEFan®: cont ai ni ng catal yst of 0.0001

to 0.8% by mass 20 based on the nass of the resulting

pol y e moldedhh eiasspirhivhadorfepahdisizto the M;ﬁﬁyst p8ak on the
e

prepare (AX1). The process for producing t nonl i near
. in (A2).si.s 5 exenpljfied by heating.a
rediiGHE R b Rm R Skgiet Rind R 'ah acletiint Bisht 4.
nmore polyol (h) to 1SOC to 2600C to undergo
Theganiad peak asewd conremebng énmajbede lessdhan lthe molsulae d
pressure in the presence of a titaniumcontaining

mééﬂtcﬂllﬁ?ﬁ, 8@y 1&frefePORL tioRxBlady ad RS bRl e

srass of the resulting

T

matters.

The acid value of the polyester resin is preferably 0.1 to 60 mgKOH/g
for monochrome as well as full-color, more preferably 0.2 to 50 mgKOH/{g,
still more preferably 0.5 to 40 mpEKOH/z. The acid value of 0.1 to 60
mgKOH/g may bring about appropriate charging ability.

The hydroxyl value of the polyester resin is preferably 1 to 70
mpeKOH/g for monochrome as well as full-color, more preferably 3 to 60
mgKOH/g, still more preferably 5 to 55 mglKOH/g. The hydroxyl value of 1
to 70 mgKOH/g may bring about appropnate environmental stability.

The glass transttion temperature of the polyester resin is preferably

40°C to 90°C for monochrome as well as full-color, more preferably 50°C to
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5 polynmer and other optional catalysts thereby to
prepare (AX2). The (j) may be reacted with the (g),
(i) and (h) at the same tinme. The process for
produci ng the nodified polyester resin (AYl) is
exenplified by adding a pol yepoxide (c) to the

pol yester resin (AX2) and allowing a

I = ' ' of
B o B PREAAP o508 Y T e il i milbire
Y, of tp reagt with_(c).is pteferably 1 to 60
T yaé?pgp 9&‘@6@% gﬂf?@rbﬁﬁwr@&@(ﬂs%h@( g@mhwy@em
value of no less than 1 ngl (OH g nmay elinminate the

statdlp nd ldw tabpdeurdixing abdatgt and thus to degrade
the resin properties, and the acid value of no nore

t han - bri.n 0 roper, ther.mal

51 abiTR e b FRmeka e Aot inEpohgseer S5iR By he

(AXi) is preferably 0.01 to 10% by nass_ based on
m¢asrpgd imeecerdnmse ayidh D0 methed defned imASTM B 341882 fising

low tenperature fixability and hot offset resistance,
DSy swswmgeséﬂblmgu&a@ﬁgw_, fof Sxfimipo. P! eferable in

the present = 20 invention for the binder resin of

full scolor toners_in view of coloring, properties and

i mag rH"lY%SWF sFﬁﬁ* E TeS1B{REY pg P d by process

thicker toner |layers due to rmultiple overlapping of
sirhdmeds tdnwensionahpitedsaa dimgul cidg polaskdrspindaf®ehs on

I mages due to insufficient strength and/or dim nishing

L - chyt he pol yester..resin is
oo BB 26 B St 8% puBerliy ™S iy ASpPR B4 L Bpfencd of
.excellent strength. It is preferred for the pol yester
tltawnwﬂmtﬂﬂmgbﬁﬁgmlﬁﬁts aé seaction (sampdretirgrof pBefetrehly 1HEPE to
exi sts substantially no TBF-insoluble matter, the

28040 1Abke ¥efdriBly 160°C to 250°C, still more preferably 170°C to 240°C,

for example. The reaction period is preferably 30 minutes or longer, more
preferably 2 to 40 hours from the view point of assuring the polycondensation
reaction. The atmosphere may be effectively reduced to 1 to 50 mmHg, for
example, in order ranse the reaction velocity at the end stage of the reaction.

The process for producing the linear polyester resin (AX1) is
exemplified by heating a diol (&)} and a dicarboxylic acid G} to 180°C to 260°C
to undergo dehydration and condensation under normal or reduced pressure
in the presence of a titamium-containing catalyst of 0.0001 to 0.8% by mass
based on the mass of the resulting polymer and other optional catalysts
therehy to prepare (AX1).

The process for producing the nonlinear polyester resin {AX92) is
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i ngredi ents having a nol ecul ar mass of 500 is no nore
than 4% by mass in the nol ecul ar mass distribution of :

gel perneation chromatography, and one peak exists
wi thin a nol ecul ar-nmass range of 3000 to 9000. The THE

i nsoluble matter tends to decrease the gl ossiness and
transparency, thus 1o high quality inmges are

exgidplified|ty hea tiadgFh aive ¢hsa dida:h&cyﬂi”c%fcﬁi ghhid hrivhdet or -

inventive toner to prevent filmngs on blades or

GGl 4By 1A 2026 % o detivdalii e sabdspeayion

rrass in the nol ecul ar nass distribution of the binder :
undes inormahdr tdibiced pressate imbrspravenagd ataetunatont@issny
(MN) to nunber average nol ecular mass (Mu) 15 is 2 5

o (h :
AT a0 O 8 7 IR Ao R B i Rl

rin about snmearing the bl ades or sleeyes under :
PO 'F hes sgeogakratalystraherely lopmegarertisXo| dbel(Bm '

mass of the bi nder resin in the inventive toner naybe

berreastad e th alse ) o) aal (H) et IRaLi@R tahis omat ogr aphy by way
of conditioning a 20 colum within a heat chanber at

40G 0 HE into. t co | Ll m n
terrpgihﬁtﬂwtée% 5 ﬁ%\r\';gﬁf %Cﬁggﬁﬁplé?ﬁﬁ %glg%pl e
solution, prepared froma toner at a sanple

exewplifind bxtaddimpé palyepotide Geyatcthy poligater romad AN and
anount of 200 pL. The THE insoluble matter in the THE

ﬂ?%ﬁ%%%%@ﬁ%&%%%%%ﬁ REVT 10 e

gecul ar E tr| buti on of sanpl es is cal cul ated
thexc Hwtﬁpr@qfélt ¢ (8% Dbet veen | ogarithm c val ues of a
calibration curve forned from a
The aeid value of (AX?2) to react with {c} is preferably 1 to 60

= pi e LA |

mpKOH/g, more preferably 5 to 50 mgKOH/z, The acid value of no less
than 1 mgKOH/g may eliminate the possibility of (¢) not to react and thus to
degrade the resin properties, and the acid value of no more than 60
mgKOH/g may bring about proper thermal atability of the resin.

The amount of (¢) to prepare (AX1) is preferably 0.0 to 10% by mass
based on (AX2), more preferably 0,05 to 5% by mass in view of low
temperature ixability and hot offset resistance,

The polycondensation polyester resin is preferable in the present
mvention for the binder resin of full-color toners in view of coloxing
properties and image intensity. Color images typically result in thicker

toner layers due to multiple overlapping of toner layers, which leading to
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nunber of nonoc ispersion polystyrene standards and a
count ed nunber. The pol ystyrene standards for the
calibration curve are those having a nol ecul ar nmass
of 6x109, 2.1x103, 4x103, 135x104, 5.1x104, 1.1x105,
3.9x10, 8.6xl @, 2x10, 4.48x106 by Pressure Chem ca
Co. or |Ibsoh Co., or the like, 10 preferably at |east

orBitr dfodiob HkEES 8y LA A edilnthy ffbe dfiinishing
exi stence of THE insqgluble matters in the_bhinder

appEaprateglosse yduel. Be Rplesien Fegin ifempleyed fan rmaintaining
solution for measuring the nol ecul ar mass

apProiria 2iba mndldak et stedngth. ] udged  t hat
substantially no THE i nsoluble matters exist as |ong
as the-filter [ i S, not cl agge en,a filter unit
o 0lfu pretired Bl patyetlor S QDR HE RERS robtnt st bblar
extruded fromthe syringe. It is preferred in the

thpt Hewa existy ewhstantisiano (THEF-insudheble restter, theprerintfsthen
endot herm ¢ peak at 60C to 70C under the neasurenent

inffRi3 b Etheca SERRPLOMER B} Rl S5y paREin
storage ability and cause problens such as toner

the ghelerine Biasa isHFibREAD oheelpegmeation chspmatography, amd one
ot her hand, the endothernic peak of bel ow 60C nay

peakiegiis Withih anaslcpilbeieidssainge dPJOORUSYORE -The THF
----------- probl ens such as I ow feeding ability at

. iyl 4 3.0 dot.her.ni K in th
infiyble b FERR T derin e P G S e b2 s
maxi mum peak in the endotherm c curve using, for

higly guplity, InRiggalanc diffRnbEn EHE ebedls. ( Byisprgiiableddr theder

a tenperature-risiug rate of 5 1000/ m n.
imnventive toner to prevent flmings on blades or sleeves such that the content

of the ingredients having a molecular mass of 50{} is no more than 4% hy
mass in the molecular mass distmbution of the binder resin, and the ratio of
mass average molecular mass (Mw) to number average molecular mass (Mn)
is 2<Mw/Mn <10. The content of more than 4% by mass of the ingredients
having a molecular mass of 500 tends to bring about smearing the blades or
sleeves under prolonged usage and to induce filming.

The molecular mass of the binder resin in the inventive toner may be
measured based on gel permeation chromatography by way of conditioning a
column within a heat chamber at 40°C, {lowing THF into the column at
1lmL/min at the temperature as the solvent, and injecting a THF sample

solution, prepared from a toner at a sample concentration of 0,05 to 0.6% by
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It is preferable as descri bed above that the ratio of
mass average nol ecular nmass (Mv) to nunber average
nol ecul ar mass (Wh} is 2 MM Mh 510 in the pol yester
resin. The ratio Mwv Wn of above 10 may bring about
images with less gloss of the fixed toner and far f
-um high quality images. 10 On the other hand, ratio

MYV a8 farR SR E 2005, DrIHOTEFOMEo TS ﬁfaﬂ%g &h it THE | N

Tl ng processes of toner production and snearing of

bl ades, or sl eeves nder pr ol e sage,, and t hus
sameil 8?5%’1'81% f‘FlPHF?{JgﬁF RO4L “’E'r@?%"r sHAA ¢hRmspersphy;

resin that the acid value is no nore than 10 ngKQO 319

befdrenngciies therehfar ge control agent described later is
35 enployed. It is known that the charging ability and

t he ' Lonal yrel ation_in
the pae Bt 80 G BRI, B Tal Rl
| eads to | arger negative-charging ability of the resin
relptipnhesween iomasithme valaws of a saibrdionyruope furineed Zom a
charging. That is, when the acid value is higher, the
AR T oA dMpeirSioh Hobtyrend @tad dids SHRS @Hwisd AlfHRW

20 humidity conditions, and the charge anount is | ower

under high .te fure a hi.gh hum di ty condi.tions.
TheRORY T %ﬁﬂﬁ@rﬁ-iﬁ%&&e@%ﬂ%& cBEYE 4 Hipe having a

envi ronnental conditions nmay enl arge the changes of
mdocular mash &€ By107,) Bd 408 at 108, nagax DNk a X1 04 ti. DI 0aNgl9x105,

color reproducibility, thus nmaking difficult to

At Sk 4hshi ' ' n t cird 4.
8 I B0 PeeIRECRerml B RETBE Touok OF, B ke,
ﬁgar%e apount _and__deteriorate the_environnental
PT¢ 5 At lesst abowl Hhpelyatypens elemdardaatomtikizedap Theed in
the inventive toner, the
detecter is a refractive index (RD) detector. The cxistence of TEHF insoluble

matters in the binder resin may be judged at preparing the THF sample
solution [or measuring the molecular mass distribution, That is, it is judged
that substantially no THF insoluble matters exist as long as the filter being
not clogged when a filter unit of 0.45 um is atiached to a syringe and a liguid
15 extruded from the syringe. -

It 1s preferred in the present invention that the binder resin
represents an endothermic peak at 60°C to 70°C under the measurement
using a differential scanning calorimeter {DSC). The endothermic peak of
below 60°C may affect the toner starage ability and cause problems such as
toner solidification within cartridges or hoppers. On the other hand, the

endothermic peak of below 60°C may affect the toner productivity and cause
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resi stance of the toner particles may be controlled by
the resin charge-control agent, hydrophobic silica,
hydr ophobi ¢ titanium oxide etc. Therefore, the charge
control effect of the resin charge-control agent,

hydr ophobi ¢ silica, or hydrophobic titani um oxi de may
be di sturbed when the acid val ue of the 2.0 pol yester

rbbRiS dRhalkaue Eé&hﬁg E}ﬁl;ﬁ&
P pol yester reS| on n t he Br esent’ |nvetr$t;]'|ﬁg$1helr§mc

efera re than nmgKOH g, . nore preferably
PEEE lﬁﬁil Hgfﬁﬁ 'F“F@%‘r'@%rhﬁé‘&ﬂ@ REF AW
pol yester resin represents a tenperature wthin 95C

miti mhitf Geak intthe bnildthe ARpAdaERE wiirgs &8 dnaneslaFRighRu149
Pa-s is nmeasured by a flow tester. \Wen the

TERRNRTFEEA Fob i Mtk o ntRia i Bhup i oo of

above 120C may result in insufficient gloss. The
10feimiax: at ure, at which the apparent viscosity cones to
109 Pa-s, may be neasured using a flow tester CFl 500
(by 1
(b 16 S e éﬁ%ﬁt"fh@% Al %ﬂﬂe"a@ﬁﬁaﬂ
e erat ur sing rate 5C mn, readl
aafa}%ﬁzMre@ .%&rww e 5T M dfin
103 Pa-s. Resin Charge-Control Agent 40 When a
< Ybirotherpodpastear rebsing - AtseudaltioTdoy/ NG of Gavt 10a8% briscaddat
as a nononmer of the resin charge-control agent, the

“"’“gga i vecﬁg%ﬁg@?fﬁé@%ﬂiwgﬁfﬁ oﬁ&ﬁﬁhuﬂ}’gf Images.

environnental stability or tenperature/ humdity
Onsthawther papd, e Merkin afdwedey 23nay boegrabeut e profudbisity
noi st ur e- absor bi ng property, thus it is popular in the

in afillidgdgdocsiked bPiRcr HrotRR R anil é:[ﬁeﬁ&ng of blades or slecves
el ectron-attracting group is utilised

L L T O

under prolonged usage, and thus inducing the filming.
It 19 preferred in the polyester resin that the acid value is no more
than 10 mgKOH/g when a resin charge-control agent described later is
employed. Itis known that the chargi.ng_ ability and the amd value
represent a propertional relation in the polyester resin, and that the higher
acid value leads to larger negative-charging ability of the resin and also :
affects the environmental properties at charging. That is, when the acid
value is higher, the charge amount is larger under low temperaturs and low
humidity conditions, and the charge amount is lower under high
temperature and high humidity conditions. 'The change of the charge

amaunt due to the environmental conditions may enlarge the changes of
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far a copol yner. However, when the toner is used for a
|l ong termover several ten thousands of sheets,
snears or photoconductor film ngs appear on the
devel opi ng sl eeves or |ayer thickness-control nenbers
such as blades to and rollers, the charge stability of
toners or high quality inmges cannot be naintained
o F aT= W el RVAEYS P -

bR, e Ao SR L SRR RARGR ) e
supst ially no problem In order tqQ address .these

m@ﬁlﬁg tctey maggam ighquality yaages nindgeaeml, twamy ralue
that is farned from (1) a nononer containing a

of abb¥0P en FRDH/S flaly pdssiblyf HePeasbdhe @Rafic0biet ARDONET
containing an electron attracting group, and (3) a

] of a-(neth)a lic.acid ester, or a copol yner
de?%?%ggé F}I‘Eo %@#%@iﬁ%&mgrso (4) an aromatic vinyl
mononer, as the resin charge-control agent, far the
pur pd¥benthepdliyester reais imemployediih the iwentivetener the

addition to polyester resins that are favorable in
redi of tisPldRiek PArRIOPANHY IRSeoRbrb Hfi:.gfm W GRG HaY -
t hereby, an elegtrostaﬁf | mage é%be opan ton%%gfégmnﬂ
royi ded .t hat . exhi hit , excell ent,_chargi ng
a P&ﬁ}ﬂ%r?lgb%m@%i l}b’ﬁ;ﬁi’ﬂiﬁﬂ: hiEgrgym pxige efg 5 Theralope the
from smearing the devel opi ng sl eeves or | ayer

chitgectonerd effoet dfthe mesih ehsrfs@hitan] addnd) Iadesplamit silica, or

rollers, that may appropriately farmthin filns, that

-z {- t.ocgnd or filim ngs, and {ha y
by AR il SR AN okl R 95 ac B e o
The resin charge control agent is defined in terns of
pohsstgureain ivabeve 30 sl @ikt i Bie asidfvalug dithe gol @nterafesin
nmol ecul ar mass of no nore than 1x109. The ingredients
e IinAthEGIr 62 L3 hvétRich R prefriBlcnd fdke k0P KO,
1 ower nol ecul ar nmass conpounds, “copol yners, | onomers,

resi dual noners_.etc. ;
more preHarah vy no more than b mgKOH/p.

[ -

It is preferred that the polyester resin represents a temperature
within 95°C to 120°C at which the apparent viscosity comes to 1(H Pa-s
measured by a flow tester. When theltemperature is helow 95°C, the hot
offset tends to oceur at fixing processes, and the temperature of abeve 120°C
may result in insufficient gloss. The temperature, at which the apparent
viscosity comes to 10% Pass, may be measured using a fow tester CFT-500 {(by
Shimadzu Co.) under conditions of load 10 kgfem?, orifice size 1 mm by
length 1 mm, and temperature-rising rate 5°Cfmin, and reading the
temperature corresponding to the apparent viscosity of 103 Pa-s,

Resin Charge-Control Agent
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t hese ingredients possibly inhibit to generate
charging and fluctuate the charging under the

i nfluence of tenperatures and hum dities. These 10
ingredients also affect its safety such as skin
stinmulation and fish poison. The ingredients having a
nol ecul ar mass of no nore than 1x109 in a content of

10% 3 ; j
0 Y hERSSMehomBF &%@? 5@%&% g%tg gu@{ﬁ&%ﬁd asa

unst abl e under the

t enper res .and hum diti.es. These inventive effects
mogohee o thee B caElagient oA gesiB £ banee contryligent

conmbi nati on of the nononer containing a sulfonic acid
mapimpgvelihe ardatibe charsing éffectno Danthe atbst Rivad hean

el ectron attracting group may enhance the negative

f - e VAR cid
engiSbifbriy by BF RO el MG e Bt pnd
enhance the environnental charge stability and
dagrasieqtue lodhe mpisturaredreshing nronerty, Sles 1tgs popular In the
desirable mlIling 20 property and effectively

ard EleMait aiind iembieines dehiSh @leckiohl har:tNzOHD is utilized

snearing the devel opi ng sl eeves or |ayer

t hi cknesscont.xol nenbers, such as bl ades, and rollers.
for,3 CORPISRIRF ¢ ﬂ?’%%%&% Stbiia epth S 2 oBE LR AFET as
well as the i conbi nati on of mononers in the resin

seviTal {m doncaods efiheetsamehr: agphdocindirte Maiings hahéor
i mage devel opi ng toner having an adequate di spersing

i , . . ¢

onfBe e ofik GoAR oR ek thlabb b lbufol i SR BE RIS Hlades
i.mage quality, in the conbination with a pol yester

andaoflars; khe chirse statiliy of tprersarhizh guebitnhnages cannot be

properties and image intensity as a binder resin for
mdintd ine8 kofidetibs Gnd The pfaMRR ity Retdistt e tRShiPSiveral

acid salt group in the resin
thousands of sheets cause substantially no problem.

In order to address these deficiencies, the inventive tomer employs a
copolymer that is formed from (1) & monomer containing a sulfonic acid salt
group, (2) an aromatic monomer containing an electron attracting group, and
(3) a monomer of a (meth)acrylic acid ester, or a copolymer formed from (1) to
(3) and also {4) an aromatic vinyl monomer, as the resin charge-control agent,
for the purpose of a binder resin for full-color toner in addition te polyester
resins that are favorable in terms of coloring properties and imege intensity,
thereby, an electrostatic imege developing toner is provided that may exhibit
excellent charging stability and environmental stability, that are far from

smearing the developing slecves or layer thickness-control members such as

11
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charge-control agent is exenplified by aliphatic
nmononers containing a iv sulfonic acid salt group and
aromati ¢ nonomers containing a sulfonic acid
salt' group. Exanples of the aliphatic nonomers
containing a sulfonic acid salt group include
al kaline nmetal salts, alkallne earth netal salts
d?ﬁﬂﬁgp i im -
hlﬁﬁns;mlsduﬁ?!gﬁ?cthgﬁﬁ]ds ]fﬁ vi‘ny % oni c Sb may free
2ac Ian1ge 2-pet hyl pro esulfonlc acid, 15
t“li% @Hl g¥imaingn high image quality
perfuorooctanesulfonlc aC|d. Exanpl es of the aromatic

anddxghgrsdwantéi ni ng a sulfonic acid salt group
i ncl ude aI kaline netal salts, al kaline earth netal

2?; enesi g%@%%%? J‘%dqﬁe%g %ﬁr‘%&q{}rmn! ﬁgﬂﬁa' grl%fﬂﬁs

sul f ophenyl itaconic imde. The netal salts of heavy
digmtbartion sider Hiectaaiten e molepalar massof nrenenerhazarkx105.
chrom um are undesirable in terns of safety, Exanples
TH inheli e vy ARAERISr ARRE BF Rb Rthratheh 950508 lower
attracting group in the resin charge control agent
i.,ncl.ude substit ut styrenes such a .
malaeWAp HAFE SRRPOUR ﬁ|@@§ﬂ%§%ﬂ%ﬁ%§%@ﬁ@#@ﬂp¢@ﬁa etc.
orostyrene, nitrustyrene and cyanstyrene; substituted
thesecimgrddien iz)mesihoindsbis te bemarate charping and fluctuate the
chl orophenyl (et h) acryl ate, bronmophenyl (et h) acryl at e,

chiftihP ARy IACRITNAGS ¥ i Bfps oad hovmifies  Fhsae

. phenyl (net h) acryl am des such as
mgnerinés alemieseils pale Fﬁyﬁwﬁh areskin stimulation and fish poison.

b!rormphenyl (et b) aeryl am de and
THe! ihgRifemnty HaRBida AEd1ddAa¥ind8s of A Adeh Eﬂhﬁ 4x102 in a content
-phenyl mal e| m des such as chI orophenyl mal ei m de,

of Th'ﬁ-%yoﬁg u@ﬁynﬂnd hen Lurlr]?alrte}l lrlrglsdtieib Gnl.gldﬂl' the

B

signthcant mfluence of temperatures and humadities.

These imnventive effects are esiimated due to the following reasons:
the combination of the monemer containing a sulfonic acid salt. group and the
arpmatic menomer containing an electron attracting group may enhance the
negative-charge effect. The monomer of a (meth)acrylic acid ester and also
the aromatic vinyl monomer may still enhance the environmental charge
stability and increase the resin hardness, which leading to desirable milling
property and effectively preventing the photoconductor Almings withaut
smearing the developing sleeves or layer thickness-control members such as

blades and rollers.
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ni trochl orophenyl mal ei m de; substituted
phenyl i taconi m des such as i o0 chl orophenylitaeonin

i de, dichl orophenylitaconi m de, nitrophenylitaconim de
and' nitrochl orophenylitaconi m de; and substituted
phenyl vi nyl ethers such as chl orophenyl vinyl ether
and nitrophenyl vi nyl ether. Anong t hese,

phenyhEasien, $he fRe nitilihd bAG ﬁggﬁﬁ#%% URfeby 2

chloride or nitro group are part y prefera l e

Vi ew 0 char n |I|ty and fiim Q15re3|stance
%% 'EJ’F':'FWE Ehﬁ}@yz charge peptevkageniorshbring gbout
the resin charge control agent incl ude

ameltdiyddtatit ipage Yéaileping bbiyd( lwiiby aaradegugte dispersing
propyl (neth)acryl ate, n-butyl (neth)acryl ate,

QA BRI BGEM B or o BRI WIREHIK ! g torm

2 ethylhexy neth)acrylata Exanpl es pf the aromatic
chargg stahdity sad High twage gynhty inthpecondhinatibn wetje atpolyester
i ncl ude styrene, vinyltoluene, and al phanet hyl styrene.

reéiﬂ thit isSfaRhRibee eebrina drislorRS Prop BRIES RN

that the anmobunt of the nonomer containing a sulfoni cﬂls

aci.d salt .groyp to 30% by nmass based on the
al@ﬂ#ﬁ@%@&@ﬁ‘ﬂ%@é@"ﬁn charge-control agent, nore

preferably 2 to 20% by mass. In cases where the

anoufltheaho ing andionicngid sAt geddpoin theagsih
salt group is less than 1% by mass, the initial

ol { h t

AR e BB ke o R A"
cases where the ampunt is above 30% by mass, the

sulfagicagihest growrand arumetigongmera contpinisg arsyilfigicacds,

the charge anobunt is |ower at high tenperature and

saltiegBup U NEghinglde®Tdhé hBpBati¢ RRHnGRAE BoRBPMBE a sulfonic acid

salt group include allkaline metal salts, alkaline earth metal salts, amine
salts, and quaternary ammenium salts of vinylselfonic acids,
allylvinylsulfonic acids, 2-acrylamide-2-methylpropanesulfonic acid,
methacryloyloxyethylsulfonic acid, or perfluorooctanesulfonic acid.
Examples of the aromatic monomers containing a sulfonic acid salt group

include alkaline metal salts, allkaline earth metal salts, amine salts, and,

quaternary ammoninm salts of styrenesulfonic acid, sulfophenyl acrylamide,

or sulfophenyl itaconic imide. The metal salts of heavy metals like nickel,
copper, zing, mercury and chrominm are undesirable in terms of safety,
Examples of the aromatic monomers containing an electron

attracting group in the regin charge control agent include substituted
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10 is higher at |low tenperature and |l ow hum dity
conditions, thus the charge stability of toners or

hi gh quality i mages cannot be mai ntained sufficiently.
Mor eover, snears or photoconductor Turnings tend to
appear on the devel oping sl eeves or |ayer

t hi ckness-control nenbers such as bl ades and rollers, ‘

| el i oS O
Stf%%g% pro%%%!iﬁ%dr?é 15 1'&%@ toii geglrﬂe)gi]%. ﬁﬁe éﬁlgunt i

.Lhe aromatic nononer _cqnt ai ni an_gel ectron
mbpplyIeRe ﬁ%@&@epw&mw&'g@%@@méw%sm
on the entire nass of the resin charge control agent,

chivropheiydfes b oryRe sodithbyy e sthlafidate, t he armount of

the aromati c nononer containing an electron attracting

- ' 0. by, mass. t change _amunt is :
uiff Bt LD iS 40 hlr R R A R z

scattering is likely to occur; and when the ampunt is )
subpidied pbonylmetiverrylimidassoni asehidrophenypoveth)acrylamide,

di spersibility into toners to wden 45 the charging

brgﬁﬁbﬁéﬂq(ﬁeﬂﬂ&fwlﬁﬂﬂe%n&ﬂﬁdﬁﬂeﬁﬁﬁﬂ&%%hﬁ%ﬂé;oUnd

snear, toner scCattering and insufficient qual ity
| mages, The unt. of the acrylic¢ ester_ nmoppner and/ or
subglithiad phenvlolexmidgs such.as F@“B?PQ%E@W;FBPJ?@UPE{-O 80% by
mass based on the resin charge control 5 agent, nore

dightefophabihn deidnde / Ofrdphenphsalelihéle ddk anount of the
acrylic ester nononer and/or nethacrylic ester nonomer

. el 0 . TRASS L[ O tal -stabihity is
nitrBeiiBhflenpiih i RE? b i SR EATE R chiasY | D,
Is insufficient at _kneading-mlling steps in the toner
hswconsmide, sichdorophenylitagboiwiidy, sitmphenybiachninmde
t hi ckness-control nenbers such as bl ades 10 and

andit@Blopdpiitglibe @Rt ide? anfl ishPitMERed RERFIVRS/] ethers such
sufficiently prevented; when

as chlorophenylvinyl ether and nitrophenylvinyl ether.  Amoeng these,
phenylmaleimide and phenylitaconimide substituted by a chleride or nitro
group are particularly preferable in view of charging ability and filming
Tesistance.

Examples of the {meth}acrylic acid ester monomer in the resin
charge control agent include methyl{meth)acrylate, ethyl(metb)acrylate,
propyl{meth)acrylate, n-butylmeth)acrylate, isobutyl{meth)acrylate,
stearyl{meth)acrylate, dodecyl(meth}acrylate and
2-cthylhexyl(meth)acrylate.

Examples pf the aromatic vinyl menomer in the resin charge-contrel

agenl include styrene, vinyltoluene, and alpha-methylstyrene.

11
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t he amount is above 80% by mass, the initial charging
property and/or the charge anount is insufficient,
possi bly influencing i nages. The anmount of the
aromatic vinyl nmononer is preferably O to 30% by nmass
based on the entire mass of the resin charge contro
agent, nore is preferably 3 to 20% by mass. \Wen the

amout idprofiPed QR fesin/ tibkpe- ﬁ&&%%ﬂﬁhﬂ?%@aﬂglﬁlpﬁf
mass, the resin charge control agent cones to hard

\Nhl ch Iead % to gts %mc%%%lggﬂ%strl b t"g[ﬁg@gg@é@sed

and al _so [ nferl or toner fixabili ty in particul ar poor
onciblecenititg npasspd thy redin chakgegrontiod Bgtbol) encre p26feThsy 2 to
aromati c nononer in the resin charge control agent may

R B B R T

sin charge control agent may fluctuate its 46 voI ume
Bieaqid, palf cpBuisess [aa 1% by suasi the mitiakbeharging property

catal ysts, - polymerization inhibitors, or solvents at

anidf thieRa BEktel eihigh bhudqs fEv@Scien o6ih BB AGS e
adversely influences on the intended toner charglng

- amounty_ Therefore,, there cau oblens.,in initial
im3gRe  Tn cagkt Whers the amofint 1 ahove S0% BRMAse & | evel
with respect to toners that contain a resin

enpgaiendalcitabity degtadet ahtgenthar&ingssteh, Lhgtchingge amount is

preferred in the present invention that the volune

o bt bl e An T LBANAS R ARk Soitgint
In cases where_the volune resistivity of 10
E@BF ko tamapefetermnd]ov jemidity cordibipns, thubghe charge

ohmcm toners on developing rollers may initially
stildlity sfitohasdriiigh gohlishan g saanebE be WHIABIRAS Sifficiéently.

Moreover, smears or photoconductor filmings tend to appear on the
developing sleeves or layer thickness-control members such as blades and
rollers, and the productivity in kneading-milling steps of toner production
tends to decrease.

The amount of the aromatic menomer containing an electron
attracting group is preferably 1 to 80% by mass based on the entire mass of
the resin charge control agent, more preferably 20 to 70% by mass. When
the amount of the aromatic monomer containing an electron attracting group
15 less than 1% by mass, the charge amount is insufficient, and background
smear or toner scattering is likely to occur; and when the amount is above

80% by mass, the monomer exhihits poor dispersibility info toners to widen

4h
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causi ng background smear or toner scattering. |In cases
where the volune resistivity of the resin charge
control agent is above 11.5 Log ohmcm toners on
developing rollers may initially take a sufficient
charge anmount, however, 15 charge up tends to appear ?
wth time, which possibly |eading to nonuniform toner

thé Ehﬁrdlﬁg AfstPBubieN BF RIS, &Hﬂch%aﬁhﬂ?‘l!@fm&%oﬁﬂ%%@@tmer

deve opi'ng systens to dgenerat e or st S or
re ul ari.ti es on ges,..In ruses of two-conponent
a ?@?@ﬁ%iﬂ Quﬁhﬁﬁﬁﬁﬁﬂ5ﬁ3|ty of ten decreases,
and background smear or toner scattering is likely to

oc c uIThe2findinet ofthe AeryiRSissdn mbhymet ahler esthAcelie kT
control agent maybe neasured in accordance with JIS

o RS

m3fohie s SRR 0 dpeny B e b o g Kb e Gt
23C and 50% 47 RH. The sanple of 3 g is nolded at

aeprb Juerearsigakly e W hy massauVohen the amoyst of the acrylic

nol di ng machine to prepare a disc-like test piece of 2

estBPrhthdKe Y ndior ﬁi@tﬂé %?EE Bkter MhdnEsilis %Wlﬂ]'ﬁ I:EJl RGEY the

on a dielectric loss tester (TR 10C Ando ectric
: urin eci.sely the thlckness with a
Eﬂ?ﬂl&%ﬁ}?@%@ﬁtgﬁ'ﬁ%  wsuthicimi e the g elem theymillineability
with applying an alternative voltage of frequency 1 :

is iddnfiidient st Joreeideng-adlling dtbps irethienionbapgeleobh] Sheagait
that the tenperature corresponding to t he apparent

0 s 85 110C.
thif USEABHEE devir e ey Blickpers b Y g s o s
di spersibility of 10 the resin charge control agent is
and g rphptecond ugton ddminggheaninop be snfigentieprovesiady when
the charge anobunt and also leading to inferior storage

thé hatiivnit iy abRRaBR03H B AR ROMiRA] G :ﬂigf;h%ﬁé&g% ndfor the

-nor eover, fixation tends to occur |

P e e el S e fast o '

charge amount 18 insufficient, poasibly influencing 1mages.

The amount of the aromatic vinyl monomer is preferably 0 to 30% hy
mass based on the entire mass of the resin charge control agent, more
preferably 3 to 20% by mass. When the amount of the aromatic vinyl
monomer 1s above 30% by mass, the resin charge control agent comes to hard,
which leading to a wide charging distribution, background smear, toner
scattering in the processes, and also mferior toner fixability in particular
poer coloring property at mixing color toners.

The aromatic monomer in the resin charge control agent inay be
phenylmaleimide or phenylitaconimide substituted by chloride or a nitro

group as described ubove. The resin charge control agent may fluctuate its
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kneading, mlling, or classifying production steps,
whi ch deteriorating the productivity. On the other
hand, in cases where the tenperature is above 15 110C,
t he nononer exhibits poor dispersibility into toners
to wden the charging distribution of toners; which

| eadi ng to background snear or toner scattering in

vohiific S¥5ikSFEy pbAAIRG i to rRALAT InkPiRi bfahtfjg@tdgar ticul ar
th pprng col or

e coloring property, degrades at over
oner.s... The tenperature, at. which the apparent
P tion H&%’@g&ﬂoﬂrﬁhﬁ%{% at the mongmer RradugHon Brosessgs,

zo flow tester CFP500 (by Shinmadzu Co) under
which dbinetine:seid veosdy idifdegce@n tholntbnde]l finct cBantes 1
mm by length 1 nnn and tenperature-rising rate

' t . di ng -t
snpihl, D IEBRAS B Rl Fp b RO Bl GRGATSRABRBG) o
average nol ecul ar mass_of the resin charge contro
char@ng o 8 sphemdechisvel withosspest fxtos:s thatcasdsinmmsin t he

mass average nol ecular nmass is bel ow 5x103, the

nefh SPO LRIl dohtroPheddie resin charge control agent is 5
I'nappropriate in toners, which possibly decreasing the

charge anmpunt and, al so leading fixation in mlling
st ep Bl %PB%%’F& o thi BEREdREInveRtion dhAY the valulien g
mlling, or classifying steps, which further

registirenty of thei regirt dlermp coxttoek Ageink ¥z 2. Gtotlnes Didehmhan dnotd
cases where the nass average nolecular nmass is above

oA 01 TRIOTEG B, By e PhORTL B ol o

toners, which leading to background smear or toner
the;zenn ehargs qortof azentss &alow 36 Log énnsm,ttoners on developing

fixability of coloring properties. It is also

m]}}ﬁai:g;ﬁﬁj Bfltihlly t4le 58 ShdhfffiRhOeh QB hhwAIS Rl HRkitife
causing background smear or toner scattermg.  In cases where the valume
resistivity of the resin charge control agent is above 11.5 Log chm-em, toners
on developing rollers may initially take a sufficient charge amount, however,
charge up tends to appear with time, which possibly leading to nonuniform
toner thin layers on developing rollers under one-component. developing
systems t0 generate color streaks or irregularities on images. In cases of
two-component developing systems, the image density often decreases, and
background smeer or toner seattering is likely to occur.

The volume resistivity of the resin charge control agent may be

megsured in accordance with JIS K6211.  Specifically, the resin charge

control agent is gize-amirvlled with a mesh and conditioned at 23°C and 50%
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anmount of ingredients having a nol ecul ar mass of no
nmore than 1X103 is no 15 nore than 10% by nmass, nore
preferably no nore than 6% by mass. The ingredients
havi ng a nol ecul ar mass of no nore than 1X103 are

| oner nol ecul ar mass conpounds, copol yners, iononers,
resi dual nononers etc.; these ingredients possibly

RENhirR| 19618 T:ﬁ?f:ﬂ! oqg/ b i
char gibtﬁg nder ? eﬁllun uer#:lgﬁo t@np a urﬁ%ié]!agaﬁldaummam
hum di ties; noreover, 20 these ingredients also affect

pregsure moldyngamasiige ta prepase afiselike tesk paee;of & manthigs by 4

It is also preferred that the following relation is
cnsdiaingdtb R d. Tk st pikéd 12p1adéH dn 4.diél8ctMy [68: tBstereITREBBD LIS,
the tenperature at which the inventive binder resin

ABRR AR Shbr HaERRRE R SHRy B T IRER Y pfefptetes

the resin charge control agent has an apparent
andithe yolume pésighivitbPesmesngud sdtlvppplying howltieesative valtage
The dispersiibility of the charge control agent into
of fR§ubh&dEkHeSi N is an inportant factor to decide the
charging ability of toners. In accordance wth the

preseni inyentjon, a conbination of a specific binder
r esi tl&rﬂ{eémﬁp@#ﬁf&s e FaIHEe! agsat Feat thedampergture
lead to a toner with an appropriate charging ability

coraspaitieg tetHeeniparnt vistostlyasfdin Pany 9P Tow, LeSeriH 85°C to
other 10 hand, it is apparent as descri bed above that

1, HERGE bl e P2 R bl 8 S iR R

charging ability. The present inventors have found the
the mamghargeanprol agewiiminaprobdatpiaionats, whscopoisibly

neasured by a flow tester and the diispersibility of
debreB Sz the ShifgeARtohhSAiY SRBNERLIARH [0brh 8t age SHAARTS
and agplomeration or sohidification: moreover, hxation tends to occur In
kmeading, milling, or classifying production steps, which deteriorating the
productivity. On the other hand, in cases where the temperature is above
110°C, the monomer exhibits poor dispersibility into toners to widen the
charging distribution of toners; which leading to background smear or toner
scattering in the systems. Moreover, toner finability, in particular the
coloring property, degrades at overlapping colar toners. The temperature, at
which the apparent viscosity comes to 10¢ Pa-s, may be measured by usinga
flow tester CFT-500 (by Shimadzun Co.) under conditions of load 10 kg/em?,

erifice of dilameter 1 mm by length 1 mm and temperature-rising rate

5°Cfmin, and reading the temperature corresponding to the apparent

48
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15 where TIfT2 is below 0.9, the apparent viscosities
of the binder resin and the resin charge contro
agent are-simlar, which | eading to a dissol ved
condition between the binder resin and the resin
charge control agent, resulting in an insufficient
saturated charge anmount and inferior initial charging
villoSRe bF YO PAQ. cases where TIPf2 is above 1.4, the )
apparent viscosities of the binder reS|n 20 and the

resin.charge control nt are ess1v ly different,
whi cHTHCAT BVargee mpleriiar maes pE e opmolasing
charge control agent, resultlng in |n|t|al backgr ound
is prefarabin xt@twekbskiof Ini bsce iicge theniuks aveidygel tnolculat
50 addition, proper chargi ng ability may be attained

e SRR, MOy RS Bl et i

. viscosjty thereof, and viscosity ratio of apparent
ingpRROPEIALS s togers ivhieh peeriblyi degetasing theschaged rmoun and
of the reS|n charge control agent i's preferably 0.1to

g froceSBSncluding
preferaly05to 10/oby mass ncases where the

bel o % by mass he initial _charai and
et i o St PR bR A

|nfluenC|ng i mges |i ke background snear and dusts.

praudibetyot K tieeother hand asasssheherd e hAsaawrake i S
above 20% by mass, the poor dispersibility w dens the

B0 B A0 e i BESBUBIL it ot

snmear or tonér S
The addltlves utilized in the inventive toner are

togszs i e Ghayghanging distrabnieon pictonets, syhirk leading iy a
primary particle dianmeter of 0.01 to 0.03 15 pm and

haggwsmﬁmww@%@mfﬁfgﬁthb%ﬁa exifieribAines 2
fixability of coloring properties.

It is also preferred in the resin charge control agent that the mass
amount of ingredients having a molecular mass of no more than 1x107 is no
more than 10% by mass, more preferably no more than 6% by mass. The
ingredients having e molecular mass of no more than 1x104 arc lower
molecular mass compounds, copolymers, ioncmers, residual monomers ete.;
these ingredients possibly inhibit to gencrate charging and Muctuate the
charging under the imfluence of temperatures and humidities; moreover,
these ingredients also affect 1ts safety such as slan stimulation and fish

poiSon.

It 18 also preferred that the following relation is satisfed: 0.9 < T1L/T2
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particle dianmeter of 0.01 to 0,03 mand a specific

surface area of 60 to 140 nR/g, in cases a resin

charge control agent is utilized. Wen these additives

are enployed along with the polyester resin and the

resin charge control agent, the toner nmaybe obtai ned

wWth a stable charging ability. 20 Wen the :
< iyd halafls ANaTel e ] L

PR Eh%%&%‘?n&%i 5 Jﬁ“gﬁ“%“?%“? Bl |

aof .t he base toner, er may ta necessary :
regin Ras ?‘ER#IEHBW@H%{%"Q’ frfgwﬁ 1[5 fagas %4 ﬁgw. igsteg pnd

appropriate developing ability on developing rollers
repuegdehbctheftemipetature at whieH tleoreiicélairge co@ubaginihagfan

the silica is preferably no |less than 2.1 parts by

e base toner.
ap nsequengwggfiﬁgpggonéﬁgﬁggﬁe%%%gg nﬁ?@ Tuni form t hin
| ayers on devel oping rollers, 5 irregularity may be
si gni ‘Ii‘hechmqryihﬂwmfgbel chawgetchptob agentdpéo Bie bindenrasin is
white streaks due to toner fusion onto devel oper

anGedrithtTh e $o ABMAL &@ne&emgeﬁbm%& foRerd | Thi fAhrAWnee

devel oping rollers tor a long period. In cases

ethe silica anmount.is Jes than t ange, th
weifl i DR EREIRYP ey CBbFRGER %ﬁeﬁmwfg
necessary anount of toner to developlng rollers,
spedific edsin gharg® cntwoh bgait mhg léahera mchevitleas at;ipmﬁm
necessary | evel - Moreover, the toner may be made into

chBRHP RO el N BER AR B oR By T O 5B

generatlng white streaks due to toner fusion onto
hagd, it{ip papaxesh o dgsatbedexhove thatitio diapersBylit on ue of

attachi ng a hydrophobic-treated titanium 15 oxide

comPputiBiite Hakwas theR@nHEC S hAARhE reih dRitRd] @BeRiM

and a speC|f|c surface area of 60 to 140 nRl g onto
e ace of e tone the c
a_‘EEeEI;s argmg abili t?:y presen invenfors v% fglgud the optimum

range in terms of the apparent viscosity measured by a flow tester and the

dispersibility of binder resins and resin charge control agents. Incases
where T1/T2 1s below 0.9, the apparent viscosities of the binder resin and the
resin charge control agent are similar, which leading to a dissclved condition
between the binder rezin and the resin charge control agent, resulting in an
insufficient saturated charge amount and inferior initial charging property.
In cases where T1/T2 18 above 1.4, the apparent viscosities of the binder resin
and the resin charge control agent are excessively different, which leading to
inferior dispersibility of the resin charge control agent, resulting in initial

backgrouwnd smear and decrease of the charge amount with time. In

a0

i



10

15

20

B e s e N "= L 4. T & E N E s L ="'

ability of the toner maybe stabilized, in particular

the initial charging property is inproved and the

charge up is prevented. The anmpunt of the titanium

oxide is preferably 0.4 to 1.0 part by nmass based on

100 parts by 20 mass of the base toner. \Wen the :
amount is less than 0.4 part by mass, the devel opnent f

R e e L T Y

anmount |s above 1.0 part by .mass, the 52 - -
to generate by way, of definipg the congl futronahevenes appesnt er s
or cause background snear due-to excessively |ow

viseh&itg thigread) nhil tyscabing Retid ONQipardhevicaisitioPefdnpasal
nmeans the particles on the way of production that
hﬁ@ﬁgtain at | east a binder resin, colorant, and resin
é?ﬁ%u%bntrol other 5 than additives. The inventive
toner binder resin (A) may contain optional other
r esi Athejamewnti afithe reon chargeoiopton agestisioalopablydst to 20%

resins described above. Exanples of the other resins

hyiﬁ.%%ﬁ%rﬁ%%ﬁ 'sﬁﬁcﬁéé?gmi‘%gg%mtﬁﬁﬁfﬁuofuﬁ "rdls.

and | 6net h)acryl ate and c ners of styrehe and

10 di ene noners; _epoxy resins such_as ring-opening
hﬁaﬁwﬂwﬁwtﬂ%@ﬁ&ﬁé ﬁ%&w Bilen be mags, theduitial charmpg and
resins such as pol yadducts of dials and/or trival ent

the chafpeerpehntalrs inniihdiensoehirh goesiblyPinEhehaie\imdpke like

mass average nol ecul ar mass of the other resins is

bafebhpltirgp Sul va o, oo B Hiler N T SRR e, °

resin (A, nore preferably 0 to 30% by nmass, stil
angmyd 1p abesr 2B pyOuass, tigypoyr dispersibility widens the charging
d.ifsti'lihui:i{:-n, which possibly leading to backpround smear or toner scattering
10 the systems.

The additives utilized in the inventive toner are exemplified by
hydrophobic-treated silica having a primary particle diameter of 0.01 to 0.03
pm and hydrophobic-treated specific titanium oxide having a primary
particle diameter of (.01 to 0.03 pm and a specific surface area of 60 to 140
m2g, in cases a resin charge control agent is utilized. When these additives
are employed along with the polycster resin and the resin charge control
agent, the toner may be obtained with a stable cherging ability.

When the hydrophobic-treated sihica having a primary particle

diameter of 0.01 to 0.03 pm 1s attached to the surface of the base toner, the

toner may take the necessary flowability and charging ability, resulting in

Bl
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In cases where two or nore species of polyester resins
are used in conbination, or at |east one species of
pol yester resin and at |east one species of ather
resin are conbi ned, these nmaybe powder-m xed or

mel t ed-m xed, or 20 maybe m xed in toner production
processes. The tenperature for nelting and mxing is

T T e o T

----------- Lower m %&g tenperatures bel ow the range
Phgtspopdueipes. | nThepmeenieef the silicais pralgrably nedesatbpgy

m xture. When two or nore species of polyester resins

Nk 8§ bafxicas 00 Bhdts biydhiads ofithe bhSBfHea! UCBEsdiRiEntly,
deteriorate resin propertles necessary for toner

bi nd b f. [ t h t
g i e PE BAGRORES SO LT 6 SUar P ITa AEPe Fng
and nmxing step is preferably 10 seconds to 30

irmegnlargy mamp be signefcanily n@ovakbiotte tho 1afers, and adso wlhite

still nore preferably 30 seconds to 5 m nutes. \Wen

stricdRs ahm@:ﬁwﬁﬁbﬁ%m% d%lﬂﬁ&%ﬁ%%%ﬁ%{%ﬁé_fg%%md

excessi ve ong m Xl hg per resin
10 properties necessary for toner bjinder because of

dugjasHETRG bydeyeloh tilor edeas pegedy elr eases whese the
m xi ng device at the nelting and m xi ng step maybe

silbatafount kil tHawithe sasis; iha Sordee dindiliMenas he Badticient
conti nuous m xi ng devices, Continuous m xi ng devices

Dl il B Taioicar Bl BreRPiihPiREy o e ae

devices are exenplified by extruders, continuous
anknaddd ithe tareresay b less thamthe néoessary level. Moreover, the
tnpefr may be made mnto nopumform thin layers on developing rollers, which
possibly inhibiting umform developments and imapes or gencrating white
streals due to toner fuston onto developer coating blades.

In addition, by virtue of attaching a hydrophobic-treated Gtaninm
oxide having a primary particle diameter of 0.01 to 0.03 pm and a specific
surface area of 60 to 140 m?/p onto the surface of the base toner, the charging
ability of the toner may be stabilized, in particular the imitial charging
property is improved and the charge up is prevented. The amount of the
titeantum oxade is preferably 0.4 to 1.0 part by mass based on 100 parts by
mass of the base toner. When the amount is less than 0.4 part by mass, the

development of the toner may be insufficient due to excessively high charging

ability of the toner, and when the amount is above 1.0 part by mass, the
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t hese, extruders and continuous kneaders are
preferable. In cases of powder m xing, conventi onal
m xi ng conditions and devices are available. As for
the m xing conditions of powder mring, the mxing 20
tenperature is preferably 0OC to 80C, nore preferably
10C to 60C. the mxing period is preferably no

mﬁ_@%?rsuﬁﬁ@f‘ﬁ%ﬂﬂégrﬁlﬁﬂ% Plickrs RE Mﬂ{gﬁu d%ﬁgar due-to

m nut és. Exanples o m xi ng device rnclu

Henschel mxers, 54._1i:. Nautor m xers, banbury m xers,
EXgPIV C@F@?gﬁﬂ ehidie tpGRr s are - preferable in

particular. The electrostatic inage devel opi ng toner

cont dihestesin “bass tor(ef) meanbithe partided dn BivkwaPhf production
colorant, and optionally (C) a release agent, (D) a 5

ESTASRT A hRS  BRERL el e ARt in Bateaf i) aer

conventional dyes, pignents, and nmagnetic powders,;
thagadgitizest her eof include carbon bl ack, nigrosine
dyes, iron black, Naphthol Yellow S, Hansa Yell ow

o i | | |
(1 Gy Ghivd (ore? SH AP U @Y ol Gbn il

yel | ow ocher, chronme yellow, Tita

Yel Low, G| Yellow Hapsa Yellow (GR A, . R.
reging ia Al Lt,he pEbroRd e iopinarestes m@v@wﬁ%@mve-

Yel |l ow (NCG, Vulcan Fast Yellow (5G R), Tartrazine

Lake Ex@uiples ofiheYehéom sirakachaiaistyaseresie/suehvaBG.,

I soi ndol i none yellow, W cothar, red | ead oxide, |ead

o R IR 3 0 o

.parachlororthonitroaniline red, Lithol Fast Scarlet G
digng monpmers: £ppxy resins such as ring-apening polymers of bisphenol A

di_glj}-:ﬁdyli and urethane resins such as polyadducts of diols andfor trivalent
or more polyols and diisocyanates.

Preferably, the mass average molecular mass of the other resing is
1000 to 2,000,000. The amount of the other resins is preferably 0 to 40% by
mags in the toner binder resin {A), more preferably © to 30% by mass, stll
more preferably 0 to 20% by mass.

In cases where two or more species of polyester resins are used in
combiation, or at least one species of polyester resin and at least ane species
of ather resin are combined, these may be powder mixed or melted-mixed, or
may be mixed in toner production processes,

The temperature for melting and mixing is preferably 80°C to 180°C,

more preferably 100°C to 170°C, still more preferably 120°C to 160°C.
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Scarlet, Brilliant Carm ne BS, Pernmanent Red (F2R,
F411, VEIL, FRLL, F4R0O, Fast Scarlet VD, Vul can Fast
Rubine B, Brilliant Scarlet G Lithol Rubine &K

Per manent Red F5R, Brilliant Carm ne 6B, Pignent
Scarl et 3B, 2~ Bordeaux 5B, 'IDbluidi ne Maroon,

Per manent Bordeaux F2K, Hello Bordeaux BL, Bor deaux

LokwfdB mBih: Fv@g}é %-% ' ke,

Rhodam ne LaQ%B Rho1 am ne L lﬁgglr?%&@g%l{ma
Thi oi n&iug dB .55is Th| oi nd| go Marogn, Ol Red,

TR AR BFE]%P%’& mipturg; o Whan e or piire specietef pobrrsteR
Verm | i on, Benzidine Orange, Perynone Orange, Ol

reﬂnaragemahalxhesshie%ehgmmmg Belbbfatufbddbi dBbatiorhake,

Peacock Bl ue Lake, Victoria Blue Lake, nmetal-free

DB B R 0580

ul tramarine, Prussian blue, Anthraquinone Blue, Fast
estprerehange ackign. Vi ol et | ake, cobalt viol et
manganese vi ol et, di oxazi ne violet, Anthraqui none

Vi ol qt,

Vi o! e (EHAE Bt BT ERIn GRS A DR AR 10

G ee G een ol d, G een Lake, Ml achl te xeen
seqapgs to TR &V&rﬂrﬁér&%&@ seApmYR Wlf Famalos, silhmore

titani um oxide, zinc white, i thdpone magnetite,

prefesablp 38ckcants todndpimaics o N HebeiaOir mdhesiinel pofyekze
colorant selected fromdyes or pignents is preferably

ol B A BB G S oS e

sel ected from magnetic powders is preferably 1 to 70%
Preferhias seerssary fon tenne hinden hecavseobreiraghig thravgh an aetyr

exchange reaction.

The mixing device at the melting and mixing step may he batch
muxing devices such as reaction vessels and continuous mixing devices,
Continuous mixing devices are suited for uniformly mixing at an appropriate
temperature for shorter periods. The continnous mixing devices are
exemplificd by extroders, continuous kneaders, three rollers, etc.  Among
these, extruders and continuous kneaders are preferable. In cases of
powder mixing, conventional mixing ¢conditions and devices are available,

As for the mixing conditions of powder mixing, the mixing
temperature is preferably 0°C to 80°C, more preferably 10°C to 60°C; the
mixing pericd 15 preferably no shorter than 3 minutes, more preferably 5 to

60 minutes. Examples of the mixing device include Henachel mixers,

54
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by mass, still nore preferably 30 to 60% by nass,
particularly preferably 2 to 30% by mass. The
colorant for use in the present invention nmay be a
master batch zo prepared by m xi ng-kneadi ng a pi gnent
with a resin. Exanples of binder resins for use in
the production of the master batch or in kneading with

NARRr ciReEL haRBaS mafe®s, dtf. affiohiQRetd Hdichel mixers are -

aforenentloned nDdlfled and unnDdlfled 56 pol yester

ol enes pol y- p- chl or ost yr enes,
Prﬁ%?§€? E?Gﬁ and other polymers of styrene and
substltuted styrenes; styrene-p -chlorostyrene

copolTmelsctretytieimagy dpsdl @ing copal opieiiss at least (4) a

styrene-vinyl tol uene copol yners,

I
h’%%%"yﬁ%ﬂﬁleﬁf%%%%ﬁ PRI S0 SORRITNC 0 RAE DR HE YL :
copol yners, yre?e butyl acrylate copolyners :
ﬂh@-fgﬂrmtﬂﬁpﬂfa E? a thadigey 9t0-s, st yr ene- met hyl
nmet hacryl ate copol yners, styrene-ethyl nethacryl ate
Colepeltymers, styrene-butyl nethacrylate copolyners,
styrene-acrylonitrile copolyners styrene- vinyI met hyl

e O e OB s by SoBe A SR SR OB e,
styrene-acrylonitrile- i ndene copolyners,

Pimngne) endenare Legiosk deow exgme; thestofiinauda eatimndds el
copol yners, and other styrenic copol ynmers; poly(mnethyl

R R PR DAL R v o,

ol.ypro Ienes polyesters epoxy resins, epoxy ponoI
myellon) yellaw manazide, srilem egher, chwmys vellaw, Fitap ¥llow,
poly (acrylic acid) 15 resins, rosin, nDdIerd rosin,

PolyizpStioweSilellod] Hahai VENeH (@ AY RN, RN PsReR lw T,
resins, aromatic petrol eumresins, chlorlnated

Bt o R GRS B bt B G, Vecal Bl oG,

R), Tartrazine Lake, Quinoline Yellow Lake, anthracene yellow BGL,

A A—E—ALL taed saa

isoindolinone yellow, colcothar, red lead oxide, lead red, eadmium red,
cadmium mercury red, antimony red, Permanent Red 4R, Para Red, Fire
Red, parachlororthonitroantline red, Lithol Fast Searlet G, Brilliant Fast
Scarlet, Brilliant Carmine BS, Permanent Red (F2R, F4R, FRL, FRLL,
FARH), Fast Scarlet VD, Vulean Fast Rubine B, Brilliant Scarlet G, Lithol
Rubine GX, Permanent Red FSR, Brilliant Carmine 6B, Pipment Scatlet 3B,
Bordeaux 5B, Toluidine Maroon, Permanent Bordeavx F2K, Helio Bordeaux
BL, Bordeaux 10B, BON Maroon Light, BON Maron Medium, eosine lake,

Rhodamine Lake B, Rhodamine Lake ¥, Alizarine Lake, Thicindigo Red B,
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Rel ease Agent Awax having a |ow nelting point of 6010
to 120C nmay be used for 20 the release agent (O ; the
wax effectively works on between fixing rollers and
toner surfaces as a rel ease agent, which effects hot
of fset resistance even wthout coating a rel ease
agent such as lubricants onto the fixing rollers.
T]:Eéﬁﬂﬂl&cﬁﬁ ﬁ‘i’@oﬂéeﬂa t Ll\gl\]g,ﬁ:a
carnaubaaaggihﬁ%%??éﬁﬁﬁgx sunag’agi a“@ﬁalé% Red,
ani waxes such_as ees x and anol i m ner al
Chyames e ‘ﬁ@ {Qrsmgefobalt
waxes such as paraffln, n1cro crystall|ne and
by tesalladw blud, ABesli Bdte Lhks Panabelt Blusbiks, VittrelBRicake,
synthetic hydr ocar bon waxes such as Fi scher - Tropsch

%E ﬁﬁjﬂé&ﬁ.‘}f ﬂﬁ%&h gu%‘% h“3'(ri1t1‘e”| S gﬁgg&ﬂg’gm bl e

to use al i phatic an1des such as 12-hydroxystearic
Indanthrens Blue Gi% HGk indige Wiaomring (Rraksion ey dr i de
i mde and chl ori nat ed hydrocarbons;

ArtB¥qEhes Bale, \B%hﬂmﬂ[ém %ﬁiﬂhﬁbﬁ@ IBﬁJe%/EBEER Jifet, udi ng

honopolyners sSuch as poly-n-stearyl I'tacryl at'e:

¥¥§ XFmaJauréhnetq§crylﬁ¥e and coegg%ggés ﬁyggﬁgsﬁnﬂ

crystall|ne pol ymer s haV|ng a long alkyl group inits

gred) ehrimivm ofddecvis b, femedald grdeme Pi@heﬂlsﬂr@@eﬂ,t Naghihol
is exenplified by carnauba 15 waxes (G)

O P R ARG ke AR o

nat ural caruauba waxes and free aliphatic_ _acid
oksreen, Anthraquinone Green, titanium oxde, zine white,

lithopone, magnetite, iron black and combinations thereof,

The amount of the colorant selected from dyes or pigments is
preferably 1 to 15% by mass based on the toner, more preferably 3 to 10% by
mass.

The amount of the colorant selected from magnetic powders is
preferably 1 to 70% by mass based on the toner, more preferably 15 to 70%
by mass, still more preferably 30 to 60% by masas, particularly preferably 2 to
30% by mass.

The colorant for use in the present invention may be a master batch
prepared by mixing-kneading a pigment with a resin.  Examples of binder
resins for use in the production of the master batch or in kneading with the

master baitch are, in addition to the aforementioned modified and unmodified

b6
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Exanpl es of (C2) include petrol eum Fi sher Tropsch
waxes (Paraflint 20 H, Paraflint HLN4, and Raflint
0105, by Schumann Sasol CoJ, natural gas Fisher
1ropsch waxes (F 100, by Shell MDS Co), and separated
ad crystallized products thereof such as MDP-7000 and
MDP- 7010 (by Nippon 58 ------------ ---oonmo-- --- -

roh S, ol RERORE B (IR e,

paraf fin waxes Such as

HNP- 11 (b i ppon Sejrq Co). Exanples of (C4). . include
0 @@F%ﬁ%@@ﬁﬁﬁ)ﬂ&ﬁ%ﬂfﬂ%%@hwwmm
LEL400P (by s Sanyo Chem cal Industries Ltd.) and

Eyinene-prepgiens uotvlpmet, statene Yo talGenBtdgobimers,
6Q0P (by Sanyo Chemical Industries Ltd). Among these

e BRI 0 B SRREE oimen,

Fi scher - Thapsch waxes are nore preferable, 10 These
siypare¢thel\acaylateenalymersasyrenhutyd adrgaedopelyenare) | ent

low tenperature fixability with toners. The anount of
styréfe telyt asA1 ABaRbolymerk Sstfiiemal Iﬁ?em:.%m};flz("ﬁe% ﬁgﬁéer

based gﬁ ?%Ye tonerl,(ygmnre preferabl% 1to I0% byp SS. .

