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DESCRI PTI ON ELECTROSTATI C | MAGE DEVELOPI NG TONER
TONER MI' AND | MAGE FORM NG APPARATUS 5 Techni ca

Fi el ds The present invention relates to

el ectrostatic i mage devel opi ng toners, containing a
pol yester resin as a binder resin, that are utilized
as dry toners.to devel op el ectrostatic inages or
magnetic | atent inagesﬁES@ﬁP@ﬁtﬁqhotographiQ

el ectrostatic recording or electrostatic printing

pr. X so toner kits and image formn

D IR CTR PR AR DL PN TR B TONE R S anD
have been used as binders in the art in order to

i nprove | ow t enIALAGE BFORMENGIAPRARATUS ( Pat ent
Literatures 1 and 2). In order to inprove the | ow
tenperature toner fixability still further, the 15

nol ecul ar mass and/or the glass transition tenperature
Tg should be lowered with respect to the resins,
Teohmical Fieldd ch typically |eading to poor blocking

resi stance of toners under high tenperature and high
hum di 1t:] . [ . r | C
st o 18 FrEa OB orr kel 13 A il SRR
toners adhere firmy to carriers, devel oping sl eeves,
topets: eontaiing adolyesins resimpn a binder resins thaigre apdized as dry
tends to be pronounced with tine in particular under
thidra th depslop elictroatidi bafinth drittieQadint i9Bgedn | oW

tenperature and |ow humdity conditions wth |large

nage reas,.. uch, .toilers and/or i e f.or.m ng
oleR B ho fee e i e ettt Rrnabire cn clecizan itk BHRUSEaD) y
high quality i mges under a wi de variety of operating
proredsds; and ahsatonbr kits ke nmage Hetnaim splpayatuses.

non- probl emati ¢ under usual operating conditions. 5A
]ﬁcﬁdfd'uln‘ﬂo&ttai ning a charge controller or a charge
control "agent is proposed in order to inmprove charging
abili%y or charge stability and to prevent background
smear Fobestariresing haye been gped pphindsirs in the antdngeder to
controller typically exhibits a | ow tenperature

ifnp¥e lott teriptr@hire hohdr fitHiliRf (FAGMES & thRS NEnd BNUSH
is likely to deteriorate the | ow tenperature &ability

0 0 .pol yest.er, resins. |t is therefopre essary, for
oP e B RS R IS hea e e ALY il Foribet Fh,
still nore that the charge controller should disperse

moledudaninass and/or lthe ghase tramitionr prrepenatuse T Ehowlddat
charging property in |l ess anount. Devel opers are

' . i lactr r [ | actrostatic
el i8INS B RONAS PR e a0 1688081 Boor
way that a devel oper firstly attaches to a
bbﬁéﬂﬂ:@ﬁbﬂﬁ%@‘?ﬁﬁrﬂf&hﬂ%iw&a drigh tareperature and highehumidity
formed in a devel oping step, then the devel oper is
condifioh8!  QEcH FRMRd 232 NEPHRBMIHRGE Q5 16 Pedich Sﬁ?f%;‘g 9%%acity

medi um such as paper I1n a transfer step an

ogngge/\@rl(aeﬁ:?gé g{qré% Itﬂggci;gp% iaahgret ﬁgnnﬁfft%rca;:t'igr%; dgyeﬁoping sleeves,

etc. 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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20 electrostatic inmages on the surfaces with | atent

i mges are usually two-conponent devel opers contai ni ng

a carrier and a toner or one-conponent devel opers

contai ning a magneti c or non-magnetic toner and no

carrier. In :the processes as regards t he

t WO- CQNpO ent devel ers e tone artlcles end to
AR SN St ST LR R

and one- S|ded consunpt i on of toners decreases the
démarded thxdeanroitponstiablyt Inehdpiadity franges widertn wedpuvaresty of

to maintain a certain ratio between toner and carrier

I

onbbpBpORaNS Bhs LA Bl LB AR BN P Bl i nder

downsi zed by virtue of advanced function of devel opi ng
usual|operating eanglifiers.t he one- conponent devel opers.

In recent years, automation and col ori ng have been

popul AbizRe c%htdﬂmfgﬁi ElgireicBn@bllEC6Sa cBMER coliffol | agent 15

varlous grap s by neans of personal conputers

en with digital. r,as, |ct rjagﬁgrafts

P’F’é’a RHLPEPIGVE %’Fg& &P of

papers for per sonal presentation, for exanple. | mages
pievehebatiignoiind ymeat (Peeat Litpiatare §).c dlbweverathe charge

conplicated configuration including solid images, |ine

ey ERERR AR bR | AR TR bton b0 e

15re|iab[|itﬁ Convent i onal eIectrophotographlc
P@yeses ssans thus is ey $o detesiosatedhp dow tempevatgp xabilite of
classified into nagnetic one-conponent devel opi ng

pAlyEREEFRENDY ¢ € tHire IR ABLdsSarlydBL Eife Bdr @@ﬁﬁﬁﬁﬁz@%hb Gow
ohe- conponent devel opi ng processes by use of

non- magne, oner. t he. 20 netic_.one:c nent
teIRRRIRGE rﬁgm%ﬂlaafe@@ﬁeorm%ﬁhﬁ Sharduamiolies Ahpyidcyeperse
practical use for numerous small-size printers etc., a
undgnelyiiatd thictonbh ahd copieasmisa aufiieipme charging eriprtysincless
as magnetites is supported by a devel oper bearing
a&ﬁﬁﬁfr with a magnetic field-generating unit therein
‘he toner is thin-layered by neans of a |ayer
t hi ckness-control menber and devel oped subsequently.
HowevBeveloprrs age tymieallmyenst inceledrenhiosvgraphe:, slecostotied
or black, which affording a deficiency that the

réeBtdihi BY ele%tl‘abifdctitﬁﬁjlﬂtmé Prockb8.s%h RekaP et a &é’*f&‘l&iﬁ‘r firstly

non nagnetlc one- conponent devel opi ng processes,

sup roller etc. urged to gontact
ﬂ% S&B&Mﬁ‘i‘q CFPé‘r?E‘e‘F geireptatp BP?g%ﬂSt% 3 fadma
t he devel oper bearing nenber that electrostatically

dewsdgping stdph ehdtler devalipeh is aranbferrddnirom! thy @hetbcouductor to
nmeans of a Iayer t hi ckness-control nenber and

a gg%%dmp edn%:l \El.ll.l(g I 4e pgpert ]Pl 5 transier step and fixed on the

recording medium in a transfer step. The developers for developing
electrostatic 1mages on the surfaces with latent 1mages are usually
two-component developers containing a carrier and a toner or one-component

developers containing a magnetic or non-magnetic toner and no carrier. In
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10 non-magnetic property of toners. The processes may
advant ageously be conpliant to colorizing due to the
absence of color magnetic materials, and the
apparatuses may be small-sized still nore and of | ow
cost due to the absence of magnets in devel oper
beari ng menbers, thus have been recently in practica

thSBrdc@sed 'ﬁ@lrleg\aca.‘dég}lé tvbc6RipBhe RE &Ne?ﬁ&r&tt?e.taﬁgﬁﬁtyles

t wo- conponent - devel opi ng systens may ‘mai ntain

th chang{ g abtlity and the transportability_ even,
tqpsHrateR 5 sgdacmie degrade the desslaner.and gne-pided

hi gh- speed devel opi ng devices, since a carrier is

cofgunytich 8ftoaerdised 05 thé (PrtondiftratiN EPH ddv@logels
toner and the carrier is sufficiently stirred inside a

evel opi.ng .unit. and thep.trapsported to 20 devel pper
I TR 18 B oipBih, A b gRDR R e and cuprier B7
contrast, there remain currently many problens to be
meahns of large siwe developongpderdens. d @rethepithgr hand eieampathnises
is, problens in charging or =---------- transporting
O e A M PRES 3N EnEld Bl Bl AR vdBping
absence of the charging and transporting neans such as |
rollers pg regards dbe ppespmponemadevelapersner i s transport ed ;
on the devel oper bearing nenber followed by ‘

thi n- Ieyeht gedrdcadtontifin Al fRaAAg Bbive BBeh PYShlarized still
t hi ckness-control nenber before the developing in the

one- co nent devel opi hg processes, toners of low or
R SRR SnelE i TAoe Bemeiohe tieand Of Bewonel Smsers,
that of the two-conponent devel opi ng processes since

hagesdakenctitn digival whmetad, ot piriatiabdmfigiregd herdcannérs are
significantly shorter between the toner and the

R SR CoREdbh A IEBACF pefrlf R Bech prpeentation, for
electrification, I n, non-magnetic one-conponent
expppleo pilmgeps trbe euiput by pyintesy typecadlysoataing eomplicated ‘
transported typically by at |east one toner :
cdriffteRA6h indudiolid 3hdged, Aild B piRt had i RBhe IHBHA WA '

the | atent inmage are devel oped by use of the
it{ é{?ﬁ?% tg:ﬁﬂ? Bﬁgémm'l&e& {]nev r.g&se]%%g%érst a gml;r %v%t ! high

reliabihty.

Conventional electrophotographic processes on the basis of
one-component developers are classified into magnetic one-component
developing processes by use 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

3
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15 toner should be as thin as possible on the surface
of the toner transporting nenber. This is applicable
to two-conponent devel opers with carriers having a
very small diameter. Wien one-conponent devel opers and
toners with a high electric resistance are enpl oyed

together with, the |ayer_.thickness of the toner oul d

beiE B mitbe ith S 1GaRatE e senopans Kt Ty AR U toner
the toners are'to be charged by developing units. In

10thsre-taywired by tienrisafarlaj-aydiclkmsesteontrol nkembepaerd deaykiped
is likely to be charged at only around its surface and

ung ' - | LI

S{ b RE R AP 0000 RS BRI e bR o
rapi d charging velocity and an appropriate charging

blagls wrhich affordingss deficiencycihat gbe edaringlis dfBenls and
additives are conventionally added to toners in order

1o st@Rithk afhdr1ard) 34 Ghd HoRRhddrlatic ohR%otdiRnEst AOM1EMng

5 agent controls and maintains the frictional charge

amount of toners. The charge cqntrol agents qf
PHRSESHeR, 2 IReE SPPPE FoJler Pl 150urgs itPiC%‘ataﬁg“’ﬁ‘ita"r% 8%‘2%01&‘3}'%;
nmetal salts of salicylic acid, naphthoic acid and

belirdag hexyberchenibystp soppit a cameloaxthealevslopbr Beaimomember
aci ds; diazo conpounds; and boron conpl ex conpounds.

1 S t ot trlGCLL
AP AT L OboRUTL Tafks. RARAL L Yo ELBECRL Sl lBans

conpounds, nigrosines and azine dyes. . However,
ofs lyeo thickaess wnsroy mernber wid deelinedabe vitue bf theat i ¢

col or and inadequate for color toners. In addition,

nSiRagteticHR8Fer®P of EfictON TR pARESNeS rBY £dPaite88ously be
conpatibil'ity wth binder resins and those on tonéer 15

sur f ace, i ch stly .contributing to the.charaqgi.
“Q%Péﬂlﬂfotoscvg'@“é'%?gﬁf‘? If%gb%‘{;? af«,@?%rntaasp%re@ H‘é‘ﬂ:%“ir}'%eand
charging ability of toners, or may di sadvant ageously

tlnagprard tisek epaynbe sinallvedsodostilt aese ahd loflovg cenm due to the
phot oconductors. Therefore, there conventionally

' { b h 2 t i tial
SB35 A A8 B SRR Ao rcently
_background smear or uncl earness. In cases of
iepracknalows fonswallsapsy/fdl-eler pintersefol yi ng toners in

particular, long termusage cannot be achi eved since
the Thatge caMpeRtntdevel}Rhg sFR6ARAREF nBiftdil Stdbl the!
tone of inmages significantly alters, 'such that no nore
t han sever al usand sheets of co bri ahout
chargng HiEtEand Efaslﬁ%tfte@i% eyen Pﬁﬁ%@%@rf%fgegﬁlsaﬁﬁapﬁ&e
unit, which leading to a | arge environnmental |oad and
ednlynwissdinnt wiok hidi-gieedf daveRiptng Sebise oinRe a AeAYY1s
metals in alnost all process cartridges are causing a

o ST BRSSO e B 5

carrier is sufficiently stirred inside a developmng wmt and then transported to

a developer bearing member before the developing.
In contrast, there remain currently many problems to be solved in

the one-component developing processes. That is, problems in charging or

4
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agents are proposed that inprove the conpatibility

Wi th binder resins, clarity of fixed toner inages and
envi ronnental safety. The resin 10 charge-contro
agents may afford stable charging ability/clarity due
to appropriate conpatibility with binder resins.
However, the charge control agents are inferior in the

. C ' I t@.toners, .
HERBPUATIAI (FORLS ! BISofIRE of BrBRR inghe, o
salts of salicytic acid, naphthoic acid or
ogeCaEeRnt devaloping preeessesiuciidbe shweueet ofdhe chergingiand
charge-control agent increases, the charging ability
tPespletih FRICANS Gubl hs chA-d@ne Bpbikiahiy, WhenSe %ﬁt?r {5OW
tenperature fixability or offset resistance is |kely
t o dear ade. ,Myeover, . these conpo s tepd o exhibit
HARSBOEE Oy AIeBloDR, bF e MmO IaBewed by shinigyeripeéhe
resi stance with respect to their charge anount, which
tomardyhingane efithd lager thitlatdsgreconndl sigaiier Mefdro ghé Rav8l6ping
20 Literatures 4th 7). As such, copolyners are

. from nono s _havi ng an .
i REORE SorbPihert dovBloBRA2 Brbeot T, A 1Py R i pehsf Shpreine
and aromatic nononers having an electron attracting
tepdipeendpatniara rateaseredbipolthabpithedproewemonent developing
i nsufficient dispersion into the binder resins, and

kO Rs@sf BEASHRTRLRRIRSH the i tay%&.'g i %gﬁ‘ﬁ

pcharge amount or preventing t %ﬁ%#qqn g gﬁrggdég |rﬁ?nﬂy
| eeves or photocondugtors are insufficient as

sh ’Fﬁ?‘ﬁ‘&‘*& e 5pag F}iep‘i?v.e er §Pwaagwah@3 thelayer
anounts are sufficient by virtue of the noisture

thiocknedzadonktrd yneanber @ctherfeistionlardlvasifipagsha bl y from
nmononers containing the organic acid salt such as the

sul f oq ' t..ar Pat ent -Literatures to 11).
" ik i deie o et APt bpingaRbisSFe, oo of
nmononers 10 containing an organic acid salt Like a
develepsrs are stansparted gypicplly by etkidst one harertsansportngi ng
an electron-attracting group, and styrene or pol yester

. e :
BN elb&r@étﬁﬁ% m@nﬁﬂﬁ%@sﬁb& i 199«51&6151%3'% ?te\é\érvlbﬂed by

bi nder resins such as styrene resins an

resjns, however, providing insufficjient effects on
Ui OF e trRRPOr el toRBF g drie rpcasResy Hhe ver thickpess of the

filmng on devel opi ng 15 sl eeves or phot oconduct ors.

tdnerphotldihd &y thihfe pokeiblicor (it $12faRAFThS téHe? thamipesdih
unsati sfactory in conbination with polyester or polyo

L.ns .used f.or..a.color toner binder resi.n that are
olemthty , TRSRARBEaRIR 16 By froompopsntisvelonsre path sroxieas
intensity There have been such a technical trend that
havagspyeay smadbdisamete20 Whehlongicomonbingeveabemds anddoners
cost-lowered along with the printer nmarket expandi ng;
witha robidfarte | gher
relig%${§@§&gﬁgg onge?&F?Pg&%%gﬁég§ﬂgggnggﬁgggéggto
intain their properties for. a Iongﬁsgriod;_homevpr,
thiglangss of the tones shevldialsn be e thin agrossible n pagi since
mai ntain their charge control effect thus to blur or
tHeOtoneid e\l dhigirgad By ﬂ@VeﬂﬁpiﬁFldxéﬁée. I ThRh&dS\WREABB bR

menbers such as blades and rollers, consequently

decr easi,ng, char gi;ng abil i f toner nd causi ng

155 1 CHo A8 M T ea el o bergharndpf oabynd Hhs surface
hi gh- speed appar atuses necessarily lead to

and far from uniformly charging over the entire toner layer. Therefore,

5
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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 variety of
devel opi ng systens have been proposed for both of
one-conponenR 10 devel opers and two- conponent
devel opers; non- neti c qQne-caonponent devel opnent js
tongrs aregreguirsd %ﬁgﬁ&%&%r 3@%@@88&%@@%#@@“@
wei ght-saving ability and absence of carriers. In the
chigylsopnagnisyst ens, the toner anount on devel opi ng
rollers is adjusted by way of forcibly frictioning and
attachi ng.topers on.devel oping rof.l.ers_or b ans..of
ol adeas J8, ARELS QR AERR MRS Al comterBAN
toner-supplying ability onto the devel oping rollers
acdded todnperssusrdémniormiabibize the chwrsime abidives | 6%11
rollers. As a result, there arise such problens as

aget Fo ol PRI ins HRATRUBRHldge ARUEHOB! Rors,  The
and unstabl e chayge anount of, toners, and these

chirge F%olp%%t%@n%ﬁa&ve@ée%@@ AYLCFRIY fuonpHzo
Accordingly, color toners for the non-nmagnetic

dpiRenedipaleuf sakydcaieiE; HapiitBoio htdniddieiilmkelit aédsi n
thermal resistance of toner binder resins in addition

t 0 usualk| Cc ar roperti.es for conventional color
me fal $PRIDla R plte o e nbeRy e Foios: s ComBiio 4 BomR t he
devel oping rollers. Furt her nore, Patent
capiplex sompesnds.t dl'ke clegee comtrobxgemt$ efpasitave elecmaopyare
charge amount and charging velocity. Wen the added
fﬁﬁﬁﬁﬁ ' ﬁfﬁg - roha
ecounté?ﬁ%%é§§gﬁ?s iH%?Ease fg%ﬁéﬂgﬁ%%g%ﬁgngﬁggﬁﬁity
may be inproved but the toner fixability such as | ow
n%%ﬁ%@?%@%?@”PP%%@?4ity or offset resistance is |likely
to be deteriorated. Mreover, these conpounds tend to

exhi bHbwaxsesahy of thdsa cBar@nont @) ARei Rl ars bfbhidmaticdtolor
noi sture resistance in their charge anount, which

ssi bl esul ti ng i n bagk nd snear,Qqr fog.
P colph torse o o PABHAR SRR b o Plinsp sgnigol
to 11 may assure a sufficient charge anpunt due to
ageits have aglospedmapatibilyy wrtlabindsr vesins apé these dowaser |
there remain such problens as insufficient dispersion

oL R A I3 LRSS o

arge I'nsut ticrent
preventjng film.ng_ onto sl eeves and phot oconductors.
surfage sk Bntyateihgcchapging) slaktynfitonessr 4H®Wa¥ processes,
a latent image is electrostatically fornmed on an i mage

difgdviriig gemiEbesmeir Abalaaan vy er émisefilahsg 64C. , then
charged toner particles are attached to the