Char nt rol Agent The charge contro| agent (D)
5%95%%&350%% SRR TR AT DY mathasate de

ni grosi ne dye, triphenyl net bane dye, cbrome-contained

copaly slers, eiylen-adydonitrile/digiobyaetsds yibehavinyd ngsthpl ketone

rhodam ne dye, al koxy am ne, quaternary anmoni um salt
copolfiheRS sbyrenkpieadRds Bﬁ;?nqyﬂﬂﬁé, i3h¥-izoprene copolymers,
styrene-acrylenitrile-indene copolymers, styrene-maleic acid copolymers,
styréne-maleic ester copolymers, and other styrenic copolymers; poly{methyl
methacrylate), poly(butyl methacrylate), poly(vinyl chloride), poly{vinyl
acetate), polyethylene, polypropylenes, polyesters, epexy resins, epoxy pelyal
resins, polyurethanes, polyamides, poly(vinyl hutyral), polylacrylic acid)
resins, rosin, modified rosin, terpene resins, aliphatic or alicyelic hydrocarbon
resins, aromatic petroleum resing, chlorinated paraffins, and paraffin waxes,
Each of these resins can be used alone or in combination.
Eelense Agent

A wax having a low melting point of 60°C to 120°C may be used for

the release agent (C); the wax effectively works on between fixing rollers and

toner surfaces as a release agent, which effects hot offzet resistance even

without coating a release agent such as lubricants onto the fixing rollers.

57
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amoni um sal t, al kyl am de, phosphoric sinple substance :
or conpound 20 thereof, tungsten itself or conpound £
thereof; fluoride activator, salicylic acid netallic '
salt, and salicylic acid derivative netallic salt.

Specifically, Bontron 03 of a nigrosine dye, Bontron

P-51 of a quaternary amoniumsalt, 59 -

----- Foamples of thewax include vegetahle%%ﬁe%%ﬂgl?ﬁécﬁna%bawax, ) %
nmet al cont aining azo dye, Bontron E-8

w@gﬁ“@ﬁﬁ?t horc aci d!rnie%%%?ﬁ?o ﬁraxesg}{rﬁ@aiegg of a

phenol condensat e (by Orient Cheni cal | ndustri es,
langlthey mingial 30Preamded Bs 4ddkevite anduriresinain peorolRiutiivaxes
salt nol ybdenum netal s conpl ex (by Hodogaya Chemi cal

: @5]] uat ernary anmmoni um
@Pt P pyCE:ﬁ %}{}h\ﬁ?ﬁ Bﬁ&nghne hane derivati ve,
and Copy Charge NE' G VP2036 and Copy Charge NX VP434
of aFBstisles theseynatynslorexes, Ehare are gyikheticdrydrocsrpon waxes
LRA-901, and LR-147 of a boron netal conplex (by

sudia B8 Fidehbt Trofsh wis, PolyetRABRE ivaRk A 3¢HAHEHSvaxes such as

perylene 10 qurnacrldone aao pignment, and ot her

ﬂfﬁ’?‘%ﬁd‘ IecuI §ﬂ\é\%? ﬁund havb[;a? a qup;]l onal

and quaternary amoni um sal t. Am)ng t he charge
ampder swth amtirbydradysieariccrphimnédg fsteoit #0d hiride tydnbake

to a negative polarity are preferable. The anount of

bk R e R R R R S

f act uri ng;. preferably, the ampunt is 0.1 to 10
epplrmers meludinghomopolymers sush agpelyor Biearyr

resin, nore preferably 0.2 to 5 part by mass. \Wen the

metiBerilat andQicy- nt-lﬁﬁﬁrlﬂbtﬁﬁﬁhtﬂ)ﬁnmbﬁﬂﬁmérﬁ RAEh ghar ge
properties are excessive ich | essens

n-stearyl acrylate-ethylmethacrylate copolymer: and erystalline polymers

having a long allkyl group in its side chain.

More specifically, the release agent (C) is exemplified by carnauba
waxes (C1), FischerTropach waxes {(C2), paraffin waxes (C3) and polyolefin
waxes (C4).

Examples of (C1) include natural carnauba waxes and free aliphatic
acid carnauba waxes,

Examples of (C2) include petroleum Fisher Tropsch waxes {Paraflint
H1, Pazafhint H1N4, and Rafllint €105, by Schumann Sasol Co), natural gas

Fisher Tropsch waxes (FT100, by Shell MDS Co.), and separated ad

erystallized products thereof such as MDP-7000 and MDP-7010 (by Nippon
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the effect of the charge control agent, increases in
el ectrostatic attraction 20 force with devel opi ng
rollers, and degrades devel oper fluidity and inmage
density. Exanples of the charge control agents
preferable for the present 60 .i invention are the
resin charge control agents described above.
43 .(5- chl or o- 2- hydr oxyphenyl azo) - 2- napht ul at] chr an
.c (111) aC|d ni gr osi ne,

e s eyrtfdﬂqam%lﬁé' BoLtEleyia pagelTB v ksl as paraffin

Forrmulas (111), and (V). OR (HsQ)3 C COO z a++
wix FNE-5FNT-0l anacmm 2l {Hy Nippoa $GRBI08.)5 Exas@lesGriiC4s
4Ho - jjl - .1 General Forrnula(&\/) C Hqg H

m(g@;a@p@yﬁgﬂgﬁe o om0 s SERSER LA Gy

Sanyo Chemical Industries Ltd.} and polypropylene waxes such as Biscol
550P and Biseol 660P (by Sanyo Chemical Industries Led.).

Among these waxes, carnauba waxes and Fischer Tropsch waxes are
preferable, carnauba waxes and petroleum Fischer-Tropsch waxes are maore
preferable,

These waxes may act as a release agent and provide excellent low
temperature fAxability with toners.

The amount of the release agent (C) is preferably 0 to 15% by mass
based on the toner, more preferably 1 to 10% by mass.

Charge Control Agent

The charge control agent {D} may be conventional ones; examples
thereof inclzde nigrosine dye, triphenylmethane dye, chrome-contained
metal-complex dye, molybdic acid chelate pigment, thodamine dye, alkoxy
amme, quaternary ammonium salt such as fluoride-modified quaternary
ammonium salt, alkylamide, phosphoric simple substance or compound
thereof, tungsten itself or compound thereof, Auoride activator, ralicylic acid
metallic salt, and salicylic actd derivative metallic salt.  Specifically,

Bontron 03 of a nigrosine dye, Bontron P-51 of a quaternary ammonium salt,

5%
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Rf = CsFn - CnFsj The charge control agent is

preferably the copolyners containing a quaternary

ammoni um salt group forned fromthe nononer expressed

by to General Fornula (VI) in a content of 65 to 97%

by mass and the nononer expressed by General Fornula .
(VMIl) in a content of 3 to 35% by mass and having a £

Bdge%ﬁoz} a?{ﬂrFor nulle%(lVI #ﬁﬁjcﬂégd%%lﬁ% ﬁgﬂﬁ-u%é%%%%@ﬂn %S%%mﬁ ) ;
el P L PSPy URRoramet ) FoRBUER, 224 om |

a methyl group, R2 is a hydrogen atom or a nethyl

BcgitmrpE D iftn plicriv] abhddrente GetOientCileiieal RadassieRL.alk
each an aIkyI group. In addition, conmpounds expressed

SO koA o B R

O f~~ 0 ~a H+ General Formui a(VIQ ~9N9C NO. Q x=er ~
complex (by Hodogaya Chemical Co.); Copy Charge PSY VP2038 of a

quaternary ammonium sall, Copy Blue PR of a triphenylmethane derivative,
and Copy Charge NEG VP2036 and Copy Charge NX VP434 of a quaternary
ammonium salt (hy Hoechst Ltd.); LRA-901, and LR-147 of a horon metal
complex (by Japan Carlit Co., Litd.), copper phtalocyamine, perylene,
quinacridone, azo pigment, and other high-molecular weightl ¢compounds
having a functional group, such as sulfonic acid group, carboxyl group, and
quaternary ammomum salt. Among the charge control agents, those
capable of controlling toners to a nepative polarity are preferable.

The amount of the charge control agent depends on the type of
binder resins, optional additives, and methods for manufacturing: preferably,
the amount is 0.1 to 10 parts by mass based on 100 parts by mass of binder
resin, more preferably 0.2 to 5 part by masa. When the amount is more .
than 10 parts by weight, toner-charge properties are excessive, which lessens
the effect of the charge conirol agent, increnses in electrostatic attraction
force with developing rollers, and degrades developer fAuidity and image
density.

Examples of the charge control agents preferable for the present

&0
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NOS 62 is CLe S Iwil g Of Ogyp- -- [al LN

O-"-b~[Net)-Fcl(n) (~ Q@ Fe' g Ox n} 1 Fyn General
Formula (I X) in General Formulas (VII1) and (IX), ai
is a nunber of 0.8 to 0.98, bl is a nunmber of 0.01 to
0.19, cl is a nunber of 0.01 to 0.19, and al+bl +cl=I.
The anount of the charge control agent is preferably

prrgel?ge]%%b-eﬁ%éggl t%ﬂllggé%&t) %%EBBSF‘Fw ggr%[]g%%orgner )
hl%ﬁter Q_dq}é;fgée Inor%%b?ggéﬂne %gu' aLe for theme

external additive are exenplified by si I i ca, aI um na,
pekfltcalliyl Giingthylamdhitin ibdiiRl folyiRaRfskibate haddhese
calciumtitanate, 10 strontiumtitanate, iron oxide,
copper 1.0% de. zLNnc gxi kR oxi ge, silica sand,
engé)a%eawg%mmﬁgﬁgﬁn mﬂo‘}# ﬁ@; chr om um oxi de,
cerium oxi de, colcothar, antinony trioxide, nmagnesium
oxi de, zirconium oxide, bariumsulfate, barium
rbonat e, cium carfipnate, silicon carbide, silicon
i[t%'%ggg tci_ Awygt hpse,+preferable are metal
XI Itrides pnd netal carbi
articul ar e externpl additives ha@?ﬁlgﬁ nu%oﬂ:uﬂ&l (1D
verage parti<hgg.gi,amefer of 8 to 80 nmor 120 to 300
Anmong the | nor3g§n| fine particles

s ® S0, ©
Gt — i CHs _@ @@ General Formula (V)
' quHn AH
CiHs
R~ OF = CH = GH: - rTq -CHi  B(Phenyl) General Formula (V)
Cibs

R =0skin —CihFa

The charge control agent iz preferahly the copolymers containing a
quaternary ammonium 2ali group formed from the monomer expressed by
10  General Formula (VI) in a content of 65 to 97% by mass -a_u-:i the monomer
expressed by General Formula (VII) in a content of 3 to 35% by mass and

having a mass average molecular mags of 2000 ta 10000.
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descri bed above, preferable are silica, alumna,
titaniumoxide, in particular silica and titanium
oxide. It is preferred for the charging ability and 63
flowability of toners that the external additive
conprises titaniumoxide - having a nunber average
particle dianeter of 5 W40 urn in terns of the
primary particles. The anmobunt of the inorganic fine .
par®icles as the external additive is 5 preferably
03 to 5% by nass based on the base toner. In order
to qontrol precis t owability of toners, not
0t ,ontrolﬁeﬁ?aﬁ%%ﬁﬁgfggn conditions to produce the
ves but al so crushing or mlling and screening
ot resulting products are inportant. It is also
i nportant how to attach the additives to toner
surface and the attaching conditions. 10 The externa
addi tives may be used in conbination with inorganic
fine rticles or hydrophobic-treated inorganic fine
partiqgl®es. Preferably, there exist two species of
+tm9—ﬁaﬁticleﬁ40n t he toger surface, such that one is
| ow dilaneter ilnorganic f particles having an
aver aGl0mRaT & & B RRoTH 5pa PoSRBYREE erruda E
primary parti hes of 1 t5=20 nm nore preferably 6 to
15 15 nm (BET surface area- 100 to 400 n2/g), and
another is high dianmeter inorganic fine particles
havi ng an average particle dianeter of hydrophobic

treat ri lkehes 0, t0.15 Le
or of &8 SR okaRes b SRt epftelabl. B3 bvdrmpen
m2lg). Preferably, the |low dianmeter inorganic fine
atgygrar acmethyd rmmowy, R ibiaday dopgan atomh onnonreide! grope Rz is an
preferably the 20 both; preferably, the | arge dianeter
5 alkylehdaRiup, hhd hh@ ESar8leG el hnSillGRoupPr €f erabl y;
the s?ﬁ?@% isqgfﬂéet gﬁocegses such ggﬁggfgel

proc ?ﬁ%ﬁﬁiﬁurxrl? Egmpuunds expressed by General formula (VITD) or (ITX}

are also preferable as the charge control agent.

— - —

\c/ g - w+ General Formula{VIl}
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preferably, mediumdianmeter inorganic fine particles,
preferably of silica, also 64 exist an the toner
surface, of which the average particle dianmeter being
20- to 50 nm (BET surface area= 40 to 100 nR2/g). The
inorganic fine particles may be selected from
conventional ones including silica fine particles,
hydrophobic silica; fatty acid netal salts such 5 as.

inc s arate an l um num sg earate; netal oxides such
s titan , tin oxide and antinony oxide; and
| uor opo f tlcu y preferable additive is
ydrophobl c%¢ ! et ed [iti (B A0 + v [ atdi-uey ot dl e

na fmqe pa cl es|] Exanples of the silica
ex pat %lp ncl ude HDKH2000, HDKH200014,
DKIIZ% HDKHL303 (by H chst Co), R972,
474, R 0, RY200,,,8.202] R805 and
i pponAerosi| Co). arrpl of the ti t(%ﬁi%rél%%rmula {Ix)

particles include P25 (by N pponAerosil Co.), Sin30,
STl "65C- S (by Ti tanium I ndustries Ltd.), TAF-140 (by

Fuj i ifidesat E\Ym)%)dﬂ:bﬂ:' :!IEQWLIDI}{F 810 0.

MT OOOB and MT 150A (by Tayca Co es of tch 9?
. hohi c- 1 reat dtlta |def|ne partlcles
15# 5%%15 Nilbiﬂﬁm“;léqfdglq 1oy thrie=1,

STT-65S-S (by Ti tani um | ndustries Li t) TAF- 500T,

TAF- T3eGingint dfithe chidgniowbiol agesst isprefoeably OMP ECRI% by
M?" 100T (by Tayca Ca), and I TS (by Ishihara Sangyo

. de fi
e 1080 oh the Wfor gk BRI BISEE B B 1y be

produced by treat| the hydrophilic fine particle
Flyjdazer agid Bomer dotiers: ’&éﬁddy@‘rﬁs such as

nmet hyl tri et hoxysil ane and octyltriethoxysilane. In

addi Théganti find PARiAdtes BRAMBInPRIER: fnBE 2884 hehes or
Auidizer (E) of an external additive are exemplified by silica, alumina,
titanium oxide, bartum titanate, magnesium titanate, caleium titanate,
strontium titanate, iron oxide, copper oxide, zine oxide, tin cxide, silica sand,
clay, miea, tabular spar, diatomite, chromium oxide, cerium oxide, colcothar,
antimony tricxade, magnesium oxide, zm:umum oxde, barium suilfaie,
barium, carbonate, calcium carbonate, silicon carbide, silicon nitride, ete.
Among these, preferable are metal oxides, metal nitrides and metal carbides,
in particular those external additives having a number average particle
diameter of 8 to B0 nin or 120 to 300 nm. Among the inorganic fine particles
desceribed above, preferable are silica, alumina, titanium oxide, in particular

silica and titanium oxide, It is preferred for the charging ability and
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65 inorganic fine particles are avail able, which are
treated with a silicone oil- with heating as required
Exanpl es of the silicone oil include dinethyl silicone
oi |, nethyl phenyl silicone oil, chlorophenyl silicone
oi I, methyl hydrogen silicone 5 oil, alkyl-nodired
silicone oil, fluorine-nodified silicone oi

YR P BN iy kel i

OXYy- D fléd silicone oil, epoxy-polyethernodified
hagipg § e naverggeatcidinmeder o 9 feolh fUhBmyin terms of the
car boxyl -nodi fied silicone oil, nercapto-nodified
prixnhincpaticddd., acrylic or nethacrylic-nodified silicone
oil's, and 10 al pha- nethylstyrene nodi fi ed silicone

oils Thelnor i ne. rtlcle are exe

ot |+ T p R AR e iRt b e Pl i s

magnesi umtitanate, calciumfi tanat e, strontium
preferallat0:)] o 5 hyxndss baseger thetiese tomsmc oxi de, tin

oxi de, silica sand, cl ay m ca, wollastonite,

di at SSUS: o amiTa e by

[ ronqg;%?de re(%,ﬁﬁoh | nong}tr%rl OXI %ﬂﬁ nggnesn u%éggﬁgéiml

zi rgoni um oxj de, bari ul fate, barium carbonate, _ .
of prpeicfioncan 40 DEvduce dhe addiives butals emebing or milling

nitride. Anmong these, silica and titani um di oxide are

of ihe repaltingphodiacts Bie nagd e nd 0Lk als important
preferably 0.1 to 5% by mass based on the toner, nore

bl 5 o il o BB e o 1 FSDRRE R DL

particles is preferably no Iarger than 100 nm nore
pr ef aﬂlalﬂxjmmﬂi addigivermmay be vserbmn comdripative wdthinerganics

| ess than the range, the inorganic fine G6
fine particles or hydrophobic-treated incrganic fine particles. Preferably,

there exist two species of fine particles on the toner surface, such that one is
low diameter inorganic fine particles having an average particle diameter of
hydrophobic-treated primary particles of 1 to 20 nm, more preferably 6 to 15
nm {BET surface area: 100 to 400 m%g), and another is high diameter
inorgamic fine particles having an average particle diameter of
hydrophobic-treated primary particles of 30 to 150 nm, more preferably 20 to
130 nm (BET surface area: 20 to 100 m%g). Preferably, the low diameter
inorganic fine particles are of silica or titaninm oxdde, more preferably the
both; preferably, the large diameter inorganic fine particles are of silica;
preferably, the silica is of wet processes such as sol-gel processes: more

preferably, medium diameter inorganic fine particles, preferably of silica, also
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particles tend to be enbedded into toners to hide the
effective performance; and when the dianeter is

| arger than the range, the photoconductor surface is
likely to be damaged nonuniformy. The other externa
additives or fluidizers are exenplified by polynmer 5
fine particles of polystyrenes, nethacrylate

exG:ARA (HERbAeOSurfifis) bAkRichGHE Hv¥FEfeSy AHR IR L RHEE 20 to

soap-free enul si on, suspension or ‘di spersion
ol y, L zatd on; polyco n ion products such as
5@%@%Q$$E@¥ﬁmﬁéﬂ?ggﬁiﬁhﬂﬁigﬁgid nyl on; and pol yner
particles of thernosetting resins. These fl uidizers

may b&heaserdsnic fine pacdeles antydd: dedectah Bneccdiventidnal anes
hydr ophobicity thereby to maintain the flowability

) _ . ;< . i dily

im0 g siB07 il Qe BHIRE Sk op R e e el G
sil ane coupling agents, silylation agents, o

asgingsiearaig updnwnstearptergnelal prides sych pg ddama,
organo-titani um coupling agents, alum num coupling

Al S, Tin ofidk h&dWtRhény e M ALedpsiychGane oil 15

The toner may al so contain a cleaning aid to assi st

t he ¢l eani of .devel oper.s r ini .on - ..
phot 3:1 r%regqmbl;i f’%}'{}“f Fj?r@‘r@’ cippated silica, titania,
exanpl es of the cleaning aid include fatty, acid netal

titemiurs ozidearakalnimon feteqarticles. sEaamiplessithe ailedafincand
stearic acid; and polynmer fine particles produced

, , . < 20
P g DRI R MBI R TR e
}ﬂéhgfgﬁgrtichs. Thise ol ymer fine particles
by Hichet Godt9 14aRX200 Ry 200R 202, 805 and
di stribution and a volune average particle dianeter of
R81 20y Niphon Aepibil Gd)._ Examples of the titania fine particles include

P-25 (by Nippon Aervsil Co.), STT-30, STT*65C-8 (by Titanium Industries
Ltd.), TAF-140 {by Fuji Titanium Industry, Co.}, MT-150W, MT-5008,
MT-600B and MT-150A (by Tayea Co.). Examples of the
hydrophobic-treated titanium oxide fine particles include P-805 {by Nippon
Aerosil Co.), STT-30A, STT-655-S (by Titanium Industries Lid.), TAF-500T,
TAF-1600T (by Fuji Titanium Industry, Co.}, MT-100S, MT-100T (by Tayca
Co.), and ITS (by Ishihara Sangyo Kaisha Ltd.)

The hydrophobic-treated oxide fine particles of silica, titania or
alumina may be produced by treating the hydrophilic fine particle with
silane coupling apents such as methyliriethoxysilane and

octyltricthoxyzilane. In addition, silicone oil-treated oxide fine particles or
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In addition, the toner may further contain, as the

ot her additives. - - fluoropolyners, polyolefns of |ow
nol ecul ar mass; netal oxides such as al um num oxi de,
tin oxide and antinony oxide; conductivity enhancer
such as carbon black and tin oxide; and
surface-treated products thereof. These 5 additives

pr%ferg%?é 0.1 to fﬁﬁggﬁﬁgnﬁeeﬁgggeﬁaseﬁ on %%%#ihﬁ%%

&ﬁ mass of the toner. The charge control agent and the
with hegboe #34REVITEY- be nelted and kneaded with a master
hat ch and/ or binder resin or may be di ssolved into an

or garixamspley efitheditiotiesyibinthille dichefhs] dliaim@axitont r ol
agent and the rel ease agent maybe added externally to

e BART st bELa I PRRERY Tidhe gl bielbiulacdiyy e

.Henschel mixers or O mxers. In the mxing process of
rHodsmedifed sdigane pildiuorinaimpdificd carri ed

out while dispersing and coating the external additive

ot S1d8Lfi P BMSARE A hWPyhoRt et mﬂ%ﬂ_ﬂﬁb%ﬁﬂﬁd

a toner material and the additive using m xers.

..such rocess,.Jd t, .s inportant that the additiye of

sl glin PO ImdiGied sionmelodl PPonERIpether Teibed sificon o,
uniformy and firmy onto the toner material in view

phehchmypdéiedkiliained oil, yarboas]-triudified gitisene §il)Ghereapib-inodifed
are typically inportant, as blade shape of m xers,

- 10 - hxl . [ 4 XiNng tines,

il nd i flecy A B M b IR O Bl RO D

surfaceﬁﬁroperties of toner material |ike
alpha-gpthglstyrgnemgedifhed siligame olls.scoel asticity. 68 The

wet processes may apply inorganic file particles on

t OnerThe iRorganic fine particles are exemplified by silica, alumina,
titanium oxade, barium titanate, magnesium titanate, calcium ftanate,
strontium titanate, iron oxide, copper oxade, zinc oxide, tin oxide, silica sand,
clay, mice, wollasionite, diatomaceous earth, chremium oxide, cerium oxide,
iron oxide red, antimony trioxide, magnesium oxide, zirconium oxide, harium
sulfate, barium carbonate, caletum earbonate, silicon earbide and silicon
nitride. Among these, gilica and titanium dioxide are preferahle in
particular, The added amount is preferably 0.1 to 5% by mass based on the

toner, more preferably 0.3 to 3% by mass.

The average particle diameter of primary particles of the inorganic

fine particles is preferably no larger than 100 nm, more preferably 3 to 70 nm.

In cases where the diameter 15 less than the range, the inorganic fine
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liquid nedia. This process may be carried out after
toner particles are produced in water and the used
surfactants are washed away. Excessive surfactants
are renoved through solid-1liquid separating processes,
then the 5 resulting cake or slurry is dispersed again
i nto aqueous nedia. The inorganic fine particles are

peatidRd tanditshé @ﬂh%&ﬂ’ed ﬁit;@ thiks 36 Wide theAdiR v bb MRl Mance:

the fine partlc es nay be di spersed preV|ous y Into

8, agueo Wien,a reverse p ty surfactant
EEEHWB lazerr, raney, rtgle Hﬁwewga netor ppgiace
partl cl es may attach the surface of toner particles

1s hdsely thheaddmageshidnudiforadges where the inorganic fine
particles are hydi nphobi c treat ed and hardly

glms)ﬁn o‘% a’[‘b%{%%? %ﬁl@; dcecrease %ﬁ%@%&#ﬁtg&@ﬂ?&%gﬂm“

thus _make the inorganic fine particles nore wettable
&f pplysrenes methaerdatenopalymers suatmdatent i s
then added gradually into the agqueous nedia 15 with

mgétwm@gmamd@mﬁgh Rhp!he dRUBAGE sReH I or dispersion
surfactant is preferably O. 01 to 1% by mass based on

he sol.id.coptent of . toner ,partic The addition of
polsiEe SRyt FOP Ao e ek o AULREY 7o { he

charge of the inorganic fine partl cle dispersion in
benbemegquenns anddiyden:dridopmlpides wanigelthef tHormihgstiing: fesiies.

particles to coagul ate and attach onto the toner

R T R i S e e O

content of toner particles. The inorganic fine
hydgenhabraty therebyctd mgintain the fomabilisy andior chamginppromgaty

---1 then fixed on the toner surface through heating
evbii@ndbrhigh ha@idEBY cdiflitions; examples of the treating agents are

silane coupling agents, silylation agents, silane-coupling agents huving alkyl
fluorides, organo-titanivm coupling agents, aluminum coupling agents,
silicone oil, and medified silicone oil

The toner may also contain a cleaning aid to assist the cleaning of
developers remaining on photoconductors or primary transferred bodies:
examples of the cleaning aid include fatty acid metal salts such as zinc
stearate, stearic acid caleium and stearic acid: and polymer fine particles
produced through soap-free-emulsion polymerization such as
polymethylmethacrylate fine particles and polystyrene fine particles. Those
polymer fne particles preferably have e narrower particle diameter

distribution and a volume average particle diameter of 0.01 pm to 1 pm.
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prevented fromthe separation. Preferably, the heating
of the slurry is carried out at higher than Tg of the
resin in the toner, and/or after drying while
preventing aggl oneration thereoL 5 The inventive toner
may be incorporated a netal stearate as a |ubricant
in order to reduce friction coefficient of

phot qa%qmrg thd E:fﬁ&%%ﬁﬁﬁ-thﬁﬁ%dﬂmfn?\és thd SAN A ditives, -

ability. Pr metal steafate I's zinc
st earate. Productiqn Process The .inventive
flyogopalymgrs, &e&aﬁﬁm&éi&v Saelpelar mass; mgtd oxidep syeh aso

produced t hrough conventional mlling and pol ynmeri zi ng

alyhonessedde, thneddd aﬂdbhm:rﬁdﬁ&emohﬂumnnﬂeﬁﬁ@meﬁ alich
m [ ng, enul si on-aggl oner ati on,

R R e R

convent| onal kneading -mlling processes to produce
addgivessnay he used abometorincombination thel Aot o preferably 0.1

are dry-m xed, and nelted- kneaded then finely mll

o Gwﬂhhﬁéeﬂﬂhmgéton Lé.soembe T, ced wi th

air-classifying, thereb

avohim avera artlclegﬂﬁ ter of 2 to 10 pm .The
vol u @eentapd paspeAEcRt maxbemetigdnd

Coul ter counter (article nane: Multitizer 111, by

knBedéd wath £mister hatth andl! oBindBE riin 62 5565bd dissolved into an
produci ng the inventive toner may be by conventi onal

or 55 soRRE b Btpeked, 0% L2 Tonpri sos & Stop of
mechani cally m xing toner ingredients such 70 is f

The charge control agent: and the release agent may be added
e:etei‘na]ljr to the toner by wet processes using solvents or water and optional
active agents besides dry processes using Henschel mixers or Q) mixers.

In the mixing process of the external additives, a dry mixing may be
carried out while dispersing and coating the external additive onto toner
surface by way of stirring a mixture of a toner material and the additive
using muxers. In such a process, it is important that the additive of
inorganic or resin fine particles is attached uniformly and firmly onto the
toner material in view of lngher durability. For the purpose, such conditions
are typically important, as blade shape of mixers, rotation frequency, mixing
period, mixing times, external additive amount, toner material amount,

surface properties of toner material like irregularity, hardness and

viscoelasticity.

B8
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as a binder resin, a charge control agent and
colorant, a step of nelting and kneadi ng the m xture,
a step of mlling, and a step of classifying. The
powders ot her than those adapted to mlling or
classifying steps may be recycled to the step of
mechanically mffing or nelting-kneading. 5 The

POV % b prRERkHE Haﬁsﬂiﬁggt] Anic 198 RatAARS 66 theriih ! J

g or classifying stép Ine or coarse particles
.that are . of desirablje particle dianeters_after
Tiggad F?%aﬁ’éﬁ-s?ﬁa@ Drerass ey b carmiad) qutadtorener prrticlesars,

out of desirable particle dianeters after the
prodidedvinnenior andithy used sivfactanidgre washild awhy.t Mexmasive
byproduct is preferably 1 to 20 parts by mass based on

the,.essential..ingredients in
sttty BRG HipRed PN} aplRPiGHI Rir P EPRESLGR, thedthe
mechanically m x the toner ingredients such as binder
reswltingcake or shany is disperised egaingate aguecis medint s Thand
ot her charge control agents or the mxing step to

inschd dticlsare Rl dbA A% diEj%HrﬁQ& fithShe SalteRh ALy,

resins, colorants and resin charge control agents wt
by- products 15 may. be carri ed qut. under usual

the {HG B HFles Favhp dignosr i monarusy et he agReoks st o
bl ades After the mxing step, the mxture is put into

Whemalrevage pobailgrsurfact-om ik added ktedte afuecweineidizg the
kneader maybe nono-axis or Lwo-axis continuous

. f | mlls:preferable

indRERITET StrPleidy UERNET e Malthod Shionlt gl B BOR [ e
by Kobe Steel, Ltd), TEMtype two-axis extruder (by

-lﬂ:%vé%rtﬁlxaa Ingameswhers bhe inopganis Sne partodes athy KCK Co) ,
PCM type twoaxis extruder (by Ikegai Ltd.), and

hy@aﬂﬁb%ﬁ.d&éaféﬂyalﬂlﬁﬁlﬁahjspe;ﬁihléiiﬁtu aqueous media, an

additional small amount of alcohols may decrease the surface tension thus
make the inorganic fine particles more wettable and dispersible. The
reverse-polanity surfactant is then added gradually into the aqueous media
with stirring. 'The amount of the reverse-polarity surfactant is preferably
0.01 to 1% by mass based on the schid content of toner particles. The
addition of the reverse-polariy surfactant may neutralize the charge of the
incrgamc fine particle dispersion in the agueous media, which allowing the
marganic fine particles to coagulate and attach onto the toner swrface. The
amount of the inorganic fine particles is preferably .01 to 5% by mass base
on the =olid content of toner particles.

The 1norganic fine particles, altaching to the toner surface, may be
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It is inportant that the nelting-kneading step is
carried out under - appropriate conditions far from
cutof f of nol ecul ar chains in binder resins.
Specifically, the nmelting-kneading tenperature is
adjusted referring to the softening point of the

bi nder resin; when the tenperature is excessively 5

thbARE] bR USRS RN Blanld bt it i B

significant, and excessiv

di spersi on.. The_k eaded roduct |s mIIed
PI%W@PS ﬁ &H?Fﬂﬁﬁllu%&ﬂ% tﬁ Higtlprrytine

material is roughly mlled then f|ner mIIed in the

caniibd bapat Bighpr tiieTe of bherasin ini fg: RhoseEMAG Mt drj’m
exenplified by making the materials to collide wth

iR PE R ook Bbn biepEl | "0 hul ver i 2i ng L,Seuse

of a narrow gap between nechanically rotating rotors
and Sthetiorentiy tomer miay b incorppratagoy metial stedtadel as a
product is <classified in an air flow by use of

luﬁﬂﬁfﬂt'ﬁﬁﬂé& Peffice FRRIRhe R cgﬂ'i;mst e ﬁ?ﬂ% Bty and

havi ng a predet erm ned parti cI e m

for xa no rovetheflovvablllty
to LPproigTetBE Al Bitrably thE Beipkitesats sync sicdate.

transferring property of toner, inorganic fine
Topar PradietioaRiocas hydr ophobi c silica fine particles
may be further added and m xed to the resulting toner

et ng RS EF %@?@Lﬁ%ﬁﬁs%@% e

m xers_are 20 equi pped vvrth acket etc. to adjust
predheced tbironeh eonventionalaniliin [ymesrmeproreases

addi tives nmay be changed by i nternmedi ate or gradual

spadl 410 B Mw exlifig) dhochddidal Y8 Ringd endulkiBh!1281dH S0,
roIIrng rate, rolling tine,

and suspension-polymerization processes; substantially any processes may

derive the inventive effects,

In conventional kneading-milling processes to produce toners, the
constitutional ingredients of toners are dry-mixed, and melted-kneaded, then
fincly milled by use of jet mills ete., followed by air-classifying, therehy toners
may be produced with a volume averapge particle diameter of 2 to 10 pm.

The volume average particle diameter may be determined by Conlter
counter (article name: Multitizer 1T, by Beckman Coulter, Inc.).

The processes for producing the inventive toner may be by

conventional ones: specifically, the inventive toner may be produced by a

process that comprises a step of mechanically mixing toner ingredients such

70
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tenperature, etc., or a high load is firstly applied ]
and then a weak load is - applied, or vice versa.
Exanpl es of the m xing equi pnents include V-type
m xers, rocking m xers, Loedige mxers, Nauta m xers,
and Henschel m xers. The inventive toner with the
i nventive toner binder resin may be 5 enployed as a

astsmnae%rﬁ lPRGE1 %ﬂ%&&é}lﬁt art{: F tipg

Sy -

et

i mages by way of m xi ng carrier
ferrit s et c optlonal y. ted with npgnetic¢ pomders
knegdng;the, PR R r ind @ stepy Haa%&m& Brass

beads and/or resins such as acrylic resins and
posiders otter thah hhose Hlaptatl Bninilie plop Ref=si iR Stéfdhnay be
el ectrostatic | atent inmages by fractlonlng mnth

ar r'lge:ﬁpgrt%ggfmgéh %ﬁjj{]ﬁ]rémf]ngtungﬁjt[m d@? f| xed by

conventional heat roll-fixin processes on supports
such The nesplsrs ndppdugt stber fhamthoest ndaptedrto mEbng pr

the particle dianmeter of toners has been reduced still

dﬁﬁiffmﬁg%téﬁﬁbﬁh%iemr%&féegﬁrﬁmg%ﬁu Reoay dbSirspiduce

the diranmeter may 15 be o asi s of conventlona
. , el ti ang. m ses t hese
Pﬂﬁﬂ@eﬁ%@s@a F&“ﬂHI‘E's%E? el BeadingRieher
vi ewpoi nt of energy and vyi el d and al so rray be limted

out of dexdiadbde phstick dimieters sfied thef fullowaie élassifveny ofeps. The
mnimumlimt attainable by mlling processes. For the

iy TR AE Babiiuct SR B0 AR RUPBR SRR MEHE o800,

emul si on pol ymeri zation, _ dispersion polynerlzatlon
paghsdremees of iiecssantialivgmdiens 1 e melbingimagdinster.ng

apparatuses is produced by 73 dispersing a polyester

Pr epqihyFRixiMk siapdothddhAARAINHha! (HeNGnb b Bats such as
binder resins, colorants, resin charge control agents, and other charge control
agents or the mixing step to mechanically mix the toner ingredients such as

binder resins, colorants and resin charge control agents with by-products

‘may be carried out under usual conditions using conventional mixers with

rotatable blades.

After the muxing step, the mixture is put into a melting kneader to
melt and knead. The melting kneader may be mono-axis or lwo-axds
continuous kneaders or batch kneaders with roll mills; preferable examples
thereof include KTK type two-axis extruder (hy Kobe Steel, Ltd.), TEM type
tworaxis extruder (by Tbshiba Machine Co.), two-axis extruder (by KCK Co),

PCM type tworaxis extruder (by Tkegai Ltd.}, and Co-kneader (by Buss Co.).
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group, a polyester resin, a colorant, and a rel ease
agent into an organic solvent to prepare a toner
material |iquid, then which is subjected to
crosslinking or extending reaction in an agueous
sol vent. The polyester 5 resin is an inventive

pol ycondensat i on polyester resin. The constitutive

Itﬁmﬁﬁﬁaz%ﬁ ﬁﬁ%-%e will.

be expl ai nﬁe}%gl n the ol 'ow ng. I\/bd [ eg%Bol ygélt'ser The
toner. of t i nventi.on c rlse.s a i ed

apgepaaiEspud i frm iRt Brolp @an hoansgubded resins

pol yester indicates a polyester in V\,hl ch a conbi ned

Spgrifiepllytthe mélhiag-lagidindentharayemas adfustsd fealivesd e

resin, and different resin conponents are combi ned

R e

Is one where a functional g&oy such as an |socyanate
logentharovhe: sedteningpoinkitha cutp be sigini ficaart camd oxopbsively
and group and a hydrogen group, is introduced to a

by pé Rt bsand ih whbh@hpédant ed to an active

ydrogen cont ai ni ng conpound to nodify the polyester

end s , of nodj.fie ester. (i e a
ureaﬁmaaﬁd ﬁﬁﬁ%ﬂgﬁpw g‘%(]" g-
reacti on between a pol yester prepol yrrer (A 20 haV| ng

Preferablycitenmateryd dupomhdy aitllad shébfinclpmitiidda thé philigng

pol yester prepolymer (A) having an isocyanate group

D eanaane oy Snk Sho LR IRb o BN kg g ppteriels

and a 74 pol yval ent car boxyl ic acid (PC) and
m}ﬁ,@l@ vAgh arplate by merpa phigt airgalpng perticles, eaddizathed by
Wi th a pol yval ent isocyanate conpound (Pl C). Exanples

méHns of jet air, or pulverizing by use of a narrow gap between mechanically
mtating rotors and stators. After the milling step, the milled product is
classified in an air flow by use of centrifugal fores, therehy to produce a
developer having a predetermined particle diameter of 5 to 20 pm, for
example. In order to improve the Aawability, storage stability,
developing property, and {ransferring property of toner, inorganic fine
particles such as hydrophobic silica fine particles may be further added and
mixed to the resulting toner base pariicles. The external additives may be
mixed nsing conventionael powder mixers, preferably, the mixers are
equipped with a jacket etc. to adjust the inside temperature. The load
history on the additives may be changed by intermediate or gradual

additions of external additives, or rotation number, olling rate, rolling time,
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the active hydrogen group involved into the

above- noted pol yester include a hydroxyl group (an
al cohol i ¢ hydrexyl group and a phenolic hydroxyl
group), 5 an am no group, a carboxyl group, and a
mer capt o group. Anong these groups, an alcoholic
hydr oxyl group is preferable The urea-nodified

fa . . -
m%xf’%*‘n%%% S RGP IoR s Bl Eppiid S Bl B QPRI lond s
cl.ude dlvalent al cohols, (DO, and trivalent_or
4 goiRwEn  Bremmisolthomixngeaipmentaindydy Viype
10 al cohol (1)10) alone and a m xture of a divalent

mixkes) hotkiflg hilkemd, LBedips itikbrs, HRIEA miRbra aRA R mixers.
aIcohoI (TO are preferable. Exanples of the dival ent

ot hy didD Pkt Bk ST R R A Brupy b

[

R LU N

glycol, 1,4-by tandlol and 1, 6- hexanedi oli al kyl ene
emplpresrd g 3 mb@mhemsdﬂehﬂw femacgirgatatic latehkihygertsy
gl ycol, 15 di propyl ene glycol, polyethylene glycol,

wgilyw E %%gclic ﬁfgis‘s %giﬁkﬁiﬁ Eioﬁégiﬁﬁafh
A
magREReAE oG ﬁwﬂandg{&%if‘ate prife anhenage e e”%eids

al kyl ene oxi de adducts of t he above noted alicycli

and/oeiresins chclas atificaasng andeilinersiene Thé deverdiie tnner
butylene oxi de; 20 and alkylene oxi de adducts of the

66 Rk S POSRRIRad Y BScrfratis Ao et bipdosor

nentloned an alldyl ene glycol haV|ng car bon nunber
othsr memberpinglacnef cirkigr pagtided.de 75 f  adduct of

bi sphenol s are preferabl e, and an al kyl ene oxi de

adduqtheflihe 1tehi &Eﬁgéﬂﬁlé c&%@@hﬁ@ﬁﬂ%ﬂ@%ﬁjﬁﬁng

-adduct with an al kylene glycol aving a

Processes on supports such as paper and polyester films.

In recent years, the particle diameter of toners has been reduced still
more to lorm highly precise images. One way to reduce the diameter may
be on the basis of conventional mixing, melting and milling processes,
however, these processes lead to considerably cxpensive cost from the
viswpoint of energy and vield and also may be limited to reduce the diameter
still further in view of & minimum lmit attainable by milling processes.

For the countermeasure, toner production processes have heen,
proposed on the basis of snspension polymerization, emulsion polymerization,
dispersion polymerization processes, ete.

The toner for nventive image forming apparatuses is preduced by
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carbon nunber of 2 to 12 are particularly preferable. :
Exanples of the trivalent or nore polyval ent al cohol 1
(TO include a polyaliphatic alcohol of 5 trivalent to :
octaval ent or nore such as glycerine, trinethylo
et hane, trinethylol propane, pentaerythritol, and
sorbitol; and trivalent or nore phenols such as

disperaRipengblyBfer 9@@%&&&%&@ nitASR Rt fininP i BBnapNd

al kyl ene oxi de adduct of the trivalent or nore

Fﬁ&l)ﬁ)%@géé%ﬁ%g?% of th Q_qollﬂyval ent .car boxﬂﬁ’lﬂe‘bl 9

and a trivalent or nore poI yval ent car boxyl ic acid
solvEQ) fo peapdre a\tonér mattivia|liptid, cdehoxdyich §s abjdete D)
al one and a mxture of a divalent carboxylic acid

crisebipint g bade i re AR 1 afuRRloAEE, T6 Ikt

carboxyllc acid_(D i nclude al kyl ene di carboxylic

Tegig;ig andyrentie B@B@#@ﬂ%@@mpﬂ lsgster cesimi dThe ponsigbbivec
1s acid; al kenyl en di carboxylic acids such as naleic

matedlnad Ebﬁmfchan@@b&as oPEIRIB o rdiveifl ihedGh Bc
such as phthalic acid, isophthalic acid, terephthallc

fl%fld and napht hal ene di carboxylic acid. Anong these

HFent carboxylic acids, an al kenyl en di carboxylic

acid having a carbon nunber of 4 to 20 and an

Mathbed tPolyegtarar boxyl i ¢ aci d having a carbon nunmber of 8
to 20 20 are preferable Exanpl es of the trivalent or

ool e BRI Sl PR Mg ©

Eﬂ of 9 to 20_such as trlmsllltlc aci d, and
as ﬁij?la Tesin-c Amadlifietpylyosipemdices ammseptaronaehigh a

(PC), an acid anhydride from anong the pol yval ent

cobinebaroup oth@i anstsr Don@emag irkyile 8% hJolyutdt Rin, and
methyl ester, ethyl ester, and isopropyl = ester naybe

diffF Gt Ie'EdSiI\‘M ;c-:tmqlngn@n%s%rgl eni)m%ldciqu ol pgﬁ'egter resin through a

covalent bond, ionic bond or the like. Specifically, a modified polyester is

A e =

one where a functional group such as an isocyanate group or the like, which
reacts with a carboxylic acid group and a hydrogen group, is introduced. to a
polyester end and further reacted to an active hydrogen-containing
compound to modify the polyester end.

Examples of the modified palyester (i} include a urea modified
polyester which is abtained by a reaction between a polyester prepolymer (A)
having an isocyanate group and amines (B). Examples of the polyester
prepolymer (A) having an isccyanate group include a polyester prepolymer,

which 1= a polycondensation polyester of a polyvalent aleohol (PO} and a

T4
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The ratio of a polyval ent al cohol (PO to a polyval ent
carboxylic acid s (PC), defined as an equi val ent

ratio [OH I [ COOH of a hydroxyl group [OH to a
carboxyl group [COOHI, is typically 213. to 111,

preferably 1.511 to 111, and nore preferably 1.311 to
1.02/1. Exanpl es of the poI yvaI ent isocyanate conpound

{{Riafent Aehdidtic seid (D i Rl mY W h.
pnas t et ramet hyI en d| [ socyanate 10 hexa %%uﬁ%

di i an 2, 6-di.i socyanat e net hyI apr.oat e;
f“Ealhf* Aol W wilh %P&&%w cHRIPONEH (IG5 Examples of

di i socyanate, and cycl ohexyl mnethane d| i socyanat e;
thasetied hedtige s eeyan aiwbredlliaho tee dldvwhened golyeoicy andiude a
and di phenyl met hane dii socyanate; aromatic ali phati c

b S RYARELEP ROl e B ol B Rt U

above noted polyisocyanate is bI ocked with a phenol
anguninEEIouR, a girhexyhermupcand oimercanicgrduph e Amidng thesela
conbi nation of two or nore elenents thereof. The

chofie hy3#d hWSPEHRE d (PO,
grglg%dl Eggﬂas a% equzigegﬁent rati&gs?%p?tj?}ﬂ(of zem

13888 ate qﬂgﬁgﬁé%ﬁtoahdro@%}% [g%%ﬁf

to 111, preferably 411 to 1.211, and nore preferably

Esanfplds bbthk tﬁﬂﬁvﬂmmﬁduea]dpbmﬁ (PO} imhwld diealsht alecohols
Iovv-ten'peratureirragefixabili ty is often poor. 77 b

mmf. st Bl et R RAIEH oty P o Ao Phent

ester cones | ower, which nmaki ng hotofiset
Eﬁ@dﬂﬂmm fimizgwre of a divalent alcohol (DIO) with a small

amount of a polyvalent aleohol (TO) are preferable. Examples of the
divalent aleohol {(DIO) include alkylene glycols such as ethylene glycol,
1,2-propylene glycol, 1,3-propylene glycol, 1,4-bytandiol, and 1,6-hexanediol;
alkylene ether glycols such as diethylene glyen], triethylene glycol,
dipropylene glyeol, polyethylene glycol, polypropylene glyeol, and
polyteiramethylene ether glycol: alicyclic diols such as 1,4-eyclohexane
dimethanol, and hydrogenated bisphenol A; bizsphenols such as hispheonol A,
hisphenol F, and bisphenol 8; alkylenes oxide adducts of the ahove-noted
alicyclic diols such as ethylene oxide, propylene cxide, and butylene oxide:

and alkylene oxide adducts of the above-noted bisphenols snch as ethylene

oxide, propylene oxade, and butylene oxide. Among the above mentioned, an

alkylene glycol having carbon number of 2 t¢ 12 and an alkylene oxide

h
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The conponent content of polyval ent isocyanate
conpound (PIC) of a 5 polyester prepolyner having an
i socyanate group (A) is typically 0.5 to 40% by nass,
preferably 1 to 20% by mass, and nore preferably 2 to
20% by mass. Wen | ess than 0.5% by mass, hot-offset
resistance is insufficient and there appear a

addePSMASIRERIH sral fIefrAPRALLY hhi AiiyIRRE WREIR dMlucBLOT a0e.
resi stance and | ow tenperature I mage fxability. On

hl@ﬁ\ﬁﬂ{ﬂf&% %&Eﬁ%"%%&é’lf}*h‘kﬁé tllléwo@ﬁglﬁﬂsg %‘b&hﬂw

nunber of isocyanate groups cont ai ned per one

cartwinemwinber of 2 it gesporticalabpbysferabbay i Bgmphef s e
group (A) is typically 1 or nore, preferably 1.5 to 3

] 4 e. :
e lcRY B Bt pBRva R 1AL CFORlt o Balt b EY R o
per one nol ecul ar of 15 polyester prepolyner t he :
mﬁ@lﬂé@ o egtayglegher wore wechm%slmm,u taimetdiyiol ethane,
becones | ower, which nmalting-hot-offset resistance

trigfR@hylobys h@s;;a{mgﬂtﬁﬁmg Bd E&h@&l.fﬁﬁfﬁﬁ%ﬂﬁﬂ& hoR

pol yest er prepol ymer i nclude a dival ent am ne

PR Giher 26 £ bt By hﬁrﬂ% ofoe e Sropal ol S

nmer captan (B4), an 20 am no acid (85) and a corrpound
allidenvhoxite tdduetnifithe ¢rivalpnbbér Bibré poBphiaclsbl ocked (B6) .
Exanpl es of the divalent anmne conpound (131) include

aro
G ot P R ot thb ol AR B AT T AL APhHIEe
net h ane cycli c d| am nes such as o
cavpoxyligiacid; 7‘% drwvalonfior mpreynehotdsat cameesydisacid (TO),
di anvne cycl ohexane and i sophorone di am ne; and
and. any of a divalent carboxylic acid {DIC) alone and a mixture of a divalent

1= —mh e kT Lt -

carboxylic acid (DIC) with a small amount of a polyvalent carboxylic acid
{TC) are preferable. Examples of the divalent carboxylic acid (DIC) include
alkylene dicarboxylic acids such as succinic acid, adipic acid, and sebaeic
acid: alkenylen dicarboxylic acids such as maleic acid and fumaric acid;
aromatic dicarboxylic acids such as phthalic acid, isophthalic acid,
terephthalic acid, and naphthalene dicarboxylic acid. Among these divalent
carboxyhe acds, an alkenylen dicarboxylic ecid having a carbon number of 4
to 20 and an aromatic dicathoxylic acid having a carbon number of § to 20
are preferable. Examples of the trivalent or more polyvalent carhoxylic acid
(T'C) include an aromatic polyvalent carboxylic acid having a carbon number

of 9 to 20 such as trimellitic acid, and pyromellitic acid. A polyvalent

76




10

15

20

al i phatic dianvnes such as ethyl ene dianui e,
tetranet hyl ene di am ne, and 5 hexanet hyl ene di am ne.
Exanpl es of the trivalent or nore polyval ent am ne
conmpound (B2) include diethylene tri.-umne and

met hyl ene tetrarnine. Exanples of the am noal coho
(B3) include ethanol am ne, and hydroxyethyl aniline.

am nEoe?Elﬂndg’%gﬁgn aﬁs am nopra%/ﬁg%rcé:agt anl.lt':m':'mrjrlllc
E%an‘pl s of _the 10 anjno acid (B5) include )
QCLR OF @Hﬁgeaar&}l RE ABethp} ester, gty eshergand esopragy]
Exanpl es of the conpound, in which the am no group of

estiir thay Bo resctéd adles polyBalent aiebhoD@ @), ket i m ne conpound
obtai ned fromthe above-noted am nes of Bl to B5 and

ket thyl . k d,- .
ot ot REE AR oot B0 T et aleR el arid
tge i ke. Am)ng‘the_se 1-5 am nes@&{E]i), a di val ent Am ne
(PEddsbined aplanghivelentaaticlGHISOGH of a gyl group [OH]

of a trivalent or nore polyval ent am ne conpound (132)

to lcBrbddy® ERMAPICDOTSis r’%ic%l[l%iﬁf?ﬁﬂ ﬂg,gp&@mbgﬁi k&g 198

an equivalent ratio | X | socyanat e group

in.,a pol ter epol ymer havi ng i socyanate 20
“b%?lﬂfefﬁgﬁ'méﬂdr‘g%- [NHX] in amines (B), is
typically 112 to 211, preferably 1.511 to 111.5, and
nor e Baefpdensl the pobivaidiet idddragate dmipo NODICYHidluds

nore than 2 or less than 112, the nol ecul ar wei ght of

R PPl TRk O BB B0 o BRI WieDofale o
urea nodified polyester may include a urethane

hexamethylen diisocyanafe, and 2,6-diisocyanate methyl capreate; alicyelic
pglﬁsucyanates such as isophorone diisocyanate, and cyclohexyl methane
diisocyanate; aromatic diisceyanates such as tolylene diisccyanate, and
diphenylmethane diisocyanate; aromatic aliphatic diisocyanates such as
,0,0'a - tetramethyl xylylene diisocyanate; isocyanates; a compound in which
the above noted polyisocyanate is blocked with a phenol derivative, an oxime,
caprolactam, and the bike; and a combination of two or more elements
thereof.

The ratio of a polyvalent isocyanate compound (PIC), defined as an
equivalent ratio INCOIf[OH] of an isocyanate group [NCO] to a bydroxyl
group [OF] of a polyester having a hydroxyl group, is typically 5/1 to 171,

preferably 4/1 to 1.2/1, and more preferably 2.5/1t0 1.5/1. When

INCOJ[OH] is more than 5, low-temperature image Axability is often poor.
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bond as well as a urea bond. A nolar ratio of the urea
bond content to the 5 urethane bond content is
typically 10010 to 10190, preferably 80120 to 20180,
and nore preferably 60/40 to 30170. When a nolar ratio
of the urea bond is |ess than 10% hot-offset
resi stance may degrade. The nodified pol yester (i)
WHERS 1 t]ﬂ@d].ﬁ‘ b&DSNestor 16 REd P { -
one-shot‘g|L nmet o§§ %:esprepo ymarﬂ%e E%%&%E%tﬁg[ﬁmgicgﬁlesgo
aver age nol ecul ar wei ght of the nodified polyester (i)
thag 1, ?ﬂ? uEga cpoieefonf egheT hpcemen lasyary g h@ﬁ“ﬂﬁ‘seﬁ
10, 000, 000, and nore preferably 30000 to 1,000, 000.

redisariveliseufiaientei ght peak is preferably 1000 to 10000,
and when |less than 1000, it is hard to undergo an

el on ion reaction apd-the .toner elasticity i A
o o e RGE COReRERt pelfy Al ERoiuBEs Spiud P of»
nol ecul ar wei ght peak is nore than-10000, it may cause
poliesgterdarepolymstr havingan fisocyanate grayp bA) isgypimally 0.5 to ¢0%
chal | enges in manufacturing in yielding toner fine

byRRRbd, Prefrlg 1110 F0858) s 'cpg%ugzg.g?f\.}gﬁsﬁtig?@%%@ § mass.

nol ecul ar wei ght of the nodi

sed together wi th an unnpdified polyester_ (ii),
Wﬁﬁlgﬁ?sw&w%u%%# ARags QPt'%%%FF%‘éEﬁmﬁﬂ@%ﬂaﬂﬁ%w there
aver age nol ecul ar 20 wei ght which is easily obtained
appeaba disel¥anizide inlthe abmypatibilitgbetbehot SveiRORsistance

nmol ecul ar wei ght. \Wen a nodified polyester (i) is

- - I i ght .
a8 B ol g il OR TR . BRI itBpe
and nore_preferably 2000 to 8000. Wen the nunber
than dPwE%, lownbeaperdhranage fxahility tends dn b2 00O,

| ow-tenperature image fixability and gl assiness when

used Tihe rurhibd ofiShanaRYdroGpS BSNEndPMr orlemolecular of
-cross-|inking and/or elongaylon reactions of a

ol yester prepql yner. . ]
po yesi\azr prepn]?rmee%a%'j_ug 150cyandte group (A) is typically 1 or more,

R L

preferably 1.5 to 3 in average, and more preferably 1.8 to 2.5 in average.
When the number of isocyanate groups is less than 1 per one molecular of
polyester prepolymer, the molecular weight of the urea modified pelyester
becormes lower, which making hot-offset resistance poor.

Examples of amines (B} to be reacted with the polyester prepolymer
(A} include a divalent amine compound (B1), a trivalent or more polyvalent
amine compound (B2), an aminoalcohol (B3), an aminoe mercaptan (B4), an
amino acid (B5), and a compournd in which the amino group of Bl to B5 is
blocked (B6).

Examples of the divalent amine compound (B1) include aromatic
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5 (A) and amines (B) in order to obtain a nodified

pol yester (i), a reaction stopper may be used as

required to control the nolecular weight of a urea

nodi fi ed pol yester to be obtai ned. Exanples of the

reacti on stopper include a nonoam ne such as diethyl

am ne, dibutyl am ne, buthyl am ne, and |auryl am ne,
digithd SRAPRY My Rertiifhind) A0 ool L diaBhiRBPAUSBh Ao

wei ght of t

bl ocked. 10 The™ nol ecul ar e resul tling

. pol r can pbe, neasyred b ans of gel perneation
iyt %%P%Qu;ﬁ 2 ddadipmiseg 3 rdimethyl

sol vent. Unnodified Polyester In the present
digyeledricybmetinie, dbingivens cloheiine dnddbotdtirens diduhing) s6d

15 unnodi fied pol yesters (ii) maybe included together

i ifi ester {(i),as binder resin
alifific W IR A B B Ui Bt i find @hnfine, and
conbi nation wth a_nodified polyester 6) is preferred
hegameflylpne didmine. pEhxamyles niilz?:l;z tzivalent opavcregelyvalent

| ow-tenperature image fixability and gl ossi ness nmaybe

ADkidB ARl ¥R 2) ﬂmcﬁmfe%ibﬂﬁﬁ{n%& %n%ﬁe%ﬁtﬂﬂﬁn&

unnodi fied 20 pol yester a

ol ycongensati on I er .of a pol yval ent coho
ExagRoa A poimpaMebnt (2 aage Pelinal Boyipeyandnd '« he

like, same as in the nodified polyester (i)

hydessyetieyihnilirng: e Bxaaiples chiliocimils mbengein 4} iatlude 81

1, the sane as in the nodified polyester (i). As for

el TR B ahpronl rereaflgBl | fotiplkffhe

nodi fie y a chem cal bond ot her than urea bonds, for

aming #eldelB5) anglade pmineprepianiciatid, aminwsuhmmeatidnand the like.

preferable that at |east a part of nodified
Examples of the compound, m which the amino group of Bl to B5 is blocked

(B6), include a ketimine compound obtained from the above noted amines of
B1 te B5 and ketones such as acetone, methyl ethyl ketone, and methyl
iscbuthyl ketone and oxazolidine compound, and the ike. Among these
amines (B), a divalent amine compound B1 and a mixture of B1 with a small
amount of a trivalent or more polyvalent amine compound (B2) are
preferable.

The ratio of amines (B), defined as an equivalent ratio [INCOI/NHxI
of isocyanate group [NCO] in a polyester prepolymer having isocyanate
group {A) to amine group [NHx] in amines (B), is typically 1/2 to 2/1,
preferably 1.5/1 to /1.5, and more preferably 1.2/1 to 1/1.2. When

[NCON[NHx] is more than 2 or Iess than 1/2, the molecular weight of urea
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5 polyester (i) is conpatible with part of an

unnodi fied pol yester (ii), fromthe aspect of |ow
tenperature image fixability and hot-of f set
resistance. Thus, it is preferable that the
conposition of the nodified polyester (i) is simlar
to that of the unnodified polyester W A weight ratio

B U i rhich AR M HE bl Fimren, o

d io jncluded, is typically 5/95 to 80120, preferably
CET-t 0 30170, nore preferably 5/95'tto 25176, and
still nore preferably 7/93 to 20/80. Wen the wei ght

rati dn adflitiorythe r@dmadificisictyedtey mag ihelude thaRthe it

makes hot-offset resistance degraded and brings about

' [pn.conmpatiBility between heat, resistant
bofl 38 HAThE 8 Bked PR el Pl O Tn Rl confiih To 266

fixability. 15 The nol ecul ar wei ght peak of the
urgihangi fondgopiantas tyariclly) 1640 to ;tﬂlgaﬂaprqremmﬂwswﬂmaomﬂ.

preferably 2000 to 8000, and nore preferably 2000 to

andQB8re PMaET LRGN 65 8O0, WeTTHA 2 fatid'er tHaTREA bbb is
han 1000, ho

pol yester (1i) 1s less't t storage

st.abi i na egrade, and en re than 10000, |aw
hﬁsé"ﬁﬁﬁljg%rh&t% 1slanernyy &Tﬂggrade. The hydr oxyl

val ue 20 of the unnodified polyester (ii) is

pr ef Ghabhydifiedpldbterdl) wed ¢n th®peesent Bfvenaibhyis 10 to

120 mgKOH g, and still nore preferably 20 to 80

e s less than.5.ngy | g, ..t
m SRSl by PO LSl b SR e 55T, B Meig
bet ween hot storage stabili t:i/ and | owtenperature
averaggneleeylar weaghiefithe modibed polyesier (i im@ipidadly 10000 or
polyester (ii) is preferably | to 5 wKOHIg, and nore

mdieehRfaiably 20600 th RIS H0D, afldNEArPpM@eraiy Bod I 0N

acid value is used, as for the binder, the binder is
1R hecroteptpt et pestc avetosaly DoB)trdaoopamd
W].':E(I)l less than 1000, it is hard to undergo an elonpgation reaction and the
toner elasticity is low, which making hot-offset resistance poor.  When the
molecular weight peak is more than 10000, it may cause degradation of
fixability and may bring hard challenges in manulacturing in vielding toner
fine particles and in toner grinding. 'The number average molecular weight
of the modified polyester (1) when used together with an unmodified polyester
(i), which will be hereafter described, may be a number average molecular
weight which is easily obtained to be used with the above-noted weight
average molecular weight. When a modified polyester (i} is used alone, the

numhber average molecular weight is typically 20000 or less, preferably 1000
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charging and a high volunme resistivity. The gl ass
transition tenperature (Tg) of the binder resin is
typically 35C to 70C, and preferably 55C to 65C. Wen
| ess than 35C, the hot storage stability degrades, and
when nore than 70C, |ow tenperature fixability becones
insufficient. The toner of the 10 present invention

0310618, ﬁ@h%?@{::é}@fabﬁ} 2668 o SARP 'mnggsg.gmm ekl -

glass transition tenperature, conpar a toner
de from_canventi gnal ol yesters, because a urea
molsenlar meigh; 1§é%'%f§rtg€-‘aﬁopﬁﬂ’e[52?"é'ie§lﬂﬁﬁﬂ‘f‘#§ 13yRe Axabyity and
particles of the toner base to be obtained. The gl ass

ligsiak tiheim bRdrf el ®lox ddicelfdtob® igeadsur ed using a
differential scanning calorinmeter (1)5C). 15 The toner

may erl-y _selyected in. terns.of the shape, siz

ot s 18 SR Ye SRoB nesPiohTereiifea sidf e EHtS piepgymer

toner has the flow ng volume average particle
(Adpudewmnes (Bhinerder tothiain awsdified pelyester 6),di evetion t o

nunber average particle dianeter (volunme average

stiiffernfiasPhe AL R HHIR AU PICHRAICLE FeilhfBRL GEda

average circularity, shape actors SF-

i wobaaioets BF o Eahor ophamnlos B FoRcUpR oRiRpelude

the inventive toner has a volune average particle 83
a mehogihareheh 0fdidiiy] henidd, dbityl pigine/ bbbyl drfing and Broryl
pm nore preferably 3.0 to 5.0 pm. The ratio of

e o ot o s e DR e ol e e ©

average particle _dianmeter and Dn neans a nunber
aver aﬁ:@ malecilar avelghimditbe reglting polanet cant bmgregsefed by

smal l er particle dianeters may deposit precisely
mesns of gel permeation chromatography (GPC), using a tetrahydrofuran

(THF? solvent.
Unmodified Polyester

In the present invention, not only the modified polyesters but also
unmodified polyesters (i} may be included together with the modified .
polyester () as binder resin components, The unmodified polyester (i} in
combination with a modified polyester (i} is preferred to the modified
polyester (i)} alone, because low-temperature image fxability and glossiness
may be improved when in a full-color device. Examples of the unmodified
polyester 1) include a polyeondensation polyester of a polyvalent alechol
(PO) and a polyvalent carboxylic acid (PC), and the like, same as in the

modified polyester (i) components. Preferable compounds thereof are also
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over electrostatic inmages. However, vol une average

di aneters smaller than the range in cases of

t wo- conponent devel opers nmay |lead to toner fusion on
the surface of nmagnetic carriers under prolonged
stirring in devel oping apparatuses and poor charging
ability of the magnetic carriers. On the 10 ot her

thé e doif thOBRIGLAG bl Aok 8. Tho BYUAUDBAIELE pBivesier
Lo take high- | gt ] d high quality i 5, and
(i) b el bion 2 wirmodkiathaoliestar, Stanay be paolympr Wik e

along with inflow and outflow of toners. Further,
matifie @b a dhabditAliRndi odhSt fHantheh o] DR eRAmiT) &f Saffik

lead 15 to uniformcharge distribution, high quality

i wi th.less background.fo and. hi gher t sf er
mod R Br o R, Sh B raBle aEet F S ok BERpfified

broaden the charge distribution to decrease the
polyvesker it) o eomypeiablevabh part ¢farcommen ifiedf pdlyrestepén t frameadie

of no larger than 4 mis 0 to 20% by nunber, and the

e oE tyr BanBRRSR, Rl SRS AP MR AR b iPnle. (TR,

. _an%ﬁ%hebjpag;i é:l} e dianeter distribution of tqQners can
1L [ priezgh|p dhat e pmmngition ofdbgmaedaled pplyestes Al ap similar to
84 Multisizer Il (by Beckman Coulter, Inc,), In the

thatr sfthetunndifiéd polyeéipr(iler A woight ehtid Of h miliHed pWessicr
used with connecting an interface (by The Institute J

Wik PSR ARem FEPEY b gt AR being

_distributions. 5 Preferably, the inventive toner has a
incinderh 15 hpaeallySiHod to BO/RZOOpraferadly 5/9%o SOSI0: rere profetaitly
to 150- The shape factor SF-2 is preferably 100 to

5/968% 25/76, and still more preferably 7/93 to 20/80. When the weight ratin

ol a modified polyester {1) is less than 5%, it makes hot-offsct resistance
degraded and brings about disadvantages in compatibility between heat:
resistant storage properties and low-temperature image Axability.

The molecular weight peak of the unmodified polyester (i) is
typically 1400 to 10000, prelerably 2000 to 8000, and more prelerably 2000 to
5000. When the molecular weigh peak of the unmodified polyester (i) is
less than 1000, hot storage stability may degrade, and when more than
10000, low-temperature image fixability may degrade. The hydroxyl value
of the unmadified polyester (1) is preferably 5 mgKOH/g or more, more
preferably 10 to 120 mgKOH/g, and still more preferably 20 to 80 mgKOH/g.

When the value is less than 5 mgEOH/g, it brings about disadvantages in the

82
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nore preferably 100 to 160. FIGs. 2A and 2B and FI Gs.
3Ato 30 are schematic views of a toner particle to
expl ai n shape factors SF-1 and SF-2. The shape factor
SF-1 to represents a circular |evel of toner shape,
which is calculated fromEquation (1),.in which the
maxi mum | engt h MALNG (see FIG 2A) of the toner inmage :

BTG -R I CLRR QB o Tnkr3oniiiphEftn dylfllir ]
100n14. SF-1= [ (MXLNG) E/ AREA] x(10Qn/4) Equation (1) 15
Theeidpam |ﬂﬁ§éﬁﬁﬂ@@dlﬁférﬂ@§fﬁ§wd impesferably bhefe,  t he
larger is the SP | the shape is nore different fmm
mgXE/gspikivre phefedip e thachsK(BF? SeiieasRBkSrifla high
irregularity of toner shape, which is calculated firm
ugtion. (2 N i,Ghsth i;pheral .l ength PE f
e A RE R g S5 A i, o BB B sty BicReg it the
squared, then divided 2~ by the area val ue of AREA
tomgroused) inigivwaecbthyoried® temeloer, because such a binder leads to
2=[ (RERL) E/ AREA, ] x( 100/ 4n) Equation (2) The SF-2 val ue
Qo RRANGES - i T 5
chteill p AR e reuitany | TRSE RS Lenh Dbyt

F,” surface, the |arger

IS e surface shape. - \Wen the toner shape comes to
T bindez resin 5 yPisrlin S e £A° ¢k pradmably 84 Coto 65°C.
bet ween toner particles and photoconductors cones to

Whe iosw thak 858 sihethot efirags stabiliyaitsenddsy anll Rhen more
adsorptivity conmes to |l ower 5 between toner

a0 o el s RRab U PR G boBaRE i opegof the

and phot oconductors, and the
present invention shows a proper hot storape stability even with a low glass

trfm'f'ail:ion temperature, compared to a toner made from conventional
polyesiers, because a urea modified polyester easily exists on the surface of
particles of the toner base to be obtained. The glass transition temperature
(Te) can be measured using a differential scanning calorimeter (DSC).

The toner may be properly selected in terms of the shape, size, ete.
depending on the application; preferably, the toner has the flowing volume
average particle diameter, ratio of volume average particle diameter to
number average particle diameter {(volume average particle
diameter/number average particle diameter), average circularity, shape
factors SF-1 and 8F-2, glass transition temperature, agglomeration degree,
volume resistivity and apparent density.

Preferably, the inventive toner has a volume average particle
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transfer rate comes to higher. On the other hand, SF-1

and SF-2 preferably have a sonewhat hi gher val ue from

the viewpoint that spherical toner particles easily

enter into a space between cl eaning bl ades and 10

phot ocondu(tors. In addition, excessively |arge val ues

with respect to SF-1 and SF2 tend to bring about
dihBi¥Rér 4BO R0 30,9 ﬂ:ﬁYpl@Pﬁ%ﬂB 3095470 @9 F@@@fgkﬁfw% a0

erre

i mges, thus SF-1 and SF are pre e no nore
han . and SF- re determ ned

5By The ra RETNDR) 8 108k Labgralbabaniongod B mam

m croscope S800 (by Hitachi, Ltd.) and analyzing the

preferhhlyek 00 ¢ m@ﬂawhbfﬁg@ﬁﬂﬁbm arvolidde AR gaypaiticRc 0
Co) It is preferred for stable color reproducibility

of spindle

é’{'ﬁ%eﬁﬂ éafég]panS'THe shz}{?c#;e]'aag%%a}g éaﬂé}lgﬁ?ggr by a 1ong

aX|s rI a short axis r2, and a thickness r3 (rl1 >r2
> r 3)In gemeralatansty ofismallenparéicl damstarsomayddpesit precissly

0.7 to 1.0. FIGS. 3Ato 3C schematically show the toner

m@h aRRtro¥3RLR ithdoRB e’ Holaver guﬁ&l@mrage R Ré TS BRETLE fban

shape, as shovvnln FIG 3, Is define bya 86 | ong
taX|srl t axis r2, ndathlck r3 (rl ’?r2
hgr?%‘;e m ‘{‘“ﬁ"*‘é "g o PREpneT et"ﬁ@PEF% e"r1 {rotameg fusiem on

the ratio of short axis to long axis (r2|r|) is 0, 5

the gurthed of magnbhiceadRrs uaddr phdongdd stireing in ddvalgéng o
short axis (r31r2) is 0.7 to 1. O (see FIG 30. The

ot
P%%ro #‘%hlpl {’y angwf% bﬁPrE?;%fs %IF% %g{(/}mgn ‘géh?ar
from h| gtﬁ qual ity _ imges due to depart| ng from
otaesbend, dhe dppgrhavipg avglumge peprageaarielesiiametrer ayay the
far from higher transfer efficiencies |ike those of
inG@itevd SRlgetRae kW Mcult to take high-resolution and high gquality

images, and also the particle diameter of toner often fluctuates along with
imnflow and outflow of toners.

Further, narrower particle diameter distribution of toners may lead
to uniform charge distxibution, high quality images with less background fog,
and higher transfer rate. However, Dv/Dn above 1.40 undesirably tends to
broaden the charge distnbution to decrease the resolution.

Preferably, the content of fine particles of no larger than 4 pm is ¢ o
20% by number, and the content of coarse particles of no larger than 12.7 pm
13 0 to 3% by mumber.

The average particle diameter and the particle diameter distribution

of tomers can be measured using Coulter Counter TA-II, and Coulter

84
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to alnost flat shape. When the ratio r31r2 is 1.0, the
toner flowability may be enhanced in particular by
virtue of the rotatable shape with a long axis as 10
the rotating axis. The ri, r2 and r3 were determ ned
from observati on of photographs wth various view
angl es using a scanning el ectron m croscope (SEM. It

LR f Rl ha eyl ar
MUBIRIETE (b Bel kihn Ch 2 16k ) o B SRYSEAOREREDH) Goior
to . 0.99. _The verg_[gﬂte3 circularity 15 of 0.94 or nore,

Connger IO ampdel masqised wilh spmmaeting an inderiaen ot Inptitute

and |l ess fluctuation of color reproducibility at
JUBEY avd hipeesdnahgaapi erfBCI80L| lay NEOWIb $ etk otififuts
proper transfer ability may advantageously bring about

' . ' [ 1 hi.gher average circularity
ﬂ%%@?@%%ﬁt uni %Fr%rlﬁﬁ&%%@ﬁﬁbnt , transfer and
di stribution with | ess adhesion of toner 20
aggl direfezably; ihe inuerntiveolpaep has alshapp factpnBE: 1 of 100 to 180,
Consequently, uniform internediate colors nay be

mérRYeAHEEE Wi 1585 S TeR! s&{ape ¢h@ht B8t RprafdrShly 100 to 180,
superinmpoSi ng toners as color overlapping. It is

difficuli to take high 87 quality imges wth
m'%‘i?fl?rfe&i"@ﬁ? ﬁ'rDatH ability and w thout scattering
fronr the toner far from spherical shape with an

aver &jGsclA ant B fuyd FTGERS td B8rare @cli¥mafibeksvs of a toner
irregular particles may provide many contacting points

- : ho d
oot o SRR e AL ST RRa SR BT TRERRABERRESSR,
hi gher adhesive force than relatively spheri cal )
Tepresets aeirenlar leyel offoser shang, which wealpolated formiBaugpdion
force. Therefore, spherical particles anong irregular

(1P Wiksdietheomd xBRhe egth PRILNG! (8% WG 8D ofitRESerdhtage
sel ectively transferred in the electrostatic transfer

prgjteglgﬁ’ﬂnrﬁnqclh{[ﬁe%iunal plane is aquared, then divided by the area

value of AREA and multiphed by 100m0/4,
SF-1=[MXLN®Z/AREAX(100n/4)  Equation (I

The SF-1 value of 100 eorresponds to exact sphere, the larger is the
SF-1 the shape 1= more different from exact sphere.

The shape factor SF-2 represents an irregularity of toner shape,
which is calculated from Equation (2), in which the peripheral length PERI of
the toner image projected on two-dimensional plane is squared, then divided
by the area value of AREA and multiplied by 100/4m.

SF-2=[RERD#/AREA]*{100/4u)  Equation (2)

The SF-2 value of 1{{} corresponds to non-irregular shape of toner

85
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in voids at letter or line inmages. In addition,

resi dual toners should be 10 renoved for the
subsequent devel opi hg steps, which resulting in such
probl ens that cleaning devices are necessary or toner
yield (the rate of toners for inmage formation) is
lower. It is preferred that the rate of toner

suPfack, (tledsrdiavd it SP-2X1RNASR uﬁ%ﬁé&l Brtht ¥uPhedha. 0. 93
is no nore than 30% 7bners with the rate of above 15

30% .J4.£. higher fluctuation of circularjty, are
oy fen P e Shitf e T hebel B e tast areh Brtweshos
to broad and the distribution of charge anount is

tolgrgeatiiclHserdetweme tonier partices yndphohechdndors sonteavial ue
obtained by optically detecting toner particles, and

natrRfy i Lal f ' - an

i B P ERIh S con b Buf 08 by Bim P dngr 0
di vided by a circunferential [ength of an actual _toner

befpgeen taner pagaeles.ithe foyabiliy cames ig Bighdr el adsorntidty
the toner is nmeasured using a flow particle inmge

com@a iy kf¥er H8wbaT LR pArtidRl And PhoRed ABYcEAS, Bind tRHr €

wat er of 100 to 150 niis poured into a vessel, to

whi-ch 0. 1 nlL 0.5 of, a gurfacta nd to 9.
e kate Garisy [ higben R the Al KRR S o h AR S 2 e bl
sanple is dispersed for about 1 to 3 mnutes using an

hage airsssmwlatdegheoevaloe fau shie tieerponrtahat sphdrie] it
3000 5 to 100001pb then to neasure the shape and the

L el 0 SO T
phgérg{)g o yE,. g%&%ﬁf@g ieggeessﬁ%rsl%rrgenganfuegfwiw Sespeul: o 5F-1
and. SF-2 tend to bring about lower image quality due to higher toner
scattering on images, thus SF-1 and SF-2 are pralerred to be no more than
180.

Specifieally, SF-1 and SF-2 were determined by way of taking
pictures using a scanning electron microscope S-800 (by Hitachi, Ltd) and
analyzing the pictures using an image analyzer Luzex AP {(by Nireco Co.).

It is preferred for stable color reproducibility in the present invention
that the toner 1a of spindle shape, and the spindle shape may be defined by a
long axis rl, a short axis r2, and a thickness 3 (r] > r2 = r3), the ratio r2/rl
18 0.6 to 1.0, and r3/r21s 0.7 to L.0.

F1Gs. 3Ato 3C schematically show the toner shape. When a toner

having an approximately spherical shape, as shown in FIG. 3, is defined by a

86
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carried out as follows using a powder tester (by
Hosokawa M cron Co.) as the 10 neasuring device, the
attachnment parts are set on a vibrating table
according to the foll ow ng procedures. (i) vibro-shoot
(ii1) packing (iii) space ring 15 (iv) screens (three
types) upper > mddle > lower (v) pressing bar The

loSE LR, Q%ﬁoﬁia&%drit,’ﬁnh%%]%ge%g é:]'a ey b &%},ﬁgﬁﬁgﬁ-ﬁém

operated w th the con OW SCreen ope

upper) _: 75, 20 screen_qpening (mddle) . : 45 pm
thé BE%@H{E:‘H'&H %F’B\‘?%? Tatio gbshiort wafbaiqnﬁﬁﬁa%ﬁwﬂgweﬂ-.ﬁtﬂ
nm 89 sanple nmass: 2 g vibrating period : 15 seconds

1.0 (e 3T6. OBYraid B reiorof ehickneal toulhateshis r¥fah 904 to 1.0
after the operation. mass of powder on the upper

GG RRE D) Trathio T Rap-DR iy R Bl 8, 0 57"

(c), The total of these three values is defined as the

reprpgusibilin arshlogetraasfer eficiericy endabyylas feora highh qusliive e
(%9 = (a) + (b) + (c). It is preferred that the toner

imRass dub BPASpAIRR FAh sPBBREADEHADeO- Tht Patic r3/2 of below 0.7
may be far from higher transfer efficiencies like those of spherical toners due
to almost flat shape. When the ratio r3/r2 is 1.0, the toner flowability may
be enhanced in particular by virtue of the rotatable shape with a leng axis as
the rotating axis.

_ /' Therl, r2 and r3 were determined from ohservation of photographs
with various view anglea using a seanning electron microscope (SEM).

It iz preferred that the toner has an average circularity of 0.94 or
morg and below 1.00, more preferably 0.96 to 0.99. The average circularity
of 0.94 or more may favorably lead to excellent dot reproducibility and less
fuctuation of color reproducihility at narrow line images in particular.
Moreover, the proper transfer ability may advantageously bring about high
quality 1mages; the mgher average circularity may bring about uniform
development, iransfer and distribution with less adhesion of toner
agglomerates at half tone or solid portions. Consequently, uniform
mtermediate colors may be reproduced with less color polarization after

superimposing toners as color overlapping. Tt is difficult to take high

a7
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10 0.7 glnL. The | oose apparent density naybe nmeasured
by a powder tester PT-$ (by Hosokawa M cron Co). It
is preferred that the toner has a volune resistivity
of 8 to 15 Log ohmcm nore preferably 9 to 13 Log
ohm cm The volune resistivity is nmeasured by way of
pressing a toner into a 15 pellet, the pellet is

tlhg’r;r 1] 1‘\8%%% s |s appFrﬁIegﬁgg'?\%&%ﬂ &aﬁe%ﬁd’g@

t he re tivity Ls asured after 30, seconds by a
the tome ﬁ@{%@% ghape w1 thrassaveragy sirgular iy of lagp than

then _the vol une resi st|V|ty is calculated as a
0.949dlhdseitregubirgariicles nidieprovidicnnad chfticink\fdintsaith
the pell et thickness. 20 It is preferred that the

i+N 0i,nt, of to 180C, , nore
snfcORF buBiAe SudPle U Blabeodt ARl sonfediinshullBrCat,
the toner is defined as the tenperature at which the
prefeehing Aparthusexbebit bighies adhesive furoe tdn riletivelydipheringl

bel ow in a constant tenperature-raisi ng rate. deV| ce

pmﬁbewu&%tr&ﬁ d@if W00RBrédYr AR AGHeC ke, | PG efore

kf gl cros die: mrtDto nom5ten‘per§turerrsrngra'te:

| e mass Oglt preferred that the_ .
Spgﬁ%ﬁl 3‘?3 irogalan paticlesy @th%ﬂlngﬂmclesgseh#b
90C, nore preferabl y 45C to 70C. The glass transition

toterspes atlesttvely tefnsfdreed mitie ¢loytrbuta tie daui=6d o6k FedllEing
fallowi ng 10 conditions.

in voids at letter or hne images. In addition, residual toners should be

removed for the subsequent developing steps, which resulting in such

pl'_ﬂb’lems that cleaning devices are nemssary or toner vield (the rate of toners

for image formation) is lower,

It 18 preferred that the rate of toner particles having an average
circularity of below 0.93 is no more than 30%. Toners with the rate of above
30%, Le. higher fluctuation of circularity, are undesirable since the charging
velocity or level comes to broad and the distribution of charge amount is
broad.

The average cirenlarity of the toner is a value obtained by eptically
detecting toner particles, and the circumferential length of a circle that has
an arca equivalent to the projection area of the loper 15 divided by a

circumierantial length of an actual toner particle; specifically, the average

circularity of the toner is measured using a flow particle image analyzer

33
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differential scanning calorinmeter : Seiko I D SC100,

Sei ko 1 SSC5040 (disc station) neasuring conditions:
tenperature range of 25C to 150C, tenperature-rising
rate of 10C mi n, sanpling period of 0,5 second,
sanpling 15 anmount : 10 ng Obner Kit The inventive
toner |l ot conprises the inventive toners of at |east a

(FPEAIZD00! BP SysiBefCISHY 2 PRREKBRGFA06Y3 5D Q0L s P@%@% jnto

magenta toner contains an organi ¢ pi gment exp

ﬂ‘f%ﬁ@r %od;nérégksng E For,mul a 20 él) the gl :Og}/v

nol ecul e each expressed by Structural Skel eton (A) and

sanpld arogddedt The siBpenaion with the sample-is dispersed f836bbht 1
OCH3 HNHO N Structural Formula (1) H- ~ 60

to Sl bing P PR e R Semaibefn o 00

to 10000 fuLi then to measure the shape and the distribution of the toner

sample.

The agglomeration degree of toners is preferably 1% to 25%, more
preferably 3% to 15%. 'The measurement of the agglomeration degree is
carried out as follows using a powder tester (by Hosokawa Mieron Co.) as the
measuring device, the attachment parts are et on a vibrating table
aceording to the following procedurea.

() vibro-shoot

(i1} packing

(111) space ring

{iv) screens (three types) upper > middle > lower
{v) pressing bar

The screens are fixed by knob nuts, the vibrating table is operated

with the conditions below:
screen opening {upper) - 75 pm
screen opening (middle) : 45 ym
sereen opening {(lower) * 22 pm

vibration amplitude : 1 mm

88
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=C--N-NH enconpasses ---CH N=N-. The inventive toner
kit, which contains a polyester resin synthesized 5
in the presence of a novel titanium oonbiinning

catal yst and specific yellow and nagenta pignents,
may effectively represent color reproducibility of

i mages, in particular color reproducibility of

i nt er medi als@pip§élmakBeoeChani smto inprove the color .
reproduci bility Is not -~ necessarily clear, but it is
bel i eved that the of, hctive catalytic activity of the
10 novel ti¥t ail?%%E§0ndR aj yst may achi eve a
condition of nolecular chain and/or nolecul ar nass

di st rTHetggbameattiimodegréols pilgilRnd 4 Bews htar thé'epetation
result, the energy for the pignment dispersed into the

_ i nt di _
wil o r et PRRAKEb Bha WBpblaRiR AT @ ORI D (e

di spersed condition and inproves the col or
repr oduci bimassyf apwdes o sheriniddlerserren, X 06 1(h) O gani ¢
pi gnents represented by Structural Fornmula (1) as the

- Magenta LONSlof phedeZ On HRK BrRirdiBSx pBe @) gent s
for the nmagenta toner have been azo pignments such as

azo |l ake pi ts and insol ub azo pignenis; and
or garfi tﬂ&g}%’gﬁ? e Jhese uaﬁﬁfiﬁ%‘?‘*@&%&ﬂ?cﬂ gragion degree

ignments, 5 Azo pignments include naphthol pignents

(%dick_ axgloapirhtioe dagiea (B0 gnfaht-<h) +48d napht hol pi gnents
such as C 1. PR49, C.I. PR68, and C. 1. PR 184 have

nave paanepied T8 foekihs b BaSUhRReR: HORGLEHITE RS
magenta _toner used for the toner is an oxynaphthoe
ﬂ-%ﬁ?”@ll-pi ‘§he lnose Appayent drpsity mey e measurds,bySy powder tdater
PT'S {by Hosokawa Micron Co.).
It 18 preferred that the toner has a volume resisfvity of B to 15 Log
chm‘cm, more preferably 9 to 13 Log ohm-cm.
The volume resistivity is measured by way of pressing a toner into a
pellet, the pellet is placed between parallel electrodes with a gap of 2 mm,
then DC 1000 volts is applied between the electrodes, the resistivity is
measured after 30 szconds by a high resist meter (g.g,, TR8601, by Advantest
Co.), then the volume resistivity is caleulated as a logarithmie value from the
measured resistivity and the pellet thickness.
It 1s preferred that the toner has a softening point of 80°C to 180°C,

more preferably 90°C to 130°C. The softening temperature of the toner is

defned as the temperature at which the flow smount comes to the half under

90
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io Formula (1). This pignent reproduces brilliant
magenta colors due to the narrow absorption band at

t he wavel ength of 500 nmto 600 nm Spec fically, when
the 1D (inmage density: -Jog reflectivity) is set to

1. 00 neasured by XRI TE938 densitonmeter after fixing an
image to recording nedia such as transfer sheets and

thé &mmﬁ@balwﬁwum@bﬁﬂﬂﬁzﬁgwga%m%ga@ (J1sz8720.
, * s

(1983)) at a view angl e of " to 75 and "b*"

is -8to O,in the color [fication syst of
L*a*b* (Cl éﬁ‘é‘%) HO‘FFF@W\@&?%Q{’Q&EY Sg'ﬁ‘?lﬁ%ﬁégﬁ)hr ough
the use of uniform neasurenents in which color density
i's measur dehd HBIdgfenst conpl enentary color filter to
keep the color density given to humans at a constant
state, Wep:.'af . S an 55 orb*" is 20 less than
0, the col ?)lre?fe]bd%%]’utgislb#ty degrades at internediate
colors when mxed with toners wth other colors; and
when "a*" PRDpgaturhamIEsale - 6%dmins nore than -8,
the anount of the pignent should be increased, which
| eadi ng  93aimpldingiier1.0paci . fying power and sinilarly
| ower color reproducibility at - ! internediate
colors. whep mxed with toners wth other colors. Th
e et Bt P A S P R AR S e
expressed by Structural Forrmula (1) is preferably 2
3510 td 904 ynore yselonably 456 te 7.y The Hlabo trh@htinn mass.
The yel |l ow toner contains an organic pignment that

e AP TE R QAR ) SRR 0N ler e tldnfn®
m%}%{]no hal ogen atom The organi c pignent, having two

BS. per nol ecul e each expressed by Structural
Skel eton (A) and no hal ogen atom io0 is preferably one

expr difeenkiyl Shhuiigddorimatdit Stk 1INDBCI®, el PYESCH040

- AL R e

(disc station)

measuring conditions: temperature range of 25°C to 150°C,
temperature-rising rate of 10°C/min, sampling period of 0,5 second, sampling
amount : 10 mg
Toner Kt

The inventive toner Jdt comprises the inventive toners of at least a
yellow toner, a magenta toner and a cyan toner. The magenta toner
contains an organic pigment expressed by the following Structural Formula
(1); the yellow toner containg an organic pigment; having two units per

molecule each expressed by Structural Skeleton {A) and no halogen atom.
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CH K)MP Structural Formula (2) 'No H3CO COOCH3
Hry ONHgCry |, ryQCry9 Structural Formula (3) NH
H3000C | , OCH3 The yell ow toner contains an organic
pi gment expressed by Structural Formula (2) andlor
(3), the both are insoluble am pignents- The 15

yel l ow toner has been polycyclic organic pigments

i ncludi ng acetnacetic acjd= 94 ux allylid dis-azo -
pi gments, aeet eacet"la@azol on pi gnents,

qui nacr i done gﬁents aid t hrene pignments.
Specifically, 4 o) c acid allylid dis-azo

pi gnents of = T. PYL7 hav een &Eﬂ
used. The y&§ { enpl o Fwt&r Q?fBP
orrrula(2) ie 5C1.

expresseld by, '
pi gment ylstiow 180 di F4A0 organic pi gnent and/or those

by St rgregur abD Forrrul) i.e. CT. pignment yellow
155 d' or gani c. ede pignents contain no hal ogen

and reproduce br|II|ant yel |l ow col ors due to a narrow

o “Ha
jhi%h}q_ Structural Skeleton (4)

H

in the Structural Formula (1} and Structural Skeleton (A),
=C=N-NH- encompasses =CH-N=N—

_ ;" The inventive toner kit, which contains a palyester resin synthesized
in the presence of a novel titanium-containing eatalyst and specific yellow
and magenta pigments, may effectively represent eolor reproducibility of
1mages, 1n particular color reproducibility of intermediate red.

The mechanism to 1mprove the eclor reproducibility is not
necessarily clear, but i1t 18 believed that the effective catalytic activity of the
novel fitaninm-containing catalyst may achieve a condition of molecular
chain and/or molecular mass distribution adequate for pigment dispersion,
As a result, the energy for the pigment disperzed into the resin on toner
production to re-agglomerate again will be reduced, which makes possible to
maintain the dispersed condition and improves the color reproducibility at

forming images.
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absor ption band at wavel ength of 400 to 500 nm
Specifically, when the IDis set to 1.00 neasured by
X-RI TE938 10 densitoneter after fixing an imge to
recordi ng nmedia such as transfer sheets and film
sheets using an observing light D50 (JIS2-8720 (1983))
at a viewangle of 2, "a*" is -2 to 22 and "b*" is 67

to 9%@:&&19#h% peeReithd R IGEAR Y PRl (DPadthe -

(CIE 1976). These ]\:/Eal ues arg?obt al ned through theeuse

of yniform neas rerrents ch_col or sity is 15
mReREA SRFT HE G0 et ¢ PLEmBtTge tox geptRdeper

the col or density g| ven to humans at a const ant
haye been avhpigtientsisach es azd kd@ pigghents Abd indcbubleass t han
67, the color reproducibility degrades at internediate

pif et atit el Bk bubf BS ol drdolh Ly FELOP Bl
ampunt of_the pignment. shoul d be increased, which
Apggmggtomciusdemaphiholyygments ard pamaphihee seidinisments,

| ower color reproducibility at internediate colors

andiephihAigstaitichts HameisCH PR49! O3 PREECAS CITCPHE 1d4/h8ve
of the magenta toner and the yellow toner al I ows to

____________________ - d
bePpist poar ampge ey | Bhe guinastidnma BiFaasy S PP RSSE
- densitoneter after fixing an i mage using an
PRaA®2e Bv]]. iﬁ'@tzDBgtnnd 350 PEX6Z- &‘bﬁ@n(igtaﬁﬁ)t)mat usdvoe vheatigice
of 2, "a*" is set to be 60 to 68 and' b*" is setto be

c
is i oxpligtbbabUigalolt oI PRoBS h BeSMRUHD Strptral
the_L*a*b* col or speC| fication system maybe adj usted
Fogtpuls (¢ o Thispigmemt peprogsges hrilliant sna gemda colers ne gythe
t oner, the anount of
narrow absorption band at the wavelength of 500 nm to 600 nm.

Specifically, when the ID (image density: —Log reflectivity) is set to
1.00 measured by X-RITE938 densitometer after fixing an image to recording
media such as transfer sheets and film sheets using an observing light D50
(JISZ-8720 (1983)) at a view angle of 2°, “a*" is 55 to 75 and “b*” is -8 to O in
the color specification system of L*a*b* (CIE1976). These values are
obtained through the use of uniform measurements in which color density is
measured through a complementary color filter to keep the eolor density
given to humens at a constant stata, When “a*” is less than 55 or “b*” is
less than 0, the color reproducibility degrades at intermediate colors when
mixed with toners with other colors; and when “a*" is more than 75 or “b*”" is

more than -8, the amount of the pipment should be Increased, which leading
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adhered toner, and the color reproduction range of red

colors may be widened fromshin color to vermllion
by virtue of the range. Wen "a*" is less than 60 or
"b;" is less than 45, the col or reproducible range is

narrow and various 10 internedi ate reds cannot be -
repr oduced, and when "a' is nore than 68 or " ;

to g_ﬁwﬁ aﬁﬂ%ﬁﬂﬁlaﬂ Qf'&g}m
|ng%g§@§ mﬁ?g ['eadi ng t% ﬁagﬁer op m‘?Irﬂﬁ %omer
in and sim ower, cql ar reprodu0|b|I|t at
fiwéar:gl{%g ‘E’bﬁﬁﬁ%ﬁﬂﬂ@ﬁ%mﬁﬁ aﬁﬂwthewul@m ors is
i mportant when expressing humans 15 and ot her things;

howe T#k, adidvent o ¢he el iente pirRewe the biganidpiguRagRxpRMsed
conpared to photographi c papers or sublinmation

r S D Ul _ar N - C of hi gher o i P :
by RS ARRER SR R eIt A B bR eeted e PET sty 3
organi c pignents reduce the transparency. As such, the :

5 o lB%dmtinags.i mage fornming apparatus may broadly attain
red color reproducibility by defining 20 the col or

r epr qiGiehe ﬂéﬂ&ﬁahﬂn&'&ﬂﬁ%ﬁﬁﬁ! Qf YR %Iﬂjﬁ%m S

of both%%P nmagenta toner a éf ﬁ'toner The anount

of .the organi ¢ ment, havi two units per. nolecule
uw%g%n@%}%&% rH?EF'EHrlﬁlF“lSEéFIe?Wﬁ%d Bipdtrygtural

hal ogen atom is preferably 3 to 20% by mass in the

Skylitbw GAX :onbrio hatypenpraher Ay rBaiie pliddehl haRsss twd whits :
preferred that the cyan toner contains a copper :

T ML R -

_1s formed under that of the yellow toner. The yell ow
10 is preferably one expressed by Struc Formula (2) or (3) below,

a4 aimme e

CH3

- KI H-n.
o .
pralin s
@..@ H Structural Formula (%)
; H Hé H
[n ]

Haco
)—Q—cnncuﬂ
O
H=N
o N
o H G )‘—’&
HaC: M N‘ CHa
—}_\( H O Structural Formula (3)
5 ,
N—H
a
- W
OCH;

The yellow toner containg an organic pigment expressed by
Structural Formula (2} andfor (3), the both are insoluble azo pigments. The

15 yellow toner has been polycychic organic pigments including acetoacstic acid
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expressed by Structural Formula (2) or (3) in the
inventive toner typically exhibits |ower opaci tying
power thus is far from opacifving the underlying
organi c pignment. The organi c pignents expressed by
Structural Fornmula 10 (2) or (3) described above have
a narrower optical absorption range thus are far from

alBilt dik-Biz6 gighen s £ Sbobot i bic el a6 LileR LR&, quinacridone

underlying magenta toner. Moreover, the magenta

-tone cont ai ni ng the ent.a pi gnment expresse
PPl id MERR aifaerts) DAL ACoRR el A BNy a0
provide red color reproducibility in a wide range. 15

PigaentzofaX. F¥13 and {hh Paf Etha vt lieetnheidehnasedof Theeyellow
inventive toner |lit, the image surface tends to

PRSP 15 B APPSR BL ).1c

refl ectance at wavel ength of 500 to 700 nmis
C.1.pigwanbyellew 180 jdasgze grganic pigreeniprad/prthose bydyrastueal
at wavel ength of 400 to 500 nmis increased in

Foragan (@), {.en@ 1 Spigaittt yBRowNS6 i hee Orgadfit. € CliRe Sidthents

wavel ength of Qpp to 600 urn is increased in yéllow
toners. suc when r.eproduci cojors by a

cob B B et e ponpaon SR 0k gelld Gploms due to & memws
wavel engt hs other than to be absorbed may i nprove the

abgotpdondyantd at wavelength-of-400 to&@faduci bility. The
inventive toner kit may be favorably applied to i nmage

A W g ot o
densitometer after fixing an imape to recording media such as transler
shegts and film sheets using an observing light D50 (JISZ-8720 (1983)) at a
view angle of 2%, “a™” i5 -2 to 22 and “b*” is 67 to 20 in the color
specification system of L*a*b* (CIE1976). These values are obtained
through the use of uniferm measurements in which color density is
measured through a complementary color filter to keep the color density
given te homans at a constant-state. When "a*” is lesa than —12 or “b*” is
less than 67, the color reproducibility degrades at intermediate colors when
mixed with toners with other colors; and when “a* is more than —2 or “b* is
more than 90, the amount of the pigment should be increased, which leading
to higher epacifying power and similarly lower coler repreducibility at
intermediate colors when mixed with toners with other colors.

The mixture of the magenta toner and the yellow toner allows to
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When the inventive toner is applied to two-conponent
devel opers, the toner is mxed with a nmagnetic
carrier. The anount of the toner is 1 to 10 parts by
mass based on 100 parts by nmass of carriers. The
magneti c carrier nmaybe conventional ones such as iron ;
powder, 10 ferrite powder, magnetite powder,

e O Ol CWier G T 0 BRI S

coating materjals of the resin-coated na%wetlc
depgitemefer; sftar foeng pr Ama e asingan ahseneinedaghid)50 GISZ-8720
ur ea-f or mal dehyde resins, nelani ne resins,

(198D 204 ahAaNgle 0 2, 164" M IBRLY RS0 $o 60akIZBFUR L& B 45
15 epoxy reS|ns ponV|nyI resins, polyvinylidene

0 B 1e o5 Sl Sn RS pregR BLLTY ARS8t e of

resins, polyvinyl alcohol resins, ponV|nyI acet al

coloe seprmd upibilyyiinythe biaibatolor meici:ﬁnatipnlsystem anxy beessdjnsted
styrene-acrylic copol yner resins, halogenated ol efin

b ORI U 4R AR oS BN B R A oo o

ol yet hyl ene terephthal ate resins and polybuthylene
ﬂdgév'@dﬁlpﬁmﬂaﬂéh#@g of SepIRdgaan FaRee o ned gpless may be widened

pol yet hyl ene resins, polytluorocarborr,

frdee ki mmwyﬁﬂm%ﬁ%ﬁﬁﬁﬂdé%ftﬁ@ﬁtﬁgd f IWRER e4#7)ik B than
re3|ns 98 IS polyhexafluoropropylene resins,

60TRRB Y FIES s, Ble LAIE Gromomeibie TR RS i Saptol an yarpus

quorlde fluor terpolyners such as those of
integmedidte @E@fe‘t-ﬂ‘fyiﬂé be repmduesd) yaniddwhen 477 ds miee dhain 63 or

ogher non-fluori de nononers, and silicone resins.
"b_*’?'is more than 55, the amount of the pigment should be inereased, which
leading to higher opacifying power and similarly lower color reproducibility
at intermediate colors.

Reproduction of red colors is important when expressing humans
and other things: however, the red eolor reprodueibility has been poor
compared to photographic papers or sublimation photographs particularly in
cases of higher opacifying power since the reproducible range is narrow and
organic pigments reduce the transparency.  As such, the inventiive image
forming apparatus may broadly attain red color reproducibility by defning
the color reproducible ranges with respect to organic pigments of both of

magenta toner and yellow toner.

The amount of the organic pigment, having {wo unils per molecule

26
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5 Anong these, silicone resin-coated carriers are
excellent in view of <carrier lifetinme. Electrically
conductive powers nmaybe included into the coating
resins as required. Exanples of the electrically
conductive powers include netal powders, carbon :
bl ack, titanium oxide, tin oxide and zinc oxide.
ealh @ipredbld/ by AR BkbldtsR (AYausPAI Haldgis SN sSprafdSbly _ :
an average particle 10 dianmeter of no nore than 1 ten {
Si t he di.aneter_abqgve 1 nn makes . diffi to r
3 GftiE bY s BLbe FUPY Jonem mone PO BdRdags by iass. :
devel opers, the amount of the toner is preferably 0.5 "
to 20t i pefdrsedthatihe chas esherrohQing archppaf pladaidceasine ”
The inventive toner maybe enpl oyed as a nmagnetic toner
pf ehf One-conponent devel opers w thout canner or as
on-nmagnetic toners. Magnetic Material The inventive
toner may be enployed as a magnetic toner with a
magndt Ispratereed w themyesentgnuention thatithedgyarof fhe masenta
by incorporating nagnetic fine particles into the

bofket 8 Horidéd iBAASEhaT BE B R Rt eThe i pigHent
exenplified by ferromagnetic netals |1ke iron, nickel

expiHoaet PRSP i (D SRR tedtvarive fuea ey

al | oys, which contain no ferromagnetic el enment but

exbithisdpwed opdc fingpowet tham istirofrgn epaeifyimpihieatrelcnlyaig

treatnment, such as Huesler - alloys containing

o e Bt i iBeht e R Uil Byl

material has an average particle, 5 diameter of Q.1 to

(2)or{p) describgd abayabaye @ narrever apicabskEorpiom rangeihys are

far from disturbing the red color reproduction by the underlying magenta

e aw

toner. Moreover, the magenta toner, containing the magenta pigment
expressed by Structural Formula {1}, under the yellow toner may provide red
color reproducibility in a wide range.

When a wax 1s incorporated into the toner of the inventive toner lkit,
the image surface tends to appear an orange surface, as a resuli, the rate of
diffuse reflection increases such that the spectral reflectance at wavelength
of 500 to 700 nm is increased in yellow toners, the spectral reflectance at
wavelength of 400 to 500 nm is increased in magenta toners, and the speetral
reflectance at wavelength of 400 to 600 nm is increased in yellow toners. As
such, when reproducing colors by a subtractive eolor mixing, increase of

reflectance at wavelengths other than to be absorbed may improve the color
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di spersed as fine particles. The anount of the
magnetic material is preferably 5 to 150 parts by
mass based on 100 parts of toner, nore preferably 10

to 70 parts by mass, still nore preferably 20 to 50
parts by mass. io |Inmage Form ngApparatus and | mage
Form ng Method The inmage fbrmmg method according to LY

rebRELRBISERNt 1 nvention conprises a | atent .
el ectrostatic image formng step, a developing step, a
trangfer.rin step, ndafl ng step andfurther may
i ncl Jd 19¥ %@ﬁf&ﬁ@%@hhﬁ diodmage derreing
with the neceSS|ty such as a charge 15 elimnm nation ;

appheqtuses thataitilivg vellew, oy @a) flagsgtsioRrg Achdanlsa black ;
controlling step. The inmage form ng apparatus :
ording to the present invention conprises at | east
a phot oconductor, a latent electrostatic inage formng
unity a developing unit, a transferring unit, and a
DevieJdpeg unit and may further conprise other units
suitably selected in accordance with the necessity

such VReR eh iR BAGIE bildrth B ﬁ%h&[‘td*ﬁ'lr& maP&.ﬁeﬁeraeaSmﬂBfé. :

arecycllng unlt and a roll'ing uni
tent, el.ec atic rraeform st ep, at ent
th Pkl BYEEY 90k FR e CAEinr, 1 GROWAE of the tomer is 1 to

phot oconductor. - - The | atent electrostatic inage
10pesats bgneerbased soi0l paBls byahass efbarfens
"electrophotographic photoconductor" or

"pho . select LA _terns
of ma er [ a S ape@ﬁ% &EJ.Q’BEE] %]fests% APRE Dao%dﬂ’
5 may be sw tably sel ected f r om convent i onal ones; the
fergita powden uhaEAtse dovran aTein (oalest agnatit pamtiarad #lass
pref erabl e exanpl es of the nmateri al
beads having a particle diameter of 20 to 200 pm.

Examples of the coating materials of the resin-coated maenetic
carrier include phenol resins, amine resins, urea-formaldehyde resins,
melamine resins, benzoguanamine resins, urea resing, polyamide resine,
apoxy resing, polyvinyl resins, polyvinylidene resins, acrylic resins,
polymethylmethacrylate resins, polyacrylonitrile resins, polyvinyl acetate
resins, polyvinyl aleohol resins, polyvinyl acetal resins, polyvinyl butyral
resms, polystyrene resins, styrene-acrylic copolymer resing, halogenated
olefin resins such as polyvinyl chloride resins and polyvinylidene chloride;
polyester resins such as polyethylene terephthalate resins and polybuthylene

terephthalate resins; polycarbonate resins, polyethylene resins,

polyfluorocarbon, polyfluorovinylidene resiny, polytrifluoroethylene resins,
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i ncl ude anorphous silicon and sel enium for inorganic
phot oconductors and polysilane and pht hal opol ynet hi ne
for organi c photoconductors. Anong these, anorphous
silicon is preferable in view of |onger operating
life. 10 The Iatent el ectrostatic i mages maybe forned,
for exanple, charging the surface of the

poBlRRaRABIHES tﬁt’.“tﬁsgew Pk SEERAG ubrifs and aorylic
el ectrostatic |g§ formng unit._ The | atent

megogR yraers af yanlisene fiogiserandsvipy b lnerdde. fuako
far exanple, at l|least a charger configured to

terplyfroer suchharibiosd fftemafluagRiBilehb, diibvidililesoNdoEdo bind
and an exposer conflgured to expose the surface of the

hot ocanduet or i nagew s The surface of the
““E -ﬁ %@? Gﬁ?gﬁfg eanéﬁ%ﬁg'&? pI ying a voltage
to the surface of the photoconductor t hrough the use
o, f&maengihsise, silictne reblrgpated GOTiENe ﬂ.rmatﬂggﬂnhﬁy\'ibw aof
properly sel ected dependi ng on the application

cafl@ kBnd. NargQtkich g Vtvb&g(ﬁl&% rgﬁﬂgﬁeﬂ&m&emam&ts

whi ch are equi ppe nducti v

sem -conductive roll h, .a fil a rubber
cogfing gesins ag ppguived. | .Eeeem@ﬁ  eirigely emt epnluEve powers

utilising corona discharge such as - corotoron and

indadd efetalpowddrs, Gubb@blchf titdidufhelide didl beide andayin® exide.

exposed, for exanple, by exposing the phot oconduct or

e e AR RELY bl iR RE o e PREREL

exanples t hereof i nclude varlous types of exposers
diaygeter oF np apgredhandgim spudedhe dymetarsiboved i meakosr ay
syst ens, | aser optical systens, and |iquid
djt?Eéu]t to adjust the resistivity.

In the two-component developers, the amount of the toner is
preferably 0.6 to 20.0 parts by mass based on 100 parts of carriers.

The inventive toner may be employed as a magnetic toner in
one-component develepers withont carrer or as non-magnetic toners.
Magnetic Material

The inventive tonsr may be employed as a magnetic toner with a
magnefic material. The magnetic toner may be prepared by incorporating
magnetic fine particles into the toner particles. The magnetic materials are
exemplified by lerromagnetic metals like iron, nickel and cobalt, alloys and

compounds thereof such as ivon oxade including ferrites, magnetites and

hematites; alloys, which cortain no ferromagnetic element but exhibit

a9



10

13

20

crystal shutter optical systens. In the present

i nvention, the back |ight nmethod nay be enployed in

1o which exposing is perforned i magewi sely fromthe

back side of the photoconductor, Devel oping Step and .
Devel oping Unit The devel oping step is one in which 3
the latent electrostatic inmage is devel oped using the N

fefteHRlgaPaEMOfhrbhich Eh?ﬁﬁiﬂriﬁt@\]ﬁﬁl h%tﬁ:en&%ﬁ%%s\ﬂﬁénéﬁ - '

15 image, The visible imge can be fornmed by ,

o A 5ok SR SR EL b G A R B

devel oping unit nay be properly selected from
choamirentdiomide etznes in the art; preferabl e exanpl es
t hereof include those having at | east an 20 inmage

R e B T

.developer_to the latent electrostatic inmage_in a
digmygtexaf Ogk to-2 Hen mesapaeierablylel tyl sim mas is vasibommle | s
102 a developing unit with a toner-containing

digersal Aefine partidded. To0R SA¥EhOH the HA e iPMabEidlis a
dry-devel opl ng process or a wet-developing process. It

e och devel opj n it O mul ti-col or
PSR At B ot Pageib P AP partah ol MEF ude
one having 5 a stirrer by which the devel oper is
préferably dfdb| A mHrbs bethasssbilhmone arefbrably 28do 60 peoid ley .
In the i mage devel opi ng apparatus, for exanple, a
ner and the carrier are mxed and stirred, the
toner is charged by frictional force at that

Imape Forming Apparatus and Image Forming Method

The 1mage forming method according to the present invention
comprses a latent electrostatic image forming step, a developing step, a
transferring step, and a fixing step and further may include other steps
suitably selected in accordance with the necessity such as a charge
elimination step, a cleaning step, a recyeling step and a controlling step.

The image lorming apparatus according to the present invention
comprises at least a photoconductor, a latent electrostatic image forming nnit,
a developing unit, a transferring unit, and a Axing unit and may further
comprise other units suitably selected in accordance with the necessity such
as a charge elimination unit, a cleaning unit, & recycling unit and a
controlling unit.

In the latent electrostatic image forming step, a latent electrostatic
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time to be held in a state where the toner is standing
on the surface of the 1o rotating nagnet roller to
thereby forma magnetic brush. Since the magnet roller
is | ocated near the photoconductor, a part of the
toner constituting the magnetic brush farnmed on the
surface of the magnet roller noves to the surface of

l'nia%@ié’mqwﬂ h@fom@ﬂ ctric attraction force. As .
the result, t 2 ate%"tge ectrostatic imge is
devel gped using the toner to forma visible toner 15
i mag a %@M%hwmmm@mfemﬂ
the developing unit is one that contains the

to as Velatirphdtogeiphid PeoteMhRRsT oftyhdtBcdtde it )CREP Haent
devel oper or two-conponent devel oper. ansferring Step

T ferri Unit 20.ln,the t ferr.i t th
eGP ORI Withs ihaRainicaiag, S BRREeth Beiths,
preferably, an internediate transfer nenber is used,

maybe syitahly| selacteslgroneoprentiendlpneedhefshape of the t he
i ntermedi ate transfer nenber 103 and then the visible

phbERBAdhS0P M%ﬁhg%ﬁ%,gﬁﬁ?&aﬁﬁ %%rﬁg]eg 6f QeinAorial

medi um An enbodi trans step 1's nore
. (ﬂrgferabl in..which tvig or nore colaqr toners_are
wnclude amorphows siligen end peleniip lor japegame ghotosordygtersand
preferably in which a full-color toner is used, and

polyetlabe enﬁqdithﬁhﬁo]yﬁiéthﬂﬁsﬁjﬁuﬁgdﬂ@?huwmﬂsl N@nhdhg

which the visible inage is transterred to an

It | at e .- sfer er to forma co it
this?, AR ph Aot R aFRGRRRE 18 i el leds GOREREEe | ng

in which the conposite transfer image is transferred

ont o Thedakeat elecirogtdicimageh enay be Sfrered, fig exaynple, by

perfornmed, for exanple, by charging a
charging the surface of the photoconductor uniformly and then exposing the
suriace thereof iImagewisely by means of the latent elecirostatic imape
forming unit. The latent electrostatic image forming unit is provided with,
for examnpls, at least a charger configured to uniformly charge the surface of
the photoconductor, and an exposer configured to expose the surface of the
photoconductor imagewisaly. -

The surface of the phateconductor may be eharged by applying a
voltage to the surface of the photoconduclor through the use of, for example,
the charger.

The charger may be properly selected depending on the application

examples thereof inelude conventional contact chargers which are equipped

with a conductive or semi-conductive roller, a brush, a film, a rubber blade or
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1v visible image fornmed on the surface of the

phot oconductor using a transfer-charger to transfer
the visible image, and this is enabled by neans of
the transferring unit. For the transferring unit, it
is preferably an enbodi ment which includes a primary
transferring unit configured to transfer the visible

the lik@Cahd ndfi-coitRt ARMRtSuliliding BrodEMRcharsg sughisa 15.
conposite transfer image, and a secondary transferring

unit contiqured to transfer the conposite transfer
mf‘#ﬂlajél%lﬁ 5%50§D§?:]?J‘r di ng medi um The internediate
transfer nmenber may be properly selected from

conv Siitel orfdce off gse photeéendiizter magieloxpoidi feafzamydb sie

transferring belts. The transferring unit (i.e.

- )
cxpbSHE the PR LR it b o RS e, |
I mge-transferer configured to _exfoliate and charge
t he vhbeisRPesermaE be prvrarloeelested dependiagmaidesipplication;
transfer the visible image onto the recordi ng nmedi um
exafiplddiheréditdlads vReotd hipawy ckfosts Sith ReFdprodudiMp Or
nore parts. Exanples of the inmage transferor include
grona. transfterers, transferying belts, transfer. .
opih Rt 130 SorrLerp, AEHERS, [nsPEprticalsystento ang iauid
transfer units. The recording medi um may be properly
wierfapbeabsyabement i onal ones. In the fixing step
a visible image transferred on a recording nedium is
i e . . . . R ]
my. b5 (he Prosent ivBboRIRR I et MotHed AP HE chiglol in
transferred onto the reconding nmediumor at the tine

whiph gEPosiRg IsRpzformsdgmaesmsdy Srom dhpbaclgide efithey The

fixing apparatus naybe properly sel ected dependi ng on
phbtigonductor,

Devcloping Step and Developing Unit

The developing step is one in which the Iatent electrostatic image is
developed using the developer of the present invention to form a visible
image,

The visible image can be formed by developing the latent

electrostatic image using, for example, the developer in the developing unit.

The developing unit may be properly sclected from conventional ones

in the art; preferable examples thereof include those having at least an
image developing apparatus which houses the developer of the present
invention therein and enables supplying the developer to the latent

electrostatic image in a contact or a non-contact state; preferable example is
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application, and heat-pressure units known in the art
are preferably used. Exanples of the heat-pressure
units include a conbination of a heat roller and a
pressure roller, and a conbination of a heat roller, a
pressure roller, and an endless belt. 2.5 The heating
tenperature in the heat-pressure unit is preferably

a &felopifg 2ARGrith's foRerBiRaMThgichNeRReON, for exanple, .

an optical fixing apparatus known in the art may be
usedggn .t he fixing.step.,and {he_.fixi nit or instead
of - Hpgas Aoyt R iney be B reipimeorscsg
the charge is elimnated by applying a

wetrdavglopshg provass. ndt inisgshd @ mdmechimohe devslugingruniboda i t

can be suitably performed by nmeans of a

mg%ﬁmsf &éﬁm;gﬁgmgn Ufprteferﬁ{ﬁ ChH f@;ﬁ%@%ﬁd&%&%&m

unit may be properly Selected

conventi gnal ones. For _exanple, charge-elimnatin
a qtiprpE s Pich thelatistaper i idvonelly eharepcs Fag @ TotABbIdUal
el ectrographi c toner remai ning on the photoconductor
magndtatbved, and the cl eaning can be preferably
performed 5 using a cleaning unit. The cleaning unit

mayb operly.,selected from cpnventi onal ones;

ex ampP £0% BRaFE BV g ARPAT IS, FoE oBrmlF @ tobfEAad the

el ectrostatic brush cleaners, magnetic roller
carheranre ixed adestuireditbe dpnirisshargdddsnfrictionah reest that

cleaners. In the recycling step, a step elimnated in
tiché o B4 R8T iRt i3 td GREE] B oRer is standing on the surface of the
rotatmg magmet raller to thereby form a magnetic brush.  Sinee the magnet
roller is located near the photoconductor, a part of the toner constituting the
magnetic brush formed on the surface of the magnet roller moves ta the
surface of the photoconductor by electric attraction foree, As the result, the
latent electrostatic image is developed using the toner to form a visible toner
image on the photoconductor surface.

The developer in the developing unit is one that contains the
mventive toner. The developer may be of one-component developer or
two-component developer.

Transferrning Step and Transferring Unit
In the transferring step, the visible image is transferred onto a

recording medinm, preferably, an intermediate tranasfer member is used, the

visible image 15 primarily transferred to the intermediate transfer member
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io the devel oping step, and the recycling can be
suitably perfornmed by neans of a recycling unit. The
recycling unit may be properly sel ected; exanples

t hereof include conventional conveying or transporting
units. The control unit is one to control the every
step. The control unit may be properly selected

I ncl uge SUC“ i ns runentg as stgquencergs an %gén%ﬂ&lg

The wn;gg formi ng apparatus in_ this enbodi nment
meHHB} embodpmen; gha iransleminggie inmosn prefezable in
devel oping unit, a transfer unit, and a cleaning un|t

whith @wees mm%wrwnmm@mwum&mﬁﬁwmtﬁ%

f eed record| ng nedia froma paper-feeding tray, and a

dev confi 0.fix toners
is bl P e AR SR Sl e g S R b
whi ch toner i mges being transferred, fromthe

cnpivdime ohdwtydes.a primalne trmm'nﬁgmnwhxyha;hp Fisiblesmafze is

this conflguratlon the surface of the rotating 106
Helololy fﬂﬂp
t]L'unl t&t&gen [ rragbﬁ g r%a@%rqf eans r%%’% 85elxposl ng
. unit based on i mage |nforrrat|on to forma |atent inmage
imgge therepRoint 8 seertdsry transipriag inrelrich dhe pamppsite transier
deposited to forminmage s. 5 On the other hand, the
im¥age & changfedfad dhtb 9 reasvddyethedie® t he paper feeding
unit, and transported at a transfer site where the

phot ggonduct and_the t ansf uni t face ach ot her

The dPSHCHEToRTiNG e W sa e for cmineles 1,

polarity with toner inmages on the phot oconductor
vigiblenniagetibmned onthe sunfgesofdhe phetqroiododondsinge  ar e

transferred onto the recording nmedia io Then the

trinﬁggar-aia&gemﬁr BRPAEMS fin hE D Bl i PRY ISR ERbns

of the transferring unit, For the transferring unit, it is preferably an
embodiment which includes a primary transferring unit configured to
transfer the visible image to an intermediate transfer member to [orm a
composite transfer image, and a secondary translerring unit configured to
transfer the composite transfer image onto a recording medivm.

The 1ntermediate transfer member may be properly selected from
conventional ones; preferable examples thereof include transferring belts,

The transferring unit (i.e. primary transfrring unit and the
secondary transferring unit) preferably includes at least an image-transforer
configured o exfoliate and charge the visible image formed on the

photoconductor to transfer the visible image onto the recording medinm.
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conveyed to a fixing device, where the toners are
fixed on the recording nedia to formimges. FIG 1
is a schematic constitutional view of devel opi ng
device 1 of this enbodi ment The devel opi ng device 1
enpl oyed in the inventive inage 15 form ng apparatus .
w Il be explained nore specifically with reference to ;
The &andferrihe u@mhsammuﬁsptﬁ%ﬂmdw ABrdpig. di sposed. ]

at a side of photoconductor 8, conprises a

non- net. c vel opi sleeve 7 that support, a
two.- o, o ChE s e B Bt ndIpiE PO oy etets. :;

referred to as "devel oper”) containing a toner and a ;
tramdemringbelbs, transferioberts petsaprentrad@fes relsns, #nd adhesion

attached such that a portion thereof is exposed from

QP& i l

o MENE A, £87 Ubbflolly SRR Rl

direction by a driving device (not shown). The
CORPRIIqnAl 0BRS.t he devel opi ng 107 sl eeve maybe one used

for conventional devices; exanples thereof are

st ai Theks fisigedtep,oh WETHIY inafO BratREIESd 6n HBE&IHHM Smiekien

ceranics, and coated nmaterrals thereof. The shape of
. khe. devel opi.ng sl eeves nay..al so be.properl sel ect ed.
is B AS0E B DE PRGSO, SRR B me TaRy b pRtiormed
genqrat;gg unit is 5 disposed inside the devel opi ng
evelycame efich coloy édrogri1a gransfarmdd ostocideirpeperdinginied nan i git d
doctor 9 as a devel oper-control nenber that controls

thé AR indidu SoF P50 e SUPRBEGGLN L e

devel oping sleeve 7. In a doctor 9, a

devel gper .container 4 is disposed at upstream of the
r ot ath gflﬂﬁlgéﬁﬁﬁ”@ﬁ%ﬂﬂtﬂ%@ properly seleglos depeadmg emthe

first and the to second stirring screws 5, 6 are

applicatialt; abdrhedephestued uhits kinotvo MOthichat dey ghdeRibly Gsddie

-devel oper container 4. Furthernore, a toner supply
Ex!a_%pqgs of the heat-pressure units include a ecombination of a heat roller

T

and a pressure roller, and a combination of a heat roller, e pressure roller,
and an endless belt.