ﬁlectr static latent image to forma visible inmge,
P‘ngﬁﬁﬁﬁ&ﬁ§‘transferring the toner image onto a
recordi ng medium i ke papers and fixing thereof to

pr odUEkerefore, there conventionally arises a troublesome phenomenon

that initial appropriate images degrade gradually to cause background
smear or unclearness. In cases of continuous color copy along with

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

6
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20 output image. In recent years, electrophotographic
copiers and printers are changing rapidly from
nmonochrome to full-color systens, and the full-color
mar ket has been expandi ng. In form ng col or
i mages by full-col or el ectrophotographi c processes,
typically, color toners of three elenentary colors of

13 f -
KR AR ecleRs Sod B Birk, Glblahle lghffoancly
order to produce clear fuII-coIor i mages wWwth
adtete speh thatoremore phan sevesnl thopsand pagass of eopytring about

surface of fixed toner images should be somewhat

prématietxha ARCHBRGeeRRhrGERIged Iottaﬁaﬁtalgmrﬁ uit Swhichi 1éadmg

al so inportant that plgnents are uni fo y dlsperse
into toners and t S ments paintain the
t9 Pieres e Gt I A B Pes R e Fhg. 1 n
order to reproduce the color of human skin in
Mrarebveruheavy metals il Blmespuill pebctdradartridgescire causing a social
expressed by a subtractive m xi ng process through

I w toner and a magenta toner, thus
S%ﬁﬁ%%@ﬁ%&ﬁ?%%ﬁ%?£ ron fromyellow pignents, nagenta
pigments and resins for dispersion matrix has been
i nvesin gedasdoselvg thapreklemerdeseribedbabayet rasin chaxgercontrol
12, for exanple, discloses a nagenta toner for 15

agen®l 28 gmb&%hapﬁﬁdﬁdve theRe@PatibllitywAch birHer tQARE, | S

prepar e by way of dissolving a toner conposition,

ai o ester ;resin nodifje rma urea
gty 3t Bed et e Snd GRYBAPIRG AR s ShaTPaR
whi ch then undergoes a pol yaddition reaction, then the
chiargeaonimb afenpsimay affoshetable frerrgipealsbtyeatityadde to
rinsed, and the toner contains at |east a col orant of

55t bR Bt W' P BOLE Ry bR

containing at least a binder resin and a colorant, in
agentsiare feferionin thoreharigs amourtichargng patmemparedito gomers
certain structure as the colorant, and the tone has a

%ﬁﬁﬂﬂn%@ﬁ&lﬂf azdl dyedf mbidl éa?tsjcﬂ'%ﬁﬁij cc?mﬁlék%ﬁﬁs ¥f @ﬁl’i’t%‘fic acid,

articlfe dianetér of 2 to wever

osal s ,may,. be far. fro verlng y thenBeI es the
nBBBrheEeAGH oF disehutlisiacdy, Sﬁﬁ%n the §idadamount of the resin
re- aggloneratlon |n toners, and 5 thus the col or

chapeadutiob abértyinefeases ghs charﬁﬂg ability Yndyobe ﬁ:ﬁﬁfﬁved but the
accurate reproductlon as for human shin col or

. par nt Lit pane
R R snch ps Jow ol ?ﬁ%ﬂﬁiv Aot rt%l@%fge i likely
Patent Literature 2: JP A No. 4-313760 to Patent

tq degrade.ur Mozeover-thespcomposaizsenido exhihil exeessively ldrge
JP-A No. 63-88564 Patent Literature 5: JP-A No.

eRvirdidféRial Ralifinty & ﬁl%{a%fbr &sﬁt%%@é@agggs&%t 28 HHeAr charge

Patent Literature

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 orgamc acid salt such as a sulfonic acid salt group and aromatic

7
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15Patent Literature 8: JP-A No. OWB0017 Pat ent
Literature 9: JP-A No. 09-171271 Patent Literature 10:
JP-A No. 9-211896 Patent Literature 11: JP-A No.

11- 218965 Patent Literature 12: JP-A No. 2004-77664
20Patent Literature 13: JP-A No. 2003-215847

D scl osgr e. of: Igventi on ] lt.1s an&gggqect ?f
MOoREMGTS RERING; 41 S RETOR A BatIRE FHRPa n FEEr eqpolymers

i mage devel opi ng toner that is excellent in bl ocking

represattamaasaficiait disperbow thenirrdhdererdsinea bind ithy effede bn

hi gh tenperature and high hum dity conditions, free

R85 B SRR oS I B D350 i

toner ingredients onto carriers or devel opi ng sl eeves
opdevelopimg stapyps anpbetoperfnctenspae AnsHBcignt ap regarding a

hum dity conditions or |ow tenperature and | ow

pRAGAE perfod) dithbOFS thdehRlot AR aPdlbRifcienf %K‘Mifthe of the

| arge i'mage areas, thus outputting stably high quality

i mages., |t i.s..anot her .obj ect of .the present invention
mostFe PhsaEbahiLEY epd Feduar s leried PosEb bl BPREORPPTner

that can control and maintain stably the frictional
cattairgeg dboorganif adiflealteneh askhe pulitmiblayid dadt fronpt(Patwalt,

charging ability be excellent in transportability

' ility transferring ability and storage

L%?%%lu?&l@%aﬁg' be five from abnornmal imges caused by

deposition 15 onto photoconductors. It is

anot hby addifien: sush copelymerssme proposed.i formed oppenomers

one- conponent and a two-conponent devel oper each
cotithiridd B8 deBenielaeid SASHRE hGulfiRRS HEYAL BRIUY ak@Hgtic and

an image formng apparatus utilizing at | east one of

t he devel opers. 20Lt is another object of the present
IOROBICES BIREERE S slectzoy aizacting s1oyp, %‘FYEB‘P%S" P‘iﬁf r

el ectrostatic i mages, which is free from
modoaRgs, dneirdérn wrendianpe ghe adrapatibidityl wdiicbinddr redins such as

resins and the related inferior color

SSEPAPRARPLL Bl 0 0 BRSSP Al PRSPy o

red in a subtractive m xing process. ) The
mpiRkseming the ehargesamennt ¢reprevening thelmmeamdevelaing t o
sol ve the probl ens descri bed above and have found that

sleBFesiTHHBERnARY0PE ST pefidicalddy it dHARSS chithsieizefiis &re

pol ycondensati on pol yester resin produced under a
specj fic catal yst, and a tgoner .having a particle .
Al %?Sﬂ&ﬁ%acaglpfamqoabén%ﬁl%%@r PRIFELPT e polEel resio as
controlled in a certain range, or by use of a specific
usdibfog @ colurttoner bigdot 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

8
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The present invention has been made based on the
findings 10 described above; the problens described
above can be solved by the invention as follows: <1> A
toner, conprising a colorant and a bi nder resin,
wherein the hinder resin conprises a polyester resin
that is prepared by a pol ycondensation reaction in the

' . ) . . i . | St
~B05E BRORY Yorh uck B8 rofiidhakid Al ) ARRIL0 100, RBUG' S,
a volune average particle dianmeter of 2.0 gmto 10.0
meaintaiy their chaysasontrol gtleqt dosite blumer fouhthedevelawing
represents a volunme average particle dianeter and Dn

sleePELeERlEr thibkidMefcontel aaeninat such §s Bl:A188 @l rollefs X)
rn (-01-) nGeneral Formula (1) O0=T i (-30 la (-0 R)

CGenergl ;JFormula (11). 20, .i. neral Fornulas.(l) and
Saeshfly degleBiind dardiok Abilifh I0RGR S A e
2 to 12 carbon atons or a pol yal kanol am ne from whi ch

photogdndgtorsat om of one hydroxyl group is renoved;
ot her hydroxyl group(s) and still other hydroxyl

group er WM TE-Rd 0 t I [ l.e that
e o Tpeemil R e B P b AR A pctally RHES, |
forma ring structure; other hydroxyl group(s) and
develppingmresesgesiwebhylpwer amspaits rbdevedopere and sherter periods,
internolecularly to forma repeating structure; and

wiieh R wiFBEiIdeRblopirsdREARE ahexdelléhtnitih] 3h§@SRe Phoperty, A

formng the repeating structure; 11 represents one of

a .hydr.pogen, at om and al kyl roups of t.0 0 carbon
VBTt SATRIORSE hatems hige been RRcpaded dar bothiof pud ghmponent
integer of 1 to 4; "n" is an integer of 0 to 3; the
dewelopdrs'amitl tarudconnforient devélppetss nan-magregeronefcoinfonet

g" is an integer of 0 or 1; the sumof "p" and "q" is
. H . .|| 1 .|| n H . the
dfg‘é% ct %lgle gfs n%/et %gbl 5enE Al L Or éjfissfé%edir ém{Hn ge‘gfch
ot her.

weight-saving ability and absence of carriers. In the developing systems,
the toner amount on developing rollers is adjusted by way of forcibly
frictioning and attaching toners on developing rollers or by means of blades
since such properties are poor as toner-supplying ability onto the developing
rollers and toner-sustaimng ability on the developing rollers. As a result,
there arise such problems as filming tendency of toners onto the developing
rollers, shorter lifetime of the developing rollers and unstable charge amount
of toners, and these problems possibly disturb adequate development.
Accordingly, color toners for the non-magnetic one-component development
are often unsatisfactory in thermal resistance of toner binder resins in

addition to usually necessary properties for conventional color toners, thus

9
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15<2> The toner according to <1>, wherein the
pol yester resin conprises at |east a species of H
pol yester resin that is prepared by a pol ycondensati on ;
reaction in the presence of a titaniumcontaining :
cat al yst expressed by General Formula (lI) or (1), and :
X .i.n.CGeneral For as (1),,an I) represents a

ageddiely o erusg ta&w“ﬁ%ww&%‘i%ﬁaﬁoyﬁsr %nol ami ne from i
20 which a hydrogen atom of one hydroxyl group is ’

r enovEdrthermore, PaSent Thiteratomes lawcbdehichiyes Bxafopler tha?>,
wherein the pol yester resin conprises at |east a

r r
SRR B el b8! g cRE AL VBloclel, POARR A alfed amount of
titani umcontaining catalyst expressed by Gener al .
rasn ehargecpntrel agams fonthateountermeagnre intreaged thegherging
and all of Xs are an identical group. <4> The toner
aﬁﬁ@ﬁh@tﬂ% fnfhravyd BaetIRS tondr fik@bifdy sudl18$ Rivitddigerature
pol'yesfer resin conprises at |east a species o
|.vepoxi de-nodi fied, resin. . <5> The toner
bgbiliton it TesighapRe isgikely to pg deteriorgied, o Morepger, these
pol yester resin conprises substantially no THF
conpaindsl tendad behibitt dxeessivdlye Mreefenvirenimratslditabilisy or
havi ng a nol ecul ar mass of 500 or less is no nore than

9 L0 : S i gtri i on on :
el FRETphG i BelRnERE] BiolR L by A0uRaR |
exists wthin a range of 3000 to 9000 in the nolecul ar :
barkggoundsmepuer fog. <6> The toner according to
any one of <1> to <5>, wherein the binder resin

r epr epeRherfreS FROPRROBAIS iR Faltert Librhtrdsd L1 10f a6 ASsure
to 70C under the neasurenent using a differenti al

scagnni ng. cal orineter (DSC), 15<7> The t.oner according
4 FB@W‘t %H@r J5 EaqQuny é“%&‘?%%%?‘?ﬁ@ﬂé"j&%%ﬁ“ﬂr%é‘fen has
aratio MM Mnh of 2 to 10, in which Mv represents a
prpesiypherage, thoke eathain sabhprabléndiad arufidnitslispatishdnto
aver age nol ecul ar nass. <8> The toner
according t n ne .of <l1>1to0 > erein the,20
ook HlfP ofde BT BppresineotThee i ERgh 8 oo ‘
- <9> The toner according to any one of <1> to <8>, i
inghfic¢nt effect o prventiagifdming oatespeves andnptmtogomdactors.
within a range of 95C to 120C at
In forming images by electrophotographic processes, a latent image

I e e S

15 electrostatically formed on an image bearing member of photoconductive
materials etc., then charged toner particles are attached to the electrostatic
latent image to form a visible image, followed by transferring the toner
image onto a recording medium like papers and fxang thereof to produce an
output image. In recent years, electrophotographic copiers and printers are
changing rapidly from monochrome to full-color systems, and the full-color

market has been expanding,
10
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whi ch the apparent viscosity cones to 103 Pas neasured
by a flow tester. <10> A toner kit, conprising the
toner according to any one of <1> to <9>,

wherein the toner kit conprises a yellow toner, a
magenta toner and 5 a cyan toner, t he magenta
t oner conpriSes an organic pi gnent expressed by the

f:glmlaﬂﬂsles an or gam C gg%ﬂyﬂ?' E%E%&%%B&#%ﬁlggﬁ s

no| ecul e each ex?ressed by Structural Skeleton (A) and
tyicalY, salen tepagapof threg it ey coloraot Wllewe magesy) and tyan
in the Structural Forrmula (1) and Structural Skel eton

ot Aur colobl=itingd v el eheretd AeMuplichied IR prodiste ésrbfy color.

according to <10> wherein the organic plgnent Ravi ng

TaRie o prpRce e Bt o Eager vads froollons FOIGF Gamtoaucibility

pi gment expressed by Struct ural For nul a(2) or (3).
therefore, the surface of fixed toner images should be somewhat smoothed to

decrease optical diffraction, and it is also important that pigments are
uniformly dispersed into toners and the dispersed pigments maintain the
finely dispersed condition without re-coagulating.

In order to reproduce the color of human skin in particular, it is
required that the color is expressed by a subtractive mixing process through
overlapping a yellow toner and a magenta toner, thus an optimum
combination from yellow pigments, magenta 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
dissolving a toner composition, containing a polyester resin modified 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 Literature 13 discloses a magenta toner for
electrophotography containing at least a binder resin and a colorant, in

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

11
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5<12> An inmage form ng apparatus, conprising: a |atent
el ectrostatic image bearing nenber, a | atent

el ectrostatic imge formng unit configured to forma

| atent electrostatic inage on the latent electrostatic
I mage beari ng nmenber, at least three devel oping units

confi ., deve a_.visible ge .10 usi he
theoFRLPTARE PR éﬂga shppe ffarm@ﬁ 52110 w0 Yol dnt Zrohume
uni t confrgured to transfer the visible inmage onto a

average pangclodiimaterafi to 9 pm. a fixing unit configured
to fix the transferred irrage on the recordi ng nmedi um

S C h e %tp%fgv%b IP?&S%? ma i%.? %I'O]Ia gecglv% %61)3; %g g&ves

of an |nvent|ve |rrage form ng appar at us.
tle wor zalar seproguhibiityi dueiogvigmient veregglomepation ieiqyiezs,and
the shape 5 factor SF-1. FIG 2B is a schematic

tMseﬁﬁleRI&r%ﬁfod%Eﬂﬂﬁtyt& ifvaRb&id eulrBeh 9P 8RS 618 GeBlirath - 2-

I's a schematic viéw of toner shape to explain

t he_sh ctors SF1, SF-2. 10Fl 3B is a schematic
repragdn 'e}'ropq 3 shig colggiigipartigalathape

Patent Literature 1: Japanese Patent Application Laid-Open (JP-A)
No. 62-178278
Patent Literature 2: JP-A No. 4-313760
Patent Literature 3: JP-A No. 7-062766
Patent Literature 4: JP-A No. 63-88564
Patent Literature 5: JP-A No. 63-184762
Patent Literature 6- JP-A No. 03-56974
Patent Literature 7: JP-A No. 06-230609
Patent Literature 8: JP-A No. 08-30017
Patent Literature 9: JP-A No. 09-171271
Patent Literature 10: JP-A No. 9-211896
Patent Literature 11: JP-A No. 11-218965
Patent Literature 12: JP-A No. 2004-77664

Patent Literature 13: JP-A No. 2003-215847

Disclosure of Invention

12

R LR LR o ey 1 —

AR e e, b

S R LA 3

T T

S EEREATALT D e L T e SLpadka = -



10

15

20

factors SF-1, SF-2. FIG 30 is a schematic view
of toner shape to explain the shape factors SF1l, SF-2.
FIG 4 shows exenplarily an enbodi ment of an inventive

i mge 15 form ng appar at us. FIG 5 shows
exenpl arily anot her enbodi nent of an inventive inmage
form ng apparatus. FIG 6 is a schematic view

t hat £ ' : ' :
| nventl o SHEERCahe plednf BllcAon e 5 Hladdbdtitic
.schematic view that exenplarily shows a col or-image

mgeRidgyelaping tapersthat 16 axeedlent i blogking nesitanrens well as low

schematic view that exenplarily shows a col or-inmage

té@patdigre ARabidivy andef highdeiPes it Mol kizhMWumidity conditions,
internediate transfer. FIG 9 is a schematic view that

TR i n G 5 AP FREPE haBE e AR T
sy;t em% 5FIG 10 is a schematic view It hat exenplarily

dsielnpermmvientadeni deposidomphimnat irserofichas oetv dapcicromt
transfer systemw th an inventive process cartridge.

gl o e L bt PR AR

respect tQ the toners of Exanples 75 to to 78 and
hosngdty gondidions oxjewdemperajuppand low hungidity conditiogs apid
that plots the val ues neasured for a* and b* in L*a*b*

al) @ideFRRephitER Wwith lﬁxgg%(iﬁiﬁ idrBad, QRAS G lﬁ:tfh%%tﬁlﬂ i
of Exan‘plglg 75, 78 an Con'pg‘grat?ve Exan'ppl; es 26, 22. eh
Flﬁ 13 is a partially enlarged view of FIG 12.

qu mages.

It is another object of the present invention to provide an
electrostatic 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 transportability, developing ability, transferring ability
and storage stability, and be free from abnormal 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 apparatus
utilizing at least one of the developers.