The heating temperature in the heat-pressure unit is preferably 30°C
to 200°C.

In the present invention, for example, an optical Aixing apparatus
lmown in the art may be used in the fixing step and the fixing unit or instead
of the fisang unit.

In the charge elomination step, the charge is eliminated by applying
a8 charge-eliminating bias to the photoconductor, and it can be suitably

performed by means of a charge-eliminating unit. The charge-eliminating
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23 di sposed above the devel oper container 4, a toner
hopper 2 for supplying toners to devel oper container
4, and a toner conveying 3 between the toner supply
inlet 23 are provided. 15 In the devel opi ng device 1,
the developer in the container 4 is stirred, and the
toner and the nagnetic carrier are reversely

urit t@&rlt@rpﬁbéﬂgﬁdlebbéd fréth rh ¥y édifrebtibabl a4, t Fer a%%ﬂe '

stirring screws 5, 6. The devel oper 1s suppliedt

the circunfer ntlal sur of the devel opi ng sleeve 7
é#%?“#gﬂ ﬁ E¢OM/"b" di rection, the

devel oper is supported on the 20 circunferentia

sur f dndhetlebhegisep) m:pesil@uﬂleémtmgi’-aphhdnnmeﬁmedmg on the
toward the rotating direction " b". The conveyed

phggﬂétgggﬁ%k en gcgg%trohﬁgﬁi% &\%p%r S %oﬁveyege[%o

the 108 devel oping site where the photoconductor
usgpga cleaning enbpi Khe sleaping ot svey be Revpesbtrslectathfrom
toner at the site is electrostatically transferred

comvdritiorall 8fés; exhmiplds fhat@Tindl 188 gﬁ@tﬂcmeumafeaﬁ@rsof

the photoconductor, thereby the electrostatic images

el e o i, P a o Do, B EB e BRep Sleapeg prash

t he devel oping sleeve 7 is preferably 0.01 to 0.7 nm
cleaners esdwhelr gleaims. space is less than 0.01 nm it is
possibly difficult to convey toners, decreasing

SBL\ZZ‘E?’;%%‘V’%E%E s ARl Ty B BRAEE i led o

(RN TS TR -

g itabl|lty of_ devel opers are unfavorably 10
theydevglomng siep. and the ragdmesanbgrtablppesforped by means of
enbodi nent of the internediate transfer body will be

a 1egpilaignedt. The recycling unit may be properly selected; examples
therecf include conventional conveying or transporting umnits.

The control unit is one to control the every step. The control unit
may be properly selected depending on the application; examples thereof
include such instryments as sequencers and computers.

The image [orming apparatus in this embodiment comprises a
charging umt, an expesing unit, a developing unit, a transfer unit, and a
cleaming unit in order; and also a paper-feeding nnit configured to feed
recording media from a paperfeeding tray, and a fixing device confipured to
fix toners onto recording media after separating recording media, on which
toner images being transferred, from the photocondnctor. In the image

Torming apparatus of this configuration, the surface of the rotating
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with reference to FIG 4. Acharging roller 20, an
exposi ng device 30, a cleaning device 60 with a

cl eani ng bl ade, a charge elimnating device 70, a 15
devel opi ng device 40 and an internmedi ate transfer body
50 are disposed around a photoconductor 10. _ The
internmedi ate transfer body 50 is suspended by plural

P di re%taﬁglﬁ%gy%l Vi hg ma%ns ]sucﬁ asBa %@g%ﬁ%{iﬁ%ﬁlﬁ?&
in.a manner of an _endless belt, One or nore of the
lasgrheams expogingunib bagad enyimainformation dolm g
transfer bias roller, which supplies a transfer bias

latent ifhazé ohehepHbmicendiictan 36 fhidDthan tRArPaRAosisatDR) ¥
(not shown) applies a desired transfer bias voltage

ﬁJItIF%S%QE Additionally, a cleaning device 90 having a

cleanfng blade 109 i-. for the internediate transfer
body 50 is also arranged. Further, a transfer roller
80 | £rpdyi athenband dbergearding mediavsdionyeyed frosf the papedy

50 as transfer neans to transfer a devel oped image to
feclifih @A} %d%fk&%?hfmﬂ%@%rtriﬂ&'e ?h] | &E‘; hﬂﬁ{
Esup%ortt’materia . A power suplb%% ngtrégh% ﬂJappulmé%ra

t.ransfer 5 bias volt to e transfer, roller 80.
an &v%l}%few%iﬂl@rﬁﬂ@sgfh@z ﬁlﬂdﬂﬂ%&%%@l}a@% the ¢harge

| ocated by the internediate transfer body 50. The
of rvege: pauelitypéth et Mppésas tideypbtomiminche] thetébpcha
devel opi ng agent support, a black (hereinafter Bk)

ofi 380 A 8 phofotppaidor A1 ap i tilu iR i

45 and cyan (hereinafter C) developing unit 45C the
apeardingvinedia igsepatabed from thewhatheomawtiragidng
belt 41. In addition, the developing belt 41 is

coffiYell G4 e hg dbﬂ%é,bﬁryheﬂesthﬁ Y5R&RARH f%d dnRhH rddriidhgof

bel't rollers, and
media to form images.

R

- A
3y

FIG. 1 is a schematic constitutional view of develaping device 1 of
this embediment. The developing device 1 employed in the inventive image
forming apparatus wall be explained more specifically with reference to FIG.
1. The developing device 1, which being disposed at a side of
photoconductor 8, comprises a non-magnetic developing sleeve 7 that support
a two-component developer (hereinafiter, sometimes referred to as
“developer”) containing a toner and a magnetic earrier, The develaping
gleeve 7 is attached such that a portion thereof is exposed from an opening at
a developing casing in the side of photoconductor 1, and is rotated te arrow

“b” direction by a driving device (not shown). The material of the developing
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driving nmeans such as a notor or the Iike (not shown),
is advanced to the direction of the arrow in a manner
of an endl ess belt. The devel oping belt 15 41 noves at
substantially the sanme speed as the photoconductor 10
at the section where the two contact each other.
Since the configurations of the developing units are

sl%‘eggcﬂ?i&%hé’ﬁhx)! M&ﬁr%n%ﬁaﬁﬂhawai&aﬁﬂ&ﬂﬂgfemm .

ed, and for other devel oping units , 45M

and 45C .c anents that correspon 0 those.in the Bk
St Its6 Al ANEI TR, DeBRO AP AT Like cPrARics, 474 Fpated

the sane reference nunbers followed by a letter Y, M
maietials; thevegl c Thealyipe afithd deiologing eleepéd @Ay aldd e properly
omtted. The devel oping unit 45K conprises a

O t rCcont ai nNs olution of . .
ol ot R kB g b i oL SRR GR A g bt onit i
.density including toner particles and a carrier liquid
dispssed tende the ingsicep| elThe drvelnpimg wnipdds equipeddso
that its lower portion is dipped in the liquid

witle Wei g deBtr@ed a a&%ﬁ&ﬁu‘&wﬁéﬁmﬂa& 2k dizlthe ARt

applying roller 44K hat recelves the devel opi ng
ept scooped b he scaoopi,ng. rol.l er 43K makes a thin
of B dovel freefrupnetien 4pitRG CRURRDIEEERFbl | o5 t he
devel opi ng agent to the developing belt 41. The

app! ¥nmgditodd erthedéctos % helevelopat bynaimducizidieposaddt a
power supply (not shown) applies a desired bias

' - 10 i | gurat i=on of
e R 6 bR ichtf HE (ERoBher Eech b 6L i ehe
configuration different fromone showm in FIG 4 may
seqgrdSHIBEHTeWE AnG are prayedecion merhaginallystirsaettheol or
is |ocated around a photoconductor 10, as shown in

detrtlope®in fiRXdeveloper 8RRARIIrA) FurthGnt®Bi £tor supply inlet
-enbodi ment wi I | be descri bed.

23 disposed above the developer container 4, a toner hopper 2 for supplymg

toners to developer container 4, and a toner conveying 3 between the toner

supply inlet 23 are provided.

In the developing device 1, the developer in the container 4 is stirred,
and the toner and the magnetic carrier are reversely friction-charged by
rotating the first and the second stirrmmg screws 5, 6. The developer is
supplted to the circumferential surface of the developing sleeve 7 that is
rotating toward arrow “b” direction, the develaper is supported on the
circnmferential surface of the developing sleeve 7, and conveyed toward the

rotating direction “b”. The conveyed developer is then controlled for the

amount by the doctor 9, then the controlled developer is conveyed to the

108
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In FIG 1, the photoconductor 10 is rotationally
driven in the direction of the 15 arrow and is
uniformy charged by the charging roller 20. Then, the
exposi ng device 30 uses reflected light fromthe

ori gi nal docunment passing through an optical system
(not shown) and forns an electrostatic |atent inage

o B A o O AR LB fn el 7 e
dat ' ' l'ized 20 (d I d) i
cof § opie b AT 4 1yl 157 RSP ISRy EGATTOR 0D

devel oping belt 41 is released fromthe belt 41 in a
eldoroptatic Rutét ithd gy @b thi strfaed Bf i piwthébddietor, therehy the

phot oconductor in a developing region, and is rmvedvto

h 11.i.: portionywhere the latent inmage is forned
ﬂ%ﬁaﬁ%mbﬁ%?%e&?ﬁﬁm“@}mi a5 {9eT IAESt. - | nage devel oped

by the i mage devel oper 40 is transferred to the

sur f Qg spface hedévelaning ¢ap Gp betaweshidhe phoyocsdduttond and

portion of contact (primary transfer region) of the

the ARt AR e AR rp}ﬂféréﬂlﬁ 0.01 &f 08dhat © (H@Eés,f FheRPah

550 that is noving at the sanme speed (primary
translf%@éllfn a case when three colors or four colors.
SPapRIs e -84 mmoitan ppgsibly ditheultdpcontey toners, dgerpasme

for each color to forma color inage on the
urifoirentyestisalid iinhges fs@id inhkadys wlerelil® 360 RPalGRANMUR furh2the
is placed in order to charge the overlaid toner 10

oS Pt R Bt
phot oconductor 10 and the internediate transfer body

detgrioratefl.t hat is upstream of the contact section of the
internmedi ate transfer body 50 and the sheet of

InfeiR@hidtcPRaak: @Rdyi th regards to the

(D

An embodiment of the intermediate transfer body will be explained
with reference to FIG. 4. A charging rollex 20, an exposing device 30, a
cleaning device 60 with a cleaning blade, a charge eliminating device 70, a
developing device 40 and an intermediate transfer hody 50 are disposed
around a photoconductor 10. _The intermediate transfer bedy 50 is
suspended by plural suspension rollers 51, and moves toward the arrow
direction by driving means such as a motor (not shown) in A manner of an
endless belt. One or more of the suspension rollers 51 has an additional role
as a transfer bias roller, which supplies a transfer bias to the intermediate
transfer body, and a power supply {not shown) applies a desired transfer bias

voltage thereto, Additionally, 2 cleaning device 90 having a cleaning blade

109
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direction of the rotation of the internedi ate transfer
body 50 Then, the 15 corona charger 52 provides a
charge to the toner image the polarity of which is
the sane as that of the toner particles that formthe
toner image, and gives a sufficient charge for a good
transfer to the sheet of support paper 100. After

foPBidEhtEMAE RS MnsBRELEDF 80% mawﬁleg%a, RNClransfer

image is transferred at once to sheet of ‘support

a .100.that, js_ carried in the directjon of the 20
rolley & pesiion deferiegiate ieapoleniody 50 antmapter
bias of the transfer roller 80 (secondary transfer).
mdiey etfrhegfer b ldevelbped i es tipp shéetpdpappdid aper WX, 6Hhich
the toner image is transferred is detached fromthe

- - e {n vige ot

is PO RASPARNEHChetotial Aokl SDa Y iRFshE ) Spfet finster
_device (not shown). After that, the sheet 100 is

bigs eeltage totbmtransierapiler 80.OnMortrver: degonhebatgen b as at he
transfer, the cleaning device 60 renpbves and

il QPR EORRALANY iHe iGBorhdin @ Pariltr hodgher red
fromthe photoconductor 10, 5 and the charge renoving

| anp .£0 .renoves yrenmai ni ng charge framth )
phot JZ*W&W v {91:95443 F%%aPéE? a\*"ﬁtlﬂ@ﬂﬁi’%ﬁ Hrag gageloping
The static friction coefficient of the internedi ate
agenhespport, boblpck sherpivefies Bl evelbpin: Onib 45ED vellow
preferably 0.3 to 0.5. The volune resistance of the

v -C
(R R eplg IS il 403 BBl (e MY ElRopife G
vol une resjstance fromseveral Qcmto 103 Qm
450 g %ﬂcfhemaﬂm G} dexsloniag wnalnd5 @ rthgdleycloping wnits
prevented. It also prevents uneven transfer at

poséaed aryukd ﬂﬂ,ﬁ&uﬁfe]ﬂﬁﬁ%ﬂéﬂ 41he 16 hAaf gD LRy Hﬂ'é‘éimt:ihé belt

-chargi ng neans does not remain as nuch. In addition,
i-tiseasiert}]g.. .
4113 configured go that it is suspended by a plurality of belt rullers, and by

driving means such as a motor or the like {not shown), 15 advanced to the
direction of the arrow in 4 manner of an endless belt. The develuping belt
41 moves at substantially the same speed as the photoconductor 10 at the
gection where the two contact each other,

Sinee the configurations of the developing units are common, only
the Bk developing unit 45K will be described, and for other developing units
45Y, 45M, and 45C, components that eorrespond to those in the Bk
developing unit 45K are shown in the figure with the same reference
numbers {ollowed by a letter ¥, M, and C, respectively, and their descriptions

are omitted. The developing unit 45K comprises a developing tank 42K

110



10

15

20

apply transfer bias for the secondary transfer. 15 The
materials for the internedi ate transfer body naybe
properly selected depending on the application;
exanpl es are as follows= (1) Materials with high
Young's noduli (tension elasticity) used as a single
| ayer belt, which includes polycarbonates (PO,

thepkontdng 4 Stdch bP@svel$ping AWRRY mf]ﬂgh%é{hﬂ Afd hi -
terepht bal ate (PAT), bl'end material's of PCl PAT, 20

ethyl.ene,tetrafl uoroet hyl ene copal. r (ETYM PC, and
acBhitt Gt R BT R PRI compPeH. 5 woqbing
di spersion, and the like. These single |ayer belts

robew431 thalis peeitingied snHat its doveergroatibniie dippetrin the liquid
deformation 113 against stress during inmage formation

dﬂ?ﬁéuégﬁ{egglétrtg?%%é)aﬁo% gag i y fo%&l[{vﬁgﬁp or mr]#é]réim '
color_image.. (2) .A double or triple layer belt using :
Ehatrecgiysy tioidevaloning agent soeanedhby the speopmanglier d3Humakes .
as a base |l ayer, added with a surface |ayer and an 5 ;

a i Ly lof the @svebsdiing asbmty ahd Hpplind thd 8cRespinpalkaht & G

of the base layer. The double or triple l'ayer belt

has a Ga [l to preve r,nt defect  of ncl ear
A<JRpReBAPT] e, MR IP IR s B s sl S ol v i o

hardness of the single layer belt. (3) Abelt with a

power auppiy! (pot gwwoappliss aubisirad bidstheretwor por ates a 10
rubber or an elastonmer. This belt has an advant age

t hat ] i
cont YRS iR B PR dinfch ol en 5% Bl ophBERRlS
Additional |y, by king the width of the belt w der

e hﬁ’&FﬂBﬁlWi Frgnfigneatinn dilfsrentfom anesherapp K. gmay

the elasticity of the edge portions that extend over

be teigploydd @ whichta darldpiey @Rk Frakl chlby & Riafeleurbehid a

Therefore, it can reduce
photeconductor 10, as shown in FIG. 6.

R A e

Next, the operation of the copier of embodiment will be described.
In FIG, 1, the photoconductor 10 is rotationally driven in the direction of the
arrow and 1s uniformly charged by the charging roller 20. Then, the
exposing device 30 uses reflected light from the original document passing
through an optical system (not shown} and forms an electrostatic latent
image on the photoconductor 10, The electrostatic latent image is then
developed. by the image developer 40, and a toner image as a visualized :
(developed) image is formed. A thin layer of developing agent on the
developing belt 41 is released from the belt 41 in a form of a thin layer by a

contact with the photoconductor in a developing region, and is maved to the
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15 cost without the need for ribs and a device to
prevent the snaky nove. Conventionally, internediate
transfer belts have been adapting fluorine resins,
pol ycer bonat es, polyimdes, and the |like, but in the
recent years, elastic belts in which elastic nenbers
are used in all layers or a part thereof. There are

o BBiLERR0 the 6% Chm e Sthed BRI n@%ﬂ@r%{ﬁﬂ or & S
toners. In one color _ inmage, toner rs of layer 1 :
tongr ymsgs dovelppe fkryrﬁhédmﬂgemﬁrlﬂpayé@ss sfemedstgl;hazed
as they pass the primary transfer in which the |ayers

suéfae bl thd indehedibetrhhofér bbey BO ot aGRREYE botardtBct (eimary
i ntermedi ate transfer belt and- the secondary transfer

S e 8 b4 Bl o] Gnd B Bt iage promsfor body

i ncreases the cohesive force anong t oner particles.
50hat iemoshesithefsamespend ptsesy tplredanenin s cake wheh
drop outs of letters and dropouts of edges of solid

hard to be ILdIl‘%&L E#eﬂ?%%}éggﬁaﬁéﬂh%ﬁé@%ﬁg Ego

conpr.ess ioner Iayers and therefore drqp out
re cojartp &pmn g cglor|impage poiide determedrie
the demand for printing full color imges on various
botly@s 10 of paper such as Japanese paper and paper
havi ng a rough surface is increasing. However, sheets

pet walh R SihreStha E R ATl B b {BaB e afiaid omer

. leading to mss-transfers. VWen the transfer pressure
Imafe sadon daleymediats temedardiddyratisspositars tohti in domuetrenom of
i ncrease contact, the cohesive force of the toner

thé. aulﬁraét wéﬂonla'itﬂ.ﬁ Hbrg.tﬁrducgﬁv gﬁ‘oaﬂﬁ'thﬁ e thbdiate ALQRFr

.out of letters as describ

body 60, and that is upstream of the contact section of the intermediate
transfer body 50 and the sheet of support paper 100 with regards to the
direction of the rotation of the Intermediate transfer body 50. Then, the
corona charger 52 provides a charge to the toner image the polarity of which
is the same as that of the toner particles that form the toner image, and gives
a sufficient charge for a good transfer to the sheet of support paper 100.

After being charged by the eorona charger 52, the toner image is transferred
at once to the sheet of support paper 100 that is carried in the direction of the
arrow from a sheet feeder (not shown) by 2 transfer bias of the trarm&r roller
BO {secondary transfer). Thereafter, the sheet of support paper 100 to which

the toner 1mage is transferred is detached from the photoconductor 10 by a
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El astic belts are used far the followng aim Elastic
belts deform according to the toner |ayers and the
roughness of the sheet having | ow snoothness at the
transfer section. In other words, since the elastic
belts deformto conply with |ocal bunps and holes, a
good contact is achieved 20 without increasing the

. i i y
AckAee Blbviph B bl DB Rt B EE 21 b B3RS
havi,ng excel,l ent. unjformt wi t hout any_drop out of
depiop {(BFLhoTEn- oft ioR Hels thy shegsdii0gs clesipd fremdesiovives On

------------ For the resin of the elastic belts, one

ihebilimemdaafiee tihketraabied theBanitg de¥iBd BO removes and
i ncl udi ngpol ycar bonates, fluorine resins (ETFE, PVDF),

tyrene resin 0 ol rs and.copolynmers includin
ro e neg et e R B Py g aETTCd SO 4P RhFipepy el fo.
chl or opol ystyrene, poly-a-nethylstyrene, 5
andtbhe eharie teaniiveng laop §0yemoyes ramemdng chytgedndmorthel e
copol yner, styrene-vinyl acetate copol yner,
BcthRY B i \VAye=11 ne-acryl ate
ph?k%%ﬁgnersh?g§§?%ﬁg?net yl acF??é%%Ebopolyner,
styrepe-ethyl ~acrylate. copol yper, styrene-butyl A
acr y | Thestaiag s coeficient ol 1he tptermediate translarhogdids |
and styrene-phenyl acryl ate copol yner),

prsfeyilsip @ e O@cmyr@pfefe@ibdy HIB00.30 Thé YoRne: feidtihce of
nmet hacryl ate copol yner, styrene-ethyl nethaerylate

copol I t yrene- ghenyl acryl copol ymer

o T Rlete ool T s BT e L s pEmEE g B
styrene-acrylonitrile acrylate copolyner, and the

Q-tinleg lesset IBH combrolling (henvdurmesions meeheral Q-endo 108
rgs!nz ethyl acrylate resin, butyl acrylate resin,

O SRNRArgh PG thb ifitei iR bPadsti BB EsoIPHrbGehiBE! Vit dlso

xesin, vinyl chloride resin-nodi acrylic resin,

[

prevents uneven transfer at secondary transfer because the charge provided
by charging means does not remam as much. In addition, it is easier to
apply transfer bias for the secondary transfer.

The materials for the mmtermediate transifer body may be properly
selected depending on the application: examples are as follows:

(1) Materials with high Young's moduli {tension elasticity) used as a
single layer belt, which includes polyearhonates (PC), polyvinylidene fluoride
{PVDF), polyalkylene terephthalate (PAT), blend materials of PC/PAT,
ethylene tetralluorosthylene copolymer (ETFE)/PC, and ETFE/PAT
thermosstting polytmides of carbon black dispersion, and the like. These

single layer belts having high Young’s moduli are small in their deformation
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acrylic urethane resin, and the like), vinyl chloride
resin, styrene-vinyl acetate copol yner, vinyl
chl oride-vinyl acetate copolyner, rosin-nodified
mal ei ¢ acid resin, phenol resin, epoxy resin,
pol yester resin, polyester polyurethane resin,
pol yet hyl ene, pol ypropyl ene, pol ybutadi ene, 20
agRilay WirdYs HAARE imAke FhidfatidPRRAE e hERIdMaRP AVARIR80Es in

resrn srlrcone resrn ket one resin,

h | ene- et Iat opol Iene resin and
Fregoaatign i oty 1ol mock & BF FRRRP.

polyphenylene oxrde resrn 116 - --------mm amee o -

and et Howdsle or tFple lajer helbhmngam abloesdeseihed bl hlaving
el astic naterrals one or nore can be selected from

t.wl e I ubber,
high Yo 64 She BS540 Bl lay B MO MR, ol g
acrylonrtrrlebutadrene 5 rubber (NBR),
orhiengl ighermediatedayermmmaddby peripharaliside of thehase layer.
i soprene rubber, styrene but adi ene rubber but adi ene
Thicldddle oretripth BARTHeRBH L RapabilRAl pie a&pRydrene
terpolyner chl'or opr ene rubber, chlorosul nat ed
p eth | ene,. chl or.i nat ed e ret hane
i G e pifkiost 1, ling inszo PR st Biitho haniiess of the
eplchlorohydrln rubber, silicone rubber, fluorine
shuﬁbbﬂmthb.polysulfuri7,ed r ubber, polynorbornen
rubber, hydrogenated nitrile rubber, thernoplastic
el as I i
el astr%@g} s % ngl%rﬁ, %R A {rarss. that RRLMArEdsth
onurethane elastoners pol yam de elastoners
VFrarelasiosmese Tois balt hasan ﬁdéﬂamrfbﬁé thgre is almost no

fluorine resin elastonmers. 15 The eleetrlc conducti ve
pridg dalectof ubdedr @RfEF YortRnga!£lin & BRSNIHRS tPRs softness.

Additionally, by making the width of the belt wider than driving and tension
rollers and thereby using the elasticity of the edge portions that extend over
the rollers, it can prevent snaky move of the belt.  Therefore, it can reduce
cast without the need for ribs and a device to prevent the snaky move,

Conventicnally, intermediate transfer belts have been adopting
fluorine resins, polycarbonates, polyimides, and the like, but in the recent
years, elastic belts in which elastic members are used in all layers or a part
thereof. Tkere are issues on transfer of color images using a resin belt.

Color images are typically formed by four colors toners. In one color
nmage, toner layers of layer 1 to Iayer 4 are formed. Toner layers are

pressurized as they pass the primary transfer in which the layers are
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t he application; exanples thereof include carbon
bl ack, graphite, netal powders such as al um num
ni ckel, and the like; and electric conductive netal )
oxi des such as tin oxide, titanium oxide, antinony =
oxi de, indiumoxide, potassiumtitanate, antinony tin :
oxide (AT O, indiumtin oxide aTO, and 20 the I|ike. :

triiferfBll Hork thé BRotIBONARSOR R iRR RRALAR MM BEIt and- ' ]

particul ates 'such as barium sultate, magnesium s

SI|IC fe, cal at e, and the |i ) Materi al s
thg oo gy, Frmster i ifich fs aibg 1 Eang the

contami nation 117 of the photoconductor by the

inkirasiaie ted rerfé el afidtHesheet] welgich higrrapsdsabie cohgsive foree
friction of the transfer belt so that toner adhesion

t I and secondar
g GRSEBEMARE, AL GRIGR ¥ 1800380 B ntons ud as _
nore of pol yuret hane, polyester, oxy resin, and the 4
drpp Rt o eigeses anshdropgutsoiedess of solisimageesrofikaly to occur, .

materi al that reduces surface energy and enhances

SihéordaFPbaleNaieh basd th HE Hbi&%nfeﬁ%g‘hheftbﬁu@ﬂa r< PRRPLE to

car bon fI uori de, titanium dioxi si |1 con carbide,

or th |ke n be dj ed,and us nor e
COREFFE oy and Herplore dew o Ri@q?a% ﬂ@éf@ettersare

powder s or partl cles of different sizes may be
likebplooyedr. | n addition, it is possible to use a 10
mat eri al such as fluorine rubber that is treated with

cur 1 KRS thgee il B Ehfe N bk naBh B Hfol Frpes

Unit FIG 6 is a schenatlc di agr showi ng an exanpl e
of papemsuichiasalppanssapanpr o mglﬂrvma a gougipsuefacont act

charger of charging unit. 15 The phot oconductor 140
indr@adifgC hElogRter 8héetk 3F ABperChSHhE AW Bhddbthness tend to form
gaps between the toner and the sheet at transfer and thus leading to
miss-transfers. When the transfer pressure of secondary transfer section is
raised In order to increase contact, the eohesive foree of the toner layers will
be higher, which will result in drop out of letters as described above.

Elastic belts are used for the following aim. Elastic belts deform
according to the toner layers and the roughness of the sheet having low
smoothness at the transfer section.  In other words, since the elastic belts
deform to comply with local bumps and holes, a good contact is achieved
without increasing the transfer pressure against the toner layers excessively

80 that it is possible to obtain trans{erred images having excellent uniformity

without any drop out of letters even on sheets of paper of low flatness.
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phot oconductor is rotated at apredeterm ned speed of
process speed in the direction showmmn with the arrow
in the figure. The charging roller 160, which is
brought into contact with the photoconductor, contains
a core rod and a conductive rubber |ayer formed on

the core rod in a shape of a 20 concentri c circle. The
gy o} bid D=6OBAL ke r .
beari ngs not S %rég‘iﬁ%gﬂ féti-zller/t\ftéchfmmthe

enaé%rzstor tatefreel and i.Echar in oller is
ETOMR SHO%eﬂﬁbﬂ%% rrealeﬂ . BEeNe s

pressure by a pressure nenber (not shovvn) The

resina (hmgpslpinees add QopdlyinBrsinchiditg 8ntBas of sabstitted es
along with the rot at| on of the photoconductor. The

sigRRRR R dibel it SRR e BT ik ls Berome

diameter of 9 mmi s coated with a rubber [ayer having
stirepehudedigne copdymen shmeot- vandrakinds aipplyider, 6G0ene vinyl

Sl-cm The povver supply (not shown) is electrically

' I'ler
ac%l%g@ﬁgﬂ% predet erm n 2@’“%‘“%%%%@5 6630

roller the mer suppl y, thereb the
Vtﬂ% ghyrongaue (FePelymerostyEenge gl astylate
charged at a predeterntned polarity and 10 petential

mﬂolthﬁr cltgrcgicrigiigbairgbite Ropdlpmet asehinet diflnicrpla td@pob@ner,

non-contacting unit rat her than the contacting unit

éalrng&ﬁmai ?%&3’]"}‘%@% ra the cogg act ctt&am%ﬁe]r | s

reI atively little, is An alternatlve el ectrlc fieldis
(styppne-wethy) meidaendaly cegolysndrcelyntna eibiyl medbecriviatei ng

appar atuses of the present invention. Direct electric
uu;ﬁﬂi?ﬁér, styrene-phenyl methacrylate copolymer, and the like),
styrene-a-chloromethyl acrylate copolymer, styrene-acrvlonitrile acrylate
copolymer, and the like, methyl methacrylate resin, butyl methacrylate resin,
ethyl acrylate resin, butyl acrylate resin, modified acrylic resins
(silicone-modified acrylic resin, vinyl chloride resin-modified acrylic resin,
acrylic urethane resin, and the like), vinyl chloride resin, styrene—vinyl
acetate copolymer, vinyl chloride-vinyl acetate copolymer, resin-modified
malcic acid resin, phenol resin, epoxy resin, polyester resin, polyester
polyurethane resin, polyethylene, polypropylene, polybutediens,
palyvinylidene chloride, ionomer resin, polyurethane resin, silicone resin,

ketone resin, ethylene-ethylacrylate copolymer, xylene resin and

polyvinylbutylal resin, polyamide resin, modified polyphenylene oxdde resin,
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typically generates a great nunber of ' and NO3-,
since the photoconductor is charged as one polarity.
The ozone and nitrogen oxide tend to attach to the
phot oconduct or and degrade the surface of the
phot oconduct or; 20 consequently the surface of the
phot oconductor is hardened, the abrasion wear tanes
H&hFQHQFr the external additive tends to deposit due.
an owered friction coefficients, resulting in
frequent_ occurrences of filmng. On the 119 contrary,

al t edivathe susharand asiomer of mlpw elaatic anaterinlsaoneay more

reduce the - generatlon of ozone etc. and the

Iliétdéﬁé@:ﬂﬂﬂﬁ'bﬂf ERE ot Bty P EHbBer, ﬂlhtﬁhne rubber,

particul ar, ternatlve electric field
S r ozone d rive i on of.

acpy R seReRae B i e hheh SR PAE) aﬁﬂ?%ﬂqbaﬁ%n%
5 reverse polarity. The configuration of the charging

rubiber @Eﬂh}ﬂﬂhﬂﬂmﬁﬂlﬁhﬂwﬁmﬂi&e&t}*@m mpealdiubben nisoprene

specifications of the inmge farn1ng apparatus; for

i i b e R T

Is typically constructed fron1a chargln%gnaterlal of
rubbex e yiene-prpylenedsreqlymensijoropreneaiubbey chlprosufonated

non- magneti ¢ conductive sleeve for the.support, or a

polighelehe, dhdddineRd 3obethfens, wretHiw: Fubbeb) dyallidtactior med

of a for to which Such a conductive material is

i e R e

metals or conductive materials to forma charging
polisulivgized subberiprlyGothornemegsberphydmgenyed mikrile rEbksr, 7

is a schematic view that exenplarily shows a

tha%eﬁmea@aas&%@?%acﬁaggb%g&ea& chhstARER MBI | N

the direct tra er sys
elastomers, polyvinyl chlorzde elastomers, polyurethane elastomens,
polyamide elastomers, polyurea elastomers, polyester elastorners and
fluorine resin elastomers.

The electric conductive agent may be properly selected depending on
the application; examples thereof include carbon black, graphite, metal
powders such ag alominum, nickel, and the like; and electric conductive
metal oxides such as tin oxide, Htanium oxide, antimony oxide, indivm oxdde,
potassium Htanate, antimony tin oxide {(ATQ), indium tin oxide (ITO}, and
the like. The metal oxides mey be coated on non-conducting particulates
such as barium sulfate, magnesium silicate, caleium carbonate, and the like,

Matenals of the surface layer are required to prevent contamination
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shown in FIG 7, a transfer device 2, serving as a
transfer, transfers inmges on individual

phot oconductors 1 sequentially to a sheet 'V, serving
as a 20 recording nedium transported by a sheet
conveyer belt 3. In the indirect transfer system as
shown in FIG 8, a primary transfer device 2

uf%ﬁ&?ﬁﬂhbﬁi&d{:mrt]ﬂﬁﬂﬁ & Stid ARG 0nd RfteluEd Ble sucface | -
phot oconductors 1 to an internmedi ate transfer 120 4,

.and a,.second transfer devi H transfers t
h@%ﬁ%ﬁ%ﬁ?ﬂ%ﬁﬂ@wmﬂm ion ﬁ%ﬁn@g@ﬁwa 4
to the sheet "s" at once. The transfer device 5, .
clesambility aal debendagnsdmafeor prybeyareianehesd, c Forey@inple, :
belt or a roller. The direct transfer system nust .

i .5 t .
oG QR B P ilefiel BRLEE Flin. 2l Eipis e s sogd, qmd
i mage formng apparatus T and an inmage-fixing device
powdgsserpadinias dfay matenatibagreduees snrfacs endsky aind

inits size in a sheet conveying direction. In

ub@Ritidsinch £ Midignd ARG, Milorideadatifiundly sdidh fhitfide

secondary transfer mechanismcan be relatively freely

..arranged,.,and.the sheet feeder 6 agnd,the i fixin

G i S i a0 It e T P T<BR AR Whg. | One
tandem i nage form ng apparatus T. (the apparatus of

or phivgeilnbincsadt mb tearted$ araydysoesd, altarmidtbredy, poedbes or particles ;
downsi zed, In the direct transfer system the :

of iTRggnt i a0 bty ebdiBrioR LRSS 18
prevent _ 15 _upsi zi ng‘J of the apparatus_ in a sheet
matgFpb Gugiyaziinerne spbberihat sctaeated with heat sathatiaci ent | y

bend in such a small space between the inmge-fixing

fludeivieasc flid Hemba od R istifi8e hAH The SuPRRPERIrEY id reduced,
Accordingly, image formation upstreamto the

Cll'a&r&ﬁ:eg'l\jmmr%g device 7 is affected by an inpact,

W -

FIG. 6is a schematie diagram showing an example of the

imege-forming apparatus that equips a contact charger of charging unit.

_The photoconductor 140 to be charged as a latent electrostatic

photoconductor is rotated at a predetermined speed of process speed in the
direction shown with the arrow in the figure, The charging roller 160,
which is brought into contact with the photoconductor, contains a eore rod
and a conductive rubber Iayer formed on the core rod in a shape of a
concentric eircle, The both terminals of the core rod are supported with
bearings {not shown) so that the charging roller enables to rotate freely, and 1

the charging roller is pressed o the photoconductor at a predetermined
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specifically in a thick sheet, fornmed when the tip of
the sheet "s' enters the 20 inage fixing device 7 and
by the difference between the conveying speed of the
sheet when it passes through the inage-fixing device 7
and the conveying speed of the sheet by the transfer
conveyor belt. 121 In contrast, in the indirect

r tohown).C ¥ha char L] Ly s
PeEERlE kf'a FELE mblifof (ifshofim). JaThs chandilit IR0l shie
the tandeminmage form ng apparatus T. Thus, the ina%%
figyrg itherednreiretatés alvng wigh the rejation eaihe phetpeenduciyre The
image formation. 5 In the col or el ectrophotographic

chapdapabler DE0 ishenbadlelringd Gvill a GRRWer of 18! am th which a

phot oconduct or cl eaning device 8 renpves a residua

b8 e B REBL SIS i R P S a8

anot her image farmng process. In addition, an
miderataedisence ofapprenmatelyiidigieQicoe 9 renoves
residual toners on the 10 internediate transfer 4

The. SaFARea SHBPR, thok PAMSLFICIARP i RFLFRY thrRaR

in? e-forn ng process. _The jnventive enbodi nent wl |l
rog@ %mlwrﬂ:gts 1ftranka pEedeteymmeddias 3 applipd;ts the
schemati c view showi ng an exanpl e of an

chat e rolddoho tiepire supply; thaishofthe Rarkapdeths ndi r ect
i mage transfer system 15 as an enbodi nent using the

AR AR B AR et R LB U A
feeder table 200 on which the copying nmachi ne main

pobesial100 i s placed, a scanner 300 arranged on the
copyi ng machi ne nmai n body 100, and an autonmatic

decu ;‘Tg%itcg:af%%;dﬂ%ﬁ tAS Bréeh@ RAR M hif paganner 300.
non-contacting umit rather than the contacting umt described above;
preferably, the contact charger is preferable since the generation of ozone is
relatively little.

An alternative electric fizld 1s applied to the charging device of the
image forming apparatuses of the present invention. Direct electric field
typically generates a great number of Oy~ and NOj", since the phatocondugctor
18 charged as one polarity. The azone and nitrogen oxide tend to attach to
the photoconductor and degrade the surface of the photoeconductor;
consequently, the surface of the photoconductor is hardened, the abrasion

wear comes to larger, the external additive tends to deposit due to lowerad

friction coefficients, resulting in frequent occurrences of filming.  On the
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20 body 100 i ncludes an endl ess-belt internedi ate
transfer 10. The internediate transfer nenber 10 shown
in FIG 9 is spanned around three support rollers 14,
15 and 16 and is capable of rotating and 122 - - -
--------------------------------- noving in a

cl ockwi se direction in the figure. - This apparatus

. k , _ " , . 17
coh B R A S RS AR BB 11
internedjate transfer cleaning device 17 is capable
GePeEra 07808 elce and the rhetsimdntermey hethargedipatermly.

transfer 10 after inmge-transfer. Above the
Inipairticike) theailisraative sledflicRad 188y BepYRes thd Gzdnkfdeirivadd
second support rollers 14 and 15, yellow, cyan,

AePRER: o P gRilpior o8 Tl RethebB ol Tl ee =
internedi ate transfer 10 to thereby constitute a

revemsd@olatifge forming unit za 20. The apparat us
further includes an exposing device 21 serving as an

i mag RRRE o AAYE ¢ Qﬁghe |nﬁa? Hgﬁg

20 aggﬁgﬁsecondéﬁy %?5%5 r §%€E%|o ?ﬁégﬁﬁ%ggﬁ% |§%e

trapsfer 10 shown_ in FIG 9. The secondary

depen; BP?F‘EHHRHE pktheimazg fepning apparainss for example) the
serving as 15 a secondary transfer belt 24 spanned

coafigurticnvaay bk lvedgndtn: brikk, e tendhepe. in hadisicar tohellér. 24
is pressed on the third support roller 16 with the

THeASERAS bR 1 bbb R B B of
transfer 10 to a sheet. An image-fixing device 25 is
fergite agtidlea sueihas Endéu irrithen wewramimeyic conductive sleeve for
t]:fef'éuppnrt, or a magnetic roll encased therein. The fur blush i1s lormed of a
fur to which such a conductive material is applied as carbon, copper sulfide,
metals, or metal oxxdes; the fur is wounded or adhered to the other metals or

conductive materals to form a charging device.
Tandem Color Image Forming Apparatus

FIG:. 7 18 a schematic view that exemplarily shows a colorimage
formung apparatus of a tandem gystem. In the direct transfer system as
shown in FIG, 7, a transfer device 2, serving as a transfer, transfers images
on individual photoconductors 1 sequentially to a sheet “s”, serving as a
recording medium, iransported by a sheet conveyer belt 3. In the indirect

transfer system as shown in FIG. 8, a primary transfer device 2 sequentially

transfers images on individual photoeonductors 1 to an intermediate transfer
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20 transfer 22 and is capable of fixing a transferred
i mge on the sheet. The ima ge-fixing device 25
conprises an endl ess inmage-fixing belt 26 and a
pressure roller 27 pressed on the inmage-fixing belt
26. 123 The secondary transfer 22 is also cap abl e of
transporting a sheet after inage transfer to the

]'r.t
£ ) - i
or a non- coﬁtact cﬁarger can%@ Lme ﬂﬂh %gﬁé ’ ;

. transfer 22. In_ this _case, the secondary transfer 22
infarmedagte fransiend to thehael {5 abfonges r Rhe pransfarglavie 5,
sheet. The apparatus al so includes a sheet reverser 28

sebahgwsithe tmﬁﬁplﬁnray hetd sasbRF cdvaid beharia®ierf i xi ng

device 25 in parall vvrththetandemrrrage farm ng
uni t 20. 4-The,sheet reverser 28 i s.ca ver

he THEJ0rE P SyBlEGh 2Rt SEuing st Aot Ferde* ByoreReadn
sheet. 10 A copy is made using the color

to she sequspiiisdly pragsedephpammsutors i affbe timldrowmage forming

manner. Initially, a docunent is placed on a docunent

%ﬁﬁ%‘é?@ﬂaﬁzﬂ%’%ﬁ%ﬁ it erf“g?re ystem

‘g t he dqocynent is placed on_a contact glass 32
Ing; tﬁﬁﬁ%l%%ﬁ*ﬁreﬂne rizeimp pheet sonveing digstome nkn goakeRst, in
400 is dosed to press 15 the docunent. At the push of

theimsdisedt tearslotsyGah, 1heeseinddrh eraofsrmethanibmaan be
pl aced an the automatic docunent feeder 400 is

rolgRARERPIF el 5 ERTARES folel Rnnilthelipioky o dvie

the scanner 300 |s |mred| ately driven to operate a
7 carbyt apaneedigeoveautier kelewdbe daddem amsige ferndisg dppghatus

is applied froma |ight source to the docunent, and
T. -The apparatws of the indireci transfer system can therefore be

downsized,

In the direct transfer system, the image-fixing device 7 should be
arranged in the vicinity of the tandem image forming apparatus T to prevent
upsizing of the apparatus in a sheet conveying direction. The sheet "5
cannot suffictently bend in such a smail space between the image-fixing
device 7 and the tandem image forming apparatus T. Accordingly, image
formation npstream to the image-fixing device 7 is affected by an impact,
specifically in a thick sheet, formed when the tip of the sheet “5” enters the
image-fixing device 7 and by the difference between the conveying speed of
the sheet when it passes through the imapge-fixing device 7 and the conveying

speed of the sheet by the transfer conveyor belt.
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reflected light fromthe docunent is further reflected
toward the second carriage 34 at the first carriage
33. The reflected light is further reflected 124 by a
mrror of the second carriage 34 and passes through an
i mage-formng lens 35 into a read sensor 36 to
thereby read the docunent. At the push of the start

SWi t R chfithst R Y indiredt b¥@isPR 96t Ghe sABOWY o4 @t at es

and drives one of the support roIIers 14 15 and 16 to

oSESEY ot b B SR b e B e

roller to thereby rotatably convey the |nterrred| ate
tatedem afmze TrminGi applatrainedh s | 'Thid) ¢he holags-fuale davege? does
form ng device 18 rotates their photoconductors 40 to

fRr ARt : genta, and cyan
m?m ocC ror'r@rl mg@%gﬁb%o otonduct ors 40,
respectjvely. Wth the 10 conveyr ng i nternediate
t r andpdhe Etiﬂr eleetraphidoaranhic appafaduspkthedqndem bk ps

tranMorred to forma conposite color inmage on the

showhah TG, 8 8 phbaRsh@hctdPelea SRFUALR! § réthotdiey ﬂéﬁihsﬂfmner

the start swtch (not shown), one of feeder roll ers 42

Dng}lgpgl]% fe EIF'ZP% bl.e 200 Ifgﬁftfﬁlﬁ% %gg% rota ed, ejtls

in a paper bank 43 and are separated in a
phskpan&mﬁanlﬂmanmmdﬁﬁnmgaﬂwnﬂmgphﬂﬁﬂaa]&eﬂﬂﬁﬁﬂmaﬁh 46
are transported by a transport roller 47 into a feeder

urrpg%%tgal nst cg%ggte%'gp: O%E %A??'g%lna]gll ve':fj}{/]é,i:l ?Lg

push of the start_swtch rotates a feeder roller 50 to
intgrmefialp teanslern f aftemiheaccendry dransformng stendo shersby clean

are separated one by one 20 on a separation roller 52

theé Stuface dthudhteRitRdste tRALEr DR hRBha th A rRMPefhces
-agai nst the resist roller 49.

The inventive embodiment will be explained with reference to TIG. 9.

FIG. 9 1s a schematic view showing an example of an
electrophotographic apparatus of the tundem indirect fmage transfler system
as an embodiment using the toner and the develaper of the present invention.
The apparatus inclirdes a copying machine main body 100, a feeder table 200
on which the copying machine main body 100 is placed, a scanner 300
arranged on the copying machine main body 100, and an autematice
document feeder (ADF) 400 arranged on the scanner 300. The copier main
body 100 mncludes an endless-belt intermediate transler 10.

The intermediate transfer member 10 shown in FIG. 9 is spanned

around three support rollers 14, 15 and 16 and is capable of rotating and
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The resist roller 49 is rotated synchronously with the
nmovenent of 125 the conposite col or inmage on the
internediate transfer 10 to transport the- sheet into
between the internedi ate transfer 10 and the secondary
transfer 22, and the conposite color inage is
transferred onto the sheet by action of the secondary

- el feewi S éfg%ﬁ’kﬂy color inmage, 5 The .
méﬁegtﬁ t he ran%{@r%r

eari ng I'mage is transported by

t he econdary transfer 22 into_the image-fixing. .
devi Jiﬂ%l,mwsﬁ mcledesgm wtﬁ@&@dlaaha'apﬁ%s elepaingdavies 17
i mge-fixing device 25 to fix the transferred i mage,
oncGhangrk sidet of tHe éRindAmpPYrinGileA 1501 The S dhita dtrRfor
is ejected by an ejecting roller 56 and is stacked on
an-out.put ay b7,;Aternatively,..t sheet .1 0 changes
IRk 1R Al Y gRnRr e S risibaloDrLan a8 oo
~the sheet reverser 28, turns therein, is transported
inkegaicdizate travsian Hhafter imasi-travaferf ol | owed by i mage
formati on on the back surface of the sheet. The sheet
beari j ' t ' '
tbr o B Eendat Gap e 30 MR8 Pobr it and
57. 15 Separatell, the internmedi ate transfer _cl eaning

scennd suppert rolless, L4 agd 1pegellnm cvanraagemts; pad black

internedi ate transfer 10 after image transfer for

imageitreningrde:el 1§ dfengrafaitiadquirallelint  hovait@iFe dtigRost the
formng unit 20. The resist roller 49 is generally

infRBUBPEE prohidior fo S RRERLR Y iRy SR R oy
In the tandem i nage farm ng apparatus 20, each of the

20i mage forming units 18 conprises drum phot oconduct or
40, and around the photoconductor 40 are equi pped

,\M.‘It h ThR apgar oA taahe thel dE3S P PRl asiy ddvits81 serving as an

1nage-developer, above the tandem image forming unit 20 and a secondary
transfer 22 below the intermediate transfer 10 as shown in FIG. 9. The
secondary transfer 22, shown in FIG. 9 comprises an endless belt serving as
a secondary tranafer helt 24 spanned around two rollers 23. The secondary
tranzfer belt 24 is pressed on the third support roller 16 with the
interposition of the intermediate transfer 10 and is capable of transferring an
image on the intermediate transfer 10 to & sheet.

An image-bxing device 25 is arranged on the zide of the secondaxry
transfer 22 and is capahle of fixing a transferred image on the shest. 'The
image-hxing device 26 comprises an endless image-fixing belt 26 and a

pressure roller 27 pressed on the image-fxing belt 26.
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126 transfer unit 62, cleaner 63, charge elim nator

64. Further, developing - agent 65, stirring puddle
68, partition plate 69, toner-concentration sensor 71,
devel opi ng sl eeve 72, doctor 73, cleaning blade 75,

cl eaning brush 76, cleaning roller 77, cleaning bl ade
78, toner-discharge auger 79, and driving 5 unit 80
are oy Bastiag AR 17is ik oot OFGARefdtin dififbetNe
process cartridge applied fron1‘%e prese I nventi on

i ncludes at . | east .a | atent el ectrostatic | mge
aflgB piaRG s oo ey Tanes dr0e 40; cNabwayges mmger
devel opi ng unit for devel opi ng by use of the devel oper

roller droa peA-Quiiset bhergeege be wadl astheseoptlagnaanshr 22. In
The devel oping unit contains at |east a devel oper

iRer ont Al inyenti t ongr.«-0r 4 he :
b0 B8 by LB s iy AR Ve AR A0 ;.
transports the toner or the developer in the ;
trapspertong thashaedi ner, and al so a | ayer-thi ckness
control nenber to control the |ayer thickness of the

car r JiGippaiftus als imkaded} ditefr&RIRES Kel¥iriWe QEeciillary

i mage form ng apparatus of tandemindirect transfer

systemth conpri ses the.process carfri .. Th A
triieftch and th b BemerianiceiTh opamict wiihiDa sanism image
phot oconduct or 302 and the devel opi ng unit 304 anong
fortomemgpirot B@.onthe eheet30Lerseh 88 @8 expablnof redB3ing eviedlapitisg
unit 304, and cleaning unit 305 etc., and preferably,

. r:hl ' achably attached to
fﬁﬁ@?ﬁ%ggﬁﬁgﬁ o¥h§éﬁéﬁé orﬁ?%&gﬁgpparatuses such as
copiers and printers. The inventive electrostatic

i magé WEy ds Bdsding the colerelestnophytegraphioapparatus in the

following manner. Initially, a document is placed on a decument platen 30
of the automatic document feeder 400. Alternatively, {the putomatic
document feeder 400} is opened, the document is placed on a contact glass 32
of the scanner 300, and the automatic decument feeder 400 is closed to press
the deceument.

At the push of a start switch (not shown), the document, if any,
placad on the automatic document feeder 400 is transported onto the contact
glass 32. When the decument is inifially placed on the contact glass 32, the
scanner 300 is immediately doven to operate a first carriage 33 and a second
carriage 34. Light is applied from a light source to the document, and
reflected light from the document is further reflected toward the second

carriage 34 at the frst carriage 33.  The reflected light is further reflected
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i nventive binder resin of the pol ycondensation

pol yester resin, may exhibit excellent bl ocking

resi stance and | ow tenperature taxability, provide
high quality inmages stably with tinme under such
conditions as high tenperature and high humdity, |ow
tenperature and low humdity, or outputting larger 5

e D R e A 7B g

carriers or .devel opj ng,sl eeves, and al so represent
1*%%$ b‘ﬁPiﬂa’Ecé‘ﬂ#B%%Fg@ B?‘tg'éﬁrﬂ?etmsﬁﬂ gioﬁ'gmﬁ%mhi lity and
charging property. Moreover, the resin properties are
adequttihe posh of bhaglart Seitck Gt shien) Sa atike mdtbathdti N
conpounds that are environnmentally harnful. 10 In

) T A G YL, L 5 0

be far from background snmear under high tenperature
allgprthei rgpidmahiwe syprarh aollars hie rotaki fdlowipg therotatina 0§ i

ability, less environnental fluctuation and excell ent

onk @0pp THEA IR {Hy@Rhlably corfRy thE @Y meNeRs for 10.

envi ronnental |oad by virtue of "the 1s toner gfn
.prepared .from.catal yst others th tin catal ysis that
Siultanepusly, the &w%@magﬁ@waﬁ%melwmwﬁ&ﬁm

Mor eover, the inventive electrostatic inage devel opi ng

Photneenduibrcd) toctwrebnform black, pelliwes irelzehiss inmdpfyapar ed
under a specific titaniumcontainng catalyst and the

e o S ol A WL AL AP BRLLUEDE' TR
di stribution, excellent initial charging property and
coRveyang BHerpadialy Banals 39athe menothrome whagesfore seaubriially

temperature/ hum dity change, be Free from snmears and

trdnisférded td firml H80mPEtt GAUCISALR brtheSRYSHALdiA R transfer 10.
4 housand sheets on devel opi ng supports |ike -

Separately at the push of the start switch {not shown), one of feeder
rollers 42 of the feeder table 200 is selectively rotated, sheets are ejected from
one of multiple feeder cassettes 44 in a paper bank 43 and are separated in a
separation roller 45 one by one into a feeder path 46, are transported by a
transport roller 47 into a feeder path 48 in the copying machine main body
100 and are bumped against a resist roller 49.

Alternatively, the push of the start switch rotates a feeder roller 50 to
gject sheets on a manual bypasa tray 51, the sheets are separated one by one
on a separation roller 52 into a manual bypass feeder path 53 and are

bumped against the resist roller 49.

The resist roller 49 is rotated synchronously with the movement af
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devel oping rollers or sleeves and | ayer-thickness
control nenbers |ike blades or rollers, and provide
efficient productivity due to proper nulling ability,
and far fromenvironnental problens, as such be
appropriate for full-color 5 allocation. The present
i nvention provide al so a one-conponent devel oper and

thé ¥omp eﬁ&om%rgﬁﬂ g&aﬁeﬁ&ﬂ;& Pantca&ednspaﬁ%

i mage form ng an |nage orm ng apparatus

that uiilize the toner_The present |nvent|on wll be
sh Rk P the netegmediae; and the secopdap; wanske

present invention will be Iimted in no way. In the

22¢ead thetompssitedoldr 1maige 18 Srdiefaved ahio fharshsetBRAGtion of
"parts by mass" and all percentages neans "% by

B R 5,

foll owi n Bgﬂprocesses 15 Measurenment of Softening
Tenpdibgtaheet bgaring ther traheferredimageis trasksported ylthe

material is ralsed at a constant rate using a flow

tRFh e LR 6 PRk A Rk gﬁgﬂ%ﬁ.

E[Ewhi ch hal f of the sanpl e mat r| a haV| n en Dot
ut is defined a sftenln nper at ur e.
Srplifire S Hhi in g Biing AT A Y D g TeddmaEe) oad

. 20 kgflcnm2 die :1 mm(D - Inm 129 ~. s
chhwpgsdtadiredion by fl@iﬂrﬁﬁf&& Fwiich Maile-55, 1s ejected by an ejecting

roller 56 and is stacked on an cutput tray 57. Alternatively, the sheet
changes ils direction by action of the switch blade 55 into the sheet reveraer
28_, turns therein, is transported again to the transfer position, followed by
image formation on the back surface of the sheet. The sheet bearing images
on both sidea thereof is ejected through the ejecting roller 56 onto the output
tray 57.

Separately, the intermediate transfer cleaning device 17 removes a
mesidual toner on the intermediate transfer 10 afier image transfer for
another image forming procedure by the tandem image forming unit 20.

The resist roller 49 is generally grounded, but it is also acceptable to
apply a hias thereto for the removal of paper dust of the sheet.

In the tandem 1mage forming apparatns 20, each of the image
forming umts 18 comprises drum photoconductor 40, and around the

photoeonductor 40 are equipped with charge charger 60, developer 61, firat
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sanple mass =1.0 g Measurenent of Particle D aneter of
Toner The particle dianmeter distribution of toner
particles was neasured 5 using Coulter counter TA-I1
(by Beckman Coulter, Inc.) as follows-. Initially,
0.1 to 5 n of a surfactant of al kyl henzene sul fonate
is added as a dispersant into 100 to 150 nL of an

BT GRS ARt Rl e SR GR B B fRbe <

WhICh is prepared from ] SOTON-11 (by Beckman Coul ter,
agrpk §5, shircmgirudde 680p@rtiwmelabytddenatiduentratios sensor 71,

el ectrolyte solution, which was then wultrasonically

dedemﬁﬁ:rgsgémfeom, Hobtdr 33 ”E-l@Hﬁﬁ? HISA 95,2184 ih 8 BRI 76,
di spersing device, thereafter volume and nunber of

t he tgﬁﬁ$ﬂ%a |cle§]§r§ggeasurgd By the -E%ﬁéﬁh@?%

the volune distribution and the nunber dlstribution,
urit 8imrdeqhippéb ay chowe 1d F1GvOr age particle di aneter and

the nunber average particle dianeter are =

f In order to nmeasure particles having a

parEi (?:ql@%ggeaneter (Pd) of no less than 2.00 pmto

| ess than 40.30 pm thirteen channels are used such as

2. 00 Theigormss z: applisd from thepeaseny ipyentignincludes at

nSPd<4. 00 gm 20 4.00 pntS Pd 5.04m 5.04m <Pd < 6. 35

led¥Pa latein eﬂéctésf’%m&a@% FhHe R Q118 rd2el O,
08pntPd c12. 70pm 12.70pn PdC16.00 pm 16.00 pms Pd

g R et B e P 2 B 5 5

visible images, and other optional units. The develaping unit conlains at

]eesi': a developer container that contains the inventive toner or the developer
and a developer carrier that carries and transports the toner or the developer
in the developer container, and also a layerthickness control member to
control the layer thickness of the carrying toner.

FIG. 10 is a schematic view of an image forming apparatus of
tandem indirect transfer system that comprises the proecss cartridee.

The process cartridge contains integrally at least the photoconductor
302 and the developing unit 304 among the photoconductor 302, charging
unit 303, developing unit 304, and cleamng umt 306 ete., and preferably, the
process cartridge 15 detachably attached to main bodied of image forming
apparatuses such as copiers and printers.

The inventive clectrostatic image developing toner, containing the
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Measurenment of Average Circularity of Toner The
average circularity is neasured using a flowtype
particle imge analyzer FPIA-2100 (by Sysnex Co ).
Specifically 0.3 nL of a surfactant of 5 al kyl henaene
sul fonate is added as a dispersant into 120 nL of pure
water, to which about 0.2 g of a sanple i s added. The

mﬁmﬁhﬂ&%am%%ﬂut es us g a u*%@g @Eﬂﬁhit

dlspersed for about 2

er, devi.ce, the er3|on concentratlon i s
EX&C&%@@#@@%& Bisttange angd w Gxpinlityeprovide high

distribution of the toner are rreasured i o I\/basurerrent

qualityShapgesaablyreitbEile andeSuch @ndifioed asH tﬁﬁ@ﬁ?ature
taken using FE- SEM (S-4800, by Hitachi, Lt are

oG S Bl 0Rt s MR i bl téﬂg'”m

interface and anal yzed. Measurenent of Aggl oneration
ﬂl‘%gﬂéﬁaﬁtﬁmhb“’éﬁuﬂi@mhbﬂﬁg@ﬁ derressing vhaegjng eaparity due to

nmeasured using a powder tester (by Hosokavva M cron

ﬁr@aah@&ﬂbpmﬁsmmgﬂl&wr&?m%ﬁ%% losPhd 51681 © Set

on a vibrating table accor ow ng

oced;&&app%%g%g%&ggﬁm (id ) packi ng 20 (| i)

I ower (v) pressing bar 131 The screens are f i xed by
prépeaty. n(Msreciie thd bisid prapdrtibs erd Sdapenabesh thovghithiehe
condi tions bel ow
catalyst is other than tin compounds that are environmentally harmful.

In addition, the inventive toner, in particular the toner combined
witﬁ'the specific charge control agent may be far from background smear
under high temperaturc and high humtdity conditions, exhibit proper
charging ability, less environmental fluctuation and excellent low
bemperature fixability, and achieve leas environmental load by virtue of the
toner binder prePaIed from catalyst others than tin catalysts that hiclogically
toxic and environmentally harmful.

Moreover, the inventive clectrostatic image developing toner, which
containing the polyester resin prepared under a specific {itanivm-containing
catalyst and the resin charge control agent in a specific ratio, may exhibit a
hagh charge amount and a sharp charge distribution, excellent initial
charging property and excellent background smear, and be haxdly affected by

temperature/humndity change, he free from smears and [lmings for long

128
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screen opening (upper) : 75 pm screen opening
(mddle) : 45 Vin 5 screen opening (lower) : 22 m
vibration anplitude : 1 mm sanple mass : 2 g

vi brating period : 15 seconds The aggl onerati on degree
is calculated as follows after the operation, 10 nass
of powder an the upper screen x 1 : (a) nmass of powder ¢

' t he
sl i B SR b %i-eﬁib p 4Pt ABH0H 108
val ues i s defined as the aggloneration degree gke
deyelopmpodlees or slepvegagrdayeofhicknesys conkrp) mentyers fke blades
Measurenment of dass Transition Thnperature Tg The

or @by, Ahd PEivi A0 RHRIR PradwitRithohef td propkr hilivBABIGAE and
under the follow ng conditions. differential scanning

ﬁéﬁhﬁ‘%ﬁmter mﬁg %r‘i?lj][’)‘@SC 1081 Sei ko 1S Oé'guiﬂéﬂﬁe o )

25C to 90C. tenperature-rising rate of 10Cd m n,
allseadpiri.ng period of 0.5 second, and sanpling amount of .
10 ng 132 Measurenent of Vol une Resistivity - The

T e AR Y S
twggzgg:lplﬂilenl?:igglép%?'%iagmegnhtajﬁn %pmgl];r a_m:[ an image forming
method and an image lorming apparatus that utilize the toner.