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

pigments once-dispersed into resins and the related inferior color
13
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15FI G 14 a graph that plots the val ues neasured for
a* and b* in L*a*b* col or specification systemwth
respect to the toners of Exanples 76, 77 and
Conparative Exanples 28, 29. FIG 15 is a partially
enl arged vi ew of FIG 14. 20 Best Mdde for Carrying
Qut th tion Toner The toner acco din

refredut Bilit £i8R ﬂ@BFﬁa}ril%ts@ BPEGIoB 2170l SRRrod e of
resin, and al sa optional other ingredients. The

yéliove andrmsgemta omichalas red in 2asbtraciiod yasingrproesisn t hat
is prepared by a polycondensation reaction in the

oot oA BE R R ER §hu(“i‘n‘}é:$g%ﬂ?fi‘f‘f%9 iR Bhve the

titanium contai ning catalyst is conpound expressed
ripbl@ss deseritiedrshove and)haye found tlmfdhﬁﬂyo msgoap be yolved
compounds thereof; i (-X) m(-OH nGeneral Formula (I)

%glfohef bi¥iet @f At Ql &n%r?sgﬁaﬁ lyeEQ: bR frbiicddunder a

neral Formil as (I X represents a residue

of aI k nol amgg of 2 to .car bon cLoms Qr. a
Wa FQP AraneBaEpe amprfic ﬂmeé?if%ln ?d%%'@%‘ﬁ

atom of one hydroxyl group is renoved; other hydroxyl

digimaetet distabdtish ichth esdtesllduyiar Deartaigrangé Sor, bywidddfa t he
poI yal kanol am ne that directly bonds to a Ti atom may

a ring structure; other hydroxyl
ﬁ up%{hf%gﬁ%m@%g% t her hydroxyl group(s) nmay
pol ycondense intermolecularly to forma reEeatl ng

st r ucThe present vaadiondiastbeenpadé hesestanid g¢ he
pol ynmeri zation degree is 2 to 5;

described above; the problems described above can be solved by the invention
as follows:

<1> Atoner, comprsing a 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 Formula (D) or (ID,

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

diameter,

Ti (— ) m {—OH) n General Formula (I)

O=Ti (—X) p (—OR) q General Formula (II)

14
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— —————— i e et e, e it = ama .

It represents one of a hydrogen atom and al kyl groups
of 1 to 8 carbon atons that nay have 1 to 3 ether
bonds; "M is an integer of 1 to 4; "n" is
an integer of 0 to 3; the sumof "nm' and "n" is 4; "p"
Is an integer of 1 or 2 "q" s an integer of 0 or 1,
t he sun1of 20\ p" and "g" is 2; in case that

?Sgéf |r ca ene ald]:ig ? 1rjllggtr(ﬁeaf:dh t%ﬁ‘?ﬁf&sb&% ’g(%qsﬁc{r"@/e?%bar al

For nu|_as il) and (11) above, X represents a residue of
raonw Alkasolatiinst o240k esirbon atome ora polyalamiamine fom
pol yal kanol am ne t hereof from which a hydrogen at om of

Whih W@SF n ﬂfdilIH pg a_ﬁ% hga&;bg;?ﬂ%mﬁ;ﬁqs RMEBEEd; tREr 1)1/vdmxy1

nitrogen a unmber of pr|

SRR e S R Bl i

properly sel ected depend| ng on the appl i cation;
malecyledhat has adirectle boddirgt Tisdtotm M Aepsalpebndense to form 2
propanol am ne. The pol yal kanol am ne nay be properly

e i e appl i ion: .exampl es

R SREEE bR kR B R By aiB B may
di et hanol am ne, N nethyl di et hanol arai ne and
mlmtlgleléﬁeemh@ﬁmlmldﬂﬂﬁtﬂfmﬂk‘amﬁtmaﬂm’e@mebcﬂmh‘dm
tri et hanol am ne and tri propanol am ne; and
ﬁo@}ﬁ@ﬂhéﬂi&?& BES2 85 3% i ;
N, N, N, Nttet ?éaPﬁydr oxyet hyl gtsﬁyfg)ﬁglén%%l%lé@eatmga%&cm?e
pol yaI anol ar ai nes re exists at_|I st one h drox I
15 gr Jﬁfﬁﬂrﬁﬂ%&am a%a?ﬂa dregenpfamaad adwbappungiotilte
residue to formTi-OC bond with a Ti atom the
chylsbroatpim =gttt pisy) handl 6 BethdnisbnaxytmOisaiPiddgerdftitont; “n”

the poI yal kanol am ne that directly bonds to a Ti atom

RO BREE BOERE oD BOHE: S St o b R Byosapr 1 or 2

po! ycondensate interraolecularly to forma repeating
“at Isuan nteger| of Ocgsls $he sumof] “p’bead Faigis<y andtinmesse that “m”
pol ynmeri zation degree is 2 to 5. In cases where the
Rl PR & BRLARB, ﬁ%%ﬁﬁectﬁe?’&% ARGE bR drE t.each
activity tends to be | ower Yc may mcreaselt.l e
a}é%runt of oligoners and deteriorate bl ocking

t stance of toners. X may be a residue of
clial kanol am nes in parti cul ar di et hanol am ne or a

resi de@>0f The tadlek aneirdifiges<1+) wdirbirCtHedolyester resin
t het hanol arai ne, particularly preferable is the g

SRS AP erh AR e it et of Pichegg ¥'a °

polycondensation reaction in the presence of a titanium-containing catalyst

SRR rrt 7 T T

expressed by General Formula (I) or (ID), and X in General Formulas (D) and
(II) represents a residue of a dialkanolamine or a trialkanolamine from
which a hydrogen atom of one hydroxyl group is removed.

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

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

15
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carbon atons that nmay have 1 to 3 ether bonds.

Exanpl es of the alkyl groups of 1 to 8 carbon atons

i ncl ude met hyl group, ethyl group, n-propyl group,

i sopropyl group, n-butyl group, n-hexyl group, n-octyl

group, beta-nethoxyethyl group and bet a-et hoxyet hyl

roup, Amng these,. Ris 10 preferably hydrogen atom

relycendepsatipl rpaction in the presence gha titaniunsontaining catalgst

bond, nore preferably, hydrogen atom ethyl group or
exHeRscdiyy Geheryd Formula (1) bn (16 e twdlicH-anTut &7k R cdidye, and

"M is an integer of 1 to 4, preferably 1 to 3; "n" is

n.integer .qf 0 to 3, preferably 1 to 3; the sum of
aﬁr?fkgﬁﬁ aﬂ'lg?%tl‘?ﬂlgr%u&'sener al Formula (11) above, "p"

is an integer of 1 or 2; "q" is an integer of 0 15 or
1; thedsu tohpt acoodding to iamy 2ne x§ <dato 58> whardindhe or
di fferent each other in case that "n' and/or "p" is 2

. . . ing:

Op Rk Seoin comprick T08a oo iR i Fo AR e R
titani um di hydroxybi gtriethanol ani neam ne), _titanjum
t ri hyEPF oxhhe topenacrordingita aapione of (il 4ai<dr wherein the
clihycl roxybi s(di et hanol am ne), 20 titanium

péliybytdt ol icSinRizes bilsstahtially A6 THIF isolubile bedtitédthe content

di hydr oxybi s(nonopr opanol am ne am ne), titanium

li hydr i S(N- et hylcl et hanol i ne, api ne o
of et PR S AL PA0F o 0 s e pagm 0
tetrahydxoxy titanium and reaction products of these
by omzeun dbe maleculammigss digttibution basaskgn gel permeation
et hyl et hyl enedi anmi ne or i nternol ecul ar
cSExa%'géeg g'f t(ﬁg]ﬁ]tﬁ ni u%ﬁ%ﬁgﬁﬁi ng @at@?’?@?“’ 9000 n
expressed by General ,Formula (11) include
the melapniargrasedisaiItion neanmi ne), titanyl bi s(di et hanol
ar ai neam ne), titanyl bi s(nonoet hanol am neam ne),
ti t anyghy diexeoakhanokdiaeab AReHneef <1> to <5, wherein the
titanyl hydroxytri et hanol am nearai ne,

titanyl.et hoxytriethanol, arai near ai-ne. o o
bl iR SRS RBAAT PRSI R iR Tap of 60°C to T0°C
i ntranol ecul ar or 10 internol ecul ar pol ycondensati on
updenithet measureinesd ushgpodiffesential scannygradprimetar, (DSC).
preferable are titaniumclihydroxybigtriethanol
am ne n > [ [ n .
o nea Al e b g o P <2 gt the
poJ ycondensati on praoducts thereof, .and conbi nati ons of
bindles e B ARG A0 Mwﬁ oy 10, g @phdely Mve reparesents 4 maes
15 di hydr oxybi s(tri et hanol am neam ne). These
atéraad imileadat aiddk AadMhb &é%’ﬁe@aénﬁ%’nﬁﬁbéf—‘ adraye molecular
synt hesi zed by reaction of commercially avail abl e
titani um di al koxybi sakohol al mi nates (by DuPont Co.)
mAE70C to 90C in the presence of water. The anount of
the titaniumcontai ning catalyst is preferably 0.0001
20 t 0<8> 89 lxytomas acdonding to anyoeerd sdktto §>, wherein the
pol ycondensati on product in view of polynerization
RIS e I 6% by nmass,
bty otk A a8 SRS 10 HeROT R 5

st nore pre by nmass.

<9= 'The toner according to any one of <1> to <8, wherein the

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

16
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The titani um containing catal yst may be conbined with

ot her esterification catalysts in an appropriate

non- harnful range. Exanpl es of the other

esterification catal ysts include tin-containing

catal ysts such as dibutyltin oxide; antinony trioxide;

titani umcontaining catalysts other than 5 the

v&hﬁ:ﬁ@hé‘ b B Rl LF alAby &l fos@f-éfélmﬂésm ¥'flow tester.
koxi des, potassiumtitanyl oxalate and titanium

terepht al af e; zlrconlun}contalnlng cat al ysts;

ger mmlﬂhc% fonardrih comprisiga the togex apsordingda am)oneeaf 11>

catal ysts such as carboxyl ates of al kaline netals and

tak®al i ne earth netals, lithiumacetate, sodium

acet at e, potassiun1acetate, sodi um benzoat e and
potas nzoa and. zinc_gacet ate. The an nt of
Phe. o NP OAGERE coliplisd: AellSR P aifesinaoner and

based on the resultlng pol ymer. The anount of no nore
atdyan tones by nmass may |l ead to | ess coloring of the
pol yester resin thus is desirable for color toners.

Zﬂ? 28 Bkl Ml PR OB R O ok Seect e

nder eS|n polycondensed polyester resin
OWIRE ﬂlr%wrwlﬁgief) pad she yelow derer comymrises |apcayganic
resins (AOQ bet ween pol yol s and pol ycar boxyl i c acids

pimenrhiviag tRelue s R helsiils call bxpiestabby s&mce&:ai\x
and pol yepoxi des (c). These AX and AY may be used

' f.t 20Th | yol
5o ED SRR IEl 1o o, ey 20 Ine ol vol ey

pol ycarboxylic acid may be_clicarboxylic acids (i) or
trivalent or nore pg| arI acids (j). These may
be conbi nati ons of FH%é aty b? The

pol yest er remnwddp@ qH AY) nay be those shown bel ow,
and these may_heg Qpbi nati on.

(AX1) Q esi ns SHrﬁ%%P?Ql Fopmdm (pnd
(1); ( onl i near yester resins

pr epar ed N (g) along 5 MAth (h) and/or (j);
(AY1) B resins by reaction of (AX2)
wth (& (g) is preferably those

ydr oxyl val ue of 180 to 1900 ngKOH g.

Speci fic exanpl es are al kyl ene glycols of 2 to 36
carbon atons such as ethyl ene glycol, 1,2-propyl ene
gl ycol, 1, 3-propylene glycol, tol, 4-butylene glyco
and 1, 6- hexaxi edi olgHal kyl eneet her glycols of 4 to 36
carbon atons su s diethyl ene glycol, triethyl ene
gl ycol , di prop% end=glycol | mﬂruetﬁyélPSReyéﬁoﬁp(A)
pol ypr opyl ene yc¥h gnd polybutylene gl ycol ;
cycloaliphatic cliols of 6 to 36 carbon atons such as
1, 4-cycl ohexane di net hanol and hydrogenat ed bi spheno

A adgigessaictinsl Paphald @) §h8'Strddeusi Skeldigd (Apove

with al kyl ene oxides of 2 to 4 carbon atoms such as

e oxide_| . opylene oxi de (PO) and butyl ene
_§§E§§$EB€?5¥EEG&§£' T nunber: 1 to 30): adducts of

bi sphenol s such as bisphenol A, F and S with al kyl ene

oxi deslbt THetoRexkitorrdinge s10c4) witkréid, theQ@rgagic Bi¥ment,
(added nol e nunber: 2 to 30).

having two units per molecule each expressed by Structural Skeleton (A) and

no halogen atom, is an organic pigment expressed by Structural Formula (2)

17



20Anong these, preferable are al kyl ene glycols of 2 to
12 carbon atons, adducts of bisphenols with al kyl ene
oxi des, or conbinations thereof, particularly
preferabl e are adducts of bisphenols with al kyl ene

oxi des, al kylene glycols of 2 to 4 carbon atons, or

i nations of two or nore thereof. The hydroxyl

% &t’ue may be rfeasured in accordance JI3 K 0070, for
exanpl e. The trivalent or nore polyols (h), i.e. 3 to
8 val en r nmore, are 5 preferably those having a

hydrox;'}.l. @o 150 to 1900 ngKOH g. Specific
ex al“e 2 ld C pd%%al ent al cohols of 3 to 36
c at ons and t mor e val enggg SRl Fodgula (2)
ame pol yols and | e[ - nol ecul ar
dehydratlon products |ike gI tri et hyl ol et hane,
trimethyl ol propane, pentaeryt hgi J?%I sorbitol,
sorbitan, polyglycerin and dipentaerythritol; 10
saccharide and derivatives thereof |ike sinple sugar
and methyl glucoside; adducts of aliphatic polyval ent
al cohol s with al kyl'&® 6398 2 to 4 carbon atons
such as EO, PO and B ( ‘8 nunmber: 1 to 30);
adduct s of trisphenoly—auch as trlsphenol PA with
al kyl ene oxjdes of 2 %0 carbon atons such as EO, PO
and BO (; W ey 10 30); and adducts of is
novol ac res a3 $henol novolS4rsctamal Formala (3)
novol acs h _Eg an average polynerization degree of 3
to 60 wth.a | ene oxides of 2 to 4 carbon atons such
asHaEOPCBO (added nol e nunber: 2 to 30). Anpng
t hese, pretera®f are aliphatic polyval ent al cohols of
3 to 8 or nore val ences and adducts of novol ac resins
wi th al kyl ene oxi des (added 20 nole nunber: 2 to 30),
particul arly preferable are adducts of novol ac resins
wi th al kyl ene oxi des. Preferably, the dicarboxylic
aci d €12>hahlhmagmﬁﬂnﬁmgumpaﬁmﬂﬁaam@rﬁﬂﬁﬁ ngKOH/ g;
specific 'exanples thereof include al kane di carboxylic
aci ds succi nic acid,
adi pi %?%tglﬁt E%c% @fc%g@%@%ﬁnﬁ%ﬁeny

acl ¢ —acl

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

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

a transfer unit configured to transfer the vasible image onto a
recording medium, and

a fixing unit configured to fix the transferred image on the recording

medium.

18
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succinic acids such as dodecenyl succini c aci d;
cycl oal i phatic dicarboxylic acids of 4 to 36 carbon
atonms such as clinmer acids like linoleic acid diraer;
5 al kene &carboxylic acids of 4th 36 carbon atons such
as maleic acid, fumaric acid, citraconic acid and
nmesaconi c acrg; and aromati c di carboxylic acids of 8

! . h as phthalic acid, isophthalic
%§?€§E$%®g%ﬁfﬁé‘lc acli d and napht hal enedi caxboxylic
acid. Anong these, particularly preferable are al kene
cl i caflbx s 8 sgbematisiconstitytipoakwepof aadevelopangl device of an
aromatic dicarboxylic 10 acids of 8 to 20 carbon

ﬁﬁ@ﬂﬁwejﬁnﬁiqgﬁﬁgﬂ? i ray be acid anhydrides or
esters of ebmer a ﬁ@géﬁ%kgﬁ to 4 carbon atons, derived
fron1&ﬁ§$ descrhbed above, .such ﬁs net hyl. ester

et hyl S AP ORIY oftgner ghape to explgimethe shape
trivalent or nore polycarboxylic (j) (i.e. 3 to 6
fuctbeBEeL or nore) is preferably those having an acid
val ue of 150 to 1250 ngKOH g; specific 15 exanpl es

L O AT R R

pyronellitic acid; and vinyl polyners of unsaturated

faeton6¥y3.i ¢ aci ds havi ng a nunber average nol ecul ar

mass of 450 to 10000 by gel perneation chromatography

(GPQ) ' | ,

Styr enelaort Ao HERAB TRLF oF RSk SFRPR) SR tho shape

al pha- gl efin/mal eic acid copol yners and

ﬁﬁ%ﬂ: ﬂf&kgéic aci d copol yners. Anong t hese,

preferable are aromati c pol ycarboxylic acids of 9 to

20 caifiiGn3Blieamschimapiavidwe of tonet chapé tdéslaied theahdpe

pyronellitic acid. The trivalent or nore
lLyvcarhkowyldc (j) may be acid anhydrides or esters of

ﬂﬁgﬁ%ﬁggﬁké sjbf 1 to 4 carbon atons, derived from

t hose descri bed above, such as nethyl esters, ethyl

est er $¥1an8Ciis apchewiatic view of tohkee shapptiuexidainghe shhpe

(i) or (j) may be respectively copolynerized 5 with

ralihRhafiicgaro aromati ¢ hydroxycar boxylic acids (k) of 4

to 20 carbon atoms or lactones (1) of 6 to 12 carbon

at ons The hydroxycarboxylic acid (k) is .
exenpFie: 4&heysgyemp tﬂéla?nlbc’%aqalt&ﬁanam%w ignage
aci ds of hydrogenated castor oil; the lactone (1) is

fepteingl dppaeskusy caprol actone. 10Exanpl es of the

pol yepoxi de (c) include polyglycidyl ethers such as

et hyl | ycol dialycidyl ether,,tetranethylene . .