The present invention will be explained with reference to Examples,
to which the present invention will be limited in no way. In the descriptions
nffIEh"camples below, all parts means “parts by mass™ and all percentages
means “% by mass".

In the Examples and Comparative Examples, toner properties were
measured 1n accordance with the following processes.

Measurement of Sofiening Temperature of Toner

The temperature of a sample material 15 raised at a constant rate
using a flow tester under the conditions below, the temperature at which half
of the sample material having been flown cut is defined as the softening
temperature.

device : flow tester CTF-500D (by Shimadzu Co.}

load : 20 kglcm?

dig : 1l mm®— Imm
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then DC 1000 volts is applied between the el ectrodes,
the resistivity after 30 5 seconds is neasured by a
high resist nmeter (TR, 8601, byAdvantest Co.), then the
vol une resistivity is calculated as a logarithmc
value fromthe neasured resistivity and the pellet

t hi ckness. Measurenent of Loose Apparent Density The

T o PR RRIERY L POORRAC T oY) “lampes | to

12 and Conparative Exanples 1 to 4 Evaluation Device
| rag&dmme prassy A&t ed are farnmed by use of eval uation
devices A, B. C, Dor E 15 Evaluation Device A

Mbilrtiticn® 6f Paitide Divasied dfdpgem ful | - col or Taser
printer equipped wth a developing unit of a four

col ormnon- pagneti c,t wa- one syste and a
f our TR B aRG R o GRHes (SoBsT BRrsb0was pogrupr
Co) of which the fixing unit was nodified into an

usgig Coukier ¢ounter TAIH (inBetkman Coliherddep msdblloves'r at e
was hi gh-speed printing of 20 to 50 sheets/ m n of

A4-si1éﬁja]$?EP I j DeMirBet Ry ﬂh% B&I% ' s
a tandem tl ﬁ-ﬂégﬁt%}iﬁfaser pri n'tE%r eqwbppe qgga\%?ﬁ a
evel opi.ng unit_of _a four col or non-magnetic ]
ﬂdaﬂéﬂé kinte ARV o AS0 znls gl Ao agrenugslesiselsinrniaben.
(1 PSi O Col or 8000, by Ricoh Co), in which the printer

TheequBd blegtholyié Qokufionih QML 061 % NI RfuchYPSolHER,
that inages were primary-transferred onto an
W]i]icnﬁ%sr HPE%Ia%écF ﬂ%&%fb}ﬁﬁ%y%qe%k&g%nﬂéﬁ?er, Inc). Asample of
2 to 20 mg was added to the electrolyte solutton, which was then
ulftr&snnic:a]ly dispersed for 1 to 3 minutes using a ultrasonic dispersing
device, therealter volume and number of the toner particles are measured by
the Coulter counter TA-IT using an aperture of 100 pm to calculate the
volume dhstrbution and the number distribution, from which the volume
average particle diameter and the number average particle diameter are
determined.

In order to measure particles having a particle diameter (Pd) of no
less than 2.00 pm to less than 40.30 um, thirteen channels are used such as
200 pm < Pd <2.62 pm, 2.52 pm <Pd < 3.17 pm, 3.17 pym < Pd < 4.00 pm,
4.00 pm < P'd < 5.04 pm, 5.04 pm = Pd < 6.35 pm, 6.35 ym < Pd < 800 pm,
B.00 um < Pd < 10.08 pm, 10,08 pm < Pd < 12.70 pm, 12.70 pm < Pd < 16.00

pm, 16.00 pm < Pd < 20.20 pm, 20.20 pm < Pd < 25.40 pm, 25.40 pm < Pd <
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5 toner inmages were secondary-transferred onto a ;
transfer material; and the fixing unit was nodified )
into an oilless fixing unit and tuned. The printing -
rate was hi gh-speed printing of 20 to 50 sheets/ m n of
A4-size. Evaluation Device C Evaluation device C was a
full-color |aser copier (IMAG O Col or 2800, |e by
' r I devel opi ng unit devel ops. - !
Bzghgﬁgcao%%?wﬁ gegédgggg%t%!’j\%ﬁd y on one drumlike
phot oconduct or usi_ng tmo-coggonent devel opers, the

Measuspmerh gbdvarage Gignlarayrefdbssr an i nt er nedi at e
transfer body sequentially; then four color inmges

are H&@%Pﬁfﬁnﬁ?&ﬁﬁﬁiﬁhﬁ@é%@@ uBing' €AWty P8 paRalE Fnage
e 11

in which an xing unit was nodified Into an

oille I X uni t d tuned. .Eval uation vice D
anlyzet SE1A AN P SV BRE oS | sioeoinB: (A58 off privartantof
(1 PSi O Col or 5000, by Ricoh Co-) where a four-color
allgdbehzeme mylfonate id edded ps audispeasantinto 180 mia gfiptirecwarter, to
one- conponent devel opers respectively on one belt-1like
t r d
i BOGH T S bt ol HRIEE MRS PSS
four_caol or ipmages were transferred collectively on a
ETTETE sparsAel fon abert 4 manntes yaing altraaenic
nodi fied 134 into an oilless fixing unit and tuned. -
didpeatingidedite Ofhe MiBpLreivR0HABN RN PATjudiE to 5000/uL then
t wo- conponent devel oper for eval uating inmges was
repar ed from.a ferrite carrier having an average
thg SFE R e Bt st ol e wEArwty (h
silicone resin of 0.3 mthick in average, by m xing
Mgoregaent of Shape Fectors SF-1 and SF-2 of Toner

A

_ ' SEM images taken using FE-SEM (S-4800, by Hitachi, 1td.) are
randomly sampled by 300 views, which are inputted into Image Analyzer
LUSEXS3 {(by Nireco Co.) through an interface and analyzed.
Measurement of Agglomeration Depree of Toner

The agglomeration degree is measured using a powder tester (by
Hosokawa Micron Co.} as the measuring device; attachment parts are set on
a vibrating table according ta the following procedures.

(i) vibro-shoot

{ii) packing

(iii) space ring

(iv} screens (three types) upper > middle > lower

(v} pressing bar
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the carrier and 5 parts of respective color toners
uniformy using a tunbler m xer of tunbling-m xing
type to charge them thereby the devel opment was
produced. Production of Carrier 10 Core Materi al
Cu-Zn ferrite particles .v 5000 parts Coating

Mat eri al toluene 450 parts silicone resin (SR2400) "-

450 t i Ll r 3 -
o1 aci HpeEeetR 8 Aa by AR stk Wbt bbb AR
.non-vol atile content- 50% by 7.bray Dow Com ng

with the epneli@pns belaw' by ' | hray Dow Corning Silicone Co.
20 The coating materials were dispersed by a stirrer

for 10 m ngéenoPenidizdRpp@)a769a@hi ng 1iquid, and the
coating liquid and the core material were poured into
a coating device that co%%%}t he coating liquid onto
the core 135°RRPRFRIE (N 5W #P ng them by use of a
rotatable bottomdisc and stirring blade within a

flui di zed bemsen Sheningdloyerpr 82t was heated at 250C
for 2 hours to prepare the carrier. Evaluation Itens

5 (1 Carri‘,ﬁ%aﬁgﬁg_[@mtgﬂe@q tting 100, 000 sheets of
g

a chart of 50% i1 ma area while

sample mass ‘2 g
vibrating period : 15 seconds
The agglomeration degree 18 caleulated as follows after the operation,
mass of powder on the wpper screenx 1: {a)
, . mass of powder on the middle screen % 0.6 : (h)
mass of powder on the lower screen X 0.2 {¢)
The total of these three values is defined as the agglomeration degree
(%); ie. agglomeration degree (%) = (a) + (&) + ().
Measurement of Glass Transition Temperature Tg
The glass transition temperature Tg of toner is measured under the
following conditions.
differential scanming calorimeter : Seiko ID SC100, Seiko 1SSC5040
(dise station)
measuring conditions: temperature range of 25°C to 90°C,
temperature-rising rate of 10°C/min, sampling period of 0.5 sceond, and

sampling amount of 10 mg

132




R e Sl LT PR, L Ll e ey el L PP e el el el P P e e e e e - -

e T T T e e e S T T 2k i T T T TN

controlling i mage concentration within 1.4+ 0.2, the
charge anount (Kdg) of devel opers was conpared
bet ween before and after the outputting and eval uated
under the followng criteria. The charge anount was
measured 1o in accordance with a blow off process. A=
| oss of 0%to 30% B=loss of 30%to 50% C |oss of
9 for respective toners, a .
Mg%ﬁ@hgﬁpg%@ergg oWwas output at tenperature 10C
and RH 15% conti nuously on 100, 000 sheets, _ then the
t onerlhgrolumgressaxyy sumeaspredlnsway o prasginga taneg inkp
a | oupe under the fallowing criteria. A= no snear of
pelletiehe %@]1&' isPlacdBtweds phval] QleiRdts witlPs kaplof 3,
no problem C. some observable snear D= non-all owabl e
sigphficant. smear .. grobl emati ¢ , 136, (3), Toner,. .
ehi $ft; ApG gOuE Hr i B IRRESrT e epiireddss Ham ot Al
area 10% was output at tenperature 40C and RH 90%
5  seqnydsiie nessuyedby &00g0fSisthmetes (TRB8O1 thyeAdvatest Gk ahen
wWithin the copier was visually eval uated under the

SN B i s A 00 Bl e

resistivity and the pellet thickness.

Measurcment of Loose Apparent Density
The loose apparent density is measured by a powder tester PT'S (by
10 Hosokawa Micron Co.),
[I]_ Examples I to 12 and Comparative Examples 1 to 4
Evalnation }evice
Images to be evaluated are formed by use of evaluation devices A, B,
C,DorE.
15 Ewaluation Device A
Evaluation device A was a tandem full-color }aser printer equipped
with a developing unit of a four color non-magnetic two-component system
and a four-color photoconductor (IPSiQ Coler 8000, by Ricoh Co.) of which
the fixing umt was medified into an cilless fixing wmit and tuned. The
20  prinbting rate was high-speed printing of 20 to 50 shectafmin of Ad-size.
Evaluation Device B

Evalnalion device B was a tandem full-color Jaser printer equipped
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C. sone observable snear D: non-all owabl e significant
snmear, problematic io0 (4) Blocking Resistance
(Environmental Preservability) Atoner of 10 g was

pl aced into a glass vessel of 20 nL, then the glass
vessel was tapped 100 tines and allowed to stand for
48 hours at tenperature 55C and RH 80% foll owed by

e . P 1

il ety B B S AP Rraguahl Bl et syptors
pl aced 15 into another gl ass vessel and allowed to_

any axfapgolor sotesapareon P SR CalenB0MY hydReyh Coddin whirk
of 10C and RH 15% The smaller penetrating degree

the peERer WAk Weslied idth @l iheSmeldaA t (9 ATEr Biz@huehThat intages

condition and at low tenperature and |ow humdity

condition was,e oved, .and eval uat ed unde t
v B RG CERe B LOBta G AR RLRAS RO o-3BR Hen the
Cl0mm 5 Pdcl15mm 137 - ---------- D: Pdcl Omm - (5)
toéndamades twer ldotontbiy ttariRfzriced anizey tlamsferengoierid. el the
Fixability) A solid inmage was output at a toner anount

. - a -
fiofng bty ol TRy R Bl Bl BB @hlar SBk B¥inting
NBS Ri coh Co). using an inmage form ng apparatus (I nmagia
rajgswaa bigh-speed neyntias o) 20 10,90 sheety/min abdefgired into a
belt-fixing system A sanple toner was fixed on the
Ev@aadiod DeegeaC Whi |l e changi ng the tenperature of the

fixing

Evaluation device C was a full-color Iaser eopier (IMAGIO Color 2800,
by Ricoh Co.) where a four-color developing unit develops each color image
respectively on one drum-like photoconductor using two-component
developers, the color images are transferred on an intermediate transfer
body sequentially, then four color images are transferred collectively on &
recording medium, in which and the Aixing unit was modified into an oilless
fiang unit and tuned.
Evaluation Device D

Evaluation devies D was a full-color laser printer (IPSiO Celor 5000,
by Rieoh Co.) where a fourcolor developing unit develaps using each
non-magnetrc one-component developers respectively on cne belt-like
photoconductor, the eolor images were transferred on an intermediate

transfer body sequentially, then four color images were transferred

collectively on a recording medium, in which and the fixing unit was modified
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belt and the maxi mnum tenperature w thout hot offset
was defined as the wupper Iimt of fixing tenperature.
The lower |imt of fixing tenperature to was defined
as the tenperature of the fixing roll at which the
residual rate of image density after rubbing a fixed
image wwth a pad was 70% or nore. It is typically

- ' - Limt of fixing tenperature .

- ?%%%#E%P’““%‘“ﬁg?—“%%ﬁ%e lower linit of fixing
tenperature i s 14000 or |ower. Synthesis

Evpduaiemelhreitiomramegt Bevalopsr is” A nixture of 1617
parts of titanium diisopropoxy

bi s ( MHeawirdahpinenit dat@bparBr 28luathkSokizes Wﬁ'ﬁréﬁ‘&ed

vvater was poured into a reactor vessel equipped with

de ser stirrer and a nitrogen
i SR e R bRy A gt gee pRrAE AR gRE of B fip and.as
heat ed gradually to 90C and allowed to react at 90C
codted whth eusikconieyresinl of €1 3 pmathitleibarsragedhit ineang 10D quirtlof

Wi th nitrogen gas thereby to prepare titanium

th Eﬁﬁ? ' ﬁgﬁi&@%}tgﬁ'
‘?I tani um COEt al n| ng cat a {):IS{HII%I anpl e LP.%H.'[FIJII‘].b].EI‘

avai | abl or_ 138 the present i nvention, mayhe
rmﬁf%aé BYiFnEAyDS o ¢ hasge themo thareby the d@@lﬁwent was
Synthe5|s of Linear Pol yester Resin Four hundred and
prodidely parts of an adduct of bisphenol Awth 2 5
nol es of PO 300 parts of an adduct of bisphenol A
Ekg@m%gthﬂges of PO 257 parts of terephthalic acid,
ophthallc acid, 10 parts of nalefic
anhydride, and 2 parts of tltanrunrdrhydroxy

bCel(etMﬂmrltdnol alumna te) as a condensation catal yst
were poured into a reactor vessel equipped wth a

¢ CwZn ferrite particles ™ 5000 parts
Coating Material
toluene 450 parts
silicone resin {SR2400) *2 450 parts
amino silane (SHE020) *3 10 parts
carben black o 10 paris

*1) mass average diameter: 35um
*2) non-volatile content: 50%, by Toray Dow Corning Silicone Co.
*3) hy Teray Dow Corning Silicone Co.
The coating maternals were dispersed by a stirrer for 10 minutes to
prepare 8 coating lignid, and the coating hiquid and the core material were

poured into a coating device that coats the coating lquid onte the core
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condenser, a stirrer and a nitrogen gas inlet, and the
m xture was allowed to to react at 220C for 10 hours
under nitrogen gas flow while distilling away the
wat dr generated in the reaction. Then the reactant was
all owed to react wunder a reduced pressure of 5 to 20
mmHg, and then taken out when the acid value cane to

m?ﬁ?&%%‘%@%*?%@%%@ SRRl e nd g

i YR o didived bt Rh uw%im%é%%?%oh%ﬂﬁmgpﬂﬂ%@z
had an acid value ~f 7 ngKOH g, a hydroxyl val ue of

holizs t@pfdgage tlee @glrefes. transition tenperature Tg of 60C,
a nunber average nol ecul ar mass Mh of 6940, and a
. | ecul ar mass Mp of 19100. The rate of the
Eﬁ c%lﬁgtf ss of 20 no nore than 1500 was 1.2%
1)aént hesi s of non-Linear Polyester Resin Three hundred
arfierrkgssparts of an adduct of bisphenol Awith 2 139
nol es of EO, 326 parts of an adduct of bisphenol Awith

3 0l e Qfu P Retige’ $00,000 keddk of &gﬁgﬁtdr@owm@&é@mﬁ%ﬂe

parts of pht hal ic anhydrlde 2 parts of “titanium

d| hydr oxy bis tr| et hanol. gl.um nat e condensat
Pl age %‘b‘ﬁ?‘é@lﬁﬂ‘é 142 &ﬁwﬁg@@&r@aﬁ%@@@

vvlth a condenser, a stirrer and a 5 nitrogen gas

developirs ﬁmdcmhpamdmcmwemhsfoaé hadedier ehé eagiutting 25dC
for 10 hours under nitrogen gas How while distilling

ction.,Then_t he
?@?&aﬁfe" was a@ﬁg&mgga%%ﬂﬁ&\ct & 4k &Emegmd

_ pressure of 5 to 20 nmHg, and cool ed to 180C when t he
10 ingesardonea witbablomofbproegsoH g or | ess, and 62 parts of
trinmellitic anhydride was added to the

A’ loss of 0% to 30%
B- loss of 30% to 50%
C: loss of 50% or more
(2} Fog
15 As for regpective toners, a chart of image area 50% was output at
temperature 10°C and RH 15% continuously on 100,000 sheets, then the
toner smear on background was visually evaluated using a loupe under the
following criteria.
A’ ne smear of toner
20 B: shightly observable sinear, substantially no problem
C: some observable smear

DX non-allowable significant smear, problematic
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10 reactant, then the mxture was allowed to react
under nornmal pressure of seal ed atnosphere for 2
hours. After cooling to roomtenperature, the
reacti on product was mlled, consequently, a
non-1|inear polyester resin AX1-1 was obtai ned. The
resul ti ngAX2-1 contai ned no THF-i nsol uble nmatter, and

(IBshedBealierigei d val ue of 35 ngKOHJg, a hydroxyl val ue.
of 17 nmgKOH g, a glass transition tenperature Tg of

69C, unber ave e nol.ec Mass NU 3920, and
o0 e A L PRGBS G Po gt o A7t 10Wh s oty ot

the nol ecul ar nass of no nore than 1500 was 0. 9%
telBpetrdtas: 40T amd B SBYnabeviinbioR@lyFe 1 00 (00 skektpathies the
t he ponesterAXI-l and 600 parts of the

480 SR T S AR, b

residence tine of 3 mnutes. The nelted resin 140 was
ed to 30C over 4 mnutes using a steel-belt
cooler, then mlled to - - prepare an inventive toner

bi nde\: nb.soAdesmagn of Toner Black 7bner 5 water
1000 parts phthal oeyani ne green hydrous cake *1) 200

part & BEhAYSpor¥ e Hlpes sbimtany SpRpee, © 1 2%
M t subi shi Chem cal Co.

C: some observable smear

I¥: non-allowable simificant smear, problematic
(4) Blocking Resistance (Environmental Preservability)

A toner of 10 g was placed into a glass vessel of 20 mL, then the glass
vessel was tapped 100 times and allowed to stand for 48 hours at
temperature 55°C and RH 80%, {ollowed by measuring a penetrating degree
(Pd) using a needle-penetrating meter.  Separately, the toner was placed
into another glass vessel and allowed to stand at low temperature and low
humidity condition of 10°C and RH 15%. The smaller penﬁi:rati_ng depree
judged between at high temperature and high humidity condition and at low
lemperature and low humidily condition was employed, and evaluated under
the following eriteria,

A 20mm <Pd

B: 15 mm <Pd < 20 mm

C10mm=Pd <15 mm
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The ingredients descri bed above were m xed by a
Henschel m xer to prepare a m xture contai ning

pi gnent aggl onerates to which water infiltrates. The
m xture was kneaded for 45 mnutes using twin rolls of
whi ch the surface being controlled to 130C, cal endered
and cool ed, then was 15 crushed by a pul veri zer

t her ghypd @ 1v.gRAre a master batch of pignment. toner .
bi nder 1 100 parts nmaster batch described above 8

(Emﬁ&mi)@% hﬁal age%%ntron E- 84) b]]ﬁjr}z parts

Oient Chemcal Co. *2) nelting point: 83C, viscosity'

280 rPedidaimifiGrahentpng e ditonér smeaacef Dod: mmqugam%ﬂ a
m xed by a mxer, and the 141 6 - ------- - -------

o et s TSR AR S BB o

cal ender ed- §ool_ed Then the mixture was mlled using
by NE§tRigph Codfusing an imeaee frmingappardtustimaginilieo 45 by
Japan Pneunmatic Mg. Co.) and air-classified by

m&m Ub'} Haf hatbéPSmdass fitsh mmﬁﬂﬁgéﬁsﬁﬁfurﬁhhﬁgﬁ toner

Co.) thereby to obtain black color partlc

vol u aver a rticle d| anet er of 5-
Wﬂﬁa%x'%%%l Wmeb%ﬁ%ﬂ ging thedgrynrat Lgmqulae Hxing
(primary particle diameter- 10 nm HDK H2000, by

beldl sard et md=imaam| teiGperaaae adtdeshtibvt affsatmwag e Dhedadthe
then the m xture was m xed by a Henschel

upper limit of fixing temperature. The lower limit of fixing temperature

was defined as the temperature of the fixing roll at which the residual rate of
image density after rubbing a fixed image with a pad was 70% or more. Itis
typically desirable that the upper limit of fixing temperature 1= 200°C or
higher and the lower limit of fixing temperature is 140°C or lower.
Synthesis of Titanium-Centaining Catalysl

A mixture of 1617 parts of titanium diisopropoxy
bis(triethanolaluminate) and 126 parts of deionized water was poured into a
reactor vessel equipped with a condenser, a stirrer and a nitrogen gas inlet
capable of bubbling a liquid therein, the mixture was heated gradually to
90°C and allowed to react at 90°C for 4 hours (hydrolysis) while bubbling the
Liguid with mtrogen gas thereby to prepare titanium dihydroxy
bis(triethanolaluminate).

Other titanium-containing catalysts in Examples below, available for
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m xer and passed through a screen having an openi ng of
50 nn to renove 10 aggl onerates thereby to prepare a
bl ack toner L The toner properties are shot in Table
1-1 and eval uation results axe shown in Table 2.
Yel | ow Toner mater 600 parts C. I. Pignment Yellow 17
hydrous cake 'v 1200 parts is toner binder 1 1200
the pirésent IHventin, 30 RiidiBir fﬁéituéessg -
ngCI‘I bed above were Iﬁﬁ(}gﬁecﬁ%% I—Iensf’?%giﬁam er to
@Ere a mxture containing pignment agglonerates to
ter in filtrates. The m xture was kneaded for
45 mnutes using twin rolls of 20 which the surface
Syvinthewys chhincat Pelyetter F3@G) r al endered and cool ed, then
was crushed by a pulverizer thereby to prepare a

t qf j 42
thody gl af%%@%??@ﬁﬁ‘%#@% b QUBAE orbif A 2
agent_(Bontron E-84) parts wax (aliphatic acid
m@%@ ef PO papacf gn aﬂd}mb«ﬁ mlmnﬂléﬁ@w(whé‘anube of ROy 257
melting point: 83C, vi scosHy 280 nPas at 90' C The
Palrﬁgﬂéi@ﬂitﬁalite{-ﬁﬁalésﬁ?heﬁ RopBIH RY 10paIbiRAleiANd

the mxture was d- kneaded 3 times or nore by a

ﬂﬂﬁi*mﬁ’a‘ré%'e%“ 8P3’e‘tc‘f %ﬁaw %?FS g&{;ﬁﬂe‘éﬁgﬁﬁﬁmﬁ@‘%ﬁ%@

jet-m 1l of collision-plate type (1-type mll,
coldgrentienea by slovdfegroured into a reaclor vessel eqmpped w1th a

condenser, a stirrer and a nitrogen gas inlet, and the mixture was allowed to
react at 220°C for 10 hours under nitrogen gas flow while distilling away the
watcr generated in the reaction. Then the reactant was allowed to react
under a reduced pressure of 5 to 20 mmHg, and then taken out when the
acid value came to 5 mgKOH/z. After cooling to room temperature, the
reaction product was milled, consequently, a linear polyester resin AX1-1 was
ohteaned.

The resulting AX1-1 contained no THF-insoluble matter, and had an
acid value of 7 mgKOH/g, a hydroxyl value of 12 mgEOH/g, a glass transition
temperature Tg of 60°C, a number average molecular mass Mn of 6240, and
a peak top molecular mass Mp of 19100. The rate of the molecular mass of
no more than 1500 was 1.2%.

Synthesis of non-Linear Polyester Resin

Three hundred and fifty parts of an adduct of bisphenol A with 2
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10 Co.) and air-classified by swrling flow (DS
classifier, by Japan Pneunatic Mg:' Co) thereby to
obtain yellow col or particles having a vol unme average
particle dianmeter of 5.5 m To the yell ow col or
particles, hydrophobic silica (FMK H2000, by d ariant
Japan K K) was added in an anount of 1.0% then the

mmezsbﬂE@ 128 pAirtsast oyl ude Bﬁﬁﬁﬁheﬁﬂlﬁlwm%m:a 278

hrough a scCreen 15 haV|ng an openi ng of

P "%ﬁ%ﬁ%ﬂﬂbé’f g3 aﬁ@%&'@"%ﬁf

- and eval uatl on results are shown in Table 2.

tltktuganttbhﬂdmny higdtrirth&fflapeniratelis Lednddrisgtivn caRdektSFere
hydrous cake vi) 1200 parts toner binder 1 1200 parts

' d b d
e R L

mxture cont ai ni ng pi gnent aggl onerates to WhICh vvater
ni{rpgen grpindet, apddhemyixine %ﬁ@hw@t atB30RChior 49

using twin rolls of which the surface being

hou@§uh@ér Rilrdgen 18 Bowe Ahell GRA NN B 5,08 atet RERMRSd T

crushed by a pul veri zer thereby to prepare a naster

th%%%%qri}m()fsﬂh%ﬂﬁﬁezm tong de{ééﬁgloo parts&rgaagﬁ

(Bontron E-84) tO 2 parts wax (ali phatl c acid ester
premsure 0P) t6 20 anm$lg, ihd tipledto OBOYUD whehetiiecrid Gohue came to 2
mgKOH/g or leas, and 62 parts of trimellitic anhydride was added to the
reactant, then the mixture was allowed to react under normal pressure of
sealed atmosphere for 2 hours. After cooling to room temperature, the
reaction product was milled, consequently, a8 non-linear polyester resin AX1-1
was obtained,

The resulting AX2-1 eontained no THF-insoluble matter, and had an
acid value of 36 mgKOH/g, a hydroxyl value of 17 mgKOH/g, a glass
transition temperature Tiz of 69°C, a number average molecular mass M of
3920, and a peak top molecular masa Mp of 112010. The rate of the
molecular mass of no more than 1500 was 0.9%.

Synthesis of Toner Binder 1
Four hundred parts of the polyester AX1-1 and 600 parts of the

polyester AX2-1 were melted-kneaded using a continuous kneader at a jacket

temperature of 150°C and a residence time of 3 minutes. The melted resin
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*2) melting point: 83C, viscosity: 280 nmPas at 90C The
i ngredi ents descri bed above were m xed by a m xer, and
the mxture was nelted-kneaded 3 tinmes or nore by a

two-roll mll, then the kneaded product was
cal endered-cool ed. Then the m xture was mlled 15
using a jet-mll of collision- platetype(l-type mil,
W%}vl\:l:rllng %‘OWED% assﬂ’le? g %{)an % éumaIFlc q\}ng
ther ~to obtain nagenta coI or particles having
Frﬁp wedenerhipdercle di ameter of 5.5 Fem Tb the

yeIIow col or particles, hydrophobic silica (HIlc

Prdd Q88on bf/Tdslear i ant Japan K 1 C) was added in an anount
of 1.0% then 20 the m xture was m xed by a Henschel

B]g&%n nd passed through a screen having an opening

0 to renove aggl onerates thereby to prepare
magenta toner 1. The toner properties are shown in
Teptess 1-1 and 1-2, and 144 4 eval uati onlB¥kparis are
shovvn in Table 2. C,yan “,loner water 600 parts C. 1I.

fﬂ%n(g?,ﬁhﬂﬁééeﬁ ake 'u 1200 t oner
b| nder 1200 partS *1-) solid content= 50§/a

edi en s,ﬁdescrl bed above were m xed by a Henschel
po fepare a m xture containi ng pg‘ﬁ]@ﬁfm
aggl onerates to which water infiltrates. The m xture

wasek boedtbed f or 45 ninutes using tw n roldgn girtd 0
whi ch the surface being controlled to I130C, cal endered

ANGk15 Q3P BontbHE 09
*2) MAGD, by Mitsubishi Chemieal Co.

, . The ingredients described above were mixed by a Henschel mixer to
preparc a mixture containing pigment agglomerates to which water
infltrates. The mixture was kneaded for 45 minutes using twin rolls of
which the surface being controlled to 130°C, calendered and cooled, then was

crushed by a pulverizer thereby to prepare a master batch of pisment.

toner binder 1 - 100 parts

master batch described above B parts

charge control agent (Bontron E-84) * 2 parts

wax (aliphatic acid ester wax) 2 5 parts
*1) by Orient Chemieal Co,

*2) melting point: B3°C, viscosity’ 280 mPars at 90°C

The ingredients described above were mixed by a mixer, and the
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crushed by a pulverizer thereby to prepare a naster

batch of pignent. toner binder 1 100 parts naster

bat ch descri bed above 8 parts charge control agent

(Bontron E-84) 2 parts 15 wax (aliphatic acid ester

wax) 'y 5 parts *1) by Orient Chemical Co. *2)

melting point: 83C, viscosity- 280 nPa's at 90C The
miEfeSRhE fleltcd 987188 S RRRY 81 WRIrE b aReh- Bl milll &%%;thgnd

the mxture was nel ted-kneaded 37ti nes or nore

twg-roll, mll, then th 0, kngaded product was .
g A T o &RRExHre rag milledy a

jet-mll of collision-plate type (I-type mll, by
usigpa fetfndlioftollisidd-glate Gopd (syge anill; by dapadh Pedvmatic Mfe.

swirling flow (DS classifier, by Japan Pneumatic 145

- B r ) .
th S8 cladsEeEbY o 1 8 O AR o T i
Thg{ylée yel I ow col or particles, hydrophobic silica (HDK
Mg Slygdherspydp sbiaintbladsreatormanticlesdnvang e yolume averagent
of 1.0% then the m xture was m xed by a Henschel

paitiediame T Sl aBdhe Bl @8 farfidlts By BOpRAGR sifka
of 50 pmto renove aggl onerates thereby to prepare

(e poshiie giipoglss: 108, HORMTEOIE R CoaheE apen ok

in Tabl e 2. The eval uation was conducted using an
wapvaldedtinam arevinriecfA 0%x thipl #heZmbiuSy wab esixed b a Hegedhel
Pol yester Resin A linear polyester resinAX -2 was

mRELRAA $4e08 Brdhgh h ARV aA Spening of 50 pm to remave

agglomerates thereby to prepare a black toner 1.  The toner properties are

shown in Table 1-1 and evaluation results are shown in Table 2.

Yellow Toner
water 600 parts
C.I. Pigment Yellow 17 hydrous cake 7 1200 parts
toner binder 1 1200 parts

*1) salid content: 50%

The ingredients described above were mixed by a Henschel mixer to
prepare a mixture containing pigment agglomerates to which water
infiltrates. The mixture was kneaded for 45 minutes using twin rolls of
which the surface being controlled to 130°C, ealendered and cooled, then was
crushed by a pulverizer thereby to prepare a master batch of pigment.

toner binder 1 100 parta
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that of Exanple 1(AX1-1), followed by cooling to room
tenperature and mlling except that the

pol ycondensati on catal yst was changed into titanyl

bi s(triethanol alum nate). is The resul ti ngAX1. 2

contai ned no TTH -insoluble matter, and had an acid
val ue of 8 ngKOH g, a hydroxyl value of 10 ngKCH g, a

ghﬁ%&rttf%llééc?ﬂmsfaﬁﬁvﬁ@rature Tg of GOCBﬁaﬂE”ber -
average nol ecu ar nmass Nh of 6820, and a peak top

ecul ar Mtﬁﬂlfa O The rate of t he nol ecul ar
E@gfggﬁ 8Os 1.1% 20 SPRHBesi s of
non- Li near PoI yest er ReS| n A linear poI yest er

r wakfdlFhdiomdd pateparaad Dy a sinilar reaspags as that
of Exanple 1 (AX2-1), followed by cooling to room

tgmg I?@ﬂ %ﬁg% [1ing except that the
poI oﬁ ensation ca Eﬁ']Pyst was changed into titanyl

bi s(triethanol al um nate). The resulting AX2-2
corf2hmelng poinb-839(s yiashsiby  REOmPa satf8Ed an  aci d
val ue of 33 ngKDH g, a hydroxyl val ue of 14 ngKOH g, a

gl asgHa mwmﬁus%s&maeﬁ ertdnikd G mixdiViRe the

aver age nol ecul ar nass of 4200, and a peak top

| ecul a Mp .of, 11800 The rate of ecul ar
miFue W Freliedikncpss 1ames paiose by %Wfﬁgewé-r@ﬂﬂ theier
Bi nder 2 The inventive toner binder 2 was prepared by
kopadel® product mgs8kndecedoardlesl. of ThoiethpahyaarewadXidl2zdand
500 parts of the polyesterAX2-2 for 5 mnutes using a

usﬁﬂné ‘f&%ﬂﬂ%ﬁiaig{-ﬁfﬁé %g]];leoﬁ-t%:e Znih,nﬁfr Japan Pneumatic Mg,

Co.) and air-classified by swirling flow (DS classifier, by Japan Pneumatic

Mfg. Co.) thereby to obtain yellow color particles having a volume average

particle diameter of 5.5 pm. To the yellow color particles, hydrophobic silica

(HDK H2000, by Clariant Japan K. K) was added in an amount of 1.0%, then

the mixture was mixed by a Hensehel mixer and passed through a screen
having an opening of 50 pm to ramove agelomerates thereby to prepare
yellow toner 1. ‘The toner properties are shown in Tables 1-1 and 1-2, and

evaluation results are shown in Table 2.

Magenta Toner
water 600 parts
C.1. Pigment Bed 57 hydrous cake ™0 1200 parts
toner binder 1 1200 parts

%1} solid content: 50%
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A toner was prepared and evaluated in the same manner
as the black toner of Exanple 1 except that the toner
bi nder 2 was used in the toner 15 resin and the
mast er batch. The toner properties are shown in Tabl es
1.1 and 1-2, and evaluation results are shown in Thble :
2. The evaluation was conducted using an eval uation !

b e A i e

adduet of bisphenolA with 2 noles of propyl ene oxide,
PIopaseA fdxigire spniagapnerignep! agelepwrains i whish waderf
propyl ene oxi de, 133 parts of an adduct of bisphenol A

infilitdtesd. NThe miRburd4fnEkivdRAGoPAS dennidd Rahg swif vl of

adduct of phenol novol ac (average - polynerization ;

egree= out .5) with.5 f ethyl ene poxide 52 ,
wiiE A8 SrAR bk cRbfPSL B 1550 AR o Do (RS was ;

acid, 10 parts of trinellitic anhydride, and 2parts of )
crashegdrbsuanptiveythen tyereby (4 praptae nohastenbatate)f pAgmant. 5

condensation catal yst were poured into a reactor

VEseebiRiipped with a condenser, a sti{q adld a
nitrogen gas inlet, and the m xture was allowed to

react $ 3Q0C for. 10 hours under nitrogen gas flow
whrasterhadeh described gbove he  wat er gener at%H t he

reacttion. Then the reactant was all owed to react

uitttae aonigdlfoht (BEAITUH &E-84)*® t0 20 nm Hyplstk! the
acid value came to 2 10 ngKOH g or | ess- Then 50 parts

of, .t il Litic anhvdrideywas added to t react ant,

vﬁ%#"@%ﬂtﬁm gafgact under nornal ,° B &sure for

1 hour followed by reacting under a reduced pressure

of *1)by Origntfiemicah€n. 20 parts of bi sphenol A

di gl ycidyl ether was added to the reactant, followed

by *3) melting point: 83°C, viscosity: 280 mPas at 90°C

The mgredients desenbed above were mixed by a mixer, and the

mixture was melted-kneaded 3 times or more by a two-roll mill, then the
kneaded product was ealendered-cooled. Then the mixture was milled,
using a jet-mill of collision-plate type (Itype mill, by Japan Pneumatic Mfg.
Co.) and air-classified by swirling flow (DS classifier, by Japan Pneumatic
Mig. Co.) thereby to obtain magenta color particles having a volume average
particle diameter of 5.5 pm.  To the yellow color particles, hydrophobie siliea
(HDK H2000, by Clariant Japan K. K.} was added in an amount of 1.0%, then
the mixture was maxed by a Henschel mixer and passed through a screen

having an cpening of 50 pm to remove agglomerates thereby to prepare

magenta toner 1. The toner properties are shown in Tablea 1-1 and 1-2, and
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taki ng out when the softening tenperature cane to
150C. After cooling to 15 roomtenperature, the
reacti on product was mlled, consequently, a nodified
pol yester resinAYl-1 was obtai ned. The resultingAYl-1
had an acid value of 52 ngKOH g, a hydroxyl val ue of
16 ngKOH g, a glass transition tenperature Tg of 73C,
evalulitiiRffesuBY ArASRoWR IS TYhRI2.Mss M of 1860, a peak .
top nol ecul ar mass Mo of 6550, 20 and a THF-insol uble
cont.ent of 32% the rate of the nol ecul ar mass of no
Cy¥% L9¥an 1500 was 1. 0% which was used as toner
bi nder 3. Preparation of Toner 148 r A toner was
pwepar ed and eval uated in the same mannegdtapaitbe
bl ack toner of Exanple | except that the toner binder

3 ?{#ﬁg& te kf and the r_Dhatch.
Tﬁ\g'i er p?%hgefrbte?ggggug’%%gm i n Tabl empa%d 1-2,

and evaluation results are shown in Table 2. The
etemer mdsr as 5 conduct ed using an eval 1200 partsievi ce
A. Exanple 4 Synthesis of non-Linear Polyester Resin

Onexihgpiid eshianet sokg rty-two parts of an adduct of
bi sphenol Awith 2 nmales of propyl ene oxide, 371 parts

of appadduct,..of hi sphenol A with 3 nol.es 0 of )
pr opmwlﬁf A igre aEE PYch Henschol mixer to
bi sphenol Awith 2 nol es of ethyl ene oxide, 125 parts of

prepamctmettusé phetaniingeiginent galemegstas o kmbieh wasadrd on
degree: about 5) wth 5 noles of propyl ene oxide, 201

. of _ , ) ) i o

mgﬁﬁ%tg?. Thé %ﬁﬁﬂ%'@lé %ﬂﬁgtf%li?ﬁ Hﬁﬁﬁ%&qsﬂhﬂn rolls of

ide, 35 parts o
which the surface being controlled to 130°C, calendered and cooled, then was

crushed by a pulverizer thereby to prepare a master batch of pigment.

toner binder 1 100 parts

master batch described above B parts

charge control agent (Bontron E-84) *D 2 parts

wax (aliphatic acid eater wax) *2 5 parts
*1) by Orient Chemical Co.

*2) melting point: 83°C, viscosity' 280 mPa's at 90°C
The ingredients described above were mixed by a mixer, and the
mixture was melted-kneaded 3 times or more by a two-roll mill, then the
kneaded product was calendered-cooled. Then the mixture was milled
uping a jet-mill of collision-plate type {[-type mill, by Japan Pneumatic Mfp.

Co.} and air-classified by swirling flow (DS classifier, by Japan Pneumatic
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terephthal ate and 2 parts of titanyl

bi s(triethanol alumnate) as a 15 condensati on cat al yst
were poured into a reactor vessel equipped with a
condenser, a stirrer and a nitrogen gas inlet, and the
m xture was allowed to react at 2300C for 10 hours
under nitrogen gas flow while distilling away the

M KD AERAA i 1R b e fficn hAPhe S ol B bRt
ag—nEr:% .and cool ed to 180C when the zo acid val ue came_.
P dgmeterpiod pes s Todhg yeopapla rertiglesJaydrpphebic silica

anhydride was added to the reactant, then the m xture

(HEs FE0ooNBy Oloris RPJipaHEK ) Wil diled th ©3SAh Sulf ofSERYE then
at nosphere for 2 hours. After cooling to room 149 t.:

nW. tenmperat ure,, the,reagct,i on product m ] ed
thf S FRRE Pt bt HeR Bl BB B sed Bfbugh S seraon
obt ai ned. The resulting non-Ilinear polyester resin

hawingag ppémheaf S0 W removeagdomenates dherehyt € prpageicstan
val ue of 30 ng$OH g, a hydroxyl value of 16 5

I forfbr [ YRS r H’i@C a
mﬁ%K 'erg%%/erag %%E%géhﬂn%% Mh E%E?ﬁg;ggo%ea top
| ecul ar ss Mp of 4110, and _a THF-insol uble
eva regplis agg shoyan iy Table?. | peheeyeluafon wagsanductpd
nore than 1500 was 1.0% which was used as toner

ushigge evdlusBioapRiaiizon of Toner 10 A | oner was prepared
and evaluated in the sane manner as the black toner

f le 1 except that the toner binder 4 was used
E’%ﬁ“%??oner resin and the master batch. The toner

properties are shown in Tables 1-1
Synthesis of Linear Polyester Resin

K " Alinear polyester resin AXI1-2 was prepared by a sumilar reaction as
that of Example 1 (AX1-1), followed by cooling to room temperature and
milling except that the polycondensation catalyst was changed inte tztanyl
bis(tricthanolaluminate},

The resulting AX1-2 contained no THF-insoluble matter, and had an
acid value of 8 mgKOH/g, a hydroxyl value of 10 mgEQOH/g, a glass transition
temperature Tg of 60°C, a number average molacular mass Mn of 6820, and
a peak top molecular mass Mp of 20180. The rate of the molecular mass of
no more than 1500 was 1.1%.

Synthesis of non-Linear Polyester Resin
A hinear polyester reain AX2-2 was prepared hy a similar reaction as

that of Example 1 {AX2-1)}, followed by cooling to room temperature and
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and 1-2, and evaluation results are shown in Table 2.
The eval uati on was conducted using an eval uati on
device A 15 Exanple 5 Synthesis of non-Linear

Pol yester Resin Four hundred and ten parts of an
adduct of bisphenol A wth 2 noles of propylene

oxi de, 270 parts of an adduct of bisphenol A with 3

milihg xS ttﬁépﬂié';ﬁif]!ﬁnﬁﬁé tigh' G BRS f '
aci%, 125 parts of 1 sophthalic a iggﬁag&h%ﬁé%gﬁtgﬁo I
.l ei c dride,and 2 parts of titani um di hydroxy
h"?&%‘f@v"gﬁéﬂ&m&%m nate) as a condensation catal yst
were poured into a reactor vessel equipped with a

conddiraesultngi AXP & coabiingd Mot TFdAsdable mheter, ab8thad an
---------- and the m xture was allowed to react at

el i B o RO T h b R 0 BBl e o

Then the reactant was allowed to react under a
transiier teppesdureTe bf F0E ooumbeigaverage maedhdar tmasd Mo 6f
when the acid value canme to 2 ngKOHI g or |ess, and 25

4990Pad & pehlhh FRfldduline ' S e

regct antpfé the% the m xﬁ?gxfﬂl\ggﬂéﬁlﬁlﬁomq%gﬁg%ga%? under
or mal ressure of sealed atnosphere for 2 hours.

m&??@?@“@?iiﬁ“?@?&éﬁ?t@ﬂﬂé‘f%% ®- the reaction
product was mlled, consequently, a non-Ilinear

Symoheds tEToriee Bindo@2 4 was obt ai ned. The resul ti ngAX24
contai ned no THFi nsol uble matter, and had an 1o acid

val u f- | g; - roxyl val of 37 KCHI a
¥ o 8 B R Gdof binfel Y4, 35 e 54 By Bowité S S0
average nol ecul ar mass WMn of 2130, and a peak to

Pas @dﬁga Rplyeakes AVL-3and 3K parteok téw@o@restmefl%ﬂefou ar

minutes using a Henschel mixer,
Preparation of Toner

A toner was prepared and evaluated in the same manner as the
black toner of Example 1 except that the toner binder 2 was used in the toner
resin and the master batch. The toner properties are shown in Tables 1-1
and 1-2, and evaluation results are shown in Table 2.  The evaluation was
ennducted using an evaluation deviece A,
Example 3
Synthesis of Modified Polyester Resin

Five hundred and forty-nine parts of an edduct of bisphenol A with 2
moles of propylene oxide, 20 parts of an adduct of bisphencl A with 3 moles of

pruopylene omde, 133 parts of an adduct of bisphenel A with 2 moles of
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mass of no nore than 1500 was 1.3% Synthesis of
Modi fi ed Pol yester Resin 15 Three hundred and
sevent een parts of an adduct of hi sphenol Anith 2
nol es of ethyl ene oxide, 57 parts of an adduct of
bi sphenol A with 2 noles of propyl ene oxide, 298
parts of an adduct of hisphenol A wth 3 noles of

CBASHYLE, 0pde oot g APIL Ot

gﬂrlml es . of prop_yl ene S)XI de, 3Q parts of 20 |soght hal i ¢
po tipn degree” Aiout &) Hikh  aqles algthylepr oxide, 203 parts of

mal ei ¢ anhydrl de and 2 parts of titanium di hydroxy

tetiphfhalicadiantd pansonbphilddicackd NOgREH HORimastel yst

were poured into a reactor vessel equi pped with a

"?ﬁg-gﬁ 6?e]EH’gp\ﬁggglzﬁt| rrer a mb}ﬁ(tr%ﬁﬂ ggsal nler]&b) and

hours under nitrogen gas fI ow vvh| le distilling away
condrnsadivercatrdmelr werdpiured imtorresaaciamesidlequipredredb tant
was allowed to react under a reduced pressure of 5 to

con@er S sidher SRR L.le,ﬁutugee% gQQEﬁbiﬁngggt the ﬁBﬂtQ?eV@EH Blldwed to

camatoergK()—lgor parts o

trlnﬁ)l éIC anhydri de, was added to the react ant,
reggtigt2aeC fop T hewrs wdez adtrogen gas Bevw iy distlhmeaway the

1 hour followed by reacting under a reduced pressure

watbr gondratetDinntiidgrattial Pheriid asfantiviphdigtedto react
di gl yci dyl ether was added to the reactant, followed

ook AW IRI S B S P B

reaction product was mlled, consequently, a nDdl fied
mgleDyle pe tess.e s Thery 50 pantanfdpmsllifd anhydride sulstrddgA Yo the
had an acid value of 11 ngKOH g, a hydroxyl val ue of

redctaiif KA H o dllodt thirBAt irddR roPiHaf pRlhe 68 12fcnfi0C
followed by reecting under a reduced pressure of 20 to 40 mmEg, then 20
parts of bisphenol A diglycidyl ether was added to the reactant, followed by
taking out when the softening temperature came to 150°C. Afer cooling to
room temperature, the reaction product was milled, consequently, 2 modified
polyester resin AY1-1 was obtained.

The resulting A¥1-1 had an acid value of 52 mgKOQH/g, a hydroxyl
value of 16 megKOH/g, a glass transition temperature Tg of 73°C, a number
average molecular mass Mn of 1860, a peak top molecular mass Mp of 6550,
and a THF-inscluble content of 32%; the rate of the molecnlar mass of no

more than 1500 was 1.0%, which was used as toner binder 3.

Preparation of Toner
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aver age nol ecul ar mass Mh of 3020, a peak top
nmol ecul ar mass Mp of 6030, 15 and a THF-insol uble .
content of 35% The rate of the nol ecul ar mass of no
nore than 1500 was 1.1% Synthesis of Toner Binder 5
Five hundred parts of the A¥-3 and 500 parts of the
AY1l-2 were nelted-kneaded using a continuous kneader

at a fd%,n‘g:%
ti nei%f ?%ﬂtﬁ te e née)ﬁfatlugdtgrdégﬁﬁe\%%gmcoo e 0C
er utes u3| ng a steel-belt_cooler, then mlled
hl%‘ﬁ( gf Ex%lplq howeept (hat thedener hader § wasgsed in the toner
Prepar ation of "|Ibner - Atoner was prepared and

resivaindiiecabstet batcha " HeRpAsF pApetties MleadHonORETallks 1-1
Exanpl e | except that the toner binder 5 was used in

e e R i ST

eval uation results are shovvn |n Table 2. The
copgutted usmg amevaluatiomdevide dsi ng an eval uati on device A
E xanple 6 A black toner was prepared in the sane
E gy as black toner 1 of Exanple 1, except that
external additives were mxed in awe t process as 10

crlbdblo d evaluated in the sane manner as
S &“n'i‘g??aﬁfr”? SH* B#4BK col or particles having a
voI urre average particle dianeter of 5.5 mof Exanple

1 an@n2 patdred ahd thivtepioimtsif dicaddatiof Bisphefsl ArRAsh 2
particle diameter of 10 nna al DK 112000, by d ari ant

BBt 52 R bhin S0 e
of propylene oxide, 20 parts of an adduct of bisphenol A with 2 moles of
etPﬂerm oxide, 125 parts of an adduct of phenol novolac {average
polymerization degree: about 5) with 5 moles of propylene oxide, 201 parts of
terephthalic acid, 25 parts of maleic anhydride, 35 parts of dimethyl
terephthalate and 2 parts of titanyl bis(triethanolaluminate} as a
eondensation catalyst were poured into a reactor vessel equipped with a
eondenser, a stirrer and a nitrogen ras imlet, and the mixture was allowed to
react at 230°C for 10 hours under nitrogen gas flow while distilling away the
water gencrated in the reaciion. Then the reactant was allowed to react
under a reduced pressure of 5 to 20 mmHg, and eoaled to 180°C when the
acid value came to 2 mgKOH/g or less, and 65 parts of tomellitic anhydride
was added to the reactant, then the mixture was allowed to react undex

normal pressure of sealed atmosphere for 2 hours, Afier ecooling to room
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15 nono-punp. While nonitoring the slurry by
fluorescent X ray analysis that the additive anpunt
of the silica cane to 1% by mass, a toner was prepared
fromthe slurry, and passed through a screen having an
opening of 50 gmto renove agglonerates thereby to
prepare a bl ack toner. The toner properties are shown

erget A Tt spfoctte BRI A hofipar

usr ng an eval uation device A Exanpl e 7 Abl ack toner
polggstes repa At BiwahebBined nanner as bl ack toner 1 of

153 Exanple 1, except that external additives were

M XeqhetebilginkaldnPlh G polf¥@seism (A ead) hhea éoﬁ;eﬁjﬁﬁ:k

toner 1, 0.4 parts of zinc stearate was ni xed

oSS ol AR, b A5 T S T RN

aggl oner at es thereby to prepare a black toner. The
mgleoElig, = glaes tiansitimetesippmtire Tiadll 595C) a huamibrlav2ragnd
evaluation results are shown in Table 2. The

mHPE 3T RIS 050 UL LR

manner as bI ack toner 1 of Exanple 1, except that
THR werohute samient o5 7% the mtx efthemolsulan mas efgo more

process. In addition to black toner 1, 0.5% by mass of

thén 1800 wisD0Rewhithokad 8sedd4d ey bildri4| e di aneter= 15
nm STML50AI, by Tayca Co) was m xed by a is Henschel

Plr%n%xer\, ntfg.elgmtﬂhe m xture was passed through a screen

A loner wus prepared and evaluated in the same manner as the
black toner of Example 1 except that the toner binder 4 was used in the toner
resin and the master batch. The toner properties are shown in Tables 1-1
and 1-2, and evaluation results are shown in Table 2. The evaluation was
conducted wsing an evaluation devics A,

Example 5
Synthesis of non-Linear Polyester Resim

Four hundred and ten paris of an adduct of bisphencl A with 2 moles
of propylene oxade, 270 parts of an adduct of bisphenol A with 3 moles of
propylene oxide, 110 parts of terephthalic acid, 125 parts of isophthalic acid,
15 paris of maleic anhydride and 2 parts of Gtanium dihydroxy
bis(triethanolaluminate) as a condensation catalyst were poured into a

reaclor vessel equipped with a condenser, a stirrer and a nitrogen gas inlet,
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openi ng of 50 Fero to renove aggl onerates thereby to
prepare a black toner. The toner properties are shown
in Tables 1-1 and 1-2, and evaluation results are
shown in Table 2. The eval uati on was conducted using
an evaluation device A 20 Exanple 9 A chem cal toner
was prepared in the fallow ng processes and eval uated
andtheBh$Aiew (}é}[’d]hﬁ '

Emul si on of %ﬁggﬁfqg&%ﬁ%eﬁgg{r;??%}%?ﬁ I X E%r]é tgcr'l b
eighty-three.pnarts of _water, 11 parts Qf sodiumsalt
gag flom while dustilline v e eatat evnoraiadir the reagkion Then the
et hyl ene oxide (El em nol 135-34, by Sanyo Cheni cal
rehctdnt tvak adlolved 1 reddb@ndar bediicotbbiasiing dfG RGTnmBg,

110 parts of butylacrylate and 1 part of anmoni um

l3f.at red:into.a reactd on el set w,t
ackitoptta 8 1B07C AL S DABe 26l SRAAC B o
stirred at 3800 rpmfor 30 minutes to prepare a white
pagtaafdrarellitipanbydride was added te the eeectant; tRsCHeombgure

hours. Thirty parts of 1% anmoni um persul fate aqueous

waE v el toRact WhddiSiorattd §Redirt BE 4088 hf’ﬁbg:ﬂé?e%}i £ Rours.

was then aged at 70C for 5 hours to prepare an aqueous
i spersion (fine particle dispersion 1) of a_vinyl
Af?egﬁﬁle%gb pratuT, 4e ractionairaductas maled, | at e,
and sodium salt of an adduct of sulfonate with
oneiioantly) 4 nondinkar polyydteneestin A4 whizehtaioede aver age
particle diameter of the fine particle dispersion 1

was . 7 ' \~ a of the [5
fi nqulg?cglél?l%g% [ spélraglll{g{n{hglé%gg%ﬁ i"g%oq?%épgﬁé@?ﬁtagdw an
resin content. The glass transition tenperature Tg of

acydealpe o1 18 mek@hye, wylwedue nbdhaudlOH/g, a glass

transition temperature Tg of 62°C, a number average molecular mass Mn of
2130, and a peak lop molecular mass Mp 0£5350. The rate of the molecular
mass of no more than 1500 was 1.3%.
Synthesis of Modified Polyester Resin

Three hundred and seventeen parts of an adduct of bisphenol A with
2 moles of ethylene oxide, 57 parts of an adduct of bisphenol A with 2 moles
of propylene oxide, 298 parts of an adduct of bisphenol A with 3 moles of
propylene oxide, 75 parts of an adduet of phencl novolac (average
polymerization degree: about 5) with 5 moles of propylene oxide, 30 parts of
isophthahe acid, 157 parts of terephthalic acid, 27 parts of maleic anhydride,
and 2 parts of titanium dihydroxy bis(triethanolaluminate} as a condensation

catalyst were poured into a reactor vessel equipped with a condenser, a
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aver age nol ecul ar mass Mv was 110000. Preparation

of Agueous Phase Nine hundred and ni nety parts of
water, 83 parts of the fine particle 20 dispersion 1,
37 parts of 48.3% aqueous sol ution of sodi um

dodecyl di phenyl et her di sul fonate (El em nol MON-7, by
Sanyo Chem cal Industries Ltd), and 90 parts of

st&f&ydﬁpfiha&sgéwg@ ileteSnd Bk Sikture Frd=llotre PSR 21N

opaque |liquid of aqueous phase 1. Synthesis of

oMo ecul ar ss .Pol yest e, Four. hundred and thirt
zabaﬁ\eftf%" L‘fﬁ%\r%g@amw g‘ﬁ‘hﬁﬁ‘ﬁl‘%{)ﬁ[‘% &'EEEJJ%?‘@'% ¢ p@ler
300 parts of an adduct of bisphenol A wth 3 noles of
geRBratad in tle paactionof Then el tdimbart was dllowsd pardagt ohder a
i sophthalic acid, 10 parts of maleic anhydride and 2

L.t @R ' [ [ up-

o oriolre o B0 thAEE M0 Sl et el Al S Bl
vessel equipped with a condenser, a stirrer and a
capiet legymg gamless. then Gpants pikameliicanywkile was

react at 200C for S hours under nitrogen gas flow

adibil b6 168 Sdalctdrenarhadeyat ARodBd Yﬁ@i‘ﬁll’cll: daner abkHal Prebfifre for

reaction. Then the reactant was allowed to react

RO BT el BoSn T B R e

cooling to roomtenperature, the reaction product was
26 arteol bigphesed Aaliglyyidyhefherswns mideddo tha seadgtahty ésdicwred
resin 1 was obtained. 15 The resulting | ow nol ecul ar

B S N
to Bors SO e roActian product was milled, consequonds, & | °
madified polyester resin AY1-2 was obtained.

The resulting AY1-2 had an acid value of 11 mgKOH/g, a hydroxyl
value of 27 mgKOH/p, a plass transition temperature Tg of 60°C, a number
average molecular mass Mn of 3020, a peak top molecular mass Mp of 6030,
and a THF-insoluble content of 35%. The rate of the moleemlar mass of no
more than 1500 was 1.1%.

Synthesis of Toner Binder 5

Five hundred paris of the AX2-3 and 500 parts of the AY1-2 were
melted-kmeaded uzing a continuous kneader at a jacket temperature of
150°C and a residence time of 3 minutes. The melted resin was cooled to

30°C over 4 minutes using a steel-belt cooler, then milled to prepare an

inyentive toner binder 5.
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aver age nol ecul ar mass Mh of 4820, and a peak top
nmol ecul ar mass Mp of 17000. The rate of the nol ecul ar
mass of no nore than 1500 was 0,8% 20 Synthesis of
I nternmedi ate Pol yester Six hundred and ei ghty-two
parts of an adduct of bisphenolA with 2 noles of
et hyl ene oxide, 81 parts of an adduct of

Preparhanoo Mkl 2 nol es of 156 propyl ene oxide. 283 .
parts of terephthalic aC|d 22 parts of trimellitic -

anhy de, and 2 parts butylt n oxi de were ur ed
i nt o B preeseg ey tbﬁsam@dﬁaeﬁ%re@rf the

stirrer and a nitrogen gas |nI et, and the m xture was

blatll wmed of Bxampid 1 akeepd @kat the tbnbobivtler Bdess ngadninl the taner
pressure 5 and for 5 hours under a reduced pressure of

redih e SR Al el mhh S R B L PR 1

nol ecul ar mass of 2200, a_mass average nolecular_nass
angs 1-8amy evalugtion sesultaaershornt iavfale 2ur Thegvalumion wam
acid value of 0.5 ngKOH g and a hydroxyl value of 52

coA@iEPEl SsinkOaiB¥dluatidl dBdick @. of the internedi ate
pol yester 1, 89 parts of isophoronediisocyanate and

200 quts of ethylacetate were poured into a reactor
equi pped wth a condenser, a stirrer and a
nitrogen gas inlet, and the mxture was allowed to
r eactA black 6@ rivons ﬁrepamdsn:t thepmepamannpr a@bladkﬁbnﬂr 1 of
The content of free isocyanate was 1.53% by mass in

I f
BRI &, P 9%?%%?‘?@*‘%‘@!‘2%%%%&" i el Roonns =5

parts. of rmet hyI et hyl ket one were poured_into a
depeahad knloweanbevaluatedimihg samenppger agExample 1.

Ten parts of black color particles having a volume average particle
diameter of 5.5 pm of Example 1 and 2 parts of hydrophobic silica having a
primary particle diameter of 10 nm (HDK H2000, by Clariant Japan KK}
were dispersed-mixed in water containing 0.1 % of a surfactant using a
mono-pump. While momtoring the slurry by flucrescent X ray analysis that
the additive amount of the silica came to 1% by mass, a toner was prepared
from the slurry, and passed through a screen having an epening of 50 pm to
remove agglomerates thereby to prepare a black toner.  The toner propertics
are shown in Tables 1-1 and 1-2, and evaluation regultz are shown in Tahle 2.
The evaluation was conducted using an evaluation device A.