ol y oot iR et nohHSpodieRE ot &Y agtensivedmage
bi sphenol F diglycidyl ether, glycerin tridiglycidyl
feymiang appanataer yt hritol tetragl yci dyl ether and

gl yci dyl -etherified phenol novol ac (average

ool y L o : . .
Dch BLCE B4 ARARR e vigt Uy Yhles SREIENG LRER chiiruer
these, preferable are polyglycidyl ethers, in

used in apinyertiveimaee formung apnagaiis. dyl et her and

bi sphenol A diglythdyl ether. The nunber of
epoxy FIGOVRS a sshdthafie ¥Rk that ckem1ely JHoWAG R0t fmade
pol yepoxide (c), nore preferably 2 to 6, and stil

nore preferably 2 to 4. The 20 epoxy equi val ent of the
f?}a?’?@&é’i’?’d%t“éégﬁﬂ&%?éﬁtre%l y 50th 500; nore

preferably, the lower limt is 70, still nore

pr ef eFA6Gl § 188 schhematip vefettatlexemipherilymbewsl a ailér-insage
300, still nore preferably 200. The nunber of epoxy

gr oups 19
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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 sane tinme. 5The reactant ratio of the
pol.yol and the Pol carboxylic acid is preferably 2/1
forgung spparatis pstasdemhey i‘V‘&héﬁthE‘&'FF%ﬁ‘F@I-q}'?‘[‘ I
nore preferably 1.5/1 to 1/1.3, still nore preferably
1. 3/ IFI®. disla &heldaticvipvahat eesnpleily shéws paeintire
conpounds of the polyol and the pol ycarboxylic acid

are sel.ect gd such that. the gl ass ansitio .
o PifeERPE bR fHaRe fotBlipk MEpAr AT pb i HRRIA oot iare
bi nder is 40C to 90C consi dering the nol ecul ar nmass.
transfepisyetem.resin is typically required for different
properties between full-col or and nmonochrom c
appl | PRSI RS WheaT Rl iow!BRCLAGI ALY LhaWEBA iflag OnS
for tEe polyé%ter resins. Tﬁat 's? ul | C(;T?orlfliil ges
are required for high. gl.oss, which requesting.a .
forgypg ARRYAIHG 0&@3@% m%e!rt?ﬁt trgmnatemsweiem W&]cﬂligl‘ﬂeﬁﬂgés
are demanded for hot offset resistance instead of the

pecesscarttidgd) requesting a hi gh-nodul us binder resin
The (AX1), (AX2) and (AY1l) described above and al so

conbi igns thergof _are.preferable in der. to form
i oh Bl & R s eBe PRl Ml R A P
From the viewpoint that the polyester resinis
Lpairaoliy specficaiion sywemvivibaespert ta the ovatrcofiExgmpley 75
and (j) is 0 to 20% by nol e based on the total of (Q)

j eferably 0 to 15%b
td Aic éi}a daﬁathﬁv@ mﬁ{p1eg£§ £ P24, y 6 by

stil'l nore prefer y O to 10% by nol e.

The ( )..and (AY1l) descrj bed, above and, al s ]
conbiﬁﬁ?-i%%gfmé%ﬂ‘f 6 thp anbieaapensued fargr ansl ki
i mges with hot offset resistance suited for
Luafdadalcrrpecifioiio Systét. withaaspidie to/ilevieacts of iatmplae 75,
pol yester resin is preferably of high nodulus, the
o] ter resinis preferably prepared by 5 both of
78 R SR o e E pE  PCohrent of () and (i)
is preferably 0.1 to 40% by nol e based on the total of
(g) tBlGyldisiacpaniiablyrenlaged ew EFHB! 12.0.5 to 26% by
nole, still nore preferably 1 to 20% by nol e.
In c I [ = (g *
t en‘pgggﬁ'uirﬁea g?é }%Aiﬁlﬁ%ﬁ pt1 tg%ggﬁ'&ﬁ%% %%éggg?tkdj % oée P clent
L] oeing 10Q Pa.s (TE) is preferably 90C to, 10 170

C
Lighe colarrepeelfrgtiamexstels wibaesnect fq thediopers offfssaaples 76,

105C to 150C. The TE of no higher than 170C may bring

72BadiCony driacive Mxaghslas 280 the TE of no | ower than
90C nay |l ead to appropriate storage stability at high

L CTPORRE o8 s phISialg RELA Send 5 FR. P Ot e i e by

way o
Best Mode for Carrying Out the Invention

Toner

The toner according to the present invention comprises a colorant

20
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15 conpl ex viscosity coefficient I1* while changing
the resin tenperature using a commercially avail able
nmeasur enent devi ce for dynam c viscoelasticity after
mel ti ng-kneading a resin block at 130C, 70 rpm for 30
m nutes using a | aboblast mill. The
insoluble matter into tetrahydrofuran (THF) of

Al ¥ BHRE 8GR B5d oog'ho;lH“)th%??%re more than 10%
by mass In view o ness e pre ‘erably no nore
t han % SS:. The i nsol ubl e matter or soluble

mat t erl henRigdey Fesinconiamseaidansin pglvestprrdsan taii ia grepared
processes. A sanple 0.5 g is precisely weighed

by Polgcaidnehtide Yeuctiondak hviphBsches bPRPPRAst 4 0 Whi ch 50
raL of TEE |s added and the m xture is stlrred under

r ef lvg-'f:(l f o houré‘lﬁ{ %gpggégﬁ l%’f Pne!'@.ll %ngr%i!ﬁﬁ? IEH’E (0

the THF insoluble matter is calculated fromthe mass
rati o Tk titapismmontaiaig ¢dtalyshis 2 corhpbimd exbrdsseobat
80C for 3 hours. The nol ecul ar mass described later is
e I FARGINT (o rfiore!
matter. In ?&@ﬂ n&i{i@a&{b é?&@é’?. ns fcgﬁlp-r@oﬁgog%%%gﬁ
the tenperature at io which the storage nodulus G
|ng 0 Pa (TG i ferably 130C.to 2 nor.e
elf ef absg)lﬁé ? Z%O%Ifstl ™1 nore pggpgrﬁﬁfﬁ’r‘i‘é@@q)
230C The tenperature TG can be determ ned by
vy =ofy mpasei-n ) g, sterags RIS @BhkFICRBRALI (I
the resin tenperature using a comercially avail
measur enent device for dynamic viscoel astithty after
15 nelting-kneading a resin block at 130C, 70 rpm for

30 m nlmﬂeaerzdlEtgxrmlhaﬁbhhdﬂDrﬁképresentsarehﬂlﬂaﬂ‘as of
pol yester resins for nonochronme, the tenperature at

Al MSBSGRIRC g O SSa 8EL1) €A LR

tenperature flxabl lity and high tenperature storage 20
from winch g hydeesenatemeefaneyhyslyoxylgrows & resnoved: athes
preferably 105C to 130C. The pol yester resin for

ERE (D A EstAb bther Hydb disle) Q%eHaN thgmss of
the THF insoluble matter, rm%%?elgg)rabl y 5 to 60% by

R TN M L

to appropriate hot offset resistance, and no hi gher

atrinagn stZQ8tuiry; othes hydwnvebgrowmys) saddtilbothay bydliz] kevkip(s)
tenperature fucability. }

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 hydrogen atom and alkyl groups of 1 to 8

carbon atoms that may have 1 to 3 ether bonds;

[13 ”

m” 13 an integer of 1 to 4; “n” is an integer of O to 3; the sum of “m”

[

and “n” 1s 4; “p” is an integer of 1 or 2;

q” is an integer of 0 or 1; the sum of

w1 i, o= 11 » LI

p’ and “q” is Z; in case that “m” andfor “p” is 2 or more, the respective Xs -

2]
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The peak top nol ecul ar nmass Mp of the polyester resin
is preferably 1000 to 30000 for nonochrone as well as
full-color, nore preferably 1500 to 25000, still nore
preferably 1800 to 20000. The peak top nol ecul ar nmass
Mp of no less than 1000 may | ead to appropriate high

tenperature storage stability and proper powder
WY%&QPPPF OT e G‘tﬁ?@h%ﬁh@%an 30000 t hereof 10 may
enhance mlling ability of toners and thus bring about
pr opeln fienekad Fovinidas (I) and (I1) abive, Klrepraeentfes reddudof a
the inventive toher containing a toner binder resin of

B IS lakiae A2 10 T bt RRLE D RS RS et

by mass or less, nore preferably 1.3% by 15 nmass or
frogswhichnaihydsogen st of voe bydprsyl graup isyremeysdgthelmagber
The content of ingredients, having a nol ecul ar nass of

of SitFIReR atbias, il Phe tdthl AuBifeP ¥t Qﬁ&?ﬂ:ﬁ%&b&&ﬁuﬁ%ﬁd‘ﬁ

nore proper storage stability e peak top nol ecul ar
MASS , t.he nupber, avera ecul ar mass, and the
a%m%m@fenah&ﬂ%énwrm&?ﬁr&%ivm ecul ar mass of no
nore 20 than 1500 may be neasured for THF sol uble

mat t eThe ngehilesickimiresingg beprbpaty sclogted defbidingdarthe
the followi ng conditions. Apparatus: HCL-8120, by

ook explel oot lile e btk o phabigpunine.

Sanpl e solution: 0.25% solution in THF 5Injecting
The polyiabranoiomme magbhemrpenly selededidependiaigraacthiev e

i ndex Standard: polystyrene The nol ecul ar nass,

PSR ) Bt Ay
A S T8 Sne thyTdethanolamine and N-butyldiethanolamine;
triallkanolamines such as triethanolamine and tripropanolamine; and
tetraalkanolamines such as N,N,N',N'-tetrahydroxyethylethylenediamine.
In cases of polyalkanolamines, there exists at least one hydroxyl
group in addition to the hydroxyl group for the residue to form Ti-O-C bond
with a Ti atom; the hydroxyl group(s) and other hydroxyl group(s), within the
polyalkanolamine that directly bonds to a Ti atom, may polycondense to form
a ring structure; or the hydroxyl group(s) and other hydroxyl group(s) may
polycondensate intermolecularly to form a repeating structure. In cases of
repeating structures, the polymerization degree 1s 2to 5. In cases where

the polymerization degree is above 5, the catalytic activity tends to be lower,

which may increase the amount of oligomers and deteriorate blocking

22
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to The ratio of peak area, corresponding to matters
| ess than the nol ecul ar mass of 1500, may represent
the ratio existing as |ow nol ecul ar mass natters.
The acid value of the polyester resin is preferably
0.1 to 60 ngKOH g for nonochronme as well as
full-col or, ﬁpre preferably 0.2 to 50 ngKOH g, 15

L ferably 0.5 to 40 ngKOH g. The acid
%%Féggcg?fﬁ?n%ﬁb_ 60 ngKOH g may bring about appropriate
charging ability The hydroxyl value of the polyester
resi nX maghefaeresidue of dialkpoolagiioes ip particvdmodipthanelamine
well as full-color, nore preferably 3 to 60 ngKCH g,
o8 b febidHR o tﬁ%ﬂ{agxbﬁ%m ﬂ:ﬁg% %Mﬁ&&&aﬂa&iﬁx%mmﬂw

value of 1 2 ( g may bring about

apprqpri.ate envjronnental stability The gl ass
P??éﬁ@ﬁ?F%ﬁhqQﬁﬂdﬂ@é&ﬁ?@ﬂ%ﬁmiﬁguﬁbIyester resinis

preferably 40C to 90C for nonochronme as well as

ful | - Botepirescimits endofd By airigyn 206mt (B1) 2QGIksl groupsef B to 8
preferably 55C to 75C. The glass transition

ohR B Ra? B as L o €Ay Rl bl o

fixing ability. The glass transition tenperature Tg of
ertup sl ytedh earbpn sitomaninyclvde methylgroup, ¢thyhgroupdarrepyl
with DSC et hod defined in ASTM D 3418-82 usi ng DSC20

SR RSO0 o D e e B F 3 e

produced b process.simlar as conventi onal .
bs#%@@é%@@9¥%ﬁ 5PORY and rb@t%ﬂywea}yé EreHRierAmoRgs these, Ris
conditions as in inert gas atnosphere |ike nitrogen

pgeferably bipdrapasasacoraillDaioupa bf UHb deatiinatdens havin%;no
catal ysts at reaction tenperature of preferably 150

: e efierably 160C t o C._still nore
offferand et Gl Ryfodedy o sSRd rofip f isgfuyh erour.
period is preferably 30 m nutes or |onger, nore
pr ef ehaBlepepaltForapiladllrebofe,Sm’t s emintagepof hto df preferably 1
assuring the polycondensation reaction. The atnosphere

e f: i . e 120 ”
t@é%fise’ﬁﬁi n gridlgmrxglg’g%&% ?%gbgve%ﬁ ?’o‘%g\?e: oci tngl/ éﬁl&{s‘ﬁeﬁ 4
end st of t reaction. ) The process for
In :@H@%W Rﬁh abpvey op i ancintegeriol 1ox2i J¢'j ig an integer of 0
exenplified by heating a diol (g) and a dicarboxylic
oB¢i the(dum bO“pr'&Hd o0 180 CXE enaybie idiatidahorddiffe it eabH other

condensati on under normal or reduced pressure in the
.presence.of, a.titani cont ai ni ng catal yst of 0.0001
i 555 9 19 ldlor 38 5 EREABH he mmse of the resul ting
pol 'y ”E&a%sftgﬁﬁﬁ tRRhiARZbn AR Y S Sy b GER8Ye Dy General

prepar e
Formula (I) include titantum dihydroxybis(triethanol amineamine), titanium

trihydroxytriethanol amineamine, titanium dihydroxybis(diethanol amine),
titanium dihydroxybis(monoethanol amineamine), titanium
dihydroxybis(monopropanol amineamine), titanium

dihydroxybis{N-methyldiethanol amineamine), titanium

23
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The process for producing the nonlinear polyester
resin (AX2) is exenplified by heaiing a diol (g), a
di carboxylic acid (i) and a trivalent or nore polyol
(h) to 180C to 260C to undergo dehydration and
condensation:under normal or reduced pressure in the

dityasenbes(NFb@thiyldiathiangl semhaimin etk ifdxy(teanaim, and
0. 0001 té O.8%?by mass based on the nags og t he

SR BENE A RGBS RO GBI

h g), (Jj) and (h) at_the sa time. . The
ef%w@&‘égﬁmﬁ PER lﬁéuf?acnﬁ@&daaww Rrodpgts;of these
(AY1l) is exenplified by adding a pol yepoxide (c) to
carhpoypmlsyest er resin (AX2) and allowing a

nol ecul e- extendi ng reaction of the polyester at 180C

to 26@%&91&%?%?(%&;@&-6&%&?Eaafag?@t)expressed by-gflﬁleral

aci d val ue of to react wi is preferably 1

to 6 K r referably 5.to 50 yvoKOH.g. &h
rinifh, AP jattsfe RRALE GIhRR rtieRpnnel] BB Efhang!
possibiljty of (c) not to react and thus tqQ degrade
ampreataine) tgpaplis(menoethsmol prmin | ifangthyisoxsthanol
than 60 15 ngKOHJg may bring about proper thernal
asiidairhiriey titdnylhedroggtriethanol aminEagiaspistinytdthoeytricthanol
prepare (AX1l) is preferably 0.01 to 10% by mass based

G N . 0f - I 1
agﬁniom1téﬁ%gﬁggﬁégﬁﬁliak¥Pg?@ ange ot %& setthﬁmeaﬂhrOr
.resistance. The pol ycondensati o ol yester resin is
inseenglecelie bpiycondenshbon prodets b MkSr SAAPERIETe. bi nder

resin of full-color toners in view of coloring
pr opehAmong thewe, prefgealkle aen titanjugoiidy droratpesitristbaoel | v
result in thicker toner layers due to nmultiple

afiesdnaine), titaaiurh HBydrosyisGliethan6hameedinlige), 0  Cracks

or defects onimages due to insufficient strength

tip 181%9%9&[}{& Mﬂeﬁﬂﬁﬁegs%cg?#o%c@hg&ﬁ 1 ﬁ%dﬁlgﬁh&&? and

ol*yéester resin 1's enp or nal nta
appropri ate gl oss and excell.ent strepgth. .1t is
ocaﬁﬁweﬁpea of Gese ﬁ%mﬁewi% partiFueriy nrﬁpegﬁﬂe B% HERAMIPRs| n
in particular 5 that there exists substantially no
dikisEroxybid(tidthanek aremeamdivekont ent of the ingredients
havi ng a nol ecul ar mass of 500 is no nore than 4% by

MBsSS TRede 9@ dontdiniBsSatalyaty By HeaRadlly §@hthesized by

pernmeati on chromat ogr aphy, and one peak exists within

a L ecul ar- mass..range.0f..3000 t 00Q.. Th '
rfhoBn of BT RaRy LR AARNIR it dalkyvbisglihl Hminates (oy
trans%ar en% t hus )

DuPont Co.) at 70°C to 90°C in the presence of water.