Example 7

Ablack toner was prepared in the same manner as black toner 1 of
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and a thernonmeter, and the m xture was allowed to
react at 50C for 51.5 2™ hours to prepare ketim ne
conmpound 1. The ketim ne conpound 1 had an am ne

val ue of 417. Preparation of Master Batch (MB) 157
--------------- Si x hundred parts of water. Pignent

Bl ue 15:3 hydrous cake (solid content= 50% and 1200

0 [ ] TR el .

R e T R L G e

kneaded for 45 mnutes at 120C using twn rolls,
PIR&ER-owed by bei ng cal endered and cool ed, 5 then was

crushed by a pulverizer thereby to prepare nmaster

bat clin hdditiiredilaé timeefll, 014 pA26asfzine ERAT ALt iRSHIby a

seventy-eight parts of the | owrol ecul ar nmass

ol yaster 1 arts of Carna wax and 947 parts
HRH A Rlor thep dhe B Ebie Sras rpRt pRcoRb. £ Fitaen bal an

set with a stirring rod and a thernoneter, and 10 the
opetiingunf Shywas theamnerk azele@ersied therehy 4o pecpaae addarlf anes.

hours then cooled to 30C over 1 hour. Then 506 parts

Of N8B piofbAlelerdioBB0n L arkt 1] 268 A 1Batinn

wer e introdd%e Into the vesséﬁ?ﬂt e mxture was m X
gﬂir 1 hour to tlai n ,i%w mat erjal solutjon 1. .
respbs argr Rﬂl{tsfﬁi]%grt g evalation Fapemdugtedusing pan 1
was transferred 15 into a container, a pignent and a
cvalmationardavitegper sed into the raw material solution 1
using a beads mll (Utra Yrsco mll, byAll IEX Co-)
the conditions of liquid feed rate of | kg/hr,
Exg.ﬁ%@ﬁgi rcunferential velocity of 6 msec, 0.5 mm

zirconi a beads of 80% by vol une, and three tines pass
to Ablack toner was prepared in the same manner as black {oner 1 of

EJi:afnple 1, except that external additives were mixed in the following
PrOCEss.

In addition to black toner 1, 0.5% by mass of titanivm oxide (average
primary particle diameter: 15 nm, STM-150A1, by Tayca Co) was mixed by a
Henschel mixer, then the mixture was passed through a screen having an
opening of 50 pm to remove agglomerates thereby to prepare a black toner.

The toner properties are shown in Tables 1-1 and 1-2, and evaluation
resulls are shown in Table 2. The evaluation was conducted using an
gvaluation device A
Example 9

A chemical toner was prepared in the following processes and

evaluated in the same manner as Example 1.
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prepare a mxture. Then 1324 parts of an ethyl acetate
sol ution of 65% 20 | ow nol ecul ar mass pol yester 1 was
added to the m xture, which was then passed through
the beads m |l two tinmes under the conditions

descri bed above thereby to prepare pignent-wax

di spersion |I. The solid content of the 158 pi gnent-wax

Sﬂitﬁ&ﬁﬁ%fEﬂuﬂlsMﬁ%f@%%ﬁﬂc I?iﬁ@@afrﬁﬂe'sm m nutes. - )

Emul sification and de- Sol vent Seven hundred and
forty.nine ts.of .th I gnment - wax, di spersio , 11
bar ¢ St HRAAB 3 SiepidEhlee i ot aen L ety pesodium sal
ketim ne conpound 1 were 5 poured into a container to

of pnephivet of stltcnatewitkhine thavaglid dd cthiplede atide (BRpiipgl
for 2 mnutes using TK honmom xer (hy Primx Ca),

ohl i :
RS R0, B B2 CRERIGH Ind BT, P s BFHERSLPERE
m nut es_using TR honpm xer to prepare enul sified
118narts ofbuiylsendais and 1 partsofammponiywg peseulfade ware poured

vessel set with a stirring 10 rod and a thernoneter,

intd e feftdnekad sbOwl BPYES ¥4Sd AthSadAsmbair Sndei S,

and aged at 45C for 7 hours to prepare dispersion

slurry 1. .Purifi ion and .Dryi One hundred parts._of
mﬁ%‘éﬁd%%%‘?ﬁﬁéﬁté@ﬁﬁ@mﬁﬁ%? PYOPEFRA Viufeppien,

by: 15 (1) 100 parts of deionized water was added to

whihle wizs| aflmeed loateact dtiVd"Criox B livarsia SThirtyephrts ofitke TK
honmom xer at 12000 rpmfor 10 m nutes and then

e 05013 o 5 TP UL e
w]:tujgﬁ wrgsxélglrl%ggﬁ gt g]{}g(g %uruﬁs ]IJQI?ISTIZE p?.-gg})lrgi a);e;ql?;uui‘%ici)s%%rsinn
{fine particle dispersion 1) of a vinyl resin {copolymer of methacrylic acid,
butylacrylate, and sodium zalt of an adduct of sulfonate with methaerylic
acid ethylene oxade). The volume average particle diameter of the fine
particle dispersion 1 was measured to be 75 nm using LA-920. A part of the
fine particle dispersion 1 was dried to separate the resin content, The glass
transition temperature Tg of the resin content was 60°C and the mass
average molecular mass Mw was 110000.
Preparation of Aqueous Phase

Nine hundred and ninety parts of water, 83 parts of the fine particle
dispersion 1, 37 paris of 48.3% aqueous solution of sodium

dodecyldiphenylether disulfonate {Eleminol MON-7, by Sanyo Chemical

Industries Ltd.), and 90 parts of ethylacstate were mixed and stirred to
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20 rpmfor 30 minutes and then filtered; (3) 100 parts
of 10% hydrogen chl ori de aqueous sol uti on was added

to the filtered cake (2), the m xture was m xed using

TK honmom xer at 12000 159 rpmfar 10 minutes and then
filtered; - (4) 300 parts of deionized water was added
to the filtered cake (3), the m xture was m xed usi ng ;

J&erﬁ%m Nicghd JEQPR SR 51@395 110 minutes and then .

P t%is p cggﬁreﬁv\as r@%eat? once nore to prepare
filtered ca 1, .5 and _the filtered cake 1 was dried

W%ﬁ“%@d%%ﬁqb%ner base and 1% aqueous
di spersion of the fluorine conpound (2) shown bel ow ;
ver e Foux dandiéchiond ehiveit arthaf 4n hidast PispHene! A wAtH % :
by mass of the fluorine conmpound (2) based on the i

9B R85 00 Rl 5 04 50047

in an air-circulating dryer and further at 30C for 10 !
parisof $enephtladel acid 5 parts ofisophibhadicraeul, flApeattofanalesh :

of opening 75 pmthereby to prepare toner base

B R et R A - (L

the toner base particles.1l and hydrophqbic.silicg 15
co fon %Fﬂﬁﬁ%‘&fﬁm E:'t&iaa‘??éf-‘-é\r‘féﬁ Gqﬁwﬂmﬁla
H2000, by d ari ant
condenser, a stirrer and a nitrogen gas mlet, and the mixture was allowed to

ER TR T L

react at 200°C for § hours under nitrogen gas flow while distilling away the
water generated in the reaction. Then the reactant was allowed to react
uqdér a requced pressure of 5 to 20 mmHg, and taken out when the acid
value came to 7 mgKOH/g,  After cooling to room temperature, the reaction
product was milled, consequently, a low-molecular mass polyester resin 1
was oblained.

The resulting low-molecular mass polyester resin 1 contained no
THF-insoluble matter, and had an acid value of 9 mgKOH/g, a hydroxyl
value of 12 mgKOH/g, a glass transition temperature Tg of 52°C, a number
average molecular mass Mn of 4820, and a peak top molecular mass Mp of
17000. The rate of the molecular mass of no more than 1500 was (.8%,
Synthesis of Intermediate Polyester

Six hundred and eighty-two parts of an adduct of bisphenol A with 2

moles of ethylenc oxide, 81 parts of an adduct of hisphenol A with 2 moles of
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Japan KK) were m xed by a Henschel m xer (FMOC, by
Mtsui Mning Co,) to prepare a toner under such i
conditions as three repeating tines of rotating for '
20 seconds at circunferential velocity 30 uttsec as

wel |l as stopping for 60 seconds. 160 -- --------- -
The toner properties are shown in Tables 1-1 and 1- 2

prapflesy akide! 288 pa s SEldrep Rt LR M) 2bhalabliG ranell; -

eval uati on was conducted usi ng an evaluatlon evice A
1 S re d.in the sane
ﬂﬂﬁ’ﬂﬁ@P %&gﬁ fédgb M opde WP 0 Elr?fﬁlﬁpadpﬂé@aﬁﬁﬁel
1 and evaluated except that the eval uati on devices

eqguipeddenh aasanBeng@roa shxreT hadresittdsengre islkovnd theTabl e
2. Conparative Exanple 1 Atoner was prepared and

] I 1, _except

R TRl PR TR0 ¥ SRy nbind pESSER
ExanE 1 was changed into the resin H2 shown bel ow
an iegFREndern reduced pressareaf 16 tols mmBliteqrepire an
bi sphenol AW|th 2 nol es of ethyl ene oxide, 529 parts

in@fmedi:as falestl 101 SHRAAG ISR FoIENSS1 hall apﬁﬁauélene
oxi de, 208 parts of terephthalie acid, 46 parts of

orRPoRS Se E oheF b oS o5,

condenser, a stirrer and a nitrogen gas inlet, and the
elasisstransitioa terapémamiar: T of 54°42, tanaici® 3AkKief df 0. ¥ mipMOH/e and a
under normal pressure and further under a reduced

h&'[“]%cﬁﬁl llftﬁkq:néﬁdfaﬁfgmb for 5 hours. Then 44 parts

Next, 410 parts of the intermediate polyester 1, 89 parts of

L P T Y

isophoronediisocyanate and 500 parts of ethylacetate were poured inbo a
reactor vessel equipped with a condenser, a stirrer and a nitrogen gas inlet,
and the mixture was allowed to react at 100°C for 5 hours to prepare
prepolymer 1. The content of free isoeyanate was 1.53% by mass in the
prepolymer 1.
Synthesis of Ketimine

Oxne hundred and seventy paris of isophoronediamine and 75 parts of
methylethylketone were poured into a reaction vessel set with a stirring rod
and a thermometer, and the mixture was allowed to react at 50°C for 4.5
hours to prepare ketimine compound 1. The ketimine ecompound I had an
amme value of 417.

Preparation of Master Batch (MB)
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anhydri de was poured into the reaction vessel and the :
reactant was allowed 20 to react at 180C for 3 hours ;
under nornal pressure thereby to prepare a polyester

resin H2. The resulting polyester resin H2 had a

nunber average nolecular mass of 2300, a nass average

nmol ecul ar mass of 6700, a glass 161 transition

t enpey; i | o -
e S pbfirebods ARk PRI Mk AP rofeR SR S
cataj%iﬁ.%;ge toner properties are shown iin Tables 1-1

conteqt5096) apd; 1200, pagts o ROlypaigt resin syarc apivaA usknera bleaschel
The eval uati on was conducted using an 5 eval uation

mictey (loeMitaui Binpeay b)) v eThx afiptife v fbileeiicaded fwess
prepared and evaluated in the sane manner as that of

J srEXGEe t haty t parti gl e di ter...t
R o L 0r CARR il PR e KPR At copled.

powder and the content of course powder 10 were
then| mastcedshesl biha prlvemzen bherchy to preuira seistes natch 1.

procedures. The toner properties are shown in Tables
Préndrdltek of (%1 PRQLL eval uation results are shown in

abl e 2. The eval uation was conducted using an

eval yatiop device A Conpatrative le 3 A RQlack

t one %Hﬁpgﬁi{%&ﬁ SV Y BIEh PORES %ﬁg&‘%‘ﬂfﬂeﬂg%%s

15 that of Exanple 1, except that the particle

pobjicatiatle 100 tpaetsad Garah ebal maneirel 940 &its oD ethybicetitetvere
content of fine powder and the content of course

sl UL B s S RO L e, an

shown in Tables 1-1 and 1-2, and evaluation results
Lhe maxbrswas heated to 80°C and mamtained at 80°C for 5 hours then

l‘.‘J:IfJ]éld to 30°C over 1 hour. Then 500 purts of the mater bateh 1 and 500
paris of ethylacetate were introduced into the vessel, the mixture was mixed
for 1 hour to obtain raw material solution 1.

Thereafter, 1324 parts of the raw material solution 1 was transferred
Into a container, a pigment and a wax were dispersed into the raw material
solution 1 using a beads mill (Ultra Visco mill, by ATMEX Co.) under the
conditions of iquid feed rate of 1 kethr, dise circurnferential velocity of 6
m/sec, 0.5 mm zirconia beads of 80% by volume, and three times pass to
prepare a mixture. Then 1324 parts of an ethylacetate solution of 65%
low-molecular mass polyester 1 was added to the mixture, which was then
passed through the beads mill two times nnder the conditions deseribed

above thereby to prepare pigment-wax dispersion 1.  The solid content of the
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in Tabl e 2. The eval uation was conducted using an

eval uati on device A 20 Conparative Exanple 4 Abl ack
toner was prepared and eval uated in the same manner as
that of Exanple 1, except that the particle dianeter,
the particle dianmeter 162 distribution, the content
of fine powder and the content of course powder - were

pi%flgigggﬁsi ﬁe Whs 560 & 180icyr §6 ﬂﬁﬁhﬁéﬁ' ng

toner propertres are shown in Tabl es
nd. eval uation results are shown in
En?'é]éf@"'l 'ﬂ#@l&lgﬂ‘jﬁﬂ on was conducted using an
eval uation device A 5 [295] Table 1-1 Particle

Di anSeesn Bandriddnd fortsvaingmarisigbite (18 meat G0dibestsion 1,
Aver age Average of Fine Coarse Average Particle

Hgﬁgﬁéfééﬁhpai drebiaRer L3 55 $Rni o5 the ReGRMAE compppad fygyere
In) BT 5.5 4.3 11 0.2 1.28 0.93 150 143 E)L 1 YT

pogresl uitq A rsninimerteyrepatya tixturepwhidh wi#s dierBmixed 4f. S0
0.91 177. 162 CT 5.4 4.0 4 1.2 1.35 0.92 163 149 Ex

o e e M s o, i
1200 parts of the aqueous phase 1 into the container and mixing at 13000
rpm for 25 minutes using TK homomixer to prepare emulsified slurry 1.

The emulsified slvrry 1 was poured into a vessel set with a stirring
rod and a thermometer, then subjected to remove solvents at 30°C for 8 hours,
a_qd-hged at 45*C for 7 hours to prepare dispersion sharry 1.

Purification and Drying

One hundred parts of the dispersion slurry 1 was vacuum-filtered,
followed by:

{1) 100 parts of deionized water was added to the filtered cake, the
mixture was mixed using TK homomixer at 12000 rpm for 10 minutes and
then fltered;

(2) 100 parts of 10% sodium hydroxide aqueous solution was added
to the filtered cake (1), the mixture was mixed using TK homomixer at 12000
rpm [or 30 minutes and then filterad;

(3) 100 parts of 10% hydrogen chloride aqueous solution was added

to the filtered cake (3), the mixture was mixed using TK homomixer at 12000

159
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Ex.4 TT 5.3 4.5 19 1.5 1.18 0.94 168 153 Ex. 5 BT 5.5
4.2 4 0.1 1.31 0.96 159 157 Ex. 6 BT 5.5 4.3 11 0.2
1.28 0.93 150 143 Ex. 7 BT 5.5 4.3 11 0.2 1.28 0.92
150 143 Ex.6 BT 5.5 4.3 11 02 1.28 0.93 150 143 EXx.
9 Cr4.7 4.5 200 1.04 0.98 120 115 Co. Ex_ 1 BT 5.5
4.0 19 2.8 1.38 0.93 15 1147 Co. Ex. 2 BT 11.1 8.0 -

rpilfol 18 vhiniBefadd tAaPaldda; Co- Ex. 3 BT 5.5 3.8 24 3.5
1.4570.93 150 143 Co. EX. 4 BT 1.8 1 0 70 0.0 1. 80

0.91 1 4 BT= ack toner. | ow toner
mgent@@éﬁwm@%‘aﬂ%ﬁ Batar W%@X dedrighe %%
Vol une d ass Aggl ormerati on Apparent Resistivi ty

theaiitburiengasimiesl diiap TIDhGme i $r AETEINDYrphl 08 1) ©idutes
Point CC) Tenperature (glnD CC) 11 0.35 111 106 53

8 105 5 10 0.32.10.7 10 2 19 5
ani $heh (5 ihodiilord yvy R Boatod e By b Brdpgrd tkrpd gales
10.4 106 56
and the filtered cake 1 was dried at 45°C for 48 hours.

Next, a toner base and 1% aqueous dispersion of the (luorine
compound (2) shown below were mixed within a water bath in an amount of
0.1% by mass of the {luorine compound (2) based on the toner hase to adhere
or deposit the fluorine compound (2). Then the mixture was dried at 45°C
for 48 hours 1n an arrcirculating dryer and further at 30°C for 10 hours on

shelves, and then screened through a mesh of opening 75 um thereby to

prepare toner hasc particles 1.

Fluorine Compound (2)
CHa

CaF170 —{O)— CONH —€ CHz 3 J”«!‘“—GH; -1°
Ch,

Next, 100 parts of the toner base particles 1 and hydrophobic silica
having a primary particle diameter of 10 nm (F{DK H2000, by Clariant
Japan K.K) were mixed by a Henschel mixer (FM20C, by Mitsui Mining Co,)
to prepare a toner under such conditions as three repeating times of rotating

for 20 seconds at circumferential velocity 30 m/sec as well as stopping for 60

seconds.

160

e .



10

15

20

B L R T e e e e e EE R L R T Er L EE L P

Ex 4 12 0.41 10.7 91 48 Ex.5 14 0.36 10,6 105 59
Ex.6 22 0.45 11.1 106 53 Ex- 7 24 0.29 1L2 106 53
Ex. 8 6 0.38 11-1 106 53 Ex- 9 8 0.38 10.4 85 45 Com
Ex. 1 21 0.31 10,1 84 41 Com Ex. 2 11 0.35 11.1 106
53 Com Ex. 3 11 0.35 11.1 106 53 Com Ex. 4 35 0.21
10.7 105 53 Table 2 Carrier Toner Bl ocking Fixability

i e P e SRR L BRE 3. b efolihion
resulisiarosgwrin Teple?. g Tecevauionses cudusunng s ¢
125 190 Ex.5 BT B B B B 145 210 Ex.6 BT A B C C 130

evzZi@tinodetidd.B B B A 130 200
Examples 10 to 12

Toners were prepared in the same manner as Example 1 using the
black toner of Example 1 and evalvated except that the evaluation devices
were devices B, Cor D.  The results are shown in Table 2.
Comparative Example 1

Atoner was prepared and evaluated in the same manner as Example
1, except that the binder resin used for the black toner of Example 1 was
chariged into the resin H2 shown below.

Two hundred and twenty-mine parts of an adduct of bisphenol A with
2 moles of ethylene oxide, 529 parts of an adduct of bisphenol A with 3 moles
of propylene oxide, 208 parts of terephthalic acid, 46 parts of adipic acid and
2 parts of dibutyltin oxade were poured into a reactor vessel equipped with a
condenser, a stirrer and a nitrogen gas inlet, and the mixture was allowed to
react at 230°C for 7 hours under normal pressure and further under a
reduced pressure of 10 to 15 mmHg for 5 hours. Then 44 parts of trimellitic
anhydride was poured into the reaction vessel and the reactant wes allowed
to react at 180°C for 3 hours under normal pressure thereby to prepare a

polyester resin H2. The resulting polyester resin H2 had a number average

molecular mass of 2300, 2 mass average molecular mass of 6700, a glass

161
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Ex.8 BT B AB A 130 200 Ex.9 CT A B B B 120 200
Ex.10 BT B B C B 130 200 Ex_ 11 BT B C C B 130 200
Ex.12 BT B C C B 130 200 Cam Ex. | BT DD D D 150 160
Com Ex. 2 BT CCDC 145 180 Com Ex. 3 BT CDDC
130 180 Com Ex_ 4 BT D D D D 130 160 BT: bl ack
toner, YT= yellow toner, MI: nagenta toner, CT= cyan

bra®XiEbn tdififerd tirX@RPUSC dad b9 =6id @Qﬁe%!ﬁ%?ﬂ)‘}ﬁg. One
Exanpl es to 24 - Synthesis of Toner Bindef A

Synt hesi 5. of Linear, Polyester Resin Four hundred and
path Pf A Bt A AR Eh PSS henol A th 2 5 ol es
of PO, 300 parts of an adduct of bisphenol Awth 3

mol e&lhef toREr pRiptriiematesstoiv B Egtled 311 and i) and2vahistbn
of isophthalic acid, 10 parts of maleic anhydride and

rodURO il L PR, S TR A Riswht PRARRRL BLoR L

vessel equipped with a condenser, a stirrer and a
eviluativgads inlet, and the m xture was allowed to 10
react at 220C for 10 hours under nitrogen gas fl ow

CothipAratide Rudhpla@ avay the water generated in the
reaction. Then the reactant was all owed to react

undery & rediced pressur s oy 58,00 i s ptaker,
that of Example 1, excepl that the particle diameter, the particle diameter
distribution, the content of fine powder and the content of course powder
were adjusted as shown in Table 1-1 by classifying procedures.  The toner
properties are shown in Tables 1-1 and 1-2, and evaluation results are shown
in Table 2. The evaluation was conducted using an cvalpation device A.
Comparative Example 3

Ablack toner was prepared and evaluated in the same manner as
that of Example 1, except that the particle diameter, the particle diameter
distribution, the content of fine powder and the content of course powder |
were andjusted as shown in Table 1-1 by classifying procedures. The toner
propertics are shown in Tables 1-1 and 1-2, and evaluation results are shown
in Table 2. The evaluation was conducted wsing an evaluation device A.
Comparative Example 4

Ablack toner was prepared and evaluated in the same manner as

that of Example 1, except that the particle diameter, the particle diameter
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value cane to 5 ngKOH g. After cooling to room
tenperature, the reaction product was ml |l ed,
consequently, a |inear polyester resinAXl-1 was 15
obt ai ned. The resulti ngAX1-1 contai ned no

THF-i nsol ubl e matter, and had an acid value of7
nmgKOH g, a hydroxyl value of 12 ngKCH g a gl ass

didtkdation 5161%9 -

nol ecglh’ar mass n %&Ian a pea top un%}ég:ﬁiq%?
t he. nol ecul ar mass of
&Eﬁm&ﬂé@cg dgges, o hhe torary

ésila_aé CIlgrat of,

Pol yest er Resin Three hundred and fifty parts of an

progiditiet aed shiwn e Mabled 14 hhd -2, ol dilesti®f rdelis326 shown
parts of an adduct of bisphenol A vvith 3 nol es of PO,

3 5 AW 4Rl

evice A,
di_hydr oxybi s(tri et hanol al um nate) as a condensati on
talyst were poured into a reactor vessel equipped
Wi th a oandenser, a stirrer and a 5 nitrogen gas
Tabld £, and the mixture was allowed to react at 230C
for 10 hours under nitrogen gas flow while distilling

away the water generated in the reaction. Then the
react ant vvas al | OV\/ecbaterE g;aﬂgebéq_mder a redficed MW
pressure db 15 t g 20 mmHg—coajed—to—386€ 'Vf'cu the—aetd
val ue cang ?BI“E Tobfeni PS&uteBdr|part
trimellit :f% \ 'd'g has Fagdpdcodrher] t he ggerﬁ?‘fxt e | en
was al | onp “1 5'5? Uhpeticeol Patticpe dSSUTE f'”%(—:a%g SF-2
at mospher u{;ﬁ' 5 tsﬁqﬁﬂierilmvﬁi}rg to 200
Coneopiink 1 2 o miﬁ oal ol yelZer 1Lt had2s; | 450 [ s
ebtai hed Tioeh r @il njAXQ"5 1 konBdi nddl-#p| 0.94 | 1G4 | 160
THF- i n3A Lbl5¢ mat t €2 hnd 8had| and.4 135 | 091 171 | 162
. CT 5.4 4.0 | 1.2 135 | 0892 163 | 149
Ex 2 | BT 7.8 6.5 22 45 120 | 093 171 | 148
Ex 3 | BT 5.8 4.0 17 0.0 140 | 0.94 170 | 152
Ex 4 | BT 5.3 4.5 19 1.5 Li1g !l 094 168 | 153
Ex.5 | BT 5.5 4.2 4 0.1 1.31 | 096 159 | 157
Ex. & | BT 6.5 43 11 0.2 1.28 | 093 150 | 143
Ex.7 | BT 55 43 11 02 12a| o83 150 | 143
Ex.§ | BT 5.5 43 11 0.2 128 | 0.93 150 | [43
Ex.9 | CT 47 45 2 0.0 104 ] 0.98 120 | I16
Co. Ex.1| BT 5.5 1.0 19 2.8 138 ] 093 151 | 147
Co.Ex.2| BT | 11.1 80 11 0.2 138 | 093 150 | 143
Co. Ex. 3| BT 5.5 38 24 3.5 145 | 093 150 | 143
Co.Ex. 4| BT 18 1.0 70 0.0 180 | 091 170 | 164

BT black toner, YT: yellow toner, MT- magenta toner, CT: cyan toner
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acid value of 35 ngl (OH g, a hydroxyl value of 17
nmgKOH g, a glass 15 transition tenperature Tg of 69C,
a nunber average nol ecul ar nass Mh of 3920, and a
peak top nol ecul ar mass Mp of 11200. The rate of the
nol ecul ar mass of no nore than 1500 was 0. 9%

Synt hesis of Toner Binder A Four hundred parts of the
Tyl yester AXI -1 and 600 parts of the 20 AA2-1 were .
nel t ed- kneaded usi ng a conti nuous kneader at a jacket
tenperafure of 150 fesrdencg tine oT’t1 rf%]%ut €S

u

The nelfed.resin. S coo edvVdloam30€C over .4
usi ng a %[Fmgg P'@B%?IEP Reagstiviyl| | T UCOELG6 Teavsition
EF&ar® ah Denpby | QRO FpipgEE) ATemperature|
Synt hes| s of Toner|B B(Esé%/nt hesis of Lifpear {0
Pol yestpr Retin A |inea% pol yester |resigs AX|-2 vgss
Lepf\red by #sim|aro.Beactiom.Bes |5 the of AX1-g of
t Ofier b| nder 29_f ol | oveesz by| comi.fng|t o Tm@m | enpeszat ur
and m]ling%xcep} theg tlhe pméycpndengmt| ¢n cag4al ysi
wisg. 2hanged 24to t|tangd |bi sfd.5i e{ hanmd4l ufn natsg) .
TBe. 3espl ti ngx| - 2| cadai ned 14 THE- | ngl ublle mast er,
aBd fadl an  #zid vhl ueddf |8 ngkKEH ¢, aghydr xyl aml ue
oEx1% KOH i a gl aswaéransiioen |10 {@pefjat urs Tg
oEx60C, | a number aler@age nol ecut ar [masmdvh ¢f 640,
aBd apel' topz4ol ecll ay2oads Mo.®f 2018{pg The ratgs of
t Re. 8ol ecul as nass| ofg.3o [nora_1han 15 was 1. B

\1%4

o -

|L_SErtdes| s of gnon- L] napgg Pl yerf #r Resigs 45
Com. Ex. 1 21 0.21 10,1 84 41
Com. Ex. 2 11 0.35 11.1 106 53
Com. Ex. 3 11 0.35 11.1 106 a3
Com. Ex. 4 Jd5 0.21 10.7 105 5a
Tahle 2
. . Fixability
.- Carricr Fo Toner Blocking
J Loss g Scattering| Resistance | Lower Upper
Limit (C} Limit C'C)
BT B B A B 130 200
Ex. 1 YT B B B B 130 200
MT B B B B 150 200
CT B A B B 130 200
Ex 2 BT C A A A 140 200
Ex 3 BT i) .G C B 130 200
Ex. 4 BT A A A C 125 150
Ex. b BT B B B B 145 210
Ex 6 BT A B C C 140 240
Ex. 7 BT B B B A 130 2000
Ex. & BT B A B A 130 200
Ex. 9 CT A B B B 120 200
Ex. 10 BT B B C B 130 200
BEx 11 BT B C C B 130 200
Ex. 12 BT B C C B 130 200
Com. Ex. 1| BT D D D D 150 160
Com. Ex. 2| BT C e I C 145 180
Com. Ex. 3] BT C D D C 130 180
Com. Ex_ 4] BT D D D D 130 160}

BT: black toner, YT: yellow toner, MT: magenta toner, CT- eyan toner
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A non-linear polyester resin AX2-2 was prepared by a
simlar 15 reaction as that of AX2-1 of toner binderA,
Mewed by cooling to room tenperature and mlling
except that the pol yeondensation catal yst was changed
into titanyl bis(triethanolalum nate). The
resul ti ngAX2-2 contai ned no THFi nsol uble matter, and

| vai ue of.
I Sl m"@tﬂﬁ e e B e o o1

7OC1 a nber ge nol ecul ar mass Mh of 4200, and
Sy&‘%%%’k“f%ﬂl ‘g mass Mp of 11800. The rate of the
nol ecul ar mass of no nore than 150D was 0.8% 167

Syoyhédiesf Bimehr PaResteBiBr@dei B The inventive toner binder
B was prepared by powder-m xi ng 500 parts of the

pol yest e 1.2 and 500 I of .th l.ygst e -
For” S0uehptted Bt Pty pR o o i el AnE &
Toner Binder C Synthesis of Conparative Linear

mples QEEOe B0(Rparta of hp adduct ¢Brisphkenad Arwith@ molesioff PCHE57

sane nmanner as that of AX1-1 in synthesis of toner

pWﬂged [ nt 0 ﬁam um tQ%tral sopr p%%flﬁﬁg%c
&ﬂgﬁg}'ﬁga@é& Iem N hag 183@@&15 t| on_was sto?ped

distillation of generat ed wat er was aI so stopped, thus
codqusst®nehidlyéenbmpouired hﬂb@ﬁa@ﬁﬁ)ﬁedﬁﬂmﬁm&d&ﬁﬂﬁ aur
times during the reaction thereby to obtain

RS N LY —

and had
react at 220°C for 10 hours vnder nitrogen gas flow while distlling away the

W:_itér generated in the reaction. Then the reactant was allowed to react
under a reduced pressure of 5 {0 20 mmHg, and taken out when the acid
value came to 5 mgKOH/g. After cooling to room temperature, the reaction
product was mulled, consequently, a inear polyester resin AX1-1 was
obtained.

The resulting AX1-1 contained no THF-insoluble matter, and had an
acid value of 7 mgKOH/g, a hydroxyl value of 12 mglKOH/E, a glass transition
temperature T of 60°C, a number averape molecular mass Mn of 6940, and
a peak top molecular mass Mp of 19100. The rate of the molecular mass af
no more than 1500 was 1.2%.

Synthesis of non-Linear Polyester Resin

Three hundred and fifty parts of an adduct of bisphenol A with 2

165
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15 an acid value of 7 ngKOH g, a hydroxyl value of 12

nmgKOH g, a glass transition tenperature Tg of 58C, a

nunber average nol ecul ar mass M of 6220, and a peak

tap nol ecul ar mass Mo of 18900. The rate of the

nol ecul ar mass of no nore than 1500 was 2. 2%

Synt hesi s of Conparative non-Linear Polyester Resin 20

mt;fﬁﬁ of B&C @h@r{hexﬁ%t‘%m{dtﬁﬂt BFbishReddl® RRED BRI TR, 278

hat of AX2-1T in synthesis of" toner nder A, except

t pat..t he | ycandensation_cat al yst S.. ch ed into

DA G TR bR L RO ar RO pREe 06 DA AR sl AR par el
out 168 under normal pressure for 16 hours and under a

titnaihm etihniress bisftriahaBolahonimite)l#ea reedinsation ehedidtywere
was slow, thus 2 parts of titanium tetraisopropoxide

' ' he reaction . thereby to
ol 03 ehioR Beloe Bdwighbl Mol A bt sttt i =
CAX2-1. s The resulting CAX2-1 contained no
nitrpgen gapindeh. andihe apixtunedvamsalloved tooreact at 230°6) fog 40
myKOH g, a hydroxyl value of 16 ngKOHJg, a gl ass
holuFRaAdEr ﬂiﬂ:rdg%sm%rﬁ%g?ﬁ ®hild dMGIERE awhy WEhekicR kBh&8%ed in

nol ecul ar mas 3420, and a péak top l'ecul ar

mass 0f,12100. The yate qof the nolecul ar ss of
B BoRRRE- ﬂ%@ﬁﬁ%ﬂéﬂfﬂmﬁ?‘v@%ﬁ%ﬁw&esﬂw prad

Bi nder C Four hundred parts of the polyester CAX1l.1

pressohrs 005 pa 20 s, beoledCaAX 280" Cvehen the heid walaa desle Usi2ng
a continuous kneader at a jacket tenperature of NOT

. . v nut es. s T .
Qg EF i Pas it B tefhae Bl AW e Wes TRUCSEpbE b
cooler, then mlled to_is prepare an inventive toner

mpivrparagallawed toreact yndercnommalnressure of gealed atmosphere

for 2 hours. After cooling to reom temperature, the reaction product was
milled, consequently, a non-linear polyester resin AX2-1 was obtained.

The resulting AX2-1 contained no THF-insoluble matter, and had an
acid valuc of 35 mgKOH/g, a hydroxyl value of 17 mgEOH/g, a glass
transition temperature Tg of 69°C, a number average molecular mass vn of
3920, and a peak top molecular mass Mp of 11200. The rate of the
molecular mass of no more than 1500 was 0.9%.

Synthesis of Toner Binder A

Four hundred parts of the polyester AX1-1 and 600 parts of the
AX2-1 were melted-kneaded using a continuous kneader at a jacket
temperature of 150°C and a residence time of 3 minutes. The melted resin

was cooled to 30°C over 4 minutes using a steel-belt cooler, then milled to
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i ntense purplish brawn. Exanple 13 One hundred parts
of the inventive toner binderA 5 parts of Carnauba
wax (Cernauba wax Cl, nelting point- 84C, by S. Kato &
Co.), 4 20 parts of a yellow pignment (toner yellow HG
VP2155, by Cariant Co.) and 3 parts of zinc
salicylate (Bontron E-84, by Orient Chemcal Co.) were

el 41 PRchlive Bneehikdd g a Henschel m xer (FMLOB, by. .
prﬁ#tsui M ni ngECo]?%ﬁ- ﬂ{%ég{}?_: and then kneaded using a ’ o

t wo- axi s kneader CM 30, by lkegai Ltd). - - The
Sﬁ'ﬁﬁ\eﬁ‘i’%‘? Tonery %Féﬁm |l ed using a super sonic jet mll
(lab Jet, by Japan Pneumatic Mg. Co) and then

Syaithesis 6f Bitheus Polycater®osuc! assifier (MDS-1, by Japan
Pneumatic Mg. Co.) to prepare toner particles having

a paradq: ' of 8 pm en Q art .of

o of T et SRR AKEY Sho Brfifired BEh dtndtaRfetfin 35

was m xed with 100 parts of the toner particles using
that ofdsffilef foner hindembyfollowpd by zpeling taorem FIeperEnarepims

14 A toner T14 was prepared in the sane nmanner as

‘( Bont r‘%ﬁ‘1 g‘a?ﬂt@l Ebiy EOr ?g%]%ﬁghﬂgm%gap C‘g%jg I(:h\/\gﬁs{é%:iﬁlﬁ Bié%“yl

hiﬁ%ﬂwy amoni um salt (Bontron P-51, by
-Co.) and the colloidal silica (Aensil
8972, by N ppon Acrosil Co.) was changed into H30TA
(by UhekesulCingiXEE cootginedxa MHE-idsldbleAnise and Had an
was prepared in the sane manner as Exanple 13,
acid value of 8 mgKOH/g, a hydroxyl value of 10 mgKOH/g, a glass transition
temperature Tg of 60°C, a number average molecular mass Mn of 6820, and
a peak top molecular mass Mp of 20180, The rate of the molecular mass of
no more than 1500 was 1.1%.
Synthesis of non-Linear Polyester Resin
A non-linear polyaster resin AX2-2 was prepared by a similar
reaction as that of AX2-1 of toner binder A, followed by cooling to room
temperature and milling except that the polycondensation eatalyst was
changed into titanyl bis(triethanolaluminate).
The resulting AX2-2 contained no THF-insoluble matter, and had an
acid value of 33 mgKOH/g, a hydroxyl value of 14 mgKOH/e, a glass
transition temperatnre Te of 70°C, a number average molecular mass Mn of

4200, and a peak top molecular mass Mp of 11800, The rate of the

maolecular mass of no more than 1500 was 0.8%.

167



10

15

20

except that the zinc salicylate, (Bontron E-84, by
Oient Chemcal Co.) was changed into
bi s[ 1- (5- ebl or o- 2- hydr oxyphenyl azo- 2- napht ol at o) chr one
(I'11) acid. Exanple 16 20 A toner T16 was prepared in
t he same manner as Exanple 13, except that the zinc
salicylate (Bontron E-84, by Oient Chemcal Co.) was
Sﬁgﬂé@ggfm[gm&pﬁl ne (Nigrosine Base EX, by Oient .
Chemcal Co) and t 170 colloidal silica (Aerosil
8972, ,by. NlﬁonAero?)Ll Q]El) was chan ed into H3O0TA -
(by VdiEdgve Fegppreared Dy poyyrler o g 590
prepared in the sane rranner as Exanple 13, 5 except
pairteadf th @uzmrﬂl 2\oind! 300(j=aé 6Bdhefpolvestdy/ARRIF0E 5
Chemi cal .) was changed into a fluorine conmpound
434, by Clariant Japan KKJ. ;
o ﬁgﬁ%@%ﬁ onef) mRRE was prepared in the sane manner ;
as. Exanpl e 13, 1o except that the zinc salicylate ‘
Syntberis 'I'[Elesﬂmﬂsr:l‘@rlent Chemical Co) was changed
into perfluoroal kyltrinmethyl ammoni um i odi de (F113103
SyRthAROSE CHRERARTvd LTichr PRKAERNSekd A toner T19 was
prepared in the same mannér as Exanple 13, is except
that ,fhe zinc salicylate (Bontron E-84, by Oient
Cheni 1d&I Te2gfagn fgs '%&ﬂ&lﬁg@&ﬂ@%ﬁ%ﬁ#&%
sal t-contai ning Aymnel acrylic
synthesis of toner hander A, except that the polycondensation catalyst was

TR

changed into titamum tetraisopropoxide, There arose such a problem that
the reaction was stopped on the way due to catalysis deactivation and the
distillation of generated water was also stopped, thus 2 parts of titanium
tetraisopropoxide was added four times during the reaction thereby to obtain
a comparative linear polyester resin CAX1-1.

The resulting CAX1-1 contained no THF-inscluble matter, and had
an acid value of 7 mgKOH/g, a hydroxyl value of 12 mgKOH/g, a glass
transition temperature Tg of 58°C, a number average molecular mass Mn of
6220, and a pEE;]L top molecular mass Mp of 18900. The rate of the
molecular mass of no more than 1500 was 2.2%.

Synthesis of Comparative non-Linear Polyester Resin

The reaction was carried out in the same manner as that of AX2-1 in

syntheais of toner binder A, except that the polycondensation catalyst was

changed into titanium tetraisopropoxide. The reaction was carried out

168




10

15

20

AL A, et = AT ra e e s = £ e ———

copol ymer (FCA-77PR, by Fujikurakasei Co.) and the
colloidal silica (Aerosil 8972, by N ppon Aerosil Co)
was changed into H30TA (by Wacker Chenmical Ca,). 20
Exanple 20 A toner T20 was prepared in the same nanner
as Exanple 13, except that the zinc salicylate
(Bontron E-84, by Oient Chemcal Co.) was 171

o8 AR pab e e or 363p AT abd Kitale o HRMIEERSE 08

as Exanple 13, except that the zinc salicylate
hopg ¢ Fleghreachen velpery was slomdins 2 pagss of @anium changed
into a Fe azo dye (' 177, by Hodogaya Chem cal Co).

telrX R oRRleAvhPadde dihtedBiindy AR Ethd fodcion SRERLFRHNET
as Exanple 13, except that the zinc salicylate

Bontron E-84, by . Orient, Cheni cal _Wwas changed
RS B IR PR RS RO R 'for produci ng
t he pol yhydroxyal kanoate wi |l be shown bel ow Met hod

f or AbedesulioneFGAREidmamtyined caBHFansolubleonptiet, aghhad

pl ate was plated on 200 nL of a nmedi um cont ai ni ng

bt YRR O RO S AP AP R OLPE, F e

for 30 hours. After the incubation, the Fungus was
transl e feapperadure e ab6iG, » mEnbemsyerage mals@datpass Mn of
freeze-drying. The dried fungus was sanpled, to which

3480 ei0he peak tadaelecul hemakX My 6f WAD0. The rate of the
molecular mass of no more than 1500 was 2.1%.
Synthesis of Toner Binder C

, +" Four hundred parts of the polyester CAX1-1 and 600 parts of the
CAX2-1 were melied-kneaded using a continuous kneader at a jacket
temperature of 150°C and a residence time of 3 minutes. The melted resin
was cooled to 30°C over 4 minutes using a steal-balt enoler, then milled to
prepare an inventive toner binder C. The toner binder C was a resin of
intense purphsh brown
Example 13

One hundred parts of the inventive toner binder A, 5 parts of

Carnauba wax (Carnauba wax C1, melting point: 84°C, by S. Kato & Co)), 4
parts of a yellow pigment (toner yellow HG VP2155, by Clariant Co.) and 3
parts of zinc salicylate (Bontron E-84, by Orient Chemical Co.) were

preliminarily mixed using a Henschel mixer (FM10B, by Mitsui Mining Co.)
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stirred for 72 hours to extract polymer- The acetone,
containing the extracted polyner, was filtered and
condensed by an evaporator, then 20 collecting

subst ances deposited-solidified by cold nethanol,

foll owed by “acuumdrying to obtain intended pol yner.
The mass of the dried fungus was 215 ng, and the nass

ar@f tHeRScdeR AL LR P Bkd-TR]s MRS d4P (PFOM-30 oy MRl BtddB A -

toner T23 was prepared in the sanme mannér as Exanpl e
13, xcept, that e.toner_ bi.nder A was changed i.nj o
the (aRb RS el W18 a53UReT SARIC] ab Jet, by

prepared in the sane manner as Exanple 14, except
JaphatPricvend tnkifz (Coapand fhavaelasdifod edinpnimairhdndsifee(MDS-T,
bi nder B. Exanple 25 Atoner T25 was prepared in the

by PR T e REMELICR) ot ime € KRR nfiee i Bhatigle .

.26 2 Atoner T26 was prepared in the sane manner as
digag s 1360 of 8 ey ¢ bhen; (3 parhel coblaisial gilisadApvasal RS bwd
into the toner binder B. Exanple 27 A toner T27 was

Nitpﬁﬁﬂﬂe%‘hil To.} kais S81¥Rd RAMK 200 parT TR onlef parfieles 66y a

at the toner binder A was changed into the toner

soE Sl her-EAd0 Brspipe 185 T03cept that the foner
bi nder Awas changed into the toner binder B.

Example 14

A toner T14 was prepared in the same manner as Example 13,
except that the zine salicylate (Bontron E-84, by Orient Chemical Co.) was
chaniged into a quaternary ammonium salt (Bontron P-61, by Orient
Chemical Co.) and the colloidal silica (Aerosil R972, by Nippon Acrosil Co.)
was changed into H30TA (by Wacker Chemical Co.).
Example 15

A toner T15 waa prepared in the same manner as Example 13,
except that the zimc salicylate (Bontron E-84, by Orient Chemical Co.) was
changed into bis[1-(5-chloro-2-hydroxyphenylazo-2-naphtolate)chrome (11T
acid.
Example 16

A toner T16 was prepared in the same manner as Example 13,

except that the zine salicylate (Bontron E-84, hy Orient Chemical Co.) was

changed into nigrosine (Nigrosine Base EX, by Orient Chemical Co.) and the
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Exanpl e 29 20 Atoner T29 was prepared in the sane
manner as Exanple 19, except that the toner

bi nder Awas changed into the toner binder B. Exanple
30 173 A toner T30 was prepared in the sanme manner as
Exanpl e 20, except that the toner binder Anas changed
into the toner binder Exanple 31 A toner T31 was

B
P e P SR DY NIREn RS HOR) o Hhan g Hizoma

at the changed oner
bi_nder Ex le 32 Atoner T32 was prepared in the
m%m&mmﬁg%)anple 22, except that the toner
bi nder A was changed into the toner binder B. Exanple

Exdgngle 1At oner T33 was prepared in the sane manner as
Exanpl e 13, except that 3 parts of zinc sa icylate

| nt o eeF 1 syl in QHR Red mafiner SR Taanlg 19,
Oient Chemcal Co) and 2 parts of

extipdithal bhering saligdate{Pontropdi-édy bp OrichtrGimmichhCo) shaso
me (I11) acid. 15 Exanple 34 A toner T34 was prepared

hiAgdd\hts ATRudRY &) ﬁam@@ﬁa %ﬂaﬁgu X §APY34 DAkt S

¢ of "quaternary ammI1I1L um sa _L',( Bont'ron P-51, ’E@t%r%r%nt
Chemical Co) was changed into 3 parts of quaternary

Jagﬁﬁ%%&n salt (Bontron P-51, by Orient Chemcal Co.)

and 2 parts of nigrosine (N grosine
Example 18

A toner T18 was prepared 1n the same manner as Example 13,
except that the zine salicylate (Bontron E-84, by Orient Chemieal Co.) was
ch_aﬁged into perfluoroalkyltrimethyl ammonium iodide (FT-310, by Necs
Company Ltd.).

Example 19

A toner T19 was prepared in the same manner as Example 13,
except that the zinc salicylate (Bontron E-84, by Orient Chemical Co.} was
changed mto a quaternary ammonium salt-containing styrenefacrylic
copolymer {FCA-7T7PR, by Fujikurakasei Co.) and the colloidal silica {Aerosil
R972, by Nippon Aerusil Co.) was changed into H30TA (by Wacker Chemieal
Co.).

Example 20
A toner T2( was prepared in the same manner as Example 13,

except that the zine selicylate (Bontron E-84, by Orient Chemical Co.) was
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20 Base EX, by Orient Chem cal Co.)_ Exanple 35 Atoner
T35 was prepared in the sane nmanner as Exanpl e 15,

174 except that 3 parts of

hi s[ 1- (5- chl om 2- hydr oxyphenyl azo- 2- napht ol at o) chr one
I11) acid was changed into 3 parts of

bi sE1- (5- chl or o- 2hydr oxyphenyl azo- 2- napht ol at o) chr one

chbhidd mA6ladCPREh dye COAT by AstiZRee8RHGY! ate (Bontron
E-84, by Orient Chem cal J(;:o). Exanpl e 36 A toner T36

was or pared in the same manner as Exanple 16, except
E]Taﬁ%]? ’o?’ﬁparts of nigrosine (N grosine Base EX, by

Oient Chemcal Coo was changed into 3 parts of
ni gr detomer IRl grosprepaRakin fhe salme Manast ab Bxahgple 49
Co.) and 2 parts of quaternary anmoni um salt

exbERIR O ke ooyl (BT s Ay Olent CHRRISE G4 Ras
17, _except that 3 parts of_ fluorine conmpound (Copy
chengedymtar Keazpglye V77, by Hedagasa Cheapigal S0d. was

changed into 3 parts of the fluorine conpound (Copy
ExGhaglg@2NX VP 434, by dariant Japan x.R) and 2 parts
of zinc salicylate (Bontron E-84, by Oient Chem cal

manndr OBEY SR e Bares A e SpEis HARna! p xartie 15,
perfl uoroal kyl trimethyl amoni umi odi de (FIL310, by
except that the zine salicylate (Bontron E-84, hy Orient Chemieal Co.) was
changed mto polyhydroxyalkanoate.
The method for producing the polyhydroxyalkanoate will be shown
below.
Method for Producing Polyhydroxyalkanocate
A evlony of agar plate was plated on 200 mL of a medinm containing
0.6% polypeptone and 0.1% phenylsulfanylvaleric actd, and cultured in a
shaking lask of 600 mL at 30°C for 30 hours. Afer the incubation, the
funpgus was harvested and rinsed with methanel, followed by -freeze-drjring.
The dried fungus was sampled, to which acetone was added, the mixture was
stirred for 72 hours to extract polymer. The acetone, containing the
extracted polymer, was filtered and condensed by an evaporator, then
collecting substances deposited-solidified by eold methanol, followed by

vacuum-drying to obtain intended polymer. The mass of the dried fimgus

was 215 mg, and the mass of the resulting polymer was 76 mg,
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Neos Conpany Ltd.) was changed into 3 parts
of perfluoroal kyltrimethyl amoniumiodide (Fl 310, by
Neos Conpany Ltd) and 2 parts of zinc 175 salicylate
(Bontron E-84, by Orient Chemical Co.). Exanple 39 A
toner T39 was prepared in the sanme manner as Exanpl e
19, except that 3 parts of quaternary anmoni um
EsSahpled@Int ai ni ng styrenelacrylic 5 copol ynmer .
(FCA-77PR, by Fuji kurakasei Co.) was changed into 3

part er nar m sal t - cont ai n
Styr Mﬁﬂsgﬁ?ﬁ‘%ﬂ% iR theeaind watinor pf Wxdmplo 15,
Fuhl cur akasei . and 2 parts of quaternary amoni um

exeerittthaBelwt tomer bﬁ;diat,ﬁ wys chamged ifbe thecineChigderfanpl e
40 10 A toner T40 was prepared in the sanme manner as
log 20, except that 3 parts of G azo dye (CCA-7,
by AstraZeneca Co) was changed into 3 parts of Cr azo
dye (,CCA- 7 byAstraZeneca Co ) and 2 parts of zinc
sal i dYIOBEE G'fﬁSrIH#PFBBMm iy Samesmanghe ps Expmple 14,
Exanpl e 41 15 At oner T41 was prepared in the sane

extgptithat 8% fosefbirle h wasleaiedlings ik ddet Buffer B azo0
dye (T-77, by Hodogaya Chemical Co.) was changed into

of Fe azn dye (T177, by Hodogaya Chem cal Co)
Eéﬁgpqﬁnz%parts of zinc salicylate (Bontron E84, by

Oient Chemcal Co.). Exanple 42 20 A toner T42 was
pr epérieger W25 masgreparedringhe zanioanpher 22 Exampie bs,
that 3 parts of pol yhydxoxyal kanoate was changed into
exc&pt3hAStHY toner binder A was changed into the toner hinder B,
Example 26
A toner T26 was prepared in the same manner as Example 16,
except that the toner binder A was changed into the toner binder B.
Example 27
A toner T27 was prepared in the same manner as Example 17,
except that the toner binder A was changed into the toner hinder B.
Example 28
A toner T28 was prepared in the same manner as Example 18,
except that the (oner binder A was changed inte the toner binder B.
Example 29
Atoner T29 was prepared i the same manner as Example 19,

except that the torer binder A was changed into the toner hinder B.

Example 30
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pol yhydr oxyal kanoate and 2 parts of zinc salicylate
(Bontron E-84, by Oient 176 Chem cal Co.).
Conparative Exanple 5 A toner T5 was prepared in the
same manner as Exanpl e 13, except the toner binder
Awas changed into the toner hinder C. 5 Conparative
Exanple 6 A toner T6' was prepared in the sanme manner

|ar81t E% tone%@hﬁgﬁmn})ar ati \?gg% élA'thgger - {

pr epar t he same manner. as Exan'pl 15,
B ploBE e A Ban BAbER A Ehecimser bies K. ne

toner bi nder C. Conparative Exanple 8 A toner T8 was
ar|d in the same manner as Exanpl e 16, except t he R
toner bi nder Awas changed into the toner binder )

o Gy A e %.nz%h‘f%ﬂ?tex@gw%@ﬁ@&ﬁﬁﬁa%'”

bi nder Awas changed into the toner binder C
ex@mihabithe/onex bipler Af@az\charged ifmtd thevanepbaplrddl in
the sane manner as Exanple 18, except the toner

| moAwas changed into the toner binder C. 20

Conpar ati ve Exanpl e 11 Atoner T11' was prepared in the

samnme manneé, s Exanp 9, . except the toner binder
Awas RREdd .Wﬂsdntaﬁ SAMfomagner as Example 22,

except that the toner binder A was changed into the toner binder B.
Example 33

Atoner T33 was prepared 1n the same manner as Example 13,
ex_mi:t that 3 parts of zinc salicylate (Bontron E-84, by Orient Chemical Co)
was changed into 3 parts of zine salicylate {(Bontron E-84, by Orient
Chemical Co.) and 2 parts of
bis[1-(5-chloro-2-hydroxyphenylazo-2-naphtolato)chrome (ITI) acid.
Example 34

A toner T34 was prepared in the same manner as Example 14,
except that 3 paris of quaternary ammonium salt (Bontron P-51, by Orient
Chemical Co.) was changed into 3 parts of quaternary ammonium salt
(Bontron P-51, by Orient Chemical Co.) and 2 parts of migrosine (Nigrosine
Base EX, by Orient Chemical Ca.).
Example 35

Atoner T35 was prepared 1n the same manner as Example 15,

174



10

13

20

177 Conparative Exanple 12 Atoner T12'was prepared in
the sane manner as Exanple 20, except the toner

bi nder A was changed into the toner binder C.
Conparative Exanple 13 5 A toner T13 was prepared in
t he same manner as Exanple 21, except the toner

bi nder Awas changed into the toner binder C

exEGHRALABID hivgidfpganpl e 14 A toner T14' was prepared in .
t he sane manner as Exanple 22, except the toner

Awas. changed into the toner bi nder t.Q
hl%ﬁgw re-IshydryRaEphanyiaey 2 paphtplateichreme (H}ecid was

forty-nine parts of an adduct of bisphenol Awith 2

chanpeabind 3pyapydfene oxi de, 20 parts of an adduct of
bi sphenol Awth 3 nol es of propyl ene oxide, 133 parts

bi]y GRLAE oS TR et b ool ) fadand'

(average 15- polynerization degree: about 5) W|th 5
Paiis @@msmhteﬁﬁummél 843 Quent Chbemicad Gopht hal i ¢
acid, 19 parts of isophthalic acid, 10 parts of
Eslefhife!gdgi tic anhydride, and 2 parts of titanium
di hydr oxy bi s(di et hanol alum na te) as a condensation

cat al yst oured into react or vessel equi pped
wi t A& '\gﬁ‘rég preg %@Pﬂaﬁtﬁwaﬁpﬁ 8% Bxamplo ﬁﬁt et

and the m xture was allowed to 20 react at 230C for 10
extztrithat i garisvfniggeineddEgfdsing Blid EX0bs Orlenit heawiey1 Co.)

the water generated in the reaction. Then the

BB P e e S, o

Chlezgcal Co.) and 2 parts of qualernary ammonium salt {Bontron P-51, by
Orient Chemical Co.).
Example 37

A toner T37 was prepared in the same manner as Example 17,
except that 3 paris of Aluorine compound {Copy Charge NX VP 434, by
Clariant Japan K.K) was changed into 3 parts of the fluorine compound
(Copy Charge NX VP 434, by Clariant Japan K K.) and 2 parts of zine
salicylate (Bontron E-84, by Orient Chemical Co.).
Example 38

A toner T33 was prepared in the same manner as Example 18,
excepl that 3 parts of perfluorcalkyltrimethy] ammonium jodide (FT-310, by
Neos Company Litd.) was changed inte 3 parts of perfluoroallyltrimethyl

ammonium iodide (FT-310, by Neos Company Ltd.) and 2 paris of 4inc
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ngKOH g or | ess. Then 50 parts of trinellitic
anhydri de was added to the reactant, which was

all onwed to react for 1 hour under normal pressure and
t hen under a reduced pressure of 5 to 20 mmHg, 20
parts of bisphenol A diglycidyl ether was added when
the softening tenperature canme to 105C, 5 then the

saﬁ&ﬂﬁ&ﬁﬂinﬁs CFQ%?P%QHhﬂﬂnﬁmmﬁﬁglﬁgﬁﬁening t enper at ur e.

cane to r cooling to roomtenperature, the

reaction product was mlled, consequently, a nodified
Exsgmpleder resi nAY1l-1 was obtai ned. The resul ti ngAYl. 1

had an acid value of 52 ngKOH g, a hydroxyl val ue of

16 ol T30 ve @@ phfclnisl theGamehaansi Hs Exhthlé 183C,
a nunber 10 average nol ecul ar mass Mh of 1860, a peak

cx%%ﬁﬁgg%g% Lar EPSﬁ %E oéﬂ%%ggﬂggn '§%%¢F_jnsg|Ub|Eﬁ8ﬂk

nmore than 1500 was 2. 1% This resin was used as a
copdpmer BFGAcTTRR, byuiilbesikeseifCabwes cBangel inko Sypartwsf s
of Modified Polyester Resin 15 Aconparative nodified

quBBIASPY Bhurh i %Y%%Wﬁa@ 1k &[ﬁcy:a CA-T7PR,
manner  as Exanpl e 15, - except at the pol'ycondensation

taglyst wa ch ed into titaniumtetrabutoxide. The
Wmas%i#ﬂ-ﬁg&aﬂﬁé’@ﬂﬂ@ﬁfﬁaq amsRenIT salb {Bontom
an acid- value of 53 ngKCHJg, a hydroxyl value of 17

P-opAeHDgenaCheasaltd@nsi tion 20 tenperature Tg of 71C
a nunber average nol ecul ar nmass Mh of 1660, a peak top

gﬁ! ar mass M of 6340, and a THF-i nsol ubl e content
E 0 I@%%& The rate of the nol ecular mass of no nore

than 1500 was 3.1% This resin 179 i
A toner T40 was prepared in the same manner as Example 20,

except that 3 parts of Cr azo dye (CCA-7, by AstraZeneca Co.) was changed
into 3 parts of Cr azo dye (CCA-7, hy AstraZeneca Co.) and 2 parts of zine
salicylate (Bontron E-84, by Orient Chemical Co,),
Example 41

Atoner T41 was prepared in the same meanner as Example 21,
except that 3 parts of Fe azn dye (T*77, by Hodogaya Chemical Co.) was
changed into 3 paris of Fe azo dye {(T-77, by Hodogaya Chemical Co.) and 2
parta of zine salicylate (Boniron E-84, by Orient Chemical Co.).
Example 42

A toner T42 was prepared in the same manner as Example 22,
except that 3 parts of polyhydroxyalkancate was chanped into 3 parts of

polyhydroxyalkanoate and 2 parts of zine salicylate (Bontron E-84, by Orient
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was used as a toner binder E. - j Synthesis of 7bner
Bi nder F Synt hesis of non-Linear Polyester Resin One
hundred and thirty-two parts of an adduct of bi spheno
Awith 2 5 noles of propylene oxide, 371 parts of an
adduct of hisphenol Awith 3 noles of propyl ene oxide,
20 parts of an adduct of bisphenol Awmth 2 noles of
Clellivhlang).oxi de, 125 parts of an adduct of phenol .
novol ac (average pol ymeri zation degree'. about 5)

Wi t h propylene oxi de. 201 parts of
CW"&BM Pd, 25 parts of malefic anhydride, 35

parts of dine thyI 10 terephthalate and 2 parts of

ti t adytoner T6twaseptopaed hinithensing) masiner ae MhaensiatlBpexcapt
catalyst wer e poured into a reactor vessel equipped

é(\waﬁ &qq? {ﬁﬂg thogen gas inlet,
an trhe m Xt ure was Ht&E%‘[ reac t4'z:’lt 230C for 10

hour s under nrtrogen gas flow while distilling away
fige ExaggteBat ed in the reaction. Then the
reactant was allowed to react 15 under a reduced

pr es albAcPTE v PpRParid B tHeQAhed é@ﬁs@fﬁﬁfﬂl tllaeempt

acid value cane to 2 ngKOH g or |ess, 65 part

trime i_.c, anhydrid ded the mxture was
the fari s  RAE b o b fongr b of - seal od

at nrosphere for 2 hours, After cool i ng to room

Congrayatize Hxemilh & reaction product was ml | ed,
consequently, a non-linear polyester resinAX2-3 20

oo SRR o R i (10 PR bl REBE o Rk BRE T SRl

val ue_of ~ 30 ngKOBI g, a hydroxyl value of 16 180 - --
toner binder A was changed into the toner hinder C.