The amount of the titanium-containing catalyst is preferably 0.0001
to 0.8% by mass based on the resulting polycondensation product m 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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10 high quality images are difficult in BP sheets. It
is preferable for the inventive toner to prevent
filmngs on bl ades or sleeves such that the content of
the ingredients having a nol ecul ar mass of 500 is no
nore than 4%by mass in the nol ecul ar mass

di stribution of the binder resin, and the ratio of

ot ey Teane A ing BRGNS ] fo BRI RTh B0Rr

of npre, than 4% by mass of the ingredients having a
SR ralacatIon q«?ﬁ%ﬂ@rmwmgﬁﬂgmt%nw%ﬁgn&&wggneEmles of
t he bl ades or sl eeves under prolonged usage and to

thediber dstérifiidion catalystdidchideatibaitalfing cafaly 8 shbwdsr
resin in the inventive toner may be neasured based on

|, perneation.chromat ogy aphy .by way of. conditioni.ng
Bl e B Riowe? Briirtn; Pokataing Cofatymys pHiet than
into the colum at ImJmn at the tenperature as the

the ltitanium wontainingoiatalysts stidk asaditphbum ellkbiides, ppt:epamed

froma toner at a sanple concentration of 0.05 to 0.6%

v BSdatel ?i&ﬁﬁi&e h%ﬂ%s ircondSmIddhd; .
matter | %tet%@ﬁ sanpﬁ.%ﬂ%to ut'l %iﬁrﬁﬂs r endé'\giéédﬂg&é{ gﬂbﬁ’ﬁ?’
gmfilter for |iquid chromatography before injection
EPRRIRsHIn CPRERiRERAlalv sy el mederrtby masal etakystesueh sss
calculated froma 5 relati on between | ogarithmc

b6 8ates oPalkalin® madth a5 NA10e eaRth fbOiIs AithivkReicefte,

nonodi sper si on pol ystyrene standards and a counted
nynber. The | ystyrene standards for the calibration
B AT RS ALk i A AR R LT
2.1x103, 4x108, 1.75x104, 5.1)(104, 1.1x105, 3.9x105,

@nBoeitd band xiboGicetitd.3XTRE atmoulBy of the etheh eatiatyts Soprefirably
Tosoh Co., or the Eke, 10 preferably at |east about 10

[ T Fel
PSR bA i hedieBulthle b lter  Pud EhEEhEDT 4T pfre
| nsol uble matters _in the binder resin may be judged at
thae 9:6% hy maws may lead e lesssenloming of therpolpesten rastp thus is
nol ecul ar mass distribution. That is, it is judged

deBBhbRUBS EdHE fodleld MhelédntbASEH tﬁeltﬁaﬂﬁiﬂn%ﬁtﬁﬁﬁg#ca@ﬂyst in
long as the filthr being 15 not clogged when a filter

nit .of 0.45 gmis atta d syringe and a liquid
the eptire ertalyst ?%WE“?‘?F@E’LW%]%Q@&&%Y masg.t js preferred
in the present invention that the binder resin

BiederBResins an endot hermi ¢ peak at 60C to 70C under the
nmeasurenent using a differential scanning cal orineter

( DSC) [T . 60C may_af fect
the 1t apb eLFRHAbARL R REal bl S TR SR R el
toner solidification within cartridges or hoppers. On
roleondensathefenlyester rsina (AP hetwpem polyblsrsidopelgcatboraytic
affect the toner productivity and cause problens such

cRRls! R bHELD BGI}%Q@rir&éﬁnﬁ AY) by b3 BH QT ASS S gayspoﬂdes ©.

endotherm c peak in the différential scannin

al orineter__m e read. as a main maxi nym peak in the
e Ak AY gy b g8ed3lons oF cORpRALONSYl {HR T RO FL EX
TGB110 (by Rigaku Co.) under a tenperature-rising rate

of 5 The/polynl may be diold (g) 6r priedlensbt B0ds palgskr(hhedlhe
above that the ratio of nmass average nol ecul ar mass

I I is 2
opbetoredy B SR e B AP s vl o ot o
above 10 mmy bring about inmages with | ess gloss of the ;
pblycatboylie acidad) f aThéseonanbgicombinations ofdgesr more.
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10 On the other hand, ratio Mv Mh of below 2 may bring
about | ow productivity in mlling processes of toner
production and snearing of blades or sleeves under

prol onged usage, and thus inducing the filmng. It is

preferred in:the polyester resin that the acid value

is no_pore than 10 K en a resin_charge-contro
agent Thegelesiés re%mw g&%ﬁﬁy@éh@ﬁﬁ ghaven gﬂ@wna% at
the charging ahility and the acid value represent a

thysepdy bonsdd Itdoribientibn. t he pol yester resin, and that
the higher acid value leads to |arger

negat j Me~char gi ng, abi l ity of the si n,and akso

o 7 oc D Rieht PlyRRlerredind prisred BRI, g That
is, when the acid value is higher, the charge anount

i s | atAJED) ‘monbineaopolyestperedins prepaded frane® hodi(dialong
conditions, and the charge anmount is |ower under high
. I sand high humdity conditions. The change

“%§ $23ﬁ§ﬁ§S%b amount due to the environnental

condi tions may_enl arge the changes of ackgroun
smear (AXY) erhpelyestar reminy by reastion quéﬁégmﬁ ity
thus making difficult to maintain high quality inmages.
| n gemre diol (IS pasterhblp kbesediavihdy hydPoxyl Kehiledo B to

possi bly increase the charge anount and deteriorate

enyiron tal. fluctuation..;5Wen.th er
1HOE iR QB R Bt Ao AR ES cbiras S Elrbon
resi stance of the toner particles may be controlled by
atdes swh as athylege-glynol,rlo2-pagmnene glydolo pliapiopykenkigtecol,
hydr ophobi ¢ titanium oxide etc. Therefore, the charge
f1 &. oS- 13- z t
Ly B O pfl 1 6 RE AL, B B e %€ oy
be di sturbed when the acid value of the 10 _pol yester

carbopptoms saely as disthyikeplcol raekiilens gyee, drprepdene glycol,

pol yester resin enployed in the present invention is

PﬁbﬁﬂﬁmﬂﬂiMyﬂﬂgﬂﬂfﬁnb?&ﬁm%ﬂwﬂmEﬁﬂkﬂb&ﬁﬁ%@n@@ﬁ&@hably no
nore than 5 ngKOH/ g. It is preferred that the

HAER iR of 15 B SRR 2O ehRr ey b redobekatsa pas
15 nmeasured by a flow tester. Wen the tenperature is

dhetthandbd hpdrdgenateflfissihanehds adduats ofieyclualiphatin giols
processes, and the tenperature of above 120C may

SLEHEH B3 NIl U SIPHAALE F cvlon
meazu&sd using a flomgéester CFl'-500 (by ,Shinpdzu Co)

oxidg AEO,gapylesn sxue (P @ﬂﬂd)‘-l@h?@ﬁ@?ﬂdﬁ(ﬁ?tds&d@?f&@ok mm
by

number: 1 to 30); adducts of bisphenols such as bisphenol A, F and S with

alkylene oxades 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 bisphenols with. alkylene oxades, or combinations thereof,

particularly preferable are adducts of bisphenols with alkylene oxdes,
26
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20 length 1 ram and tenperature-rising rate 5C/ mn,
and reading the tenperature corresponding to the
apparent viscosity of 103 Pa-s. Resin Charge-Contro
Agent When a nonomer containing a sulfonic
acid salt group is added as a nononer of the resin
charge-control agent, the resin charge-control agent
g‘@ﬂghé’?ﬁ%@ ﬁag ??8 %ﬁcﬁ%%@ér}’ E'c{%'}%.r of o F&bﬂét?o%s- of BhrolchEniener
tenperature/ humdity stability of the toner tends 5 to
therpofd T laribydeoxyhealne imasube mebguras ingosersiaece YIS #h0&70, for
it is popular in the art that an aromati c nonomer with
eafAn@l€Ctron-attracting group is utilind for a

copol ynmer. However, when the toner is used for a |long

term r. seyeral tent e snears or
phot o AR ttoam?rﬁ@&w% &q@ G epirge, are

sl eeves or layer thickness- control menbers such as
peéfedelsly Thosenlthving lhdiyslroxyd & abiras s OstioalH00 va ¥y KOMH A0 N Bpscific
or high quality imges cannot be nmaintai ned

e S e R S L T L
no probl em In order to address these
o anorei vialryices suethas alkpoapiolwwls and intzaptmiptemmolasularner

that is fornmed from (1) a nononer containing a

dehydRition ﬁx‘bﬂﬁct%iiﬂ%e ipceHt thietiyldleBihrid, %ﬂdtgymgﬁeg&;

cont al ni ng an el ectron attracting group,

nononer, of h)acrylic . acid ester, or a co oI
Pﬁaﬁ%athmelnse& m{l QrbitnRpluglyeerin pnd dipenaarEridlny |
nononer, as the resin charge-control agent, for the
sawhmhh a@fd derivatties thesbofilike sirhplelsugat and aetdk] EMicoside;
addition to polyester resins that are favorable in

PR R B bR BB EIohER 88 IR0, bRED B Yo ¢ rbon

provi ded that may exhi bit excellent char glaﬂg stability
adoms énch ae Ko RQ bnd (B (added moleaturaber: 1 ;adducts of
snearing the devel opi ng sl eeves or |ayer

thEbHé"rﬂﬂ§§u&P£§ Erlp HERADPA Svifi SikyBshe @mm EQIobE a¥orms
t hat may approprlately formthin films, that may free

SHER e kL gL ABi Pl g be 2 PGty
charge control agent is defined in terns of nol ecul ar

nieskic reslhs butlhud phendaokolacé BAd epibEAbvalicad vy hAaverage
mass of no nore than | x 10. The ingredients having a

ﬁﬁiﬂz o l @%ﬂ%fgﬁ% g%ﬁ@ g’lt%%@ig e 109:§d %rog'réotr%evféarhm atoms

resi dual nononers etc.; these |ngred|ents possi bly
siioln iab RO, RO gad@@t(@ddﬂdanglenyxmher 21to@0at e t he
chargi ng under the influence of tenperatures and

hum digrh &5 thEBE Sfreferable are aliphatic polyvalent alcohols of 3 to 8 or
more valences and adducts of novolac resins with alkylene oxides (added
mole number: 2 to 30), particularly preferable are adducts of novolac resins

with alkylene oxades.

Preferably, the dicarboxylic acid () has an acid value of 180 to 1250
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10 ingredients also affect its safety such as skin
stinmul ation and fish poison. The ingredients having a
nol ecul ar mass of no nore than 1x103 in a content of
10% by mass or nore nay nake the charging property

unst abl e under the significant influence of
tenmperatures and hunmidities. These inventjve effects
mghO B4 ispagibg egaepies thareof inglude alkane dicarhoxylx: ackds of 4 to
conbi nati on of *the nononer containing a sulfonic acid

36 @hFbdil AdfhsHdh tll @uadiaitPidid, JM9pie Aeid £eDécHaticd i@ hlkenyl
el ectron attracting group may enhance the

negati ve- ch e ef.fect, The.nononer, of. .met h)acrylic
BRe @bl uah 4 APSe TR AP GIERY o PlogheRatio fisms oy o
still enhance the environnmental charge stability and
acuds o dge 36 lverbeesiomzankth esslimehiacids ldkedindeit @acid dimer;
desirable mlling 20 property and effectively
e P BRI O30 eBon st 06 M4 LML acid, famaric
t hi ckness-control nenbers such as bl ades_ and rol |l ers.
agid, gitkacenismcid aed megacastieagidaandpramatig dicarkorylic agids of 8
wel | as the conbination of nononers in the resin
16 B e oBGtbIE snall 8B phiRMlididid dssptthhlid Acidl fgbpREHadtiacid
i mge devel opi ng toner havi ng an adequate di spersing

abi | i nd sharp.di striRution,of char noun
g sephipEopeteRBREicidis Rivgdhdre. gRrin et Hiegpble are
I mage quality; in the conmbination with a pol yester
allesiethitdrboxyls: dealsorfabloc2( carben abomé andlavomagic dicarboxylic
properties and image intensity as a binder resin for
abidh g7 82 20 ch 8R! fromfC THIIBARIeuAAS P iy bl il ek kilea o
exenplified by aliphatic nononers containing a )
esfgrs offpwenalkyls efsl go 4 eebgnaatems, dpravadcirom idepe described
containing a sulfonic acid salt group. Exanples of the

aBbve) Bath 6s MUBTRIstere @kl d3tdld adSYdprepyestsisd sal t
group include alkaline netal salts, alkaline earth

nmet al sal t.s,, am ne salts, and gu rnary .a ni um

cal + STER VAL bf Fasre poeritenyhly By et Ayb 6 PgHes oF more)

acids, 2-acryl am de-2-net hyl propanesul fonic acid, 15
19 eferably ke hyetnigay sud frahiecofddiDdp 1860 mgKOH/g; specific

per fl uorooct anesul foni ¢ acid. Exanples of the aromatic

1 " i . : : de
EPROIR RefRRP N ottt AIMLIENE R4 o LR LaBER
am ne salts, and quaternary amroni um salts of

atmys s ramplitieacyl and pyypmelliyic agid wnd g podymers of
sul f ophenyl itaconic iraide. The netal salts of heavy

uRBAtRrfteld dePboyic AleidsHvaRP R HumBerHverd®y mbleéubitnass of
chrom um are undesirable 1n terns of safety.

f the aromatic nononers c { ni ng an
A5 BLROGH B el g g n s hp P AR R I L P LR Cont r o
agent include substituted styrenes such as
siytrbwe/nwdlgic enil cogolyimars astyyenerierylby arid soyolemers,
fluorostyrene, nitrostyrene and cyanstyrene;

£ S - -
RSN R ROt Y G5 aisiiladic aqid somqlymers
ni trophenyl i met Wacryl ate and o
Az dsremrebrylleaye aramabie pelycarhexylic acids of 9 de 80 carbon
phenygnet Wacr yl am des such as
afdth®) 18 RRLANIHP INBRIA4Ad 8d pyromellitic acid. The trivalent or
br onophenyl (net h) acryl am de and
ni t rophenygnet Wacryl am de; sgubstituted
phenyl mal ei m des such as chl or ophenyl raal ei m de,
di chl or ophenyl mal ei rai de, nitrophenyl mal ei m de and
ni trochbropti enyl mal ei m de; substituted
phenyl i taconirni des such as 10
chl orophenyl i taconi m de, dichl orophenylitaconi m de,
ni trophenylitaconi m de and

.
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as chl orophenyl vi nyl ether and nitrophenyl vinyl ether.
Anmong t hese, phenyl nmal ei m de and phenylitaconiraide
substituted by a chloride or nitro group are
particularly preferable in view of charging ability
and filmng 15 resistance. Exanples of the
(neth)acrylid acid ester nmonomer in the resin charge

O ﬁdﬂr a&%a} Hf’ﬁe ﬂE\"d t)ﬁ‘fc@; A 'é¥1!e?§ Gf lower alkyls of 1

bet V\acr propyl une

n but yl i met V\ac yI at i sobut ygnet V\acryl ate,
5@%@% ona %@@;ﬁéﬁ@bﬁa}w@t sugihes pethyl esters,
2 et hyl hexygnet V\acr yl at e. Exanpl es pf the

eBhyl@&iére andigbppRbegtérs. N the resin charge-control
agent include styrene, V|nyltoluene and

al pha t hyl st r fe red t he

resin rlgf? cipénep &%‘ﬁlP rﬂ@l @g%?f g)n’afiyt glﬁ%?glr‘f YO?OPPhE“enmd

nmononer containing a sulfonic acid salt group is 1 to

wgithabyphatic st beweatiohydivayenrboxdicmdds 09 of Heo 20sianbon atoms

charge control agent, nore preferably 2 to 20% by

M5 &on g}apm Mﬁrﬁoﬁ'ﬁ@oﬁg‘)um of the nononer

contalnlng 5 sulfonic aC|d salt group is less than

1% by nass,  the |n|t|al gi ng property and/ or the

sat ur diechdrarye i!ﬂﬁtacclds e by bdeypiparic acid

i nfluencing images. In cases where the anount is above

abQaliphotRsfidd ﬁﬂlﬁﬁ&iﬁ&ﬁﬁé@éﬁﬂbr il:ahb Iladwnéi e}zfsaéé@&;ﬁiﬁed by

the charging step, e charge anmount is |lower at high
erature and high humdity conditions, the charge

cﬁ%ncﬁ GOR% s higher at |ow tenperature and | ow

hum dity conditions, thus the charge stability of

t oner Exampieghf meqiqlmpomrhdelsmhmeqmlj@yMymthEmamch as

suffl ciently. Mireover, snears or photoconduct or

o0 BN OB i OB O S BGY Bhe
roIIers and the oduct|V|t I.n kneading-m | ling
bisphegobh diglpeidyle v OisnhenobF digleidy betenraizeein

The anount of the aromati ¢ nonomer contai ni ng an

tBHeA) AT dthby, @@htd?ﬂyﬂﬁ‘iﬂéptét?ag‘lﬁ(ﬁﬁﬂréhbﬁ’ and tgl?,'cﬁﬁﬁ/“e*ﬁﬂenﬁed

mass based on the entire nass o t he resin charge

ERBO ot GRS PRBRER R RARETEY TR0 ?%Eﬁm oxides

el ectron attracting group 20 is less than 1% by mass,
shble as pantehamoenide hnd hesadibhe oeide, AmbrixpiHege quie€erable are
snmear or toner scattering is likely to occur; and when

pbwgper Si bﬂﬁ?%r% W&&%@??‘h{cﬁ‘&gﬁﬁnﬂ%ﬁ ;’:ll' Iglt rs19

distribution of toners, which [eading to background
bigpbignol A diglycidykather.i ng and insufficient high quality
i mages.

The number of epoxy groups is preferably 2 to 8 per molecule of the
polyepoxide (c), 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 limit is 70, still more preferably 80; more preferably, the

upper limit is 300, still more preferably 200. The number of epoxy groups
29
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The amount of the acrylic ester nonomer and/or

nmet hacrylic ester nononer is preferably 10 to 80% by

mass based on the resin charge control 5 agent, nore

preferably 20 to 70% by mass. \Wen the anount of the

acrylic ester nononer and/or nethacrylic ester nononer

i s bel ow 10% by mass, .the environmental stability is
and §he ePETTAYHenhwithin thy FRnges SRy PRIdR ARRTRBTAN | | ty

is insufficient at kneading-railling steps in the
dévalering abditgtdsarell asfaing Lilityh endie peblepilily theerielberarf

| ayer thickness-control nenbers such as bl ades 10 and

rallers or phetoconductor, filmngs.cannot .he
endivrdiofienprd Uhe S0 cinoiimat b rthin ik bhetable rangss at

by mass, the initial charging property and/or the
thehsarge timsunt is i nsufficient, possibly influencing

i mages. The anmount of the aronatic vinyl

nono ' Q -he

ent | r oo EERAR! SIARD pbaPid e FRERBFR: SALIDC 1o

preferably 3 to 20% by ss.. Wien the t t he
PERTORRRY &/ LiorP IniRrEHeT the eg @G@@BJSE%@QQ S n

charge control agent cones to hard, which leading to a
préfelabbhiusgl 7101/di3s btill udreqrefebalslydr. 8/ rd 15NRAr It it pheferred
scattering in the processes, and also inferior toner

fixabi |ty in partic r or _caolpri Loperty .at
o PR spicite PO BRI LBk RBRY o BE bR BRI deifpre

resin charge control agent may be phenyl nal ei m de or
seleatag isircha thoati thiegassupandition éemperathte e dbthor resulling o

group as descri bed above. The resin charge contro

pASEREr mr_fuaﬁg‘fﬁ@wm& 90°CY b il IRt f&ﬁiefcma%ﬁésbl y

Ue to resi matters of catalysts, polynerization

i nhibitors,, or solvents at the o] pr oduction

proc e@% i@}n%iremslé Etipalreaurender ﬁemwé'%@%bettﬁ’@en
i ntended toner chargi ng amount. Therefore, there may

filbesier phd Blaitehidinicrippiisdtiaiawdicdgabildddivg eF different
charging to a saturated level with respect to toners

t hat gontain a resin ne | v.e- rge. .control agent .
A5l B 1h pO1BeleR HpdlpF oo bt B BT RN Jen PG o oy
the volune resistivity of the resin charge contro
highegloss, svhdclsrequesting allow-Gsmestinbimdergepine fnd aninochoornic
to 11.0 Log ohmc3n. In cases where the vol une
it%&?és%r’e‘ﬂeﬂaﬁedhlfgr hbEottRs résiSBARY ﬁas%«%[& 68he U which
efow 9.5 Log ohmcm toners on developing rollers my
initially take an insufficient charge anount, which
raquestipg @ highap Bﬁbﬂﬁk%@ﬁﬁnsnear or toner scattering.
In cases where the volune resistivity of the resin

char g¥he (AXN1 R KAHGEahd (AY BhleseriBdd Shdvetarthilse Gombhitichs

on developing rollers may initially take a sufficient

charge ampnt,, howeyer,, .15 ¢hgr up tends. . [
e e SR bl h8 SEE e fortn Sl et Boniimited P Rl por

thin layers on devel oping rollers under one-conponent
capéersl edpi NBrasy shemiswpoingahat thepayeser stsie skprefarably of

irregularities on i mages. In cases of two-conponent

: OB LA [ by r S,

L A0 LB R bt of 09 o e L P e b RO

occur,. . 20The vol une resistivité of. the resin char

T

totahefi gl togld mels nwaber, more preferably 0 to 15% by mole, still move

preferably 0 to 10% by mole.
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measured in accordance with .115 1(6911. Specifically,
the resin charge control agent is size-controlled with
a mesh and conditioned at 23C and 50% RH. The sanple
of 3 g is nolded at pressure 500 kg/cnR2 using an
automatic pressure nolding nmachine to prepare a
disc-l1ike test piece of 2 mmthick by 4 cmdianeter.

The t e | a.di el egt est
(1 O Bhen e R e A A il eotiRghioRs Boreot
precisely the thickness wwth a mcroneter, 5 and t he
are Imﬁ%radds g oirdertty forn mages wnth/hcttl’oﬁp’pi‘%ﬂﬂtgnmmted for
alternative voltage of frequency 1 kHz. It is
e 7

B Ridna I U el (R By tBl vl
10é?Pﬁys %g a flowtester is 85C.to 110C _In cases

ab w ghe Bolyestgrresinis praferablypyepased be
of 10 the resin charge control agent is inappropriate

bosh bH@8 anid PHingarteslaibl Thelesiteason) khe @ B@ﬁﬁﬂeﬁwml to
and also leading to inferior storage stability and

onerati on, or ..S0o eover, fixatio

PERER TR badth OF HRtobinat e ol Pt Al i Rbem mgtp profgrably
producti on steps, which deteriorating the
(oh bu28%ibyi mple, enll mnere girbferablxridto 20% bgamdewher e t he
tenperature is above 15 110C, the nononer exhibits

poor
di st ri ut| on %Ldg%égrfg%g £ &)16 Fl%ﬂ %%’I%%gﬁm‘éouryghﬂﬁ

mear or toner sc &ﬁfrln n the systgﬁg Nbreover
the femplaxgegostty poe eea ihetna10Q Ra-s(@Hdis prefenabbed@C to
degrades at overl appi ng col or toners. The tenperature,

190°@hinete pderabBALGIFC t6 TBEOCT &1 S8 préfrdil 1Ba°@ to TBY°C.
be neasured by using a 20 flow tester CFP-5 0 (by

T TR 38 He Befler HBRRN DIl B Sbavb AtnAEnti 2 find the e

tenperature-rising rate 5C/ mn, and reading the
of empewert thae 350 mep derdl foppprophateogipergetability abhidhy
of 104 Pa-s., The mass average nol ecul ar nmass
Hﬁ%§ln charge control agent is preferably 5x103
to 1x1 In cases where the nmass average nol ecul ar
mass is bel ow 5x103, the cllsperS|b|I|ty of the resin
char gdbedammnsratige FiE ¢an be detepmingst by wayiof messarieg the
whi ch possi bly decreasing the charge anount and al so

ch@ttixdsddsiteicooicicht f*WhilOclsirRs %ﬁwmm RPMGh R using a
processes i ncl udi ng kneading, mlTing, or classifying

Rl ikl aSraiEment S I drpnie Stielastipty aftr

nmol ecul ar nass |s above | x 10, the nononer exhlblts
meltingdirepdived dirésin plachtas 180°E,oTtermm tfar 99 ddnutdsaising a
charging distribution of toners, which leading to
hﬂﬁ%ﬁﬂ%QHﬂp snear or toner scattering in the systens,
or inferror toner fixability of coloring properties.

The insoluble 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 insoluble matter or soluble matter into THF can be measured by
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e Fr——try = Tl



It is also preferred in the resin charge control agent
that the mass anount of ingredients having a nol ecul ar
mass of no nore than 1x103 is no 15 nore than 10% by
mass, nore preferably no nore than 6% by mass. The

i ngredi ents having a nol ecul ar mass of no nore than |x
10 are_| ower 'nol ecul ar mass conpounds, copol yners,
thefollawiag prasess@sial nononers etc.; these ingredients
possi bly inhibrt to generate charging and fluctuate

the changiple 0g e prcbelywéichad tntafa 2C0RE! Iﬂteréxeﬂaﬁ{‘ﬂith a
hum dities; noreover, 20 these ingredients also affect

its safe such .as in sti.mil ation and fi.sh .poi.,son
StoppeS S raets H B B s AR aPg P AAG e dF AHFgH dler
satisfied: 0.9 < T1/T2 <1.4, in which Ti iepresents
réfhes for Bdenas,ihendhe wikodible meatitenie diltered bif g a glkisa filter.
has an apparent yiscosity of 103 Pa-s neasured by a

Th i%zg#etia; bPine PAG llggompa £afRk % éﬁ&ﬂh@:{?ﬁ-&ﬁtﬂﬁ%%&‘éa ratio of

e resin charge control agent as an apparen

viscosity of 104 Pa-s neasured by the flow tester.
thersamplieding egrpttey feredidried at @é"(‘e 8at3 purgge Fhe mglecular
the binder resin is an inportant factor to decide the
nfd¥8 d8sdrthedlitdriiy deferhfifed by ukd offleOflERAE @ s'\the THINSoluble
present invention, a conbination of a specific binder
resin and a specific resin charge control agent may
anaﬁ'to a toner with an appropriate charging ability

and an excellent initial charging property On the

ot her Ir adeapilpolytsties resipafoe mhomshoane heddmpenatere hat
the dispersibility or conpatibility between the binder

WS the e bR RO GO B P TR et
optimumrange in terns of the apparent viscosigy

280%s mperg mgferablyo 40P ede 280 ne o pysdezabbr 159 191230°C.
bi nder resins and resin charge control agents. In

casesThS tépemithtd TG dah Med¥rHirkd ByRap BPAc8Biring the

viscosities of the binder resin and the resin charge
control .agent. are simlar, which |eading t.o a .
Rt modifEgrac Fas e The rn Enpaains wis &ammpsreially
resin charge control agent, resulting in an
avaidalflé neasntermeniudeiedior dsmapmieviecrelastivityiaffeer i or
initial charging property In cases where TVI2 is above
: ] ' i hbi f j [
oflfing KaBo MR Sl MSE BE 100 10irp e OB HRE B
different, which leading to inferior dispersibility of
lﬂﬁkkﬁégpﬂ-charge control agent, resulting in initial
background snmear and decrease of the charge anount

W th 1H Bses bfipolgdstiet r@dins Rir@RSMochierhe) the taRipetd taréBy
be attained and filmrigs are unlikely to generate by

f defining the constitutjonal S, a ent..
widty the doprrife Pibspeitv. g Grmentiw herae 2000 CEE) & nyaleapiy Bo-c
vi scosities of dispersed binder resins.
to 140°C 1n 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
32
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5The anobunt of the resin charge control agent is
preferably 0.1 to 20% by nmass based on the toner
particles, nore preferably 0.5 to 10% by mass. In
cases where the anmount is below 0.1% by nmass, the
initial charging and the charge anount are
insufficient‘ mhich possi bly influencing imges |ike

nrli:)ga&gslég Cogss er e glnountﬁmn'ogg%glgab%?/o%g 6% rde{éﬁ still
poor dj spersrbrl wi dens the chargin drstrrbutron
e dire %]élﬁbll%tol@a{y brdnass. bIer Jridt AnsclWelgmafter ofg less
scattering in the systens. The additives

thah 20Ze¢niads iy leadant P}éﬁ)ﬂrﬂﬁ@ ot bifsereBRtdriceean®¥o higher
hydr ophobi c-treated silica having a primary partrcle

S Bty Pae ke Epadead h Figb e IrafReRe Lot

di aneter of 0.01 to 0.03 gmand a specific surface
ar ea dhegeakdop afoledfigr mass dys eSthe podwéstercteainis preferably
control agent is utilized. Wien these additives are

I
100 5 38002 ioiicbbolnl BRI BRI o1 brB AL IR0 o
st abl e_chargi ng, abilit 20When t he
23009 .csHbmore pradeaably é&‘f‘@ 20008 ndhe qﬁﬂﬂfrtapyndawlae mass

di aneter of 0.01 to 0.03 gmis attached to the surface

M’ﬁf’ of heldka$Rah Q060 mdykRalep epr@mtt@ egh fen e eS®dtirage
f omablllty and chargi ng abi |ty, resultrng in

<BHBlBln Ebosir b aRb RwaRie anERe hiabes SRR B0ldb Sor

silica is preferably no Iess than 2.1 parts by mass
nipgsenhanee Mllipaabdithpf toress ahd thes base abontproper
Consequently, the toner may be nade into uniformthin
: devel oping rollers, 5 irregularity may be
E@gﬁﬁﬁnggntly i mproved for the thin layers, and al so
white_streaks due to toner fusion onto devel ope
coat i Hegsialspeeeiomod e thy myentive tenes containinga &glewmder
devel oping rollers for a long period. In cases where

rédifl of Bb lyeate@ ¥BHNAL thst theSSntdhadf lﬁﬁedﬁﬁﬁ@haﬁﬁg Al BBReular
fi owa |I|ty nay be insufficient for suppl yrng a

nece sar to devel.o rol r
35 R TR AGORS 5% he S e e Pecleralited 2hby

necessary | evel . Moreover, the toner may be nmade into

s oniléssr and stil mmgeqrmfemblyeuk%dm mgss ok less.s, Thédeattent of
possibly i nhi biting uniform devel opnments and i nages or

- ()

ng op é v‘gfg% %%ﬁ%«%ﬁg};?a@a? £(9 8:'(0?'8 hak gﬁb@rbrfﬁnéepg mass
attachrn? a hydrophobi c- treated trtanrun115 oxi de

on 8e maasalegditpamere pppercsteragestandity. of 0.01 to 0.03 gm
and a speC|f|c surface area of 60 to 140 n2/g onto the

sur f aThe @l g,? baiecdl N Bass MIE thE %ﬂ.ﬂﬁi} a%efdgetmorétuta@e

toner may be abrlrzed |n particular the initial

oA, P B EoRRER Lo DR R id IR B G0 fuore

preferably 0.4 to 1. O part by mass based on 100 parts

thayn 2600y Inf micheudedSor TEiRsclubbanattbeofyalymiter ssireser
than 0.4 part by nmass, the devel opnent of the toner

s Bl B %ﬁielrm HBeRERERRRLC Y b O ChaTa o
part byAgl?aisiatué HC1L-8120, by Tosoh Co.
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toner may scatter from devel oping rollers or cause
background snear due to excessively | ow charging
ability of the toner. The term "base toner”
nmeans the particles on the way of production that
contain at |east a binder resin, colorant, and resin
charge cqontrol other 5 tha? aqditives. The

i nvent iv@upendP gl aMERE(we)a) may contain opti onal
other resins in addition to the pol ycondensati on

pol yest er resTSKgdeMultipes HXOYM (one)  Exanpl es of
the other resins include styrene resins such as

copol ynqers of styrene, and yl (net h) acryl ate and
copolyﬁﬁ?@?%ﬂn%; Qﬁﬁ?ﬁgﬁd4Q%5diene NDNONEr'S; epoxy

resins such as ring-opening pol yners of bisphenol A

di gl ycishmple snhitiome OliYe selasionsn JhtH as pol yadduct s of

diols and/or trivalent or nore polyols and

di i soc e, : . y, the mass average

nD|ecu¥§$§E§§$°%Fﬂ¥Hgﬂ§? e?b? éins is 1000 to

2,000, Q00. The amount of the other resins is

pr ef er dbgtpctorsdergos solrastiveindexn t he toner bi nder

resin (A), nore preferably 0 to 30% by mass, stil

mor e prathadadl: polbstyredf% by nass. I n cases

where two or nore species of polyester resins are used

inc i nati o or at J.east one specie f. pol yester

s niBs eyl Bask, shith SorrBabontic Kb highfetfkpk on the

conbi ned, these nmay be powder-m xed or nelted-m xed,
resulidie crprigopiatedsirafertadaio a3 pdak topomoprcotaagsess” (Mp).

The tenperature for nelting and mxing is preferably

: r [y e

TG0 of PO oI Eorbe SLRURNY b ARG Red R Rl blocliak

bel ow the range may result, in insufficient m xing and
IHH Ch LY} ey sanseeEntihe satosxshngwsdow geelpadap mass

pol yester resins are m xed, excessively high mxing
ms@bper atures may deteriorate resin properties

necessary for toner binder because of averaging

t hr ou an .5 ester .exchange reaction T
i i nBe BRA3ATR O e TR e i ierap s Qobtq €0 meKOH/g
preferably 10 seconds to 30 m nutes, nore preferably

fo2 Onemebnone tie Wil a8 fwlk-edor, sidre preforably OeX torKbing K3 /g,
seconds to 5 mnutes. Wien two or nore species of

S wﬁg?%fe%j'g %5 £ £0 Hl'eg’fﬁng X ‘i%%e‘séé{& W¥1de19, o669

peri o may teriorat resi properti es necessary

for_toner bhinder, because of averagin%_through an ester
ay brmg ahput appropnate charging abihity.

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

The glass transition temperature of the polyester resin is preferably

40°C to 20°C for monochrome as well as full-color, more preferably 50°C to

34
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The m xing device at the nelting and m xi ng step may
be batch m xi ng devices such as reaction vessels and
conti nuous m xi ng devices. Continuous m xi ng devi ces
are suited for uniformy mxing at an appropriate 15
tenperature for shorter periods. The continuous m xi ng
deV|ces are exenplified by extruders, continuous

B8, 6¢ S
APERUEN Borkli SRl B o TG, APBY el P e
,E%Wdern m Xxi Q&, eonventional m xi n%meondl tions and
of 466 90 qvany fayosablrdring ahow higl tempexsiture storageof
powder m xi ng, the m Xi ng 20 tenperature is preferably

SAbility S8CIow e ApOFRhRS abfityt 0 60C, the mi xing
period is preferably no s orter than 3 mnutes, nore

pr ef er, 5to m nut es l.es of . the m Xxi ng
vt o d dhah ironSiol Btnersare 10 ot the ol eniex dpan 1ay be

banbury m xers, etc. Anpbng these Henschel m xers are
mexfured i acdondpaetwithRBC mdthod defihed it ABTHM Dn3IB-82 using

devel opi ng toner contains at |least (A a bi nder

I p ly. (C) a rel ease
DSCa0 SeRisshy 3o Bl M tnElk B0BRle (5
fluidizer, etc. Colorant The col orant may be

pr operlihp polvestersesin fomthe hinderiresiaimay be produpediiysa process

and magneti c powders; exanples thereof include car bon

shhdakK as B ional Gﬂ]‘/dgesse% )rf&inplz*b'dﬁ% o JURRRENR) wY @y

Hansa Yel |l ow (10 0 cadmum yel | ow, yell w
eI | ow cher ne yel l ow,  Ti.tan Yell 0\?1

oxi de,
3%3?8 agan i %’t 885 W@?IP]ER}FP qalﬁﬁgsm%m B9/ Hhe Presengq o
Pigment Yellow L, Benzidine Yellow (G &R,

tﬁanrmnennta‘mjﬂgmﬂtﬂw% at\fehetdon teasperdebdeapisRralily 150°C to
Tartrazi ne Lake, Quinoline Yell ow Lake, anthracene

0PSB RO e Ry 7Pt

antinony red, Permanent Red 4R, Para Red, Fire Red
forexagepleor The mpactarperiodispseferably 8§ mitates o lmger, ngyre
BriIIiant Fast Scarlet, Brilliant Carm ne BS,

F
Sc arI e?@t\}?)%&lc%%o l]:]gglﬁe %ﬁ%%lﬁg&ﬁslﬁﬁ@abﬁte pgig;ofldens&non

L| t hoI e Per mane Red .F5R Brl [ I.iant_ Car
%a@% Phete way @%S?H%lmﬁd‘s@ tpdi i) g, for

I\/aroon Per manent Bordeaux F2K, Heli o Bordeaux BL,
eﬁamqbdaaliﬂ o, raB@Ethiviae action valbiity B HeMatdostagd/bfitheneaction.

eosi ne | ake, Rhodam ne Lake B, Rhodam ne Lake Y,

Aliz aﬁ‘h@%rb@@ﬁ forT};}ioaquigli.gQ:?le BedaP polyester resin (AX1) is
exemplified by heating a diol (g) and a dicarboxylic acid () to 180°C to 260°C
to undergo dehydration and condensation under normal or reduced pressure
in the presence of a titaninm-containing catalyst of 0.0001 to 0.8% by mass
based on the mass of the resulting polymer and other optional catalysts

thereby to prepare (AX1).