Comparative Example 8

A toner T8 was prepared in the same manner as Example 18, except
the toner binder A was chanped into the toner binder C.
Comparative Example 9

A toner TY was prepared in the same manner as Example 17, except
the toner binder A was changed into the toner binder C.
Comparative Example 10

Atoner T10 was prepared in the same manner as Example 18,
except the toner binder A was changed into the toner binder C,
Comparative Example 11

Atoner T11' was prepared in the same manner as Example 19,

except the toner binder A was changed into the toner binder C.
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ngKOHl g, a glass transition tenperature Tg of 59C, a
nunber average nolecular mass Mh of 1410, a peak top
nol ecul ar mass Mp of 4110, and a THF-insol uble
content of 27x. The rate of the nol ecul ar mass of no
nore than 1500 was 1.0% This resin was used as a
toner binder F. 5 Synthesis of 7bner Binder C

Cord i@t fnfignoli near Pol yester Resin Four hundred .
ten parts of an adduct of hi sphenol Awth 2 mal es of
propylene ggl 270 pa ts of an adduct ofhlsphenol A
wi t hAstomgr dd25vas pregyid Hethessane mamner ap Jixgmple
terephthalic acid, 125 parts of i sophthalic acid, 10

m&@mmammmmgea gietodhd tenddsihge™l, tit ani um
dihydnxy bis(triethanolaluninate) as a condensation

red into a reactor vessel equipped

Céﬁﬁ%&b con e 1§95 a stirrer and a nitrogen gas inlet,
and the mxture was allowed to react at 220C for 10
hour ¢t ignded 18 waspmparerhin tHeosanpiiaardic sis Fixamyle 2hay
the water generated in the reaction. Then the 15

r_gﬁeha%né&qﬁnaéﬂmee chAnpe@ Mo hd &Hlﬁééiced pressure

nmrHg, cooled to 180C when the acid.val ue

cane | ess, 25 parts of trinellitic
C“ﬂ'ﬂ‘f&r&'}:\vﬁé’i%@?g&'g‘ed, then the mixture was allowed to
react under normal pressure of seal ed at nosphere for

2 how eneATl¢rwaoptepaged in tHeomihd QipRIEa L PBxample 22,
reaction product was mlled, consequently, a 20

Hegﬂt*:la ng&)@ﬁé{gcont alcﬁgﬁkgféﬁﬁé}l%ﬁrﬁﬂﬁg fﬁttThe and

had an acid_value of 18 ngKCH g, a hydroxyl val ue of
Syoihepigef Taner BpdesB 181 transition temperature Tg of
62C, a nunber average nol ecul ar mass WMnh- of

Five hundred and forty-nine parts of an adduct of bisphenol A with 2

moles of propylene oxide, 20 parts of an adduct of bisphenol A with 3 moles of
propylene oxide, 133 parts of an adduct of bisphenol A with 2 moles of
ethylene oxide, 10 parts of an adduct of phenol novalac (average
polymerization degree: about 5} with 5 moles of ethylene oxide, 252 parts of
terephthalic acid, 19 parts of 1sophthalic acid, 10 parts of trimellitic
anhydride, and 2 parts of titanium dihydroxy bis(diethanolaluminate) as a
condensation catalyst were poured into a reactor vessel equipped with a
condenser, a stirrer and a nitrogen gas inlet, and the mixture was allowed to
react at 230°C for 10 hours under nitrogen gas Aow while distilling away the
water generated 1n the reaction. Then the reactant was allowed to Teact

under a reduced pressure of 5 te 20 mmHg Gl the acid value eame to 2
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2130, and a peak top nol ecul ar mass Mp of 5350. The
rate of the nolecular mass of no nore than 1500 was
1.3% Synthesis of Modified Polyester Resin 5 Three
hundred and seventeen parts of an adduct of

hi sphenol Awth 2 noles of ethylene oxide, 57 parts of
an adduct of Dbi sphenoIA wth 2 noles of propylene

I'es o??(?ggfgp ene OXF%%%E%EFWn %’dfm#h@the

phenol novolac aver age pol¥ner|zat|on degr ee= about
reagtagt, eddodspeicde 1 heug amdsp npepakpeEsyre and
|sophthaI|c acid, 157 parts of terephthalic acid, 27
theg undeph rﬂ@ﬁ@d@r@%ﬁdﬂﬁ&u 20l @ B0 Fardé uﬂiﬁhﬁmém
di hydroxy bis(triethanol al unm nate) as a condensati on

.gat.al yst were react ves el u a
i iPvY ok 3ian Atdh Sherl i SeRRE Brapiniiie AL BP e,
and the m xture was allowed to react at 230C for 10
them the reavthort was tadgerougashdr tw sefficning) e pdriatug cawen to

the water 15 gener at ed in the reaction. Then the

158?‘2-22%?%% (S Rl i e Ptjgh BYRER wo e

acid v C 2 rTgK(]-H or. less, then 68 parts
copgequen qu%gh? 3&’& dewas gbiaiged.; eact ant |

which was allowed to react for 1 hour under nor nal
pr es ShearesihloineVED 1 Madtﬂid@ﬁd&alm@mﬁ? & Hydraoyl
to 40 mmHg, then 25 parts of 20 bi sphenol A di gl yci dyl
d en .t he in 1§
vafild §a ERINET ) IR (5 B00 LR ETRE LR LG L ey
tenperature cane to 155C. After cooling to room

averageaneleonler mars Meaf 1860, ppeadutp malecuBe madd My, of 6550,

consequently, a nodified polyester resinAYl-2 was

anqtﬁ Tﬂpﬁmumh@e bttt dEHRAY! - Phd 2skedt tRE nthi¥ANNErREs dino
OH g, a hydroxyl

more than 1500 was 2.1%. This resin was used as a toner binder D.
Synthesis of Toner Binder E
Synthesis of Modified Polyester Resin

A comparative modified polyester resin CAY1-2 was prepared in the
same manneT as Hxample 15, except that the polycondensation catalyst was
changed into dtanium tetrabutoxide.

The resulting CAY1-2 had a softening temperature of 150°C, an acid
velue of 63 mgKOH/g, a hydroxyl value of 17 mgKOH/g, a glass transition
temperature Tg of 71°C, 2 number average molecular mass Mn of 1660, a
peak top molecular mass Mp of 6340, and a THF-insoluble content of 34%.

The rate of the molecular mass of no more than 1500 was 3.1%. This resin
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val ue of 27 ngKCH g, a glass transition tenperature Tg
of 60C, a nunber average nol ecul ar mass Mh of 3020, a
peak top nol ecul ar mass Mp of 6030, 5 and a

THF-1 nsol ubl e content of 35% The rate of the

nol ecul ar mass of no nore than 1500 was 1-1%
Synthesis of Toner Binder G Five hundred parts of the

&o.},éég ﬁ?% P00 parts of the AY1l-2 were .
Wma t ?EEL g‘ usl ng a continuous kneader at a jacket

tenperature qQf. 10_150C and a residence tinme of 3
Symihereat Tones BiederB resin was cool ed to 300 over 4
m nutes using a steel-belt cooler, then mlled to

SyRitesas 6f feh-Linbee RolyetdioResinbi nder G Exanple 43 A
toner T43 was prepared in the same manner as Exanpl e

{ one Ot iR A PR RiroRa of Al aadiit i g behahA vt 2
t he sane manner as Exanple 14, except the toner

mdjendEprapsitene entpe 471 mmi:stdfentmhhmt bfhﬁphe:ﬁﬂlﬂmﬂ)hmles

45 20 A toner T45 was prepared in the sane manner

ﬂf t heaé%ner [ nd%ﬁﬁé&&%&an@r@%ﬂ%éﬁ% oner Qﬁ_.g%
ared in the sane manner as Exanp]e 16, except
etﬁﬁ%m@ oRdr. bithearagtan andwgcel nbenal nmslaciepragender D
Exanpl e 47
polymerization degree’ about 5} with 5 moles of propylene oxide, 201 parts of
terephthalic acid, 25 paris of maleic anhydride, 35 parts of dimethyl
terephthalate and 2 parts of titanyl bis{triethanolaluminate) as a
m_miensatiﬂn catalyst were poured into a reactor vessel equipped with a
condenser, a stirrer and a nitrogen gas inlet, and the mixture was allowed to
react at 230°C for 10 hours under mtrogen gas flow while distilling away the
waier gencrated in the reaction. Then the reactant was allowed to react
under a reduced pressure of § to 20 mmHg, cooled to 180°C when the acid
value came to 2 mpKOH/g or less, 65 parts of trimellitic anhydride was
added, then the mixture was allowed to react under normel pressure of
sealed atmosphere for 2 hours, After cooling to room temperature, the
reaction product was milled, consequently, 2 non-linear polyester resin AX2-3
was obtained,

The resulting non-linear polyester resin AX2-3 had a softening

temperature of 144°C, an arid value of 30 mgiKOH/g, a hydroxyl value of 16
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A toner T47 was prepared in the sanme manner as Exanpl e
17, 5 except the toner binderAwas changed into the
toner binder D, Exanple 48 Atoner T48 was prepared in
t he same manner as Exanple 18, except the toner

bi nder A was changed into the toner binder D. Exanple
49 10 Atoner T49 was prepared in the sane manner

ﬁ@mkhe t onélreﬁ%?ﬁé eg&%éﬁ@%n%$gﬁ§% oner"tﬁ%g&gﬁe

red in the_same manner as. Exanpl e except the
m@swﬁﬁrmﬂn?& R&A&l%mﬁgﬂﬁw@%hrmmuqid@m@ﬂ@%

Exanpl e 51 A toner T51 was prepared in the same nanner

THEB-ik¥dablec:odlent of 279Dt THierate b fhdinBlRafarBs=LdfataRere
into the toner binder D. Exanple 52 A toner T52 was

i 3830 e e R e N GroR A O BRELERHER bi mder .

Exanpl e 53 A toner T53 was prepared in the same nanner
SyathesianfTenerdinde8@ f except the toner binder A was

changed into the toner binder F. f Exanple 54 A toner
Sﬁﬂeéﬁggfm@m Pd]b;etaﬂ% BAYE M mmner as Exanple 14,

Four hundred ten parts of an adduct of bisphenol A with 2 moles of

propylene oxide, 270 parts of an adduct of bisphenol A with 3 moles of
propylene oxide, 110 parts of terephthalic acid, 125 parts of isophthelic acid,
15 parts of maleic anhydride and 2 parts of titanium dihydroxy
bi:s(‘l‘fﬁﬂthﬂnolﬂluminﬂbe) as a condensation catalyst were poured into a
reactor vessel equipped with a condenser, a stirrer and a nitrogen gas inlet,
and the mixture was allowed to react at 220°C for 10 hours under nitrogen
eas flow while dishilling away the water generated in the reaction. Then the
reactant was allowed to react under a reduced pressure of 5 to 20 mmHe,
cooled to 180°C when the acid value came to 2 mgKOH/e or less, 25 parts of
trimellitic anhydride was added, then the mixture was allowed to react
under normeal pressure of sealed atmosphere lor 2 hours. After cooling to
room temperature, the reaction product was milled, consequently, a
non-linear polyester resin AX2-4 was obtained.

The resulting AX2-4 contained no THF-insoluble matter, and had an

acid value of 18 mgKOH/g, a hydroxyl value of 37 mgKOH/g, a glass

ig81
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except the toner binder A was changed into the toner
bi nder R 5 Exanple 55 Atoner T55 was prepared in the
same manner as Exanple 15, except the toner

bi nder Awas changed into the toner binder F. Exanple
56 A toner T56 was prepared in the sanme manner as
Exanpl e 16, 10 except the toner binder Awas changed

trardifioh BEmpeRRITOTRALE270, a AYABEE Bver Hﬂﬁ@éull@ﬁm‘é@ﬁg_ﬁuf
prepared I n the sane manner as Exanple 17, except e
ner . bi nder A was changed_{nto the tqner hinder F,
2150 i & spk 180 mdlerrles FBgs MR oL kb Tete bt melecular
manner as Exanple 18, except the toner binder A was

madsaofgednbrd thachE0onas 1136 der F  Exanpl e 59 A toner
T59 was prepared in the sane manner as Exanple 19,

tﬂggg%gef, ] was changed into the toner
S}ﬁéﬁ%n an%lpéﬁg]gﬁﬁ oner T60 was prepared in the
same _nmanner as Exanpl e 20, exceFt t he toner

bi nddiwepbusdeadmed sevcatedrepanss of abadduet of bigrthempbhApyith

61 A toner T61 was prepared in the sane nmanner as

2 SRR 6t hdene 887 pA¥Es PR LdRLAdT bidhHdae1 &RANY 8 dnoles
into the toner binder F. Exanple 62
of propylene oxide, 298 parts of an adduct of bisphenol A with 3 moles of
propylene oxide, 75 parts of an adduct of phenol novolac (average
polymerization degree: about 5) with 5 moles of propylene oxide, 30 parts of
isophthalic acid, 157 parts of terephthalic acid, 27 parts of maleic anhydrde
and 2 parts of titanium dihydroxy bis(triethanolaluminate) as a condensation
catalyst were poured into a resctor vessel equipped with B condenser, a
stirrer and a nitrogen gas inlet, and the mixture was allowed to react at
230°C for 10 hours under nitrogen gas flow while distilling away the water
generated in the reaction. Then the reactant was allowed to react under a
reduced pressure of 5 to 20 mmHg, coaled to 180°C when the acid value came
to 2 mgKOH/g or less, then 68 parts of trimellitic anhydride was added. to the
reactant, which was a2llowed to react for 1 hour under normal pressure
followed by under a reduced pressure of 20 to 40 mm¥g, then 25 parts of
bisphenol A diglycidyl ether was added when the softening temperature came

to 120°C, the reactant was taken out when the softening temperature came

to 155°C. After cooling to room temperature, the resction product was
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5 A toner T62 was prepared in the sane manner as
Exanpl e 22, except the toner binder Awas changed into
the toner binder F. Exanple 63 A toner T63 was
prepared in the same manner as Exanple 13, except the
toner binder A was changed into the toner hinder G io0
Exanpl e 64 A toner T64 was prepared in the sane nmanner

milted FRbd anged.

into the 'tseo% giﬁ%tggr@ﬂgﬁty%&l% mg%S A toner %g“ was
prep 1t he n le 15. 15 except
e B aroRaseA edcag dain & Troskiildie, B haaemst

Exanpl e 66 A toner T66 was prepared in the same nanner
vahe dP2TmEeE g, a gkoepraiditionh caapekitotleTe ARBS°C hongater
into the toner binder G Exan'pl e 67 20 A toner T67

ﬂ‘*?ﬁ%ﬁone?ﬁlﬁg vl A 0 R By %aeo?%@b

le 68 186 - ------=--- - - -- - —--------
H-ﬂti@n olde enndpal ofB5%, {Flee salomt e nmletaémEmaa@bEno

18, except the toner binder Anas changed into the
mdreﬁﬁﬁnklﬁng%asq 1uExanpl e 69 Atoner T69 was prepared in

he sanme manner as Exanple 19,

Synthesis of Toner Binder G

Five hundred parts of the polyester AX2-3 and 500 parts of the AY1-2
were melted-kneaded using a continuous kneader at: a jacket temperature of
1560°C and a residence fime of 3 minutes. The melted resin was cooled to
30°C over 4 minutes using a steel-belt cooler, then milled to prepare an
inventive toner binder (3.
Example 43

Atoner T43 was prepared in the same manner as Example 13,
except the toner binder A was changed into the toner binder D.
Example 44

A toner T44 was prepared in the same manner as Example 14,
except the toner binder A was changed into the toner binder ID.
Example 45

A toner T45 was prepared in the same manner as Example 15,
except the toner binder A was changed into the toner binder I,

Example 46
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5 except the toner binder Awas changed into the toner
bi nder G Exanple 70 A toner T70 was prepared in the
same manner as Exanple 20, except the toner binder A
was changed into the toner binder G Exanple 71 10
At oner T71 was prepared in the sane manner as Exanple
21, except the toner binder Awas changed into the

t oners Rinke q146Gras mm@in@e@%@ﬁfmﬂg g%é@?ﬁjaﬁeli jged .

in the same manner as Exanp exce onet

G e AR S BB A A AER SO DS 1O OBARE o0 | n ¢ he

same manner as Exanple 13, except the toner binder A
Exsasplelgynged into the toner binder K Conparative
Exanple 16 A toner T16' was prepared in the sane

mann 0 gxcept the tonekr, binder. Anas
changdEn £ TR it are i (SRR Mifpbe RS FROEE 171 o
17 A toner Ti?'" was prepared in the same nmanner as
exespribe donegy, bindegr7A wag chapgpd intedhe dereer BindeePA was
changed into the toner binder E. Conparative Exanple
Exb@nplctagner T18' was prepared in the same manner as
Exanpl e 16, except the toner binder A was changed

into the t r binder E .
A toner was pmpare%mthe same manner as Example 18,

except the toner binder A was changed into the toner binder D.
Example 49

Atoner T49 was prepared in the same manner as Example 19,
except the toner binder A was changed into the toner binder D.
Ezample 50

A toner TH0 was prepared in the same manner as Example 20,
except the toner binder A was chanpged into the toner binder D.
Example 51

A toner T51 was prepared in the same manner as Example 21,
except the toner binder A was changed into the toner binder ID.
Ezample 52

A toner TH2 was prepared in the same manner as Example 22,
except the toner binder A was changed into the toner binder D.
Example 53

A tener TH3 was prepared in the same manner as Example 13,
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5 Conparative Exanple 19 A toner T19' was prepared in
the sane manner as Exanple 17, except the toner

bi nder A was changed into the toner binder E
Conpar ati ve Exanple 20 A toner T20' was prepared in
the same manner as Exanple 18, 10 except the toner

bi nder A was changed into the toner binder

hthiEABA e iR o 1 101 @pﬁred in .

the sane manner as Exanple 19, except the toner
B bi n was changed into the toner binder E
ive Exanple 22 15 Atoner T22' was prepared in
the sane manner as Exanple 20, except the toner
bi ndek tofiwa §'5evearpprdparddoid fhe saomemabingd @ Fx@mple 14,
Conpar ati ve Exanple 23 Atoner T23 was prepared in the

xS AR CAYR Fpdked B AR IR HHORER or AT ve
Exanple 24 A toner T24 was prepared in the sane manner

5 Exgmpled®pl e 22, except the toner binder A was changed
into the toner bi nder E. 18B Eval uati on Process

( Posig iovet TSERASIEpIRMH) the saYFE #RhNePab FRAM(p 150w
Tenperature Fixability (Peeling Property with Tape) A

exigpiibe Lonar BigdEr KSeibankeintndhe by WReS Bt &
silicone-coated ferrite carrier (average
Example 56
Atoner TH6 was prepared in the same manner aa Example 16,
10  cxeept the toner binder A was changed into the toner binder F
Example 57
Atoner T57 was prepared in the same manner as Example 17,
" except the toner binder A was changed into the toner binder F,
Example 58
15 A toner TH8 was prepared in the same manner as Example 18,
except the toner binder A was changed into the toner binder F
Example 59
A toner TO3 was prepared in the same manner as Example 19,
except the toner binder A was changed into the toner binder I
20 Example 80

A toner T6{} was prepared in the same manner as Example 20,

excepi the toner binder A was changed into the toner binder F,
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particle dianmeter 100 gm by Kanto Denka Kogyo Co.)
using a turbuler mxer. The devel oper was input into
a copier (lmagio 105, by Ricoh Co) that had been
nodi fied so as to fix at outside the apparatus, and
unfi xed imges of 2 cmby 12 cmwere forned in a
toner anmount of 0.5 nglcma. Then the 10 unfi xed i mages
EMhflefdixed at a linear velocity of 1500 nmisee while .
raising the'tenperature of the fixing roll from 100C
to 250C st vvlse Wi t h i ncrenment of Sng(er St%ﬁ
fly

The ﬁ‘%ﬁ“ﬁﬁ ﬂ‘&ﬁ Ri&eeaT FRELHBGENST 5
Ri coh Coi. A scotch tape (by Sumtono 3M Ltd.) was

exgipiatie tondrngder AevaRfaaked ditoths peedd biadét Ki ng
tenperatures and allowed to stand for 3 hours, then
E la e was peel ed away and di sposed on a white
paper. The density of unfixed i mages on the tape was
nmeasured by X-Rite 938 (by X-Rite Co.); the
di f f érigmer &mmpamdtnptﬂ:emmermmmhrhwmamﬂsﬂg no
| ess than 0.150 was evaluated as "unfixed", the

E@rm - i # carre 20 to
EKI essﬁ%%%%g%ﬂm@d%glﬁ g%frgtg ﬁﬁ%\/\%@?é I'Xi ng

Ete%er ture. The low tenperature fixability was
ed based on the | owest fixing tenperature in

accordance the following criteria. 189 Eval uation

Cri t ey ioasAT6B evsasirepaveidia the Mafieinthfciad BRemple 130C s
| owest fixing tenperature C 150C C: 150C s | owest

ol 8 S S S LA RIS,
Ex%xn?priglﬁis simlarly
, . Atoner T64 was prepared in the same manner as Example 14,

except the toner binder A was changed into the toner binder G.
Example 65

A toner T65 was prepared in the same manner as Example 15,
except the toner bimder A was changed into the toner binder G.
Example 66

A toner T66 was prepared in the same manner as Example 16,
except the toner binder A was changed mto the toner binder G.
Example 67

A toner T67 was prepared in the same manner as Example 17,

except the toner binder A was changed into the toner binder G.

Example 638
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as above (1), a solid image was devel oped on 10D00
sheets of paper under high tenperature and high

hum dity condition by use of a copier. Then a scotch
tape (by Sumtono 3MLtd.) was glued on the background
portion of 10 the-photoconductor. followed by being
peel ed away and di sposed on a white paper. The

densig pnef TRBGK Qre?i'ﬁxa% é&ﬁmh% ?E\@&a%ﬁ ed .
by X-Rte 938(b1§/¥éE-R|te E.E; the ?ferenc %?Ethe
density fromthat of blank_. _beipng no | ess than 0.050
eXGRIY %@@%qaa&%%ﬁwaﬁ%@@ge@w tgaéwgqrduﬁdﬂ%ﬁear - the
di fference of |less than 0,010 and no | ess than 0.005

Exsaspled® uat ed as 15 appropriate resistance for
background snear, and the difference of |ess than

0. 00 | ' [ f
pack gt ARE e SRR e R BT B 0T, T

appropriate resistance for background snmear B
exegRbibp tonardinder 4 waschanged infoithe donat bindenr G20 G
occurrence of background snear Evaluation Process
tigvel y Charged 'lbner) Evaluation Item 190 (1)
Low Tenperature Fixahility (Peeling Property with

Tape) de oper was prepared by m xin or 5_m. nputes
4 pa.ﬂt@ﬂﬁpﬁﬁfgﬂ%@%ﬁ%@ﬁﬁﬂm%@ﬂaaﬁ 3 328 a
ferrite carrier (F-150, Powder The Co) wusing a
extaptitht eonaribinder A hesdbdaged artowhs tdngrdiimbded @. a copi er
(I'magio Neo 5 C385, by Ricoh Co.) that had been
Eﬁﬁ?‘%ﬂzl d so as to fix at outside the apparatus, and
unfixed inmages of 2 cmby 12 cmwere forned in a toner

amount of 0.5 nglcin. Then the unfixed i nages were
fi xedtenen Tl veprepared in the same manner as Example 21,

except the toner binder A was changed into the toner binder G.
Example 72

A toner T72 was prepared in the same manner as Example 22,
except the toner binder A was changed into the toner binder G.
Comparative Example 15

A toner T'15 was prepared in the same manner as Example 13,
except the toner binder A was changed into the toner binder E.
Comparative Example 16

A toner T16 was prepared in the same manner as Example 14,
except the toner binder A was changed mto the tener binder I,
Comparative Example 17

A toner T17 was prepared in the same manner as Example 15,
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vel ocity of 1500 nmi sec while raising the tenperature
of the fixing roll from 100C to 250C stepwi se with an
i ncrenent of 5C per step. The fixing 10 paper was

Rl COPY PPC paper Type 6000 (by Ricoh Co}. A scotch
tape (by Sumtono 3M Ltd) was glued on i mages of
respective fixing tenperatures and all owed to stand

extt thelt8HEShindBEA pEand ;

Wil char@eR iNGStHRG6h :
di sposed on a white paper. The density o unfi xed
i mages. an,t he was neasured by X-Rite 938 (by
C%E%%“ﬁ@ﬁmP%ﬁS di fference of the density from
that of blank being no I ess than 0.150 was eval uated

as  uhkdinee L1868t was prpeedin the simaiiathdrie Bhdthglkeass e
firstly cane to less than 0.150 was defined as the

xké}yﬁ% r ag.ur e
© I"xabl Il;lfﬂtléy&l E\A}ggélgva uﬂ%’é&%%g@g' %%Vy?]ﬁéere'?%gﬁ fixing
tenperature in accordance the followng criteria. 20
Comparastvedixaomled® a A= | owest fixing tenperature [
1400C B: 140C | owest fixing tenperature C 150C 191
C: 150Qdnergp' ﬁh%&hﬂm}&ﬁﬁfﬂ&téﬂtﬁe ulneF a8 IRaihoR 191
Background Snear ing the toners of Exanples and
Co rative .Exanples simlarl as abque , asolid
%ﬁeiﬁgﬂ%ﬁ?ﬁﬁs Hn%ﬁbﬁtt%“%'f 13 - under 5
hi gh tenperature and high hum dity condition by use of

Compropiters Exfmple 20 scotch tape (by Sumitono 3M Ltd) was
gl ued on the background portion of the

phot i, Qioﬁfii:pﬂ:#:'

di sp%‘g%gggﬁﬁg %%ﬁéelp paper - #ﬁ%%@?ﬁg%%ﬁ%@gﬁ&md
sneal on the tape was_neasured by

except the toner binder A was changed into the toner binder E,

Comiparative Example 2],

Atoner T2’ was prepared in the same manner as Example 19,
except Che toner binder A was changed into the toner binder E.
Comparative Example 22

Atoner T22 was prepared in the same manner ag Example 20,
except the toner binder A was changed nto the toner binder E.
Comparative Example 23

A toner T23 was prepared in the same manner as Example 21,
except the toner binder A was changed into the toner binder E.
Comparative Example 24

A toner T24 was prepared in the same manner as Example 22,

axcept the toner binder A was changed into the toner binder E.
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X-Rite 938 (by X-Rite Co.); the difference of the
density fromthat of blank i0 being no I ess than 0.050
was eval uated as occurrence of background snear, the
difference of less than 0.010 and no | ess than 0.005
was eval uated as appropriate resistance for
background snear, and the difference of |ess than

%lg‘gé?%\%%%@énear REIATINELN FRLIDT | aLe Tesi stance for

appropriate resistance for background snear B:
waken I8 resi st ance for background snear C
occurrence of background smear 192 Table 3 - LTF BSR

(DL BSERylcF R3O 1B (RclinE PropdriB wiillupd 5 C C
BBEx. 44 AA B D Ex. 15 A B Ex. 45

A B 16, B B )
%@%Eé’%mmaﬁ B fof DGR 4 patis by 1ol
B B Co.Ex. 10 DC EX. 19 BBEn 49 A ACo Ex. 11 CC
a (prer 20d B6Part9by BRsBoba @dmﬁx-mateﬂ f@rite cakrie®tavardpeEx
51 ABCo_  Ex- EqCC Ex- 22 B A Ex- 52 A A Co_ Ex-

The developer was input into a copier (Imag:in 105, by Ricoh Co.) that had
been modified so0 as to fix at outgide the apparatus, and ﬁnﬂxed mmages of 2
cm by 12 em were formed in a toner amomnt of 0.5 mgfem2.  Then the
unfixed images were fixed at a linear velecity of 1500 mm/sec while raising
t]{e:ﬁemperature of the fixing roll from 100°C to 250°C stepwise with an
mcrement of 5°C per step.  The Axing paper was RICOPY PPC paper Type
6000 {by Ricoh Co.).

A scotch tape (by Sumitomo M Ltd.) was glued on images formed at
respective fixing temperatures and allowed to stand for 3 hours, then the
tape was peeled away and disposed on a white paper.  'The density of
unfixed images on the tape was measured by X-Rite 938 (by X-Rite Co.}; the
difference of the density from that of blank being no less than 0.150 was
evaluated as “unfixed”, the temperature at which the difference firsily came
to less than 0.150 was defined as the lowest fixine temperature, The low
temperature fixability was evaluated based on the lowest fixing temperature

mn accordance the following criteria.
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55 A A Co. Ex. 17 CD Ex_ 26 B B Ex
8 CC Ex. 27 BB Ex. 57 A A Co. Ex.
Ex. 58 AB Co. Ex. 20 CD Ex. 29 A
1 DC Ex. 30 BBEx. 60 AB Co_
B Ex- 61 B A Co_ Ex- 23 CD FF.
_ Ex_ 24 CC Ex. 33 BB Ex- 63
: . Ex- 64 BB Ex- 35 B B Ex- 65 A A Ex-.
Eg%é%‘ﬂﬂxq?“%s E3L 37 BBEtc. 67 BA E7n 38 AB
Ex. 68 AA Fx. 39 BB Ex. 69 BB Ex. 40 BB Ex.70 A
B BA- lopesk fximgy lemppergtmgre 3404 B A Ex- 72 A A LTF=
Low TenperalLure Pixabi]ity BSR Background Snear

Resi §:angeC HlewbaSuiihs 16l8perdtifsl<apowe denonstrate
that the inventive toners may exhibit appropriate |ow

t enpey. ;e fixabili.ty and be far from5 background
snea '%Htéﬁé?ﬁem%ﬁwpe tenperature and high
hum dity conditions.

(2) Evaluation of Background Smear

1
8 B

Using the toners of Examples and Comparative Examples similarly
as above {1), a solid image was developed on 10000 sheets of paper under
lhogh temperature and high humnidity condition by nse of a copier. Then a
scotch tape (by Sumitomo 3M Litd.) was glued on the background porticn of
the-photoconductor, followed by being pesled away and disposed on a whilte
pf{pélr. The density of background smear on the tape was measured by
X-Rite 938 (by X-Rite Co.); the difference of the density from that of blank
being no less than (.050 was evaluated as ceeurrence of backeround smear,
the difference of less than ).010 and no less than 0.005 was evaluated as
appropriate rezistance for background smear, and the difference of less than
0.005 was evaluated as very appropriate resistance for background smear.

Evaluation Critenia

A’ very appropriate resistance for background smear

B: appropriate resistance {or hackground smear

C: oecurrence of background smear
Evaluation Process (Negatively Charged Toner)

Evaluation liem
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[1111] Exanmples 73, 74 and Conparative Exanples 25
Synthesis Exanple 1 - Synthesis of Linear Polyester
Resin 193 Forty hundred and thirty parts of an adduct
of bisphenol AA with 2- noles of PO 300 parts of an
adduct of bisphenol Awith 3 noles of PO 257 parts of
terephthalic acid, 65 parts of isophthalic acid, 10
B SThoh e R SR (PSS qqqﬁ fds j tanium .
Ugihydro%?ﬁﬁkg%friethgﬂgTa urm na ggﬁgiﬁgqépggndensation
cataugat re poured info a.reactor vessel equipped
wi t h “hueYelonsT yeas pregargd by R 5 e Pasis hyinaps of
and the mxture was allowed to react at 220C for 10
a tomar and Bfeyarts by eges ofafeiritewardies & - U56, P dvrddadlea \@hy)
the water generated in the reaction. Than the

: - 0 eact _under. reduce .

52 Lt dRRil OB de0pl bR vas KRR info fAEHEF Rimagip fleo

to value came to 5. After cooling to roomtenperature,
C34%e by duech ©n.) ghafdhed beammottiad sehs indhsagoadsidethea

i near polyester resin AXI1 was obtained. Synthesis

apPhraleR; hhd GA=EPIMBSILIF ARG hE TH R Srdtd Tokui ?{;ﬂ n% | rtE 3(/)

parts of an adduct of hisphen.olAwth 2 np

326 t f d f bi sphenol A wi t h I f
b5, AN ol 5 e

pht hal i ¢ anhydride and 2 parts of titanium di hydroxy
vebicsfytof 1600 amfsat: nhilbaraizihg the torapaiensaiiths fead@tolbfrom
were poured into a reactor vessel equipped with a

- ] ' as_inl and
1009525070 aftpRibd it ARl (9 b en o, Tho iR ¢
under nitrogen gas Row while distilling away the water
Pagéhéﬁﬂ&tfg@‘z?]%ir paparckrne @00 ndicalhEodeact ant was

allowed to react under a reduced
A scoteh tape (by Sumitomo 8M Ltd.) was glued on images of

respective fixing lemperatures and allowed to stand for 3 hours, then the
tape was peeled away and disposed on a white paper. The density of
unfixed images on the tape was measured by X-Rite 938 (by X-Rite Co.); the
difference of the density from that of blank being no less than 0.150 was
evaluated as “unfixed”, the temperature at which the difference firstly came
to less then 0.150 was defined as the lowest fixing temperature. The low
temperature fixabilily was evaluated based on the lowest fixing temperature
n accordance the following criteria.

Evaluation Criteria

Al lowest fixing temperature < 140°C

B 140°C = lowest foang temperature < 150°C
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pressure of 5 to 20 nmHg, cooled to 180C when the acid
value cane to 2 ngKOH g or less, 62 parts of
tri-nellitic anhydride was added, then the 194
m xture was allowed to react under normal pressure of
seal ed atnosphere for 2 hours. After cooling to room
tenperature, the reaction product was mll ed,
cons A\, Achl sdheRRL¥ESt er resi nAX2-1 was .
obt aﬁgg. %ynltuﬁgy S o? ToF\ler Bi nder TB1 5 Four hundred
rts of t Iyest AX1-1 and 600 parts of the
pajiap o %@F’? usi ng a conti nuous kneader
at a Jacket terrperature of 150C and a residence tine
of 3 Usingtlsstonteeof Bxdmflaseaid Compsraial BoarhpledQEniluely
4 m'nutes usi ng a steel-belt cool er, then mlled to

ve toner 0
< REL, U RRY 5s HOPSenRl 48500 hnod S aFBoper pmderso,
in termns of the nol ecul ar mass of no nore 500, a main
higly feraperaitweesandg bigh lyimith Goconalitigh by st ofinsdpicon Then a
tenperature Tg of 62C, a MV Mh ratio of 5.1, and an
sceteh ySurai | 4
a AR a%%ﬁe‘ﬂ?@e.t%o%hﬁ? RS ?ﬂ% opatporipate
ﬁf’n ha sub nti no THF-.i nsol ub 15 matter.
ﬁ@a Yaipg gralegrar: SRekgrf white
ReS| n A I [ near pol yester resi nAX1-2 was prepared by a
praperr 'Bie deasdly diibaskgrouhdtsnofardkltht tabe Whe myaidied by
exan‘pl e 1 foll owed by cooling to room 20 tenperature

X- cha E’%W@%}anf?gﬁg ﬁF% ﬁ?ﬂ?#}%ggﬁ

being no less than 0.050 was evaluated as cceurrence of background smear,

e L T P

ﬂ:&eﬂi&'erenme of less than 0.010 and no less than 0.005 was evaluated as
appropriate resistance for background smear, and the difference of Iess than
(.05 was evaluated as very appropriate resistance for backpround smear.
Evaluation Criteria
A very appropriate resistance for background smear
B: appropriate resistance for background smear

C: occurrence of background smear
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Synt hesi s of non-Linear Polyester Resin 195 Alinear
pol yester resinAX2-2 was prepared by a simlar
reaction-as that of AX2-1 of the synthesis exanple 1,
foll owed by cooling to room tenperature and mlli ng
except that the polycendensation catal yst was changed
into titanyl bis(triethanolalumnate). s Synthesis of
r Binder T132 The inventive toner binder resin TB2
was prepared by powder-m xing 500 parts of the
pol yest er AX1-2 and 500 parts of the polycsterAX2-2

Tor r nut €S_usi fg a Fenschnef m xer. me‘r@?ﬂﬁ‘r‘nP—'
t onel Hitfte] $2%ih 1B2 habTh ¢oBEBn{ of 3. 096 iLTR ef n3SE

0181 te mbl eBul BExr@SE 0B n¢ nBre| SGExa ol i C
BEmilé¢ul & nass E®f4480004 a| ohass ¢d B {1 OB D

Bwpmer atAire| ToBof | 8235 b My (Btio GfFE4 7] afd an_D
I )[d:\tllﬂ nmﬂ EEm\fﬁ( InB The BPW’\AB(E_EEH’&E_ wa€ 116C C

/7 ST B vihostyBuck Gulied { b6 1o D
tesier

48 hadBsu ).n—g-n-t—“ L, G
TS tb 5—% L : S ﬁ;—g—%ﬂ—mﬁﬂ%

_' , x J2 4
Y o TP at{ Ve LT TedTs ot VE Co.BE 12 TV
Ak [ ed put |1 Ny TNERES e Mepnel ag e, @ AR Tgo! I
By pi hesips ekanwl €] £x m@X[Cepp [ hal AT NE cREv O NdeRgsat| o
Fxaf4l ystB wag cihanig®d s54iint oAt 1 { anBun] CetEaA1sdpr opoxi daz
b arfose|sukh [aEpEGHl enht hht Ahel PO EeaTili ot was D
Imd H‘m heabd y B tl_@n nd C
. odped®
%%H' EEILE I Ider“g
PE B P T
Co. BEx_ 23 c D
Co.Ex. 24 C c
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Ex. 6]
Ex G2
Ex_ 63
Ex G4
Ex_ 65
Ex 66
Ex. 67
Yx. 68
Ex. 69
|_Ex. Ex, 70
Tx_ 41 Ex. 71
Ex_42 Ex. 72

LTF: Low Temperalur: Fixability

DSR - Background Smear Resistance

ol ==N{e=N{a=Niax] [as] [an] [ac] (o] =Ry o] Tt
el |==] [ tw ) fo R e pey o fan] las] g e
o | (G ([ [ [ [ [ [ o [ (B ]

The results described above demonstrate that the inventive toners
may exhibit appropriate low temperature fixability and ke far from
background smear of toners even under high temperature and high humidity
conditicns.

[IT] Examples 73, 74 and Comparative Examples 25
Synthesis Example

Bynthesis of Linear Polyester Resin
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196 ........ .. X~ a conparative linear polyester
resin CAXI-1. Synthesis of Conparative non-Linear

Pol yester Resin The reaction was carried out in the
same manner as that of AX2-1 in synthesis exanple 1,
except that the polycondensation catal yst was changed
5into titaniunrtetraisopropoxide The reacti on was

car r igegPhtin J‘ﬂ'ﬁﬂ':? £adi% of RisBREASI W.h .
under a reduced pressu eP or ours-':'TEleE'B reaction 2
vel o s slo t arts of titanium

s PEPDL 3B Barsct ancasiivsbioba e el AT THBS Wl R 257
reaction thereby to obtain a conparative non-linear

paptd oféstephthalit s G@pdrts bPisophtha £1d)f10GRrBa6RhhlL:
Toner Binder Resin G'1BI Four hundred parts of the

=85 8 L0 b AR AAS P nt B R Bl g

at a jacket tenperature of 150C and a residence tine
copflermafion ratalystiwerepiured infogstaactarvessd egdipped3aith av er
4 mnutes using a steel-belt cooler, then mlled 15

condéhaRk SPiReR AR ARALREEN Gak GIEE gfw rmermrx%aiﬂmgg %WZ&&.

toner binder CIB1 was a resin I ntense purpli
bro I ting foner binder resi Bl had a
A0 @?ﬂrsﬁiﬁ@ ‘%’Fr\’é“&ﬁe’?ﬁéﬁﬂﬁ‘r"é& %sﬁ'&ls%g gFaydhe
nDre 500, a nmamin nol ecul ar-mass peak of 9200, a gl ass
w:iten ge:hériatml ictheaeattiore  Thhof théb@actuniwkdd nllciddiodeact
and 20 an acid value of 10.0 ngKOPIlg. The

“ﬂ‘dgpﬁi%%ﬁ%de%f%“fajﬂfﬁow‘% PP B 1o PREBE gt 1RO RS

subst anti al | no THF-insoluble matter, and was used as
alpe gpyes thpn r coolmg to room temperature, the reaction product

WEEI.E ‘milled, consequently, a linear polyester resin AX1-1 was obtained.
Synthesis of non-Linear Polyesier Resin

Three hundred and filty parts of an adduct of bisphenol A with 2
moles of BQ, 326 parts of an adduct of bisphenol A with 3 moles of PO, 278
parts of terephthalic acid, 40 parts of phthalic anhydride and 2 parts of
titanium dihydroxy bis(triethanolaluminate) as a condensation catalyst were
poured into a reactor vesse] equipped with a condenser, a stixrer and a
nitrogen gas inlet, and the mixture was allewed to react at 230°C far 10
hours under nitrogen gas flow while distilling away the water generated in
the reaction. Then the reactant was allowed to react under a reduced
pressure of § to 20 mmHg, cooled to 180°C when the acid value came to 2

mgKOH/g or less, 62 parts of trimellitic anhydride was added, then the
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197 CTBI. Synthesis Exanple 4 Synthesis of Mdified
Pol yester Resin Five hundred and forty-nine parts of
an adduct of bisphenolAwith 2 5 nales of propylene
oxi de, 20 parts of an adduct of bisphenolA with 3
nol es of propyl ene oxide, 133 parts of an adduct of
bi sphenol Awith 2 noles of ethylene oxide, 10 parts
m
R e e e S T
fﬂeglll]%l ene poxide, 252 parts of terephthalic acid, 19
Tha PETEy f Haeite demperatyre, dhe reactiopgpneduct wag
anhydride, and 2 parts of titanium di hydroxy
milled( chmsbaaddly bunnribie)r gitydatccRRISAXAT @i obtahyst
were poured into a reactor vessel equipped with a

Syr%n?g Qg%n&%mégﬁgand a nitrogen gas inlet, and the

ure was a o react at 230C for 10 hours
under_ nitrogen gas flow while distilling away the
wat edoye parts phhe pelrestenAXThband HE0 paakstofthe was

all owed to react 15 under a reduced pressure of 5 to

ARDTRFET thélbdd-khea el &]ﬂg b BnfiATRud Rné’adegﬁ*ég;h%&f

| ess. Then 50 parts of trinmellitic anhy was added

to the r t,.which was_allqQqwed. to react fo .
ton@eratimeet TSE T §rSdene Bpaon Sremutss. ot malted resin

reduced pressure of 20 to 40 nmHg then 25 parts of

widn @pldriol38°Qicgly 4 it ted idng wateddidicedshentehemilled to
softening tenperature cane 20 to 105C, the reactant

t - ening tenperature cane to
p%_ﬁ;\ﬁ&ggﬂ o WAED il rSPAL

coolrng to roomtenperature, the reaction

product was  mlled, consequently, a nodified
pol yddeapsylisisrtopgn bmdep sesin T3 hbatl a togtent of 3.5% in terms

of the molecular mass of no more 500, a main molecularmass peak of 7500, a
glass transition temperature Te of 62°C, a Mw/Mn ratio of 5.1, and an acid
value of 2.3 mgKKOH/g. The temperature was 112°C at which the appavent
viseosity bemng 102 Pa's.  The resin had substantially no THF-insoluble
matter.
Synthesis Example 2
Synthesis of Linear Polyester Resin

A linear polyester resin AX1-2 was prepared by a similar reaction as
that of AX1-1 of the synthesis example 1, followed by cocling to room
temperature and milling except that the polycondensation eatalysi was
changed into Htanyl bis(triethanolaluminate).

Synthesis of non-Linear Polyester Resin

195
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[ - - The resultingAYl-1 had a
content of 2.8%in ternms of the nolecular mass of no
nore 500, a main nol ecul es -nmass peak of 6900, a gl ass
transition tenperature Tg of 64C, a MM Mh rati o of
5.5, and an acid value of 8.1 ngKOH g_ The
tenperature was 102C at which the apparent viscosity 5

was WinEs ]?ﬂl?éét@r Fsfykess PI%EBI% reaction as

substantially no THF-insol ubl e and was use

Al S R R A Mp@g‘%@% A
conparative nodified pol yester reS| n CAY1l-2 was

tempe:pﬂmei aind nhilkng excepatiea nihaely@adeyaitinsdatalyspwak e
4, except that the pol ycondensation catalyst was

oGO Gp b A R BN, o o The

nDIecuIar mass of no nore 500, a nmain nol ecul ar nass
of Tgrgdmder FBdss transition tenperature Tg of
74C, a MM W ratio of 7.2, and an acid 15 val ue of

10, 6 THaKE b akivel et BIRY 3bM0TRE S akdrtpRbd My ch the
apparent viscosity vvas 103 Pa-s by a flow fester. The

resin .had THF- | ubl e t % and, was
pobih st Shnfren P ther Pol gy Ak axdy HOR Barts SEkhrp! o

of Resin Charge Control Agent Synthesis Exanple 1 20
polfiesir AX@fexdd andutdsf using a{en=ehel mixzer.

3, 4-di chl orophenyl nal ei m de and 100 parts of

2 o3 i R RRPPRAT ST B0 PR EMIGRAfe iny
of %:tm :annie?: rg;g;{)ef n?cf m{bn?el. gg\{],tahxiajn molecular-mass peak of 8000, a
glass transition temperature Tg of 62°C, a Mw/Mn ratio of 4,7, and an acid
value of 0.5 mgKOH/g. The temperature was 116°C at which the apparent
viscosity was 108 Pa's by the [ow tester. The resin had substantially no
THI*-inscluble matter.

Synthesis Example 3
Synthesis of Comparative Linear Polyester Resin

The reaction was carried out in the same manner as that of AX1-1 af
synthesis example 1, except that the polyeondensation catalyst was changed
into titamum tetraisopropoxide. There arose such a problem that the
reaction was stopped on the way due to catalysis deactivation and the

distillation of generated water was also stopped, thus 2 parts of titenium

tetraisopropoxide was added four times during the reaction thereby to obtain
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199 boiling point using di-t-hutyl petoxide as an
initiator. Then 600 parts of - n-butylacrylate and 50
parts of styrene were added to the reactant, and the
m xture was graft-polynerized for 4 hours using
dit-butyl peroxide as an initiator, followed by
distilling away the DMF under vacuumdrying, thereby 5

. was prepared that had a
o e el PR e e XIS D and & s
average, nol ecul ar mass, of 1x104, the tenperature was
BF chiprmarpavepenlinranliolrester flesias 103 Pa-s, and
the content was 6% that corresponding to conponents

havi rthedrcaBlion oMeagedPhERMhR saffs andibr 4% E0aFofAX2-1 in
| ess. 10 Synthesis Exanple 2 Six hundred parts of

ni t rophenylmal ei m de, and 100 parts. of
vl SPEaRE Bt b BenvrnlPus i paymioet g hope
_hours in DMF at a tenperature of below the boiling
mpofitaniue tegradsoproprpdd. p Ploxregetion veas damried atibnndeiThemmal
250 parts of 2-ethylacrylate and 30 parts of styrene

ri8Fe FSIORSTH it t%:?dé}‘%?)ﬁéﬂ%@é ' e
P graft-pol yn%%sze or 4 oursdﬂﬁgwgrﬁﬁ%l pg?l%xi de

as.an initiator, followed by distilling away the DV
reqgica} velgeibywas alop Aats ¢ REFEIS Bhanuwm felEmePRrODeBINe TS

agent 2 was prepared that had a volune resistivity of

adde8 theg 0% dafing the ssaditer thgeclyploatithdi 2 fRGHardive
5.5x103, the tenperature was 85C at which the apparent

I it s 20, ar S, and the content was 8%t hat
n%‘oﬁ%’%ﬂ’@#ﬁ%& ?3”101@%%[?%nt s having a nmss average
mol ecul ar mass of 1x103 or |ess. Synthesis Exanple 3
Sympbesis of Comparative Toner Binder Resin 1
Four hundred parts of the polyester CAX1-1 and 600 parts of the
polyester CAX2-1 were melted-kneaded using a continuous kneader at a
jacket temperature of 150°C and a residence time of 3 minutes. The melted

resin was cooled o 30°C over 4 minutes using a steel-belt cocler, then milled

_ to prepare a comparative toner binder resin CTB1. The toner binder CTB1

was a resin of infense purplish brown.

The resuliing toner binder resin CTB1 had a content of 5.1% in,
terms of the molecular mass of no more 500, a main molecular mass peak of
9200, a glass transition temperature Tg of 71°C, a Mw/Mn ratio of 4.6, and
an acid value of 10.0 mgKOH/g. The temperature was 117°C at which the
apparent viscosiby was 108 Pa-s by a flow tester. The resin had

substantially no THF-insoluble matter, and was used as a toner binder
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Fi ve hundred parts of 3, 4-dichlorophenyl mal ei m de and

150 parts-of 2-acryl am de-2-net hyl propanesul fonic

acid were copol ynerized for S hours in

di met hyl f ormam de (DMF) at a tenperature of bel ow the

boiling point wusing di-t-butyl peroxide as an

initiator. Then 350 parts of n-butylacrylate 5 and 250
ts of al pha-nethylstyrene were added to the -

reactant, and the nmixture was graft-polynerized for 4

hours using_di-t-butyl peroxide as an initiator,

SynbhesipBaempleitsti| 1 i ng away the DVF under
vacuum dryi ng, thereby a resin charge control agent 3

Sywibed efodiidd Pilydaer Rexial une resistivity of 1L5 Log

Q cmand a nmass average nol ecul ar mass of 9.6x14', the
10 t efatyre was. 110C at [ t he, apparen !

vt 5o SaE b eR AR ST aing g et AR BF s hengl,with 2
correspondi ng to conponents having a nmass average

mates eCpriopylemesmds, 20 pRo3 afan abduct 8fhishbenal Abwitind moles of
Four hundred parts of 3, 4-dichl orophenyhnal ei m de and

; A QA ' re

P e e, LoD PGl it HALRRTIRRIRHLLASANE 2 B0l UET O,

bel ow the boiling_point using di-tbutyl peroxide as an
ethyieng avgp-. 1ﬂnﬁ@ﬁﬂ§ma§ﬁw@fafmﬁnbwl% B8 was

added to the reactant, and the m xture was

poljfadrizarivny/diretohp ) withos ifal a450 Rghflent vkidey RPRH Ot @€

as an initiator, followed by distilling away the DV
e Ty iR AR a8l TRieefe weERRetfR Ty o
10.4 Log fl-cmand a nmass average nol ecul ar mass_of

anbydxide, and 2 pertsedbisanium dilyasoxy bisGlietharladhminate) as a

apparent viscosity was 144 Pa-s, and the content was

colfln=hin Ay QTSR o' roaBIR VRGN SqlipHeldeifh 4RSS
. ge nol ecul ar Ss-0

condenser, a stirrer and a mtrogen gas inlet, and the mixiure was allowed to
react at 230°C for 10 hours under mitrogen gas flow while distilling away the
water generated in the reaction. Then the rcactant was allowed to react
under a reduced pressure of 5 to 20 mmHpg till the acid value came to 2
mgKOH/g orless. Then 50 parts of trimellitic anhydride was added to the
reactant, which was allowed to react for 1 hour under normal pressure
followed by under a reduced pressure of 20 to 40 mmHg, then 25 parts of
bisphenol A diglycidyl ether was added when the softening temperature came
to 105°C, the reactant was taken out when the sollening temperature came

to 150°C. After cooling to room temperature, the reaction product was

milled, consequently, a modified polyester resin AY1-1 was obtained.
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1.x103 or less. Synthesis Exanple 5 Four hundred parts
of 3, 4-dichl orophenyl nal ei m de and 100 parts of 5
2acryl am de- 2- net hyl propanesul fbnic acid were

copol ynmerized for 8 hours in DV at a tenperature of
bel ow the boiling point using di-t-butyl peroxide as
an initiator. Then 500 parts of n-butylacrylate and

100 mﬁﬁsmﬁﬁmm%wwnﬁﬂésﬂzhgﬁﬁ% 82 LA holdRfhr

the m xture was graft-polynerized for ours using

di -t butyl xide.as an initiator, followed._b .
s e SO PRI 8 Petle QM iedge transition

thereby a resin charge control agent 5 was prepared
tetipataturd Te of @dtdepa MosiMih rakid wf 56, 8nd ahagid talaofBd a
mass average nolecular mass of 3x10'', the

RO, LhE SRbeirthie Sa 0% | MR Gfarcl #6851

correspondi ng to conponents having a nass average
war HPdaie by tegter) x i@ resin kad substantabyph insoluble

Colorants were treated by the followi ng fornul ati ons.

mRhs, AWdGPAPhRA asf PTdHek BAdY relinPBS. resin TB1 100
parts C.I. pigment yellow 180 100 parts 20 Red

formyl ati on= binder resin TB1 100 parts C.1I.

Sc%bor.a?}t ;
YROREREXABP922 100 parts 202 Bl ue col orant
formul ati on binder resin TB1 100 parts

Synthesis of Comparative Modifed Polyester Reain

A comparative modified polyester resin CAY1-2 was prepared in the
same manner as synthesis example 4, except that the polycondensation
catalyst was changed into titanium tetrabutoxide.

The resulting CAY1-2 had a content of 6.1% in terms of the
molecular mass of no more 500, a main molecularmass peak of 10700, a
glass transition temperature Tg of 74°C, a Mw/Mn ratio of 7.2, and an acid
value of 10,6 mgKOH/g. The temperature was 122°C at which the apparent
viscosity was 109 Pa's by a llow tester. The resin had a THF-insoluble
content of 12%, and was used as a toner binder resin CTB2.

Synthesis Example of Resin Charge Control Agent
Synthesis Example 1

Three hundred and ffty parts of 3,4-dichlorophenylmaleimide and

100 parts of 2-acrylamide-2-methylpropanesulfonic acid were copalymerized

for 8 hours in dimethylformamide (DMFE} at a temperature of below the
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C. 1. pignent blue 15.3 100 parts Bl ack col orant
formulation 5 binder resin TB1 100 parts carbon bl ack
100 parts The materials were respectively mxed in a
Henschel m xer, the mxture was subjected to an
air-cooling two-roll mll and nelted-kneaded for 1.5
m nutes. Then the nelted-kneaded material was

B e e B S R it gl

W@E’F bi nder resins. Toners were prepared by the
npyivlasrade fed sthpartafstyrens werw addad to the ranctantoand the

bi nder resin TBI 91 parts 15 yellow col orant treated

miktie Wwangeifi-pelyhieriEdl 024 hehiSusihe F-8-Hutsipefoxa@is ah
agent 1 3 parts Magenta toner fornul ation: binder

S Bl B o P DARE Bk el Sy

parts Cyan toner fornulation binder resin TBl 94
a ngain ghar2e gonirol agent 1-was prepabddthat dladr amolunreeresistivibyt df

bi nder resin TB 16 parts { resin charge control agent
105 BoP @ dnf and a mass average molecular mass of 1x10, the temperature
was 96°C at which the appearent viscosity was 1(H Pa-s, and the content was
6% that corresponding to components having a mass averapge molecular mass
of 1x10°? or less.
Synthesis Example 2

_ »* 8ix hundred parts of m-nitrophenylmaleimide and 100 parts of
perfluorcoctane sulfonic acid were copolymerized for 8 hours in DMF at a
temperature of below the boiling point using di-t-butylperoxide as an initiator.
Then 250 parts of 2-ethylacrylate and 30 parts of styrene were added to the
reactant, and the mixture was grafi-polymerized for 4 hours using
di-t-butylperoxide a= an initiator, [ollowed by distilling away the DMF under
vacuum-drying, theraby a resm charge control agent 2 was prepared that
had a velume resistivity of 9.5 Log rem and a mass average molecular mass
of 5.65%109, the temperature was 85°C at which the apparent viscosity was
104 *as, and the content was B% that corresponding to components having a

mass average molecular mass of 1x102 or less.

Synthesis Example 3
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Bl ack toner fornulation: binder resin TB1 90 parts 5
bl ack colorant treated with binder resin TBl1 12 parts
bl ue colorant treated with binder resin TB12 parts
resin charge control agent 1 3 parts The nmaterials
were respectively mxed in a Henschel m xer, the

m xture was subjected to a roll mll heated to 110C

o RoadRETRE AL b RhOu BRI geee

hamrer m ||l and finely mlled by an air-jet m|l, then
2-aqrylamidaiimeshylerepansgplienic pyidsvers qopelyagenigedder 8 hours
thereby to prepare toners of respective colors. T1/12

in \#a@e thylforinaniifle (DMt 4 RShpbrd RiredTbeldi tHeSBdiling 993{1-.96

control agent 1. 15 The resulting toners were m xe

wth the follow ng additives hased_.on 10Q parts of
usie B Dbl o4l Biinire ‘DRET Con BEHE AL DR SRy lgte

hydr ophobic silica 25 parts primary particle dianmeter:

ang. 250 parthyithlphawethylstymne werexidded @o Bhesedctam)and the

primary particle dianmeter-. 0.015 pm specific surface

e R

full- or printer. (IPSi O Color 5500, by Ricoh. Co% and
matiaton, inllowgd hy digtitling awse the DMLY ungder wagumwaying thereby
and far fromdefects |ike background smear. The

a 1esiedteR e Goritedll SlenVBSvi Siiphtad Ghadavdatvachd Reistivity of
11.5 Log Q'cm and a mass average melecular mass of 9.6%x101, the
temperature was 110°C at which the apparent viseosity was 104 Pa-s, and
thfa ¢ontent was 5% that corresponding to components having a mass average
molecular mass of 1x109 ar less.
Synthesizs Example 4

Four hundred parts of 3,4-dichlorophenylmaleimide and 200 parts of
perfluoraoctane sullonie acid were copolymerized for 8 hours in DMF at a
temperature of below the boiling point using di-t-butylperoxide as an initiator,
Then 300 parts of n-butylacrylate was added to the reactant, and the mixture
was graft-polymerizad for 4 hours using di-t-butylperexide as an initiator,
followed by distilling away the DMF under vacuum-drying, thereby a resin
charge control agent 4 was prepared that had a volume resistivity of 10.4 Log
{¥cm and a mass average molecular mass of 1.5%104, the temperature was

105°C at which the apparent viscosity was 107 Pa's, and the content was 6%
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toner thin layer was confirmed to be uniformon the
roller. The charge 5 anpbunt on the devel oping roller
by an absorbing process was neasured to be -35 pCg
in the yell ow devel oper, -30 pC g in the magenta
devel oper, -31 gCg in the cyan devel oper and -32
pC g in the black devel oper. Inages were simlarly
thEPEdTRES ddtibref ’ |
condl t Iﬁg%ﬂ%%g %7C and 80% I'\:ﬁlhgrﬁng&fj%%ﬂgge %t u%’%maaﬁ%ﬂf
1"‘3@ mdity 10 condition of 10C and 15% RH,
ngk tly; excellent images were farmed under both
conditions without significant difference. A
Syahesis ExtinpleS5t was conducted such that a full-col or
i mage vvas forrred conti nuously under nor nal
t enpey, gral; I um:eli t hah
terrpera ure |g ?’%ﬁt‘@ﬂ%‘lﬁgﬁgﬂﬂ%ﬁ? ?’é‘ﬂ-ﬂ;g?gﬁﬁ'ﬁé’f
condi tjons on a total of 40000 15 sheets,
2-a@ylsenider mpthylpeemangppldenie aﬂ\dd'-‘%ﬂ'eglﬂpﬁh@wedt fof 8 hemee
on fixed i nmages, and 40000th inmage was clear with no

in DMFGHLQUR SR Alre of BEloWENR] RRIiRE phitlth& MheARb¥ide

observed and conf| r med that the toner thin |ayer

und.erwent f| can nthe roller, the
28 AP o B%ttaﬂtﬁ (i hse et e 180 phrigel Syrene
gC g in the yell ow devel oper, 20 -29 pC g in the

ware gdded tal theeteaptmt, a0 tlsChaxtute W gy frpdevwelepd forand
-27 pCg in the black developer. No filmng was

e et o LA IE R e Al R e

the followi ng fornmul ati ons. Yell ow col or ant
DR :

THiflea viagHunslyars, theesby anmpin dearge control agent 5 was

prepared that had a volume resistivity of 9.3 Log ©'cm and a mass average
molecular mass of 3X104, the temperature was 101°C at which the apparent
viscosity was 104 Pa's, and the content was 6% that corresponding to
components having a mass average molecular mass of 1x109 or less.
Example 73

Colorants were treated by the following formulations.

Yellow colorant formulation:
binder resin TB1 100 parts
C.L. piement yellow 180 100 parts
Red colorant formulation-
kinder resin TB1 1060 parts
C.I. pigment red 122 104 parts

202

LR T




10

15

20

laimdra="Ct a1 rar s

5 C 1. pignment yellow 180 100 parts Red col orant
formul ati on: binder resin TB2 100 parts C. 1. pignment
red 146 100 parts Blue colorant Formul ation= 10

bi nder resin TB3 100 parts C.1. pignment blue 15.3 100
parts Black colorant formul ation: binder resin TB3
100 parts carbon black 100 parts 15 The materials

were r i ' [nh a Henschel nmixer, the -
. BhiF ¥m’ti5!n§§ K & | ! .
m xture was subj ecte 0 an air-cooling two-rnll mll

and nel ted-kneaded for 15 m nutes. Then the
nel t ed- KiedertesHR LB al was cal enddBarad cool ed,
foll owed by coarsely mlled by a hamrer m || thereby

to prepalg melehébhw 18.8€at ed vvithlmjﬁﬁqg resins. 20
"l bners were prepared by the follow ng fornul ati ons.