The process for producing the nonlinear polyester resin (AX?) is
35
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Thi oi ndi go Maroon,, G| Red, quinacridone red,
Pyrazol one Red, Polyazo Red, Chrone Vermlion
Benzi di ne Orange, Perynone Orange, G| Orange, cobalt
bl ue, cerulean blue, Al kali Blue Lake, Peacock Bl ue
Lake, Victoria Blue Lake, netal-free phthalocyanine
bl ue, Phthalocyanlne EB Fast Sky , .5
exqraplfiest by beanpg 2 died (ghe)dicarheryic Aqi 1(15 and s tivalent or
Prussi an bl ue, *Ant hraqui none Bl ue, Fast Violet B,

mieé PylyoMI) ke t1808k & 2607 0alowivde2be Hehyidragion esd dondbfdation
di oxazi ne viol et, Anthraqui none Violet, chrone green,

Z|nc n um oxi de,, Vviridian ral d
S e TR0 b Bredsneo L L et S iine
Cieen Lake, Mal achite Green Lake, io0 Phthalocyanrne
catalysh () Al 00 U o306 b@mass basetiami themasshe the resulting
whi t e, I|thopone magnetite, iron black and

pc orant se e@?ﬁgﬁgr%ﬁ?y§gsh%%%gt8 ts 'S prefera@may
lto 159@by iiEase on the toner, nore preferably 3

be E@MWW thd fiihe ssme HEeeol or ant sel ect ed
from magnetic powders is preferably 1 to 70% by nass

basedThe pidtesd R Produihe tie flodifidd polisstéoret@VEAW1)BSS,

still nore preferably 30 to 60% by nass, particularly

ref 1o 30 | orant fo e |
FirEp By pding e pr SPRGF b S ST rpogty AkD anid
prepared by ntxrng kneading a pignent wth a resin.
aBowmimgl emobdculd-erdendimesienstiém nf teapdlyestératpk&iGdoi260°Gf
the master batch or in kneading with the master batch

1ﬁﬂﬁ%yt¢?ﬂ% the af orenenti oned nodified and

nnodi po yester resins, polystyrenes

pol y- chlorostyre es ponvr | t ol uenes, _and ot her
pol y ¥4 eI 4b seans orith (e Brejerabbol to 60

styrene p- chlorostyrene copol yners, styrene-propyl ene
niEOHYE R dre pib ﬁﬁfﬂorﬁd in@ROHL. ¢ ARl acikvslue of no less

styrene- V|nylnapht al ene copol yners, styrene-nethyl

acr%@gﬁ?ﬁgol% rs ?%é/ren&]g{ygg acr hg{a%ectandthusto

styrene-octyl acrylate copol ymers, styrene nmet hyl
degratla thy kestie propeotipsens], thetacdneluetofi ph tnaretthanyilat e
copol ynmers, styrene-butyl nethacrylate copolyners,

n%mﬁgemﬂg bﬂl% A hit! g:?oyﬁ ene %tagﬂieﬁ'((c £ b6 i;ér?eﬂ}r{ls | met hyl

styrene- |soprene opolyner 1)0_II§ .
st yr ehbe aaopms Af (Q) 19 Brpage RAXLhisargtesshly 0.01 to 10% by mass

styrene-nmal ei ¢ aci d copol yners, styrene-maleic ester

bERAUY (E(D, mdnélpAfBRIblE DYIEE0iH%: BP RedIR Misw BOlow Met hy
raet hacryl ate), poly(butyl nethacrylate), poly(vinyl

chIorlde (Vi at e ol yet hyl ene,
tﬁ%ﬁ%ﬁﬁiﬁ9ﬁﬂﬂiﬁE§ﬁ§P§ BRE-r esi ns, epoxy pol yol
resrns pol yur et hanes, pol yarai des, poly(vinyl
but yr 'Eht) polyobrydemsafibi pobesidy rédinrie preferablewi the present
nDdlfled rosin, terpene resins, aliphatic or alicycfic
I
ST S L G s e L L
these resins can be used_ al one or in conbinatjon.
PRYeEESand BRagantansitny iGrlonionages tepicaliy ressilinin idickenc
to 120C may be used for
toner layers due to multiple overlapping of toner layers, which leading to

36
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20 the release agent (C); the wax effectively works on
between fixing rollers and toner surfaces as a rel ease
agent, which effects hot offset resistance even

wi thout coating a rel ease agent such as lubricants
onto the fixing rollers. Exanpl es of the wax
i ncl ude vegetabl e waxes such as carnauba wax, cotton

X . ' ; ' chy.as_bees
B G AERA Aod H6E 0 B RAR rAE R  BhRR
ceresin; and petrol eum waxes such_as paraffin, mcro
appyepraate; flessan dspaichothe polyesi@erdsie is ehploped ftrumaintaining
waxes, there are synthetic hydrocarbon waxes such as
AppeEiieite H1ORSGI vXlleROitySihnl ene wax; and synthetic
waxes such as of ester, ketone, and ether. Further, it
i s al §p. possible.tq,use, aljphatic a es_such as .
12- nydb isarefarzed for the Rolyesiss resinda the binde TéRing8 particular
pht hal i ¢ anhydride i mde and chl ori nated hydrocar bons;
thatwhert existasubstagiially no THEtiaddhible rosftyelis cdmehticl the
honmopol ynmers such as pol y-n-stearyl nethacrylate and

. - N- ol yners.,suc S .
iBehtidhs B A e R S SRR UBES A B9 gpges in
crystalline polynmers having a long alkyl group inits
the arolegrdapmass distributionof seglmmmn:iom dhyomatreraphe and one
agent (C) is exenplified by carnauba 15 waxes (Cl),
hR GRfts Witha GMn¥RESR-hAds aﬁae%?ﬁb@ow@n ( fmﬁ
pEol yol efin waxes (C4). ST Exanpl es o (C%q-)ei ncl ude
.nha al camauba waxes and free gliphatjc acid carnauba
ghle matfer fends 5 deeesnss tha glgesipetsandianspameey. thus
Tropsch waxes (Parallint 20 111, Parafiint HLN4, and
HRgh nhiality id0es aby dBGbulran OMBShbete0. It isfatferable dasthe
Fi sher Tropsch waxes (FT100, by Shell MDS Co.), and

: rat | r cts thereof suc S
TR B % Ao BB ol R IEEEF Bl tat (B8 content
Exanpl es_of (C3) include petrol eum paraffin waxes such
of thymezedientskavipgp-1Boleplpr massdf BRAPigno pinye Khawd?é by
Seiro Co.). Exanples of (C4) include polyethyl ene

NRGA tRE %1@@11@3115@& disthbusibd ofﬂmclbﬁe%%?mf@%e%ﬁo of

Sanyo Chemical Industries Ltd.) and pol ypropylene

waxes such i scol 550P, and Biscol 660P (by_Sanyo
IR4RSAVEEHEq 1 eags Qly) to number aygrage mde@ilapiass (Mn)
car nauba waxes and Fi scher-Tropsch waxes are

192 efMwdMines 10.ar The bentonk efmans tiat 4% Biass of the ingredients
Fi scher-Tropsch waxes are nore preferable. 10These

nRitfEa Aol A3s8of S00°RHRs 39 Bl HAduP SRLh AR FHS Bladddor

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, flowing THF into the column at
1mI/min at the temperature as the solvent, and injecting & THF sample

solution, prepared from a toner at a sample concentration of 0.05 to 0.6% by
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tenperature fixability with toners. The anount
of the release agent (C) is preferably 0 to 15% by
mass based on the toner, nore preferably 1 to 10% by
mass. Charge Control Agent 15The charge control agent
(D) may be conventional ones; exanples thereof include

ni groosi ne dye, fri ny e dye, chrone-contained
nﬁ@@eﬂk%ﬂﬁHBPﬂﬂfEéggdﬂagljtggigﬁgFﬁmﬁﬁﬂP5W%mﬁﬂﬁﬁgﬁﬂﬁkﬁ
rhodam ne dye, "al koxy am ne, quaternary ammoni um salt
saple wbutidiuB iedervedd byfd @.d5qua Gidten fonliuitiehtomai®griphy
al kyl am de, phosphoric sinple substance or conpound 20
thereof ..t sten itself or conpound thereof, fluoride
b%f??%‘? VRN ,"‘Ltsr‘]:‘gf‘“’?yl ic acid metallic salt, and salicylic
acid derivative netallic salt. Specifically, Bontron
03 of The nigendinmady distibntien of fargplesfis ealqulated framya
amoni um salt, Bontron S-34 of a Metal containing azo

rél¥8on BORdetNobadehaalc %ﬁ%ﬁmn@ e 0B84 from a

conpl ex, Bontfon E-84 o Ic acid neta

conpl rex, and Bontron E-89 of a _phenol condensate (by
DpRiheR o TBATERPTRRBATFvERne Seadardsrmd g ouga Aty

of a quaternary amoni um salt nol ybdenum netal 5

The pplyexyrehy stindiegay for Che ahkktation. qurvEapy tifdia hgeindSy
VP2038 of a quaternary ammoni um salt, Copy Bl ue PR of

a.triphenyl hav gLk Ne a

QMU AR T IO B 1 oS AR 38165 B oro8

ammoni um salt (by Hoechst Ltd.); LRA-901, and LR-147

B&¥< 185, 12r10%) 4xE$-6E10° byriressurgiyhelmigahCear Tosologo,, orithie hike,

copper phtal ocyani ne, perylene, 10 quinacridone, azo
f‘gf%j]h; n 3 | -E%Q&POLTH@

Pﬁéaw ng gt %ﬂﬁtc%cgﬁalwg%&gg@uc ﬁ%%fﬂ?u ?t(()lﬁl c acid

gr oup,. carpoxyl grou d quat ernary anmmonj sal t..

degestes 18 ﬁéegﬁ%tﬂﬁ'emé‘ﬁﬁma]e&%‘g%s%l%@%% dpsoluble

controlling toners to a negative polarity are

nEtefre ha bhebinlee resib uwidy 6d juidsed el pregartantite0l HAGRMiple
depends on the type of 15 binder resins, optional

dditi-ves, and t hods for nmanuf.acturing; -~ref.er.abl.
siion e AR W SO B A ARAGE. G815 shteed
parts by mass of binder resin, nore preferably 0.2 to
thatpmbstangiabiyos THifensolubleamathers existas bughsthe Gilisnbeing
by wei ght, toner-charge properties are excessive,

n&f‘élﬁ%gédev%ﬁ&ﬁ 1@&9 Hiif 660,49 ot RS ERMHER0 %% a%ﬁﬁﬁqmd

I ncreases I n electrostatic attraction 20

.devel opi ng roll ers, and degrades devel oper fluidity
1%?4@@9‘2“&&%@%’9359-

It is preferred in the present invention that the binder resin

AT AN Y A e e e e —

represents an endothermac 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 storage ability and cause problems such as
toner sohdification within cartridges or hoppers. On the other hand, the

endothermic peak of below 60°C may affect the toner productivity and cause
38
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Exanpl es of the charge control agents preferable for
the present invention are the resin charge contro
agents descri bed above,

bi s[ 1- (5- chl or o- 2- hydr oxyphenyl azo) - 2- napht ol at] chrora
ic (I'l1'l) acid, nigrosine,

per fl uoroal kyl tri met hyl ammoni um i odi ne,

F‘é‘é‘r’w Sg%%ﬁé‘sm‘""%@?‘@?q‘b“@s@ﬁ;@ﬁ%? S8 | TE edpthgpmic

- - CH3 B(Phenyl)4-General Formnula
I(% 1@2135 drﬂ’eren@gkscangmﬂrfzﬂémmeter maﬁé)ednad @8 agualy ol

agent is preferably the copolyners containing a

b Py k AR bﬂﬂ&tﬁ@i‘ﬁugéxﬁ%@ ufsﬁ{m dxaRplE RigdRAOTET
expressed by General Forrrul a In a content of 65

RN TR %”&mfxpre”edab il rate of

havi ng a mass average nol ecul ar nmass of 2000 to 10000.
19°Cmm. CH 2 -

It 1s preferable as described above that the ratio of mass average
molecular mass (Mw) to number average molecular mass (Mn) is 2 < Mw/Mn
< 10 in the polyester resin. The ratio Mw/Mn of above 10 may bring about
images with less gloss of the fixed toner and far from high quality images,
On the other hand, ratio Mw/Mn of below 2 may bring about low productivity
in milling processes of toner production and smearing of blades or sleeves
under prolonged usage, and thus inducing the filming.

It is 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. It is known that the charging ability and the acid value
represent a proportional 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 temperature and low
humidity conditions, and the charge amount is lower under high
temperature and high humidity conditions. The change of the charge

amount due to the environmental conditions may enlarge the changes of :
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General Fornmula(Vl) R3 COO- R3 - Ne - Rb CR3soa e
Ceneral Fornmula(VIl) R6 in General Fornmul as
(VI) and (VET) described above, R is a hydrogen atom
or a nethyl group, R2 is a hydrogen atomor a nethyl
group, R3 is'an 5 al kyl ene group, and R4, R5 and R6 !

are each an al kyl rou addi t ,...conpounds
A;amsar e@ﬁS? nGeBtration ang @qrier %?mr@t;elnb% Y&,

N T

preferabl e as the charge control agent. in Ceneral
rifaing) QB elVid iaiwiadn high thtJySJJﬁgﬁsmbhr garferfl, 8hé acid value
0.98, bl is a nuhber of 0.01 to clis a nunber

oV 20 HEKOER m 8P Boddip ?%?ré%l%eb eTfB‘*ﬂﬁ%ﬁ”?%l%t ends

mass based on the toner nor e preferably 0.1 to 15% by
detesorate|the énvisenmentalflwotusbionr nal  Addi ti ve
Inorganic fine particulates for the inventive toner

addedwagnahk |ﬁ6!ﬂ:‘s€éi'rre§1§) 13 %hﬁ@ye@(ﬁ:leﬂh@ ahvassid ﬂoﬁ@r FhE

exenpllfled by silica, alumna, titanium oxide, Barium

ti.tanate nesi umtitana cal titanat
resistaned RhHPe aertwfeﬁaa%fz? afaltreli%f,@ Recregan © Shaue-control
oxide, tin oxi de silica sand, clay, mca, tabular
agaat) hydbophobictsdicac hy@nﬁphﬁbﬁmitdﬁimﬁ ekidenetoxi TRerefore, the ;
cokot har ant i nony tri oxi de, nagnesi um oxi de, :

R A5 Bl e AL AR S, o

etc. Armn t hese, referable are netal oxides, netal
hpirophdeic tg:ﬁumpre oaidegaay bd disturbed when the acid value of the

polyester resin is above 10 mgKOH/g. The acid value of the polyester resin
employed in the present invention is preferably no more than 10 mgKOH/g,
more preferably no more than 5 mgKOH/g.
It is preferred that the polyester resin represents a temperature
within 95°C to 120°C at which the apparent viscosity comes to 103 Pa's 5‘

measured by a flow tester. When the temperature is below 95°C, the hot

L DL A e

offset tends to occur at fixing processes, and the temperature of above 120°C
may result in insufficient gloss. The temperature, at which the apparent
viscosity comes to 108 Pa‘s, may be measured using a flow tester CFT-500 (by
Shimadzu Co.) under conditions of load 10 kg/em?, orifice size 1 mm by
length 1 mm, and temperature-rising rate 5°C/min, and reading the
temperature corresponding to the apparent viscosity of 108 Pa-s.

Resin Charge-Control Agent
40 1
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15 in particular those external additives having a
nunber average particle dianmeter of 8 to 80 nra or 120
to 300 nm Anmong the inorganic fine particles

descri bed above, preferable are silica, alum na,
titaniumoxide, in particular silica and titanium
oxide. It is preferred for the charglng ability and

fl owa (=13

Conpe bk ¥ RndCCorBafrifh o BB B1L At Bl L ihded as o
particle diameter of 5 to 40 nmin terns of the
IBPNGHRER/O %lpé:ilﬂrge'contml agentiibe zagincharge-eqnirol agent
i norgani c f|ne particles as the external additive is 5

e irapAive)the neEafice-bhalemsafisctbacpthenthSehRad, ethboner
In order to control preC|ser the flomablllty of

toners nlt%stgglb#}' troI ‘ﬁbﬁ ond| #?P‘Fﬁr&?%ﬂs

screenlng of the resultlng products are i mportant.
th degtagle dueporthe moikiore tabsarhtiae hrageetyathiid itvepopdat imﬂ:[e
surface and the attaching conditions. 10The externa
|

B oD S Bl Mot R e

rtlcles Preferably there exi st two species of fine
fora coralwmen Homevas whes the toner is used forat longdeims overy
di aneter inorganic fine particles having an average

s@ﬁhﬁdﬁdﬁih$u§ﬂﬁd§ﬁfdﬁ%eﬂdﬁ&@ﬁﬂ&%ﬁﬁh&&ﬁﬁﬁdﬁ@uﬁﬁﬂﬁﬁﬁ§%a%gpar

particles of 1 to 20 nra, nore preferably 6

o a5 A B BB AR e

aver age partlcle di amet er of hydrophobi c- treated

apdiroHess, plar chaoige stakfligOofttondisGr irigh moaktypined ssahhyoObe
to 130 nra (BET surface area: 20 to 100 n2/0.

: r
LR ERR TGl P thE RRIElo RS OSer. i n REPb TR
both preferably, the |arge diameter inorganic fine
ﬁ%‘i samgdlp o€ shgess pause substantipgliviee prablemt he silica is of
wet processes such as sal -gel processes; nore

pr ef ef@btder toaddisss Qh@é@i‘&ﬁméﬂ!ﬂsgﬂm Fvehii9e Rétdr thSldys a
preferably of S|I|ca al so exist on the toner

oSy ReEpehie foime ) S i At parfaibps fgnpric aeid St
The i norganic frne partlcles may be sel ected from
gooupy é2t arpmaimaniemonomen domgininkiapeléétoen petrhdtidesroup, and
hydr ophobi c silica; fatty aci d net al salts such 5 as
i &
(9 opoBRE B £ (ARAL L MR S o o TR S oS o
Iuoropobélners Partlcularly preferable add|t|ve IS
@n arepiasie anyl manomer, asithe resinahargs-eitrid agent,
and alum na fine particles. Exanples of the silica
fcfrl the pidhédeCofeShinAeH +ath tPHEIZARE tolKE #RRLA to polyester
050EP, kM (.21, 10 HDKH1303 (by Hcchst Co 3"
R972 RO74,. RX200,. RYZOO R805 and R 12 (b
TR Bt AZP SayoRaply e te%taﬂff?% DrReriies and albags ntensity
particles include P-25 (by N ppon Aerosil Co.),
tlEreby Gn Sacr&HGiSitihye devedapitidmaus prowided thht)may exhibit
TAF-140 (by Fuji Titanium Industry Co.), MI-150W

AR AN s

particles include P-805 (by N ppon Aerosil %
sigearigg Ahe develapiagslqayes oi layer thicknelsstonitzad mardbdrs such as

TAF-500T, TAF-1500T (by Fuji Titanium Industry Co.),

MT- 100S, Mr-100T (by Tayca 4o.), and ITS (by Ishihara

Sangyo Kai sha Ltd.)