Yel | Owgt oner forpul ation= binder resin TB2 91 parts
206 i: %%WI% Homsated with binder resin TB2
12 parts - resin charge control agent 2 3 parts
Magent a hinderregior FBlat i on: bi nder HbpartdB2 92 parts
carbon black 100 parts
The materials were respectively mixed in a Henschel mixer, the
mixture was subjecied to an aireooling two-roll mill and melted-kneaded for
15 minutes. Then the melted-kneaded material was calendered and cocled,
[ollowed by coarsely milled by a hamnmer mill thereby Lo prepare colorants
treated with binder resins,
Toners were prepared by the following formulations.

Yellow toner formulation:

binder resin TB1 91 paris

yellow colorant treated with binder resin TB1 12 parts

resin charge control agent 1 3 parts
Magenta toner formulation:

binder resin TB1 92 parts

red colorant treated with binder resin TB1 10 parts

resin charge control agent 1 3 parts
Cyan toner formulation:
binder resin TB1 94 parts
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5 red colorant treated with binder resin TB2 10 parts
resin charge control agent 2 3 parts Cyan toner
formul ati on= bi nder resin TB3 94 parts bl ue col orant
treated with binder resin TB36 parts |10 resin charge
control agent 3 3 parts Black toner fornulation:

bi nder resin TB3 90 parts black colorant treated with

bi nder r '@U]ElE% Bl -0 ted with
bi nder rﬂeigélln B f]%%#gﬁghrey ﬁggé%%rrléﬂei% ntrol agent
4 3 parts _ The materials were respectively mxed in a
HenschelTeqisahiaree epntrokageglb & was subj ect ed to Hparts
two- axi s conti nuous kneader heated to 80C and

nel t edBkirkageer lothelatidie kneaded materi al was cool ed,
followed by coarsely mlled by a hammer m |l and

finely m.lL ed b airflowmll, then 20 fi

particl ?g@ﬁrg%‘ﬁgged by an air classifier tﬁ&lﬁﬁst 0

prepare toners of respective colors. TIfP2 was 1.11

in the Hlalemleagt treiBl emdh binder essim TB3har ge 1@gants|

agent 2, T1ff2 was 1.15 in the binder resin TB3 and

the resiyhug o ChAtaeEoWifPhindie lsid b f2 was
&g?n e ¢ EI']Qi% d t%e it

1.21 in the r resin TB3 an restn charge

control agent 4. The resulting toners were mxed wth
the fol I%W%Wﬂ%@%&%@d on 100 parts ofdparts

respective toners. 5 hydrophobic silica 2.1 parts
The materials were respectively mixed in a Henschel mixer, the

mixture was subjected to a roll mill heated to 110°C and melted-kneaded for
30 minutes. Then the kneaded material was cooled, followed by coarsely
milled by a hammer mill and finely milled by an air-jet mill, then fine
powders were removed by an air elassilier thereby to prepare toners of
respective colors. T1LT2 was 1.16 in the binder resin TB1 and the resin

charge control agent 1.

The resulting toners were mixed with the following additives based

on 100 parts of respective toners to prepare one-component eolorants.

hydrophobae silica 2.5 paris
primary particle diameier: 0.02 pm
hydrophobie ttanivm oxide 0.8 parts

primary particle diameter: 0.015 pm, specific surface arear 90

mgfem?

The resulting one-component developers were set in a commercially
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primary particle dianmeter: 0.02 pm hydrophobic
titaniumoxide 1.0 parts primary particle dianeter=
0.015 m specific surfioce area: 120 nyglcn? 10
Twoconponent devel opers were prepared by way of

bl ending the respective toners of 6 parts and a
silicone-resin coated carrier of 94 parts. The

tdi@ﬁ - c (@5 r [ .

av%%%%eﬁ?rc a f;/ma@gl Iiagi e} |g§t§1{’)s¥§PP§’c]§T or lﬁrqb tﬁlér#Iil

. (IPSi O Cql or 7100, by R coh Co) and inmages were

\nageHBETe ornade s Jhe meguilmegeingre weere clenr agdifao from defects
background smear. No 15 probl em appeared on images and

lilgHickRtrddesat)i ThetdupRpaipiFdled AechsighallyeiBethdd/and the
condition as well as |low tenperature and low hum dity

. C i-thon. A durabil,ity tesi was condycte uch t hat

ol 855 3743 R o P btariF o S5 e o Chiares

consequently, there appeared no problemin inmages, and

amdvgrten e davelping whtﬁwm@whhmﬁmsmmmedﬁd be

no deposition on the 20 phot oconductor. Conparative

—3E1AYRH r f vleﬁﬂq Q

Eforwllgﬁgﬁ%‘ggg%\}g %ngg%%ﬁﬁ’%%ﬁ %ﬁtgttlﬂon: cIEn elr
esin CTB1 100 parts C. I. &l gnment vell ow 180 100 parts

nC/g by theot: velaperangd35n1Cig nthe blackdavalopep) Impges
parts C. 1. pignent red 122 100 parts

were similarly formed under a high temperature and high humidity

condition of 27°C and 80% RH and a low ternperature and low humidity
condition of 10°C and 15% RH, consequently, excellent images were formed
uj?dér both conditions without significant difference. A durability test was
eonducted such that a full-color image was formed continucusly under
normal temperature, low temperature and low humidity, hich temperature
and high humidity, and normal temperature conditions on a total of 43000
sheets, consequently, there appeared no significant difference on fixed images,
and 40000th imape was clear with no background smear

The developing roller was visually observed and confirmed that the
toner thin layer underwent no sigmificant change on the roller, the charge
amount of developers was stable such as =81 pC/g in the yellow developer,
—29 nCfg in the magenta developer, —-29 pC/g in the cyan developer and —27
nClg in the black developer. No filming was chserved on the developing

roller, the hlades and the photoconductor.
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Bl ue col orant fornul ati on= binder resin CIB2 100 parts
C.I. pignent blue 15.3 100 parts 10 Bl ack col orant
formul ati on= bi nder resin CIB2 100 parts carbon bl ack
100 parts The materials were respectively mxed in a
Henschel m xer, the mxture was subjected to an
air-cooling two-roll mll and nelted-kneaded for 15
4t €s. Then the nel ted-kneaded material was )
cal’'endered and cool ed, follomed by coarsely mlled by ) :

a hangger m || there repare cplorants treated
with WESRES fgﬂgﬁ %ﬁ’i’("iﬁmﬁsthe

foll owi ng fornul ati ons. YeIIowtoner formul ation: 20

bi nder Yelbmir 0olofit fBfmphliticg:yel | ow col orant treated
with binder resin CIB1 12 parts resin charge control

agent 1 %%%
I\/Bgentalﬁgﬁ%glt%ﬁnu ation: binder ?’%SP?P&TBI 92 parts :
red colorant treated with binder resin CTB1L 10 parts :
resin cHalgusoentyellowd8ft 3 3 parl®partgyan toner

formul ati on: binder resin CfB2 94 parts

Red colorant formulation:
binder resin TB2 100 parts
C.L. pigment red 146 100 parts
PBlue colorant formulation:
binder resin TR3 100 parts
S C.IL pigment blue 16.3 100 parts
Black colorant formulation:
binder resin TB3 100 parts
carban black 100 parts

The materials were respectively mixed in a Henschel mixer, the

mixture was subjected to an air-eooling two-roll mill and melted-kneaded for
15 minutes. Then the melted-kneaded material was calendered and cooled,
{followed by coarsely milled by a hammer mill thereby to prepare colorants

treated with binder resing.

Toners were prepared by the following formulations.
Yellow toner formulation:

binder resin TB2 91 parts
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bl ue colorant treated wth binder resin CIB2 G parts
resin charge control agent 5 3 parts Black toner
formul ation-. 10 binder resin CIB2 90 parts bl ack
colorant treated with hinder resin CIB2 12 parts bl ue
colorant treated with binder resin CIB2 2 parts resin
charge control agent 5 3 parts The materials were

respecti oy pa=Tol h@aﬁad’%‘ clﬂﬁ!dﬁ ] el ] re
was subjj)é??tn}‘(é:‘ir to atro m ea eg §0TF(?8C aﬁld‘ffzﬁ&ttﬁ
nel t ed- kneaded for 20 m nutes. Then the kneaded

mat er i alTegEschagge septrelpigeghdd by coarsely ni |3 partBy a
hanmmer mll and finely mlled by an airjet mll, then

fine NasdaESioMrformeflarved: by an air classifier
thereby to prepare toners of respective colors. T1IT2

was 1.2Q.iRp the. biader resin CTBI and the resin, 20
char ge %&ﬂfq?’ro E&biﬁ? 1, TIIT2 was 1.11 in the 1 Ff?
resin CIBL and the resin charge control agent 3, and
T1PT2 weaedroBatanintreatedwit dindarsieminCTB2 1Gpmaktshe resin
charge control agent 5. 210 - - - - ---------------

--- - TheafGHdrkd re mxed with th
foIIomﬁE%Saddit%%ggﬂggggﬁﬁtgﬁ 100 parts of reg%%%??ve
toners_to prepare one-conponent colorants.

hydr ophBs® @ﬁéﬂﬁﬂ?ﬂEQ§ﬂparts primary particle

di aneter: 0.02 um 5 hydrophobic titanium oxide 0.8
parts prhin@éyrepii TH8l e di ameter: 0-015 pm spepipdrs
surface area: 90

blug colorant treated with binder resin TB36 parts

resin charge control apent 3 3 parts

, . Bleck toner formulation:
binder resin TB3 50 parts
black colorant treated with binder resin TB3 12 parts

blue colorant treated with binder resin TB32 parts
resin charge control agent 4 3 parts
The materials were respectively mixed in a Henscbel mixer, the

mixture was subjected to a two-axis continuons kneader heated &0 80°C and
melted-kneaded. Then the kneaded material was cooled, followed by
coarsely milled by a hammer mill and finely milled by an air-{low mill, then
fine particles were remaved by an air classifier thereby to prepare toners of
respective colors. T1/T2 was 1.11 in the binder resin TB2 and the resin

charge control agent 2, T1/T2 was 1.15 in the binder resin TB3 and the resin
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ng/ cm 2 The resulting one-conponent devel opers were
set in a commercially available digital full-color
printer (IPSi O Color 6500, by Ricoh Co.) and 10 i mages
were fornmed. The resulting i nages were clear and far
fromdefects |ike background snear. The devel opi ng
roller was visually observed and the toner thin |ayer
I - -
ohH. G B A YOyRF TR0 A shifo bl E roochn S UG 4fe
process was neasured to be -43 sClg in the yellow
reggchasgeeontraaggut 4. i n t he magenta devel oper, -38 15
gC g in the cyan devel oper and -35 gC g in the black

dev elTHeetesuligtonk RGeS Meical %RhTRE RIHEhzadighes based
tenperature and high humdity condition of 27C and

% RH, the | es included irregularity or nutter,
m\%ﬁﬁ?%@?@%ﬂ'@ ¥YBfed under a | ow tenperature and
| ow hum dity condition of 10C and 15% RH, the inages

wer e hydrophudat: mhbica ow density. When2d paetadur ability
test was conducted with formng full-eol ar i mages

contin ﬁJ“y.J, gﬂ?ﬁé dE&E . ature, |ow
tenper%re aR ow um@%lh-'ti'!;'i8 g t enperature and

hi gh hHIEnJ' ity, .and norrmal tenperature conditions, 211
pr ob/l¥ dfaemivm axide | npges, shBmaxts backgr ound

snear, dusts and ' i 6 streaks. \Wen the devel opi ng

rol I er pifary pasticly deRAelyeOl0RS phl) @pedififBurfasd ARAK 120
had occurred circunferentially 1n the toner thin film

t,he 5 photoconductor. The neasurenent of charge
nount of the devel opers reveal ed the degradation
such as -28 g.Cg in the yell ow devel oper, -22 p.dg

Two-component developers were prepared hy way of blending the

re_spi'active toners of 6 parts and a silicone-resin coated carrier of 34 parts.
The resulting two component: developers were set in commercially available
digital full-color printer (IPSi0 Color 7100, by Ricch Co.) and images were
formed. The resulting images were clear without backeround smear. No
problemn appeared on images and charging under high temperature and high
humidity condition as well as low temperature and low humidity condition.
A durability test was conducted such that a full-color image was formed on
100090 sheets, consequently, there appearced no problem in images, and there
existed no scattering within the apparatus and ne deposition on the
photoconductor,

Comparative Example 25

Colorants were treated by the following formulations.
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in the magenta devel oper, -25 p.C/g in the cyan

devel oper and --21 jC g in the black devel oper.

Synt hesi s of Titanium Containing Catalyst 10 A m xture
of 1700 parts of titaniumdiisopropoxy

bi s(triethanol al um nate) and 130 parts of deionized
wat er was poured into a reactor vessel equipped wth

a cond%ﬁ&ﬁ%ﬁﬂm -a nitrogen gas inlet -

capabl e o ng a liquid therein, the m xture was
heated graqually to 90C and allowed to react at 90C
for 4 h ey PR 6ERY ) whi 180 BaBsl i ng the 15 1iquid

with nitrogen gas thereby to prepare titanium

di hydr ox@.I. prss(entivellaenaal um na t o pskger titani um

contai ning catal ysts in Exanpl es bel ow, avail able for

t he pr nt.invention .may be prepared in simlar
synt he?ﬁagcﬁ]%%%ts@]é?uﬁ%%t hesis 1 of Linear Pol yester
Resin 20 Forty hundred and thirty parts of an adduct
of bi spHenderwasinCIBInpl es ol0P@art800 parts of an

adduct of bisphenol Awith 3 noles of PO, 257 parts of
t er epht helyi ' arts of iso Lc acid, 10
gt iiee B

parts of nmalefic anhydride an parts of
titani d%ﬂgdro bi.s(triethanol alum nate) as a
conden EP? '@5‘?@%‘?13 Pe poured into a reactor
vessel equipped with a condenser, a stirrer and a

ni t r ogerbigder feaireCTB2Nd t he Dixpawte was al l owed to
react at 220C for 10 hours under nitrogen gas flow

whil e distil.lj e 5 water erated in the
reacti oné'iﬁéﬁ%gﬁgﬁ%]agc{gant was al ﬂg\‘?\g’?ﬁ?o react

under a reduced pressure of 5 to 20 mmHg and taken out
when t Blackaolraghfommudaiient o 5 ngKOHI g. After cool i ng

to roomtenperature, the reaction
binder resm CTB2 100 parts

carban black 100 parts
The matenals were respectively mixed in a Henschel mixer, the
mixture was subjected to an air-cooling two-toll mill and melted-kneaded for
15 minutes. Then the melted-kneaded material was calendered and cooled,
followed by coarsely milled by a hammer mill thereby {o prepare colorants
treated with binder resins,
Toners were prepared by the following formulations.
Yellow toner formulation:
binder resin CTB1 91 parts
yellow colorant treated with binder resin CTB1 12 parts

resin charge control agent 1 3 parts
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product was mlled, consequently, a linear polyester
resinAXl -1 was obtained. 10 - The resultingAltl-1
contai ned no THF-insoluble matter, and had an acid
val ue of 7 ngKOHI g, a hydroxyl value of 12 ngKOHI g, a
glass transition tenperature Tg of 60C, a nunber
average nol ecul ar mass MR of 6940, and a peak top

nol ecu . The rate of the nolecul ar.
mass obﬂ%?g%demtf%ﬂi%égg' was 1.2% 15 Synthesis 1 of
non- Li near Pol yester Resin Three hundred and fifty
parts oftBdenegir CTHL bi sphenol Awith 2 $bpagsof EO
326 parts of an adduct of bi sphenol Awith 3 noles of POL

278  parfed caforhft fehicAalith bihddsh reffh @FBHS Of piv ik C
anhydride and 2 parts of titani um di hydroxy

bi s(tai et hanqgl al um nat.e) as_a condensati on catal yst
wer e 20 T8t 'Fr'ﬁf%nr}ﬁ“]r:)ﬁgigr vessel equi pped %P?v"lafsa
condenser, a stirrer and a nitrogen gas inlet, and

t he m Lyandommdormlatad:t o react at 230C for 10 hours
under nitrogen gas flow while distilling away the

wat er g 0’1‘?&3 the reaction. Th react ant
was al | gﬂv\g lsj%%q}ﬂeac under a reduced p?@é@%&g of 5to
20 mmHg,, .cooled to 180C when the acid val ue canme to 2
ngKOHI g tine celgsantdpeqiad matly pinder zesiniGTR2 anhy ff parts was
added, then the mxture was allowed to react under

nor mal pesEsHiRedbtomed fAnoEnOsphere 5 far 2 hppids
After cooling to roomtenperature, the reaction

pr oduc mlled, consequently, a non-Ilinear

pol yes?%ﬁgg?ﬁmqﬂ% obt ai ned. The resul ti ngAX2-1
contained no THF-insoluble matter, and had an acid
val ue oftig8ermpiaHCIB2a hydr oxyl val ue of SUFamgKCOEI | g,
a gl ass

; hlack colorant treated with binder resin CTB2 12 parts

blue colorant treated with binder resin CTB2 2 parts
resin charge control agent 5 d parts

The materials were respectively mixed in a Henschel mixer, the

mixture was subjected to a roll mill haated to 100°C and melted-kneaded for
20 mimutes. Then the kneaded material was cooled, Tollowed by cnarsely
milled by a hammer mill and finely milled by an air-jet mill, then fine
powders were removed by an air elassifier therehy {0 prepare toners of
regpectaive colors. T1L/T2 was 1.20 in the binder resin CTB1 and the resin
charge control agent 1, T1/T2 was 1.11 in the binder resin CTB1 and the
redin charge eontrel egent 3, and T1/T2 was 1.34 in the binder resin CTR2

and the resin charge control ageni 5.
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transition tenperature Tg of 69C, a nunber average
nmol ecul ar mass Mh of 10 3920, and a peak top nol ecul ar
mass Mp of 11200. The rate of the nolecular mass of
no nore than 1500 was 0.9% Synthesis 1 of'lbner
Bi nder Four hundred parts of the AX1.1 and 600 parts
of the AX2-1 were nelted-kneaded using a continuous
kneadrte AluBin@&ifREs WERPRfigdd e RhOthe 1] Sliifes based
residence time of 3 mnutes. The nelted résin was
cg@ ed to. 20C over 4 ninutes using a steel-belt

o Hi mirts phEgspRetivedyres I nrsRaEe enecqmpenant saloranisy
bi nder (resina). Synthesis 2 of Conparative Linear
Pol ydsyidesplirdsic silithe reacti on was cirpgtgs out in the
same manner as that of AXI-1 of 20 synthesis exanple

1, excgﬁﬁ-]ﬂ% H}ﬁa d ation catal yst was
change In tljl aﬁ%@%}igpgébnﬁopoxi de. There arose
such _a problem_that the_ reaction was stopped on the
way dydranhabig Efamnm exddet i vati on Bfdarke 214
distillation of generated water was al so stopped, thus
2 part spifnalry afﬁamﬁm&&r@niggm%e&ﬁc%w%&%w
times during the reaction thereby to obtain a
mgpg%rlugar ative linear polyester resin CAXI-1. The
I ting CAX1-1 contai ned no THF-insol uble matter,
and had 5 an acid value of 7 ngKOH g, a hydr oxyl
val udhefregal Lngikad-@mporging developamsidreoat ieapemaiattilly
Tg of 58C, a nunber average nol ecul ar mass Mh of 6220

AR, SERA (ool P PSR Erod ARl S0

. Synthesis 2 of Conparative non-Linear Pol yester Resin
1mmages were formed. The resulting images were clear and far frum defects

like background smear. The developing roller was visually observed and the
toner thin Jayer was confirmed (o be uniform on the roller. The charge
amount on the developing roller by an abhsorbing process was measured to be
—43 pCfg in the yellow developer, —36 pCfg in the magenta developer, —38
1C/g in the cyan developer and —35 pC/g in the black developer. When,
images were formed under a high temperature and high humidity condition
of 27°C and 80% RH, the images included irregularity or mutter, When
images were formed under a low temperature and low humidity condition of
10°C and 156% RH, the images were thin and of low density. Whena
durability test was conducted with forming full-color images eontinuously
under normal temperature, low temperature and low humidity; high

temperature and high humidity, and normal temperature conditions,
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10 - The reaction was carried out in the same manner
as that of AX2-1 in synthesis exanple 1, except that
t he pol ycondensati on catal yst was changed into

titaniumtetrai sopropoxi de. The reaction was carried
out under normal pressure for 16 hours and under a
reduced pressure far 8 hours. The reaction velocity

orffign Biicalitfn dBiddeled HMIAGLE SRl ORI

to_obtain a conparative non-Ilinear polyester resin
strgako- 1. The resul ti ng CAX2-1 contai ned no
THF-i nsol ubl e matter, and had an acid value of 34

Ny KCWHen thd3ételipihg YalldiSw @ vikGallp Kbddrded 8t thatSme,

transition tenperature Tg of 68C, a nunber average

nmol ecul.ar mass M of. 20 3420 and, a K to ecul ar
RS Hgg o s e RALY o s moR SR R o of

no nore than 1500 was 2. 1% Synthesis 2 of Conparative

ph#torend @itnel e IThodSafaemdntnd chargeamsumitf oftthe degeddpdrsand
600 parts of the CAX2-1 were nelted-kneaded using a

! . ) r 1
1-Eang %%&%eﬁce é%un@%%%g%%%s Elr@wn% teg Pesi Cle
. Wwas coaled to. 30C over 4 mnutes using a steel-belt
in theymagentadevalaneret2d BCiFiadhe syvan develaper and val ub¥ein

bi nder (resin B). The resin B was of intense purplish
théobRiindeyalopesi s 3 of Linear Pol yester Resin Alinear

pol yester resinAXl -2 was prepared by a simlar

reacti as - th f.AXI -1 of the synthesis exanple 1,
5@%%&%&%%H&Fﬂ‘%%ﬁ'ﬁﬁ&% tenperature and nilling

except that the polycon.densat ion catalyst was

A mixture of 1700 parts of titanium diisapropoxy

hijﬂfﬁ'riethamlaluminate} and 130 parts of deronized water was poured into a
reactor vessel equipped with a condenser, a stirrer and a nitrogen gas inlet
capable of bubbling a Iiquid therein, the mixture was heated gradually to
90°C and allowed to react at 90°C for 4 hours (hydrolysis) while bubbling the
hiquid with nitrogen gas thereby to prepare titanium dihydroxy
bis(triethaneclaluminate),

Other titanium-containing catalysts in Examples below, available for
the present invention, may be prepared in similar synthetic processes.
Synthesis 1 of Linear Polyester Resin

Faorty hundred and thirty parts of an adduct of bisphenol A with 2
meles of PO, 300 parts of an adduct of bisphenol A with 3 moles of PO, 257

parts of terephthelic acid, 65 parts of isophthalic acid, 10 parts of maleic
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changed into titanyl bis(triethanolalumnate). The
resul ti ngAX1-2 contai ned no THF-i nsol uble nmatter, and
had an acid value of 8 ngKOH g, a hydroxyl val ue of
10 ngKOH g, a glass transition tenperature Tg of 60C,
a nunber average nol ecul ar mass Mh of 6820 and a 25
peak top nol ecul ar mass Mp of 20180. The rate of the

I 00 . 0} 1%-
el oBla £BER 8 P RriniRihgpan BERRlRirclatiniagie) as «
pol yester resin AX2-2 was prepared by a simlar
copdenaation @dalyshwerepoued ingfa rdseleryeshelsiqsippesipith a1,
foll owed by Cooling to room 20 tenperature and mlling

cofdGak, 4 Stret BRA ROKSREH §AS AR hrichlR! lﬁ&ttgf@ﬁras slaResdh

into titanyl bis(triethanolalurinate). Th
rob AP P 1RSI Gl L2t ud B3R RIS aliSE e
value of 33 ngRA |1 g, a hydroxyl value of 14 ngKOCH g,

water) bassratedinsilic reactiemp EFladnithe Eaetzint 2845 albwedoaeact
average nol ecul ar mass ©Wh of 4200 and a peak top

f f r
urlBe SRk Bt it s B ilE Gl el ot PRHRLES M
7bner Binder The inventive toner binder resin (resin.
vahye ¢iame b B megltdty.  pepesclimegiprgomdemnerataire theireaction
AXl -2 and 500 parts of the AX2-2 for 5 minutes using
prédid@ e i1, ¥eiscqTRAEY Gl hedhrPay®isr Rlaid RREFPwak O

For mul ati on
obtained.

g e e

The resulting AX1-1 contained no THF-insoluble matter, and had an
acfid"\ralue of 7 mgKOH/g, a hydroxyl value of 12 mgKOH/g, a glass transition
temperaturc Tg of 60°C, a number average molecular mass Mn of 6940, and
a peak top molecular mass Mp of 19100. The rate of the molecular mass of
ne more than 1500 was 1.2%.

Synthesis 1 of non-Linear Polyester Resin

Three hundred and fifty parts of an adduct of bisphenol A with 2
moles of EQ, 326 parts of an adduet of bisphenol A with 3 moles of PO, 278
parts of terephthalic acid, 40 parts of phthalic anhydride and 2 parts of
titanium dihydroxy bis(triethanolaluminate) as a condensation catalyst were
poured inta a reactor vessel equipped with a eondenser, a stirrer and a
nitrogen gas inlet, and the mixture was allowed to react at 230°C for 10

hours under mitrogen gas flow while distilling away the water generated in
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resinA 100 parts nmagenta pignent (C.|I. Pignment Red
269) 5 parts charge control agent (E-84) .y 2 parts
*1) by Oient Chemcal Co. is Arong the ingredients
descri bed above, the pignment and the polyester resin,
and al so pure water were blended in a nmass ratio of
1 1 0.5 and kneaded using twin rolls, The m xture was
ra| si ng tt?e}%go tt?enpeir:']at S\rﬁghte%d\@&&%fheregtae%od%d
ar a rraster bat ch. 20 the pre ared mast er
PIE% e 20 remdls, &ﬁ@lgd\ﬁ%ﬂﬁﬂrﬁw%&nwhgwﬂo wHue game fo 2
f or mul atl on descri bed above, nelted-kneaded at 50C for
maROH /8 ¢k &sss, 62 pattsofitmelliticaltdownad adiied | (R ¢hey
coarsely mlled by a hamrer m |l and 217 fi nely

Lr-1e the re

mfftte e MIBRed ] ol et norm 8 prBirt 8 BetpAdimpRigheas,
to prepare a base toner having a volune average

fom@ hpid. e Aftermeobng i rasim 6e1Bpenative, dlidireddion WrodGetpsas
of zinc stearate (by Sakai Chem cal Industry Co. ) 1
gl%& c&%gﬁg{)t{gpﬁfdrophor: c tam um oxXl ?%?%y Tayca

wer e added _and ni xed b a_mxer to prepare toner

A Tﬂglerrégﬂﬁm A fontapsd ok TR ineehyble matien andihadan
di aneter Dv of 6.8 pm a ratio Dv/Dn of 1.38, and

acikhagiae bi85 aigKOHd, o Kydrdxpl valdd of 17 2K BFE Uclngn
Exanpl e of Toner B 1D Toner B was prepared in the sane

RN it PRRERLRY 4 LR fuFet RRICQHE S8L Mot

3920, and a peak top molecular mass Mp of 11200. The rate of the

molécular mass of no more then 1500 was 0.9%.
Synthesis 1 of Toner Binder

Fonr hundred parts of the AX1-1 and 600 parts of the AX2-1 were
mclted-kneaded using a continuons kneader at a jacket temperature of
150°C and a residence time of 3 minutes. The melted resin was cooled to
30°C over 4 minuies using a steel-belt cooler, then milled to prepare an
inventive toner binder {resin A),
Synthesis 2 of Comparative Linear Polyester Resin

The reaction was carried out in the ssune manner as that of AX1-1 of
synthesis example 1, except that the polycondensation catalyst was changed
mto titanium tetraisopropoxide. There arose such a problem that the

reaction was stopped on the way due to eatalysis deactivation and the
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shown bel ow yel |l ow pignent (C/|. Pignent Yellow 180) 5
parts The resulting toner B had a vol une average
particle diameter Dv of -5 6.8 m a ratio DvJDn of
1. 35, and shape factors SF-1, SF-2 of 150, 141.
Production Exanple of “loner C Toner C was prepared in
the sane manner as the production exanple of toner A

; j ' t.
TR BBt JBa TRREE bR RBbp P ER3ERS e ieRel 8
155) 5 parts The resulting toner C had a vol une ]
terpusopgpoFide was addpdifonyr éime dering hereaption tharshy tpwbbrin
of 1.38, and shape factors SF-1, SF-2 of 158, 1% 218
a d3nsyskitetive TinG AfBlyBstet rddin AR -1. 7Tbner D was prepared

in the sane manner as the production exanple of toner

A ex t_that t enta pi,gnmept..was changed i nto

Chat THBTSRHEE A 15 SARYSIPH T DHE oo Ebley apiag i had

Red 184 (mi xture of C. 1. Pignent Red 146 and C. 1.
anfiagrealucRET mgKOH, g byt soxdheathuwsof 10 mgKOHVer a Pldsad a

vol ume average particle dianeter Dv of 6.8 pm a

trls%, 1%{1&&3?()5%%9%” gaan‘pi eﬁ%gg?%ﬁé?néﬁ ﬁ'grgagiuﬂf
was prepared in the sane ma nn or as the production
6220 and| apek topreplecalas apassMarol 1800w gBhe satgiofitbait  was
changed into that shown bel ow
molecular mass of no more than 1500 was 2.2%. i

- AR e

_.

Synthesis 2 of Comparative non-Linear Polyester Resin

The reaction was carried out in the same manner as that of AX2-1 in
s;r?nti:esis example 1, except that the polycondensation catalyst was changed
inte titamum tetraisopropoxide. The reaction was carried out mnder normal
pressure for 16 hours and under a reduced pressure for 8 hours. The
reaction velocity was slow, thus 2 parts of titanium tetraisopropoxide was
added three times during the reaction therehy to obtain a comparative
non-linear polyester resin CAX2-1,

The resulting CAX2-1 contained no THF-insaluhle matter, and had
an acid value of 34 mgKOH/g, a hydroxyl value of 16 mgKOH/g, a glass
transition temperature Tg of 68°C, a number average molecular mass Mn of
3420 and a peak top molecular mass Mp of 12100. The rate of the
molecular mass of no more than 1500 was 2.1%.

Synthesis 2 of Comparative Toner Binder
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yell ow pignent (C. 1. Pignent Yellow 17) 5 parts The
resulting toner E had a vol une average particle
diameter Dv of 15 6.8 m a ratio DvJDn of 1.35, and
shape factors SF-1, SF-2 of 154, 148. Production
Exanpl e of "I hner F "I bner F was prepared in the sane
manner as the production exanple of tonerA except

that phe HBIELL gﬂg&%g@@@ ]HRQ t _q%lg
bel ow. 20 cyan I gment %F’%ﬂe%ﬁjté e“él'%‘%ﬁ Tore
esulting toner_F had a voI urre aver a
ME@#‘%%&# USHBE & COpngPuS kneaddr & ekeS tMmyTBTe o 36,
and shape factors SF-1, SF-2 of 151, 145 219

150r Qoluelt A punidorantiree of 3 hdhatesC THRAHIE: VRGN WRALERI B
t he same manner as the producti on ~exanple of toner A

S n t shown
glcug@v{‘ 4%%%%“%8’03%%@1 gé: ]i"ﬁ#ﬁ{] HIEPAE had a
vol ume avera article di amater Dv of 8 um a
mm@hmm@rgrmcg rdpesin i) sﬁ‘hpeﬁmtﬂmasoﬁﬁamns@n@lmh
153, 149. Producti on Exanpl e of Toner H Toner H was
brewapared in the same manner as the production 10
exanpl e of toner B except that the resin Awes changed

Syt P8 LIGREE AP IRAGF 8205 une aver age parti cl o
di ameter Dv of

Alinear polyester resin AX1-2 was prepared by a similar reaction as
that of AX1-1 of the synthesis example 1, followed by cooling to room
temperature and milling except that the pelycondensation ecatalyst was
chaniged info titanyl bis{triethanolaluminate).

The resulting AX1-2 contained no THF-insoluble matter, and had an
acid value of 8 mgKOH/g, a hydroxyl value of 10 mgKOH/g, a glass transition
temperature Tg of 60°C, a number average molecnlar mass Mn of 6820 and a
peak top molecular mass Mp of 20180. The rate of the molecular mass of no
more than 1500 was 1.1%.

Synthesis 3 of non-Linear Polyester Resin

A linenr polyester resin AX2-2 was prepared by a similar reaction us
that of AX2-1 of the synthesis example 1, followed by cooling to room
temperature and milling except that the polycondensation catalyst was
changed into tGtanyl bis(triethanolaluminate).

The resulting AX2-2 eontained no THF-inzoluble matter, and had an
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6.8 m aratio DviDn of 1.33, and shape factors SF- |
SF-2 of 159, 148. 15 Production Exanple of Toner J
"loner J was prepared in the sanme nanner as the
producti on exanple of toner A except that the wax
shown bel ow was added. Carnauba wax 5 parts The
resulting toner J had a vol une average particle

o S5 LRl B P UM ¢ BURY G o,

anpl e of Toner K Toner K was prepared in the sane
trww tempenabury baoE 19°én 2 sumbesayamse stoleeday mpss Mn of
except that the wax shown bel ow was added. f

4208 and bpeaxtdp malekElal fﬁ@aa’sqayldrumm OnPlie KatB 3 the ¥RIAtHEar

average particle diameter Dv of .8 pm a ratio Dv/Dn

of - fac SF- 1, SF 2 of 151, 149. 5
[Pﬁwn%fﬁﬁr'}ﬁb@ #"g&ﬁzr L finer L was prepared in

the same manner as the production exanple of toner F

5  Syochese JofTonarBindex shown bel ow was added. Car nauba
wax 5 parts The resulting toner L had a vol une average

D TP, ek birlor iy e D) ol by ©
Prooducti on_Exanpl e of Tuner M Toner M was epared in
POPHET Sy AN hearts of MI@@Mﬁ%pmamﬁxﬂﬂm &r A

except that the resinAwas changed into that shown
minuices using a Henschel mixer.

FProduction Example of Toner A
10 Formulation
. Tesin A 100 parts

magenta pigment (C.I. Pigment Red 269) 5 parts

charge control agent (E-84) < 2 parts
*1) by Orient Chemical Co.
15 Among the ingredients described above, the pigment and the

polyester regin, and alse pure water were blended in a mass ratio of 1:1:0.5
and kneaded using twin rolls, The mixture was kneaded at 70°C, then the
water was evaporated by rausing the roll temperature to 120°C thereby to
prepare a master batch.

20 Using the prepared master batch, the ingredients were mixed based
on the formulation deseribed ahove, melted-lmeaded at 50°C for 40 minutes

usmg twin rolls and cocled, followed by coarsely milled by a hammer mill and
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bel ow 15 resin C 100 parts The resulting toner Mhad a
vol ume average particle dianeter Dv of 6.8 }m a
ratio Dv/Dn of 1.31, and shape factors SF- 1, SF-2 of
159, 142, Evaluation Process {1} Color Difference in
L*a*b* Col or Specification System 20 Using an i nmage
form ng appar at us respective image densities at a

ﬁn%g)onémemgfaﬁr #h om&%gmﬂ%ﬁﬁ@gmg Heow )

magent a sur e

i nt di ate ol ors of ue (B), green (Q and 221
cl #E dassdisrabe w?}?éel%?nﬂ%ﬂ brpesomen hayisg|aovplume

(Y), rragenta (M or cyan (C, The respective imge

aveepeidartislovtiamet@ a4 0£6.84ah N g IXa Rt RO 88 5 {43y oKzt €

Inc.) in a condition of observable eyespot 2 at

ot P e e @it fnfhur By G Lt by dpp bl i GV

being "1.0' was neasured. The results are shown in
Clarigg Japan KK} andr) mart vEhydrophphicttitaluiymenids Gydlagica\@o )
of FIG 12, and FIG 15 is a partlally enl arged vi ew

wa@éaﬁﬂgﬂaﬂ.&mm&lﬂ LORGL S tBh g?llsﬁri%tly gd for two or nore

col ors, images at e farma y magent a,

foll d by cyan, fo wed by yell ow, 10 Exanples
75 t gogge %\Tr‘gg'r’-‘ 'aw&f’é@rwwhz@dﬂﬁm tem By of

fits to evaluate toners of Exanples 75 to 78 and
6.8qmmp aratin \by/Exadl| 355 anf shap@ habe SIMA\BFHofTEN, 44
Tabl e4 magenta toner yell ow toner cyan toner
Preduction Example of Toner B
Toner B was prepared in the same manner as the production
example of toner A except that the magenta pigment was changed into that
shown below.
yellow pigment (C.I. Pigment Yellow 130) 5 parts
The resulting toner B had a volume average particle diameter Dv of
6.8 pm, a ratio DviDn of 1.35, and shape factors SF-1, SF-2 of 150, 141.
Production Example of Toner C
Toner C was prepared in the same manner as the production
example of toner A except that the magenta pigment was changed into that
shown below.
yellow pigment {C.1. Pigment Yellow 155) 5 parts

The resulting toner C had a volume average particle diameter Dv of

6.8 pm, a ratio Dv/Dn of 1.38, and shepe factors SF-1, SF-2 ol 158, 150.
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Ex. 75 toner A toner B toner F Ex. 76 toner A toner C
toner F Ex. 77 toner j toner Ktoner L Ex. 78 toner
M- toner B toner F Com Ex_ 26 toner G toner B toner
F Cam Ex. 27 toner A toner Htoner F Com Ex. 28
toner D toner B toner F Com_ Ex- 29 toner A toner E
toner F 15 The evaluation results are shown in Tabl es

- XE{U@E 5 Inthe figure where a*b* is.

Prﬁﬂu@?ﬁ]ﬁ g%fnrtggll%r speci fication system the

wi der_area encl osed by six colors of Y RMB/Cl G

i ndi depesDiwas prapased in sy wane manner psitbe popduction

excellent. 222 - - ----------- -- FIGs. 12 and 13

exf 2P0 6f Toake Aldiadptiha fPh € magen B Pichibrd St $HRlpEd into that

represent wi der color reproducible area in ternms of R

and corrpared to Conparative Exanple 26 and 27, in
hﬂ‘ﬁ?]t ar the color reproducible area is excellently

wide for R5 On the contrary, Conparative Exanple 26

r epr esmagenta mgoent éBJIoPtgmerﬂ,rEtﬂiJ t#b(mizdmeecf .1t Biermni

of dC, hovvever narrow in terns of RRM Conparative

REE[X Wg de area rms of M
owever, rgﬁ y narrowmter%@a}% GYIR As

such I's clear that Exa e 75 and 78 represent

col oFl‘herestéBthet}Et gﬁ@e avruage ppegile deameter Dv of

particular wwde in R
6.8 um, a ratio Dv/Dn of 1.36, and shape factors SF-1, SF-2 of 150, 142.

Production Example of Toner E
Toner E was prepared in the same manner as the production
ux_a:i':tple of toner A except that the magenta pigment was changed into that
shown below.
vellow pigment (C.I. Pigment, Yellow 17) b paris
The resuliing toner E had a volume average particle diameter Dv of
6.8 pm, a ratio Dvw/Dn of 1.35, and shage factors SF-1, SF-2 of 154, 148.
Production Example of Toner I
Toner F was prepared in the same manner as the production
example of toner A except that the magenta pigment was changed into that
shown below.
cyan pigment (C.I, Pigment Blue 15:2) 5 parts
The resulting toner F had a volume average particle diameter Dy of

6.8 pm, a ratio Dv/Dn of 1.36, and shape Eactors SF-1, SF-2 of 151, 145.

219

e e Y k| S SO T —— - L oL el — —

- AW Eapr ama e W L s 0L oan



4= FaWwrrSarE S TS ordSa . nma Ly

10

15

20

It is also clear fromFIGs. 14 and 15 that Exanple 76
represents a wde area particularly in R w thout
sacrificing the other regions, and Exanple 77 is not
as wde as Exanple 76 in ternms of R but wide in terns
of MS. i5 Imge Evaluation The toners descri bed
above and Cu-Zn ferrite carrier (coated with a

PSR x{,ﬁ%’[@ gge particle diameter: 40 m were.
bI ended b % an 5% as content to prepare

gl%gg ent devel o era} whi ch were used to, devel op
a dr bHoTRYPIERAT eFaEe manner as|the production
devel opnent was 20 carried out on 1000 sheets with
exiitiple obloper Angten)itf thd O thel pisinl Alvwigs chaipdidfih R0that @Rb®h
(I'magi o Neo C385, by Ricoh Co), and the devel oped
helJiROes were eval uated visually by 50 persons and
ranked in accordance with the 223 following criteria.
The results are shown in Table 5. Sensitive
Eval uakestnBf or Fl esh CH0@pamhot ogr aphy The eval uati on
results were ranked under the following five steps

Wi th 'I'I:@:%@ﬁt‘iﬁaﬂg%ﬁb!f’&fﬂﬂ 4 WYl aldragd Rsfdﬂé dRnEdE Dy of

basi s of human visual 5 inspection. e eval uation mas
oL R S G B B
averaged. A:. very good. 80 poi nt s or higher B: good,
Pré@udtinn/Bxpmphi of Tome€H or di nary, 46 to 59 points D
bad, 20 to 39 points
Toner H was prepared in the same menner as the production
example of toner B excspt that the resin A was changed into that shown
beloiv.
resin B 100 paris
The resulting toner H had & volume average particle diameter Dv of
6.8 nm, a ratio Dv/Din of 1.33, and shape factors SF-1, SI-2 of 159, 148.
Production Example of Toner J-
Toncr J was prepared in the same manner as the production example
of toner A except that the wax ashown below was added.
Carnauba wax b parts
The resulting toner J had a volume average particle diameter Dv of
6.8 um, a ratio Dv/Din of 1.32, and shape factors SF-1, 8F-2 of 152, 145.

Production Example of Toner K

Toner K was prepared in the same manner as the production
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E. very bad, 19 points or lower Table 5 Sensitive
Eval uation for Flesh Col or Photography Ex, 75 B Ex.
76 B- - Ex. 77 A Ex. 78 B Com_ Ex. 26 D Com Ex.
27 D Coin. Ex. 28 0 Com Ex. 29 C 15 224
-------------- - Table 6 a* 6* Y -6.79 88.02 R 64.53
47.35 Ex- 75 M 72,17 -3 B 22.3 -41.01 C -28.85

Exé_é\%{égf toffer ﬁgéx%gp tithat the #a8Shdwn below was added. -
{Carnanba wax b parts
The resulting toner K had a volume average particle diameter Dv of
6.8 nm, a ratio DvfDn of 1.37, and shape factors SF-1, SF-2 of 151, 149.
Production Example of Toner LL
Toner L. was prepared m the same manner as the production
example of toner F except that the wax shown helow was added.
Carnauba wax b parts
The resulting toner Lihad a volume average particle diameter Dv of
6.8 pm, a ratio Dv/Dn of 1.34, and shape factors SI-1, SF-2 of 155, 144,
P!:udluﬂtinn Example of Toner M
Toner M was prepared in the seane manner as the production
example of toner A except that the resin A was changed into that shown
below.
Tezin O 100 paris
The resulting tomer M had 2 volume average particle diameter Dv of
6.8 pm, a ratio Dv/Dn of 1.31, and shape factors SF-1, SI™-2 of 159, 142,
Evaluation Process
(D Color Difference in L*a*b* Colar Specification System
Using an image [orming apparatus, respective image densities at a
100% image-area ratio in monochrome mode of yellow (Y}, magenta (M) and

cyan {C) were measured, and intermediate colors of blue (B), green (G) and
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R 64 51 Ex- 76 M72.17 -3 B 23.1 -41.2 C -28.6 -50,4
G-5725 Y -6.8 88.3 R62.3 44.2 EX. 77 M69 -10 B
20 -46 C -28.6 -5023 G-56 19 Y -3 88.5 R 63 52
Ex. 78 M 7212 -3 B 22 -40.8 C-28 -49.9 G-5526 Y
-6.6 89 R 61 44 Com Ex 26 M702 -0.2 B 21 -38 C
-30 -49 G -58.2 20.3 Y -4 85

red (R} were messured by colormixing 50% of yellow (Y}, magenta (M) or -
cyan (C), The respective image densities were measured using X-Rite 938
{(by X-Rite Inc.) in & condition of observable eyespot 2° at observing light D50
(JIS Z-8720 (1983)), then a* and b* where the inage density ID (-Log
Reflectivity) being “1.0” was measured. 'The resulta are shown in FIGs. 11
to 15. FIG. 13 15 a partially enlaroed view of FIG. 12, and FIG. 15is a
partially enlarged view of FIG. 14.

When {oners are overlapped for two or more colors, images are
formed firstly by magenta, followed by cyan, and followed by yellow,
Examples 75 to 78 and Comparative Examples 26 to 29

The toner kits to evaluate toners of Examples 75 to 78 and

Comparative Examples 26 Lo 20 are shown 1 Table 4.

Table4d
magenta toner|yellow toner | ¢yan toner
Ex. 75 toner A toner B boner F
Ex. 76 toner A toner O toner F
Ex. 77 toner J toner K toner L.
Ex, 78 toner M " toner B toper I
Com. Ex_ 26 toner G toner B toner
Com. Ex_ BT toner A toner H toner F
Com. Ex. 28 toner I toner B toner F
Caom_Ex_ 29 toner A toner E toner ¥

The evaluation results are shown in Tables 5, 6 and FIGs. 11 to 16.
In the fizure where a*b™ 15 plotted in L*a*b* color specification system, the
wider area enclosed by six colors of YYR/M/B/C/G indieates that color

reproducibility is more excellent,
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e e e T



10

15

20

R 61 44 Com Etc. 27 M-72.17 -3 B 22.56 -41.16 C
-28.1 -50.6 G-5520 Y -6.6 881 R 62 45 Cam Ex 28
M70.2 -0.2 B 20 -38 G-28.75 -50.48 G -58.2 20.3
Y -4 86 RG60 45 Cam Ex. 29 M72.17 -3 B 22.56 -06
C-28.16 G-5520 225 Indus trial Applicability The
i nventive toner may exhi bit excellent bl ocking

. ! lent bl "
i oh Jacal £ g A @ EERRL Tt Rkt 19 el 7o BERKES

conditions as high tenperature and high humdity | ow
repragpil Fidarcologs reprguahle areain srmeef Frand Mycompagsd to
area i mages, w thout such problens as decreasing

Cohigeagitive Koapasle 26 41827,6n ParfitAdb €5d edloPfeprod86iBle area is
excellently wide for K.

On the contrary, Comparative Example 26 represents a wider colar
reproducible area 1n terms of G/C, however, narrow in terms of B/M.
Comparative Example 27 represents a wide area in terms of M, however,
remarkably narrow in terms of G/Y/R.

As such, 1t 18 clear that Example 75 and 78 represent color
reproducibility over entire regions, in particular wide in R.

It 15 also clear irom FIGs. 14 and 15 that Example 76 represents a
wide area particularly in R without sacrificing the other regions, and
Example 77 18 not as wide as Example 76 in terms of R but wide in terms of
M/B.

Image Evaluation

The toners described above and Cu-Zn ferrite carrier {coated with a
silicone resin, average particle diameter: 40 um) were blended by 5% and
85% as content to prepare two-component developers, which were used to
develop a draft photograph conteining flesh eolor.  The development was
carried out on 1000 sheets with full-color mode of 400 dpi using a modified
copier (Imagio Neo C385, by Ricoh Co.), and the developed images were

cvalvated visually by 50 persons and renked in accordance with the

223
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onto carriers or devel oping sleeves, therefore, is
avai |l abl e as an electrostatic imge devel opi ng toner.
1D The inventive toner kit may represent w de
reproduci ble regions in terns of yellow and nmagenta
colors, in particular of internediate flesh and red
colors, and may al so decrease scattering of magent a

]ﬁﬁﬁn# to ' rhi ref ore,

ﬁ]'aval t%ﬂ%s gﬁé§?§ﬁ é%% plng é?gctrostatlc Iatent
I mages. 15 226 CLAIMS 1. A toner, conprising a

Seagiibiedivaluadon fasi Neeh Colorifhotogrepd¥n t he bi nder resin

conprises a polyester resin that is prepared 5 by a

pol y apRieahaitiod resARS WeRl rhfikdd @n BEORBRo@ingNivd R8sk

a tltanlun}contalnlng catalyst expressed by Genera

e b g 8 Rl g
Dv/Dn of LOU to 1.40, in which Dv represents a vol une

5 inspeeflege p article dianeter and Da represents a nunber
average particle 10 dianeter, Ti (-X) rn (-OH n

For S ] R o vl Bl ke Beips ol SRRERE!

represents a residue of a_nono-al kenol am ne of 2 to 12
1D‘il-3%ﬁttk@m%@ PRtothen thempinigdwdilprnsens beime axprageda

hydrogen atom of one. hydroxyl group is renoved; other

hy 0¥ty gddil, 80 @i(ts br Aicheyt i | | ot her hydr oxyl
group(s), wthin the polyal kanol ani ne

B: good, 60 to 79 points
10 C: ordinary, 40 to 59 points
¢ D:bad, 20 to 39 points
E: very bad, 19 points or lower

;

Table 5

Hensitive Evaluation for Filesh
Color Photography

Ex, 756
Ex. 76
BEx. 77
Ex. 78
Com. Ex. 26
Com. Ex. 27
Com. Ex. 28
Com. Ex. 29

alalo|e|E =i

15
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nol ecul e that has a directly bonding Ti
pol ycondense to forma

group(s) and stil
pol ycondense internolecularly to forma repeating
pol ymeri zation degree is 2 to 5 in

structure,;

a case of formng the repeating structure;
esents one of a hydrogen atom and al kyl
0 8 227 carbon atoms that may have 1 to 3 ether

Ta%

and t he

— e e S ===

Nt i B W S el

e Sl S el e i

atom may
ring structure; other hydroxyl
ot her hydroxyl group(s) way

20 R
groups of.

bonds; "M [iS an j|nteger of T to &0 - 13 an integer
of 0 to 3 lthe suun of A "and-"n" Ps_ \/ vip is an
integer of L_o¥f 2§ "ct6.78s ap | nfﬁﬂﬂm af |0 or 1; the
sum of ° p" a.n.cB" g i Qﬁé-ﬁaand Ln a“fﬁaﬂp that "ni and
"pEd §52 0 7. ' d e i denti cal
or differeft_dhchl|s ot32sd Theddfear according to
claim1, erdin dhe ‘rﬁﬂﬁﬁnqt dr rh‘ﬁﬂ#ﬁgr‘nmri ses at
least a speécidy g nnl ter |resi®0-hat s prepared by
a pol ycondnnqrﬁi oh r p?-fﬂt ionlin t ﬂﬂ_nr esdnce of a
titani um contdtni g cafdl yst lexpr eikod hl 10 General
Fomgukeg (I aM (| \, 3247X i h Generdl _Fodmul as (1) and
(11) repregentk & reddddlie of a drél-%anollami ne or a
trial kanol ami_d2 fom wRBEh 3| om of one
oufiis|rentv®d 3_|The t@her aqcording to
claim1 or |2 Yhefei n16® polyest 8B.3resiy 15
conprises gt lasl a difetieslof pdfiesten resin that
i spr epared_bhWMa lpol y68ndensatiomlPeactilon in the
presence of I ' |ni npg—dét al yqt expressed
by Gener al 2 ), 08I ch |"nt' or' p" is
2 or nore, lands alll of—9& ar¢ an itentical group. 20
4. The tongr atcolding~fo any oneB8H clajlns | to 3,
wherein the _pdtyester 63 52
M 7212 —3
¢ Bx. 78 B 22 —40.8
C —28 —49.9
G —bBb 20
Y —56.6 59
B &1 d4
M T2 —0.2
Com. Ex 26 B o1 38
C =30 —d45
G —h8.2 20.3
Y —4 a5
R 61 44
M ST217 —3
Com. Ex. 27 B 23.56 1116
C —25 1 —50.6
& —bd 20
Y —0.6 ES.1
B LY 45
M 70.2 —{.2
Com, Ex, 28 B 20 —ag
C —28.ThH —5{l 45
G —aB.2 20.3
Y —4 B
R L1 45
: M 72.17 =3
Com. Ex. 23 B 22 56 —41.16
C —2A.1 —hi.6
G —hb 20
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resin conprises at | east a species of
pol yepoxi de-nodi fied resin. 228 5. The toner according
to any one of clainms 1 to 4, wherein the polyefiter
resin conprises substantially noTHF insol uble matter,
the content of the ingredients having a nol ecul ar
mass of 500 or less is no nore than 4% by nmass in the
nol ecul ar mass di stribution based on gel perneation 5.
chromat ogr aphy, and a main peak exists within a range
of 3000 to 9000 in the nolecular mass distribution.
Industriad Arpdisabilid¥or ding to any one of claims | to 5,
wherein the binder resin represents an endothermc

peak Mid fivBnAve B8 nody SSHibitQubMertt W& king Pediftnce and

neasurenent u3|ng a dlfferentlal scanni ng cal ori neter

lot Bbersure ERb R FATEP B drrhaR ety WRAEY 2

to 10, in which NM/represents a nmass aver age

umnfelr soch asnditisns as tigihtenegrrrasent andhighrinanidire iage

nmol ecul ar mass. 15 8. The toner according to'any one

tefipef G iad 108 pom UG, . SubHfadh 1Ghr f @bt witon:

accordlng to any one of clainms 1 to 8, wherein the
sugh pyeblemsps decrepsmgrharemacapacisindae 4o firm adhdsion of toners
range of 95C to 120C at which the apparent viscosity

on® BRridre o} dBvdigp T Hhasds Qe Rifork, id PWMild 84 an 2lRtbliatic

A, toner kit, conprising the toner according to any
) oneé@Fg@Pal 1 to 9, wherein the toner kit conprises
“a magenta toner and

The inventive toner kit may represent wide reproducible regions in
tenﬁs of yellow and magenta colors, m particular of intermediate flash and
red colors, and may also decrease scatiering of magenta and yellow toners in
particular, therefore, is available as a kit for developing electrostatic latent

IMALES.

226

- B



10

15

20

I R TR, L SRS A O R R A e e e e e e e A AL A, P L e, Pl TR

a cyan toner, 5 the nmagenta toner conprises an organic
pi gnent expressed by the followng Structural Fornula

(1), and the yellow toner conprises an organic
pi gment having two units per nol ecul e each expressed

by Structural Skeleton (A) and no hal ogen atom H3Co

Cl  oCH3 H-N’\HOOStructuraI Formula (1) ~ 1 1C
CHO QHNg - Structural $ton (A) H10 in the
Structural Formula (1) an uctural Skeleton (A,

=C--NNH may be =CH N=N-. 11, The toner kit according
to claim 10, wherein the organic pignent, having two

units per nol ecul e each expressed by Structural

1. Skel & Bfef, Ahm Bﬁm%&'ﬁcﬁl@r&]ﬂﬂs@ﬂﬂi‘bﬁid@%ﬂéﬁ an organic
pi gment expressed y Structural Fornula (2) 230 or

(3).

by a polycondensation reaction in the presence of at leasta

titanium-containing catalyst expressed by General Formula (I) or {II),

the toner has a volume average particle diameter of 2.0 pm to 100

pm and a ratio Dv/Din of 1.00 to 1.40, in which Dv represents a volume

average particle diameter and Dn represents a number averape particle

diameier,

Ti (—X) m (—QH) n General Formula (T)

O=T i (—X) p (—OR) a QGeneral Formula (IT}

in General Formulas () and (I}, X represents a residue of a
mono-alkenolamine of 2 to 12 carbon atoms or a polyalkanolamine from
which a hydrogen atom of one. hydroxyl group 15 removed; other hydroxyl
group{s) and still other hydroxyl group(s), within the polyalkanolamine

molecule that has a directly bonding T atom, may polyecondense te form a

ring structure; ather hydroxyl group(s) and still other hydroxyl group(s) may

polycondense intermolecularly to form a repeating structure; and the

polymerization degres is 2 to 5 in a case of forming the repeating structure;

R represents one of a hydrogen atom and alky] proups of 1 to 8

227
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NOHHGp\ H Strixc tllTa.l Fornula (2) o

~HZI X'~ HO-H O H3CO COOCH3 0O NH3C N _ 0 CH3
Structural Fornmula (3) O O H3000C OCH3 5 12. An

i mge farm ng apparatus, conprising a |atent

el ectrostatic i mage bearing nenber, a | atent

el ectrostatic image formng unit configured to forma

I £, I . —a
ca o e B TR it TR b m T B intpsngtago 57

. devel oping units configured to devel op a visible inage
is 39 inkgizay ok Bito Bohersuno bt “mband i'woist4 ‘v &ian ibbeger of 1 ord
transfer unit configured to transfer the visible inmage
“qOfsh alm%wroddm tHE Gl Bf “BPEind g' #%10 dnidh SR8 thAH Y
to fix the transterred i mage on the recording nedium
an%lip" is 2 or more, the respective Xs may be identical or different each

ather.

2, The toner according to claim 1, wherein the polyester resin comprises
at least a species of polyester rasin that is prepared by a polycondensation
reaction 1 the presence of a titanium-containing catalyst expressed by
General Formula (I} or {(IT), and X in General Formulas (I) and (IT) roepresents
a Feéidue of a dialkanclamine or a trialkanolamine from which a hydrogen

atom of one hydroxyl group 1s removed.

3. The toner according to claim 1 or 2, wherein the polyester resin
comprises at least a species of polyeater resin that is preparad by a
polycondensation reaction in the presence of a titanium-containing catalyst
expressed by General Formula (D or {II), in which “m” or “p” is 2 or more, and

all of X3 are an identieal group.

4, The toner according to any one of claims 1 to 3, wherein the polyester

resin comprises at least a species of polyepoxide-modified resin.

228
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B. The toner according to any one of claims 1 to 4, wherein the polyester
resin comprises substantially ne THF insoluble matter, the content of the
mgredients having a molecular mass of 500 or lesa is no more than 4% by
mass in the molecular mags distribution based on pel permeation
chromatography, and a main peak exists within a range of 3000 te 9000 in

the molecular mass distribution.

6. The toner according to any one of elaims 1 to 5, wherein the hinder
resin represents an endothermic peak within a range of 60°C to 70°C under
the measurement using a differcntial seanning calorimeter (DSC).

7. The toner according to any one of claims 1 to 6, wherein the binder
resin has a ratto Mw/Mn of 2 to 10, in which Mw represcnts a mass average

molecular mass and Mn represents a number average molecular mass.

8. The toner according to any one of elaims 1 to 7, wherein the binder

resin has an acid value of 10 mgKOH/g or less.

9, The toner according to any one of claims 1 to 8, wherein the binder

resin represents a temperature within a range of 95°C to 120°C at which the

apparent viscosity comes to 109 Pa-s measured by a flow tester.

229
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10, A toner kit, comprising the toner according to any one of elaims 1 fo
9,

wherein the toner kit comprises a yellow toner, a magenta toner and
a cyan toner,

the magenta toner comprises an organic pigment expressed by the
following Structural Formula (1}, and the yellow toner comprises an organic
pigment having two units per molecule each expressed by Structural

Skeleton (A} and ne halogen atom;

HLCO Cl
OCH; H-N

HOQ O
;! N Structural Formula (1)
SR At
SRR

o CHa
'}N% N Structural Skeleton (A)
H

in the Structural Formula (1) and Structural Skelston {(4),

=C=N-NH- may ba =CH-N=N—.

11 The toner kit according to elaim 10, wherein the organic pigment,
having two units per molecule each expressed by Structural Skeleton (AY and

no halogen atom, is an organic pigment expressed by Structural Formula (2)
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ar (3). -

P -
':E;Ig 5 DCHACHZD
; @{{3" Structural Formula (2)
H

v
o N
O H ?—g_
H3°_§_\("_©_N‘H o o Struetural Formula (3}
0
W-H

s 12, An 1mage forming apparatus, comprising:

a latent electrostatic image bearing member,

a latent elecirostatic image forming wmt configured to form a latent
electrostatic image on the latent electrostatic image bearing member,

at least three developing umts configured to develop a visible image

10 using the toner kit according to claim 10 or 11,

a transfer unit configured to transfer the visible image onto a
recording medium, and

a fiing unil configured to fix the transferred image on the recording
medinm.
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