TEErT ',
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The hydr ophobic-treated oxide fine particles of
silica, titania or 20 alum na may be produced by
treating the hydrophilic fine particle with sil ane
coupling agents such as nethyltriethoxysilane and

octyltrietho&ysilane. In addition, silicone

i]-treated oxide fine particles or..iporganic fin
bf%ieﬁ iﬂ&ﬁégﬁ%ﬁwﬂﬁ BPB?ORW%‘:X igrmg thin Biveg) that pay ree
silicone oil wth heating as required. Exanples of the
fisind photeeorwddctomElimitigs,dirdniiai yhaysimaistame high image quality
nmet hyl phenyl silicone oil, chlorophenyl silicone oil
thyl silicone 50il, alkyl-nodified silicone
agaﬁygkgﬁgpﬁﬁgﬂwbdified silicone oil,
pol yet her-nodi fied silicone oi]l, alcohol-nodified
si | i c@he resin chargeentesd ingprtisdefingd ae texinps of molecular mass
epoxy-nodi fied silicone oil, epoxy-polyether-nodified

ddthbGABS aQiby tHRNSAR WP didl&lasinaké 8FKo Ridre than 1x108.
car boxyl -nodified silicone oil, nercapto-nodified

f
il.icone ail, acrylic or nethacrylic-npdified silicone

Thejmgredipnta dia M&%@q@@ﬁ% Agre Hf@f"@aﬁ dower
oils. The inorganic fine particles are exenplified by
mfilédudar maks sdnpoudiidd, aspalyinerd, denonas) tesidudl anaiceners ete.;
magnesiumtitanate, calciumtitanate, strontium

fitan N j . [ | de...ziNnc | [
thoso Rl ionks ooy 1RO R Enelite or BB Buald he
di at omaceous earth, chrom um oxide, cerium oxide, 15
chaxging under thednfluenéenfipmperovireeandrhymsdition olihges

zi rconi um oxi de, barium sul fate, barium carbonate,

ikEreicnil SRbRERA!Es safbly SRM £ d8rANStiSh hhAFRh c}ooison.

nitride. Among these, "silica and titanium di oxi de are

referable in particular. The added amunt . i }
éF%'F‘%B?YSFSt‘P EA ‘Wi%@%% Fe t %%fﬁéﬁrl,ﬂ gpmgent
preferably 0.3 to 3% by nmass. 20The average particle

oflle%kdiyenasd orpmoramaynanke thechotivgheropartygmsitgble umeer the
particles is preferably no [ arger than 100 nm nore

ref er abl (o) n | n.cas here the dianeter is
Sﬁ%%éWFﬁéﬁﬁF%gﬂﬁgEé%?g%ﬁgﬂﬁﬁgFgg%ﬁgﬁpgﬁe particles
tend to be enbedded into toners to hide the effective
per f ol hasrcimventive ahests aneestimatadedus to thefoldewimgneasins:
range, the photoconductor surface is likely to be

t??%ﬂﬁﬁa’ﬁi&ﬁ%ﬁ kRO B mel REn iRl LxlfAdhciaddit dr¥as a8f the

ui di zers are exenplified by pol ynmer

aromatic monomer 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 filmings without
smearing the developing sleeves or layer thickness-control members such as

blades and rollers.

42
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5 fine particles of polystyrenes, nethacrylate
copol yners or acryl ate copol yners produced through
soap-free emrul si on, suspension or dispersion

pol yneri zati on; pol ycondensati on products such as
silicones, benzoguananm ne and nylon; and pol yner
particles of thernosetting resins. These fluidizers

may b - bl - -
e e
and/.or .chafgi ng-property even under high humdity
coBHunatIGH 81 MeRamerem e Yepin eharge porjrelpaent mawbypg ahaut
coupling agents, silylation agents, silane

arCEle@tirbsteeig @ik ge davdlagingltkiér hdHAE ndefequate dispersing
organo-titani um coupling agents, al um num coupling

t idi il dified sili. i] 15Th
R 1§ B EBbion o Hien g unl gerigeble Sk long ertn
cleanin%_pf devel opers renai ni ng on phot oconductors or
chargmstpbilrty isiddigh dmiage iquslitye kathel @snhbrhatibe witke arjoiyester

aid include fatty acid netal salts such as zinc

rESAAL S (EbARC fn Bieds ARLIHHR AR U Pt el oo
soap-free-emnmul sion pol ynerizati on such as zo
abindaprepin fa iallcqolarderems ne particl es and pol ystyrene
fine particles. Those polyner fine particles

pr ef erd) Mohder sortailiawarsubhid £0i& sl 3PBYPIn the resin
di stribution and a volune average particle diameter of

.01 umtq 1 u I n _addi.t.ion, .the toner may further
Bapeespid b is imiind i lidieti nEpopers s iming &
pol yol efi ns of | ow nol ecul ar mass; netal oxides such
satfoniclavidenlt groweand aromaticmomothean tomminingxi sidfonic acid
conductivity enhancer such as carbon black and tin

i _an . T . .
S 52 AN 1 B RAPERAEE, LIRSy (ARG Cai
apount i s preferably 0.1 to 10 parts by mass based on
selferpup daclpge plladingtmetad salgh @lkaline earth mesaksalis;@mine
control agent and the rel ease agent nay be nelted and

sklteaekedl M&ﬁebn&ﬁﬁﬁhﬁﬁlhﬁtéahsw%ﬂéulﬂxﬁéi&éidéd%i n or

may be di ssolved into an organi c solvent an

i sperse i0Th har ge control . agent and.the rel ease
Sy BAEV R fonls St ERiarAas Pyme S TREDaBT Ry 4GR.
processes using solvents or water and optional active

naefbateylopdexyshyldnlfomc ackk se perfhiorgodtiensaifonicacidr s or

Q m xers.
Examples of the aromatic monomers containing a sulfonic acid salt group

include alkaline metal salts, alkaline earth metal salts, amine salts, and
quaternary ammonium salts of styrenesulfonic acid, sulfophenyl acrylamide,
or sulfophenyl itaconic imide. The metal salts of heavy metals like nickel,
copper, zinc, mercury and chromium are undesirable in terms of safety.
Examples of the aromatic monomers containing an electron

attracting group in the resin charge control agent include substituted
43
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In the m xing process of the external additives, a dry
m xi ng may be carried out while dispersing and coati ng
the external additive onto toner 15 surface by way of
stirring a mxture of a toner material and the
additive using m xers. In such a process, it is

ortant addi I.nor.gani c, or
oty EPRL b oMo BB iR B Rloken bl Rae,
t oner naterral -in view of higher durability. For the
npuesipEsRe Bgubwa@@trttam@ubsat@edpbrenml(mpth)ﬂpryﬂatamsuclaas
bl ade shape of m xers, rotation frequency m xi ng 20

cRBFfny(ndtAthcl-h RS braﬁaﬁra%g(r@aggédgya ganount, toner

mat eri al anmount, surface pro toner materi al

[ike ir har nd vi sc st| ity. The
%&i@@%@?ﬂ &%Pmn Jaxyet Yé Hﬁaflf axylaeion

toners in liquid nedla This process may be carried

sabstitatédephdpibnethdidry Bintideasectps ochlorghhicpyMateeh) agRdamide,

t he used surfactants are mashed away. Excessive

surf e [

bR TR S L BIRYE Hoh i R A Aot o,
slurry is dlspersed agaln |nto aqueous nedi a. The
subriityted phdnylmateimided swhasehlerophenylhaléisgdesed i nt o
the slurry; alternatively, the fine particles may be

dﬂhﬁﬁﬁj@ﬁﬂﬂﬂﬁ&Mﬁﬁ&éhﬁ gh&nﬂﬁﬁd Q guater. Wen a

reverse-polarity sur t ant |nto t he aqueous

e i_norgani.c f|ne partlcles may. attach the
aﬁ’q@bfep 'Pntrlafwég" IHger ubsuiuted mbepgiitacopinidgs pych s
cases where the inorganic fine particles are
chilyevpdphglitaohimiics dichlvdoplesrgilitachinsipédcs nifrephdtiyditaconimide
aqueous medi a, an additional small amount of al cohols
£as syrf age. tension.
a:ﬂ%)cf)lfté%(fu Cop ?‘ﬁ‘é‘ﬁr’]ﬁﬁ%r es’ Hor %u}f/\&ttlgegils@eﬁ ngFEtherS such
di spersi ble. The reverse polarity surfactant is then
asdadetorheagbanylether and hitrophesylanyketbar. 1 5Amiong these,
stirring. The anmount of the reverse-polarity
BMIRL&RTdE S8 R BRlcYninidd sl t%@ab %@é@
pthejfsolld conﬁeﬁﬁk tgner paft?% Eﬁﬁﬁﬁ ition o
t he reverse- ar| urfactan may neutralrz
STRr Y Rowte Yrﬂﬁe ﬁ 1pViRw g 91#11'6!%3 %fiﬂélﬁéaer? éﬁrmmg
t he aqueous nedi a, which allow ng the inorganic fine
repdthihed.es to coagul ate and attach onto the toner
surface. The 20 anount of the inorganic fine particles

is pr fer 5% s, base on thesolid
cont eREaBpEgtEpS bab gl o B EnaRer F et
partlcles attachlng to the toner surface,

chargn contrebagantihdude methgmetvecrybatey eyl eaatt ryllae
slurry thereby be

propyl(meth)acrylate, n-butyl(meth)acrylate, isobutyl(meth)acrylate,

stearyl{meth)acrylate, dodecyl(meth)acrylate and
2-ethylhexyl(meth)acrylate.
Examples pf the aromatic vinyl monomer in the resin charge-control

agent include styrene, vinyltoluene, and alpha-methylstyrene.
44
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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 thereof. 5The inventive toner
may be incorporated a netal stearate as a lubricant in
order to reduce friction coefficient of photoconductor
surfa

e, nariffbhited SRUEYFoct 0RE0%RR0 bloheThRL At of
Process The inventive_toner for devel opi

the gpenqaencontaimmg a sulfayicissid salp gempcis d uoﬂm%u by mass based
conventional mlling and pol yneri zi ng processes,

PRl dritfralthiss fithe irbdiw cihtde- ARt rdIBERA et pFblerhNg 2 to
emul si on- aggloneratlon and suspensi on-pol yneri zati on

esses; subst ant I ses derj ve. the
TEGERERGR: o G018 Whéfe i Fatnti oL foamoRgirg AR A
processes to produce toners, the 15 constitutional
sulfgnircicith 63l groupisdess daa 6 bymhassy thairdtial charging property
nel t ed- kneaded, then finely mlled by use of jet mlls

g&g pr o%u C e%eﬁ'g? Eym%\'?o_ ume 5%/@%01%%?5) %Qﬁbkmpgﬁ%of

21to 10 p.m The vol une average particle

T agRB eTrn ¢aeps Pehege the ameunt inaloye 308 by massathe(articl e
nanme: Multitizer 111, by Beckman Coulter, Inc.). 20The
eRivBoaERetal Sabilip @ugtamas ol €hd BRI Sob O cHERYe Bf0RNE is

conventional ones; specifically, the inventive toner

oduced a _pr,acess t.ha rlse a_step of
A tﬁgﬂﬂ%ﬁﬁa SplaEE P 8y chpditione heibages amount
bi nder resin, a charge control agent and col orant, a
is higheofat had mubmpemtdr«mwm buididityicah ditiens ahsicehe harge
m' I1ing, and a step of classifying. The powders ot her

be rat:gfgﬁ%eg?ssﬁjﬁﬂ @?’hﬁ L:bh%%c %ﬁ? Jf:g %aﬁ#agg%%g‘g_&%‘en%ﬁ,

nmel ti ng- kneadi n %h 5The powders (b%/ product) other than
pregEen SEearyor photpeqridvgtar filmings temg tagippeapen then
fine or coarse particles that are out of desirable

de&lopiilceslebvalRi 4 ferahichine 8d-bdrithd BE@Bers Qlch W2 ik fhgd

mel t1 ng- kneadi ng step or out of desirabl e particle

EL

afte SS|fy|n steps. .The
S s pes R dBge anufingpiebs of toney nraduction
mass based on 100 10 parts by mass of the essenti al
temdy @cleendamei N t he nel ting- kneadi ng st ep. The

m xing step to nechanically m x the toner ingredients

such i-n._char ont r ol

gent & heReifighs SRRt Alors B B MIkRer O BRRI Y PRCRR, 1

step_to nechani cal Ig/ m x the toner ingredients such as
attracting group 1s 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 backeround

smear or toner scattering 1s likely to occur; and when the amount is above

80% by mass, the monomer exhibits poor dispersibility into toners to widen
45
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bi nder resins, colorants and resin charge control
agents with by-products 15 may be carried out under
usual conditions using conventional mxers with

rot at abl e bl ades. After the m xing step, the
m xture is put into a nelting kneader to nelt and

knead. . Th 3] ti.n neader be. nbna- axi s _or
o it Bl BE! BRREE e iR s iR b ituRid ey toner
roll mlls; preferable exanples 20 thereof include KTK
seatperingwadmsdBaentbigh (ualitkobegSt.eel , Ltd.), TEM type
two-axi s extruder (by rlbshi ba Machine Co.), two-axis

extru é[lg%{]dg : dnd 83 Eibgﬂﬁ
I kegalq‘ﬁrﬁt'?1 ) %g%%?]ﬁg%% E Ey Bus@ﬂé‘%‘. ?&H t |cs&é%¥r
i nportant that th | ting-kneading step is carried
mAROMER 8 Prefrably 115&330%%% ﬁgwdg@n Fheotpstehamge gpntrol
nol ecul ar chains in binder resins. Specifically, the
ageht, bige lppefogibly Z0anoraby sk s Wihensthe ok @it/ ofithg ab§lic
the softening point of the binder resin; when the
tenperature is excgssively 5 |ower th th t eni ng
el Rt o e e et oo Togh o Doty 098 b ST pe
hi gh tenperature results in poor dispersion. |
efivizomentid dtabibguistineufficient éul thxf thargivgestep eiheahilling ability ;
nmel ting-kneading. Preferably, the material is roughly

e it kP R ECLYR (o oo gTiofRLEh, smoars o |
th terials to collide with a plate hy neans of. jet
the ng%pg gleg¥es prlayer bhirkness can f‘aeng:rerwuﬂb%bla@‘ﬁs
jet air, or pulverizing by use of a narrow gap between :

af@ eblddris e iphytdcohdtitiog fil@isannsts bé @iﬁbﬁnt]?fﬂré{reﬁthé; when
mlling step, the mlled product is classified in an

air_flow by use.ef.centrifugal,.fofce.. thereby to

o Bmgellie TheEROTLY st e R RECPSELY £PU/pE the
dianmeter of 5 to 20 gm for 15 exanple.In order to
change ameouritds insufBtient, ppssiblydnflyensinghimagest devel opi ng
property and transferring property of toner, inorganic
f1ne 286 bhidft o dlaftin loboiie id fAfl 9
parti cPes may bewéurt e@g@%@g&gﬁguﬁ-&g?ﬁf@a{ﬁ %eo to 30% by
resultipg toner base pajticles. The external additives
AR %aéedw&@ae pRtiremasH ok rema chesgriemtrelagest, more :
preferably, the m xers are 20 equi pped with a jacket ;
pedferably 326 20%3 byt hisk N SWiRn! thepeidint/of thd BforhAdélvinyl
hi story on the additives may be changed by

I nt er medi at e radual ,.addi tions of external i
nighai v aPots; % tnae i chareeiongtpkpesht comes fg hard
time, tenperature, etc., or a high load is firstly i
wangH leadivento 4 Wade chavemig distxthitira pptlkgrdund smeacdoner :
versa. Exanples of the m xing equi pnents include

SCRAEDE A et 3R B T g BREL BRI [pa R,

the inventive toner hinder resin may be
poor coloring property at mixing color toners. %

P e

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

group as described above. The resin charge control agent may fluctuate its
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5 enpl oyed as a two-conponent devel oper for

el ectrostatic latent inages by way of mxing with
carrier particles of ferrites etc. optionally coated
wi th magnetic powders such as of iron, nickel, ferrite
and magnetite; glass beads and/or resins such as
acrylic resins and silicone resins. The inventive

R ot Py st b Pl ord BRI s s |
ip place, of, carrier particles. Then_t he | atent
HDEE@%@Z%H@ mhlitons, ox spivents b b memgmer gredygtignprocesses,
processes on supports such as paper and pol yester
whithBometimes advarded¥ fiflueriead 6n thdntPaddd ®intr dharghe’
of toners has been reduced still nore to formhighly
precise 4 Mages. e way to reduce the di ter. my .15
BT ARG SRRy ehiromab SR Lt g By or
mlling processes, however, these processes lead to
chersing ¢o alshuratgteyvel withostpdat dontdrives vhatqpaitain Dfesin
energy and yield and also may be limted to reduce the

[ - [ inviewof a mnimmlimt
I%??Q?%E%?%ké%hﬁ%FP?%§£processes. For the
count er neasur e, taoner production processes have been
20 pr S§uel, Bas praferrad in the presepbiyiestiop shghihe valumen,
enmul si on pol ymeri zati on, dispersion polynerization
rB&iSE %P 65thetegin dgb eletroll Aenk A8 RLtLVE 5 H@?Shﬁ%ﬁ'} H6re
apparatuses is produced by dispersing a polyester

r I r~ W 1h ni trogen-containing functjonal . . .
oGr P J018 oh BoRobur S , T8 g aphcre sha valurs sesigsivity of
agent into an organic solvent to prepare a toner
theresin ahatdequinitkol npemt thickdw 26 Isagojlantesd thners on developing
crosslinking or extending reaction in an agueous
< S8k OGP S SR o o bl Hpossibly
mat.eri al s and producti on process of _these toners w||
cpasipg bagkgrennd smesx or fonengcatieringdi In easepoviierettbe vohume
toner of the present invention conprises a nodified

OISy 6f thel pesiHklRged cohtROlegent i Above ITBILbd 8Bm-cm, toners
pol yester indicates a polyester in which a conbined

roup, ot her .t han ester .bond ma esi in a polyester §
o BRIoP IR Biedniratiald: (P e GuBHERTS Cage dabbitchowever
into a pol yester resin through a coval ent bond, ionic
chargs wy temide tb inppearSpithi time aivhich possibty Ieadithgpio! neeingform
is one where a functional group such as an isocyanate

B . . ¢ . :

R (B Loy ot HE Lol SIS ERE ohe WolboRefPASRIiLE
pol yester end and further reacted to an active
systemede generata colon glreakp evirsegudarites py images ol pawwes of
end.
two-component developing systems, the image density often decreases, and

background smear or toner scattering is likely to occur.
The volume resistivity of the resin charge control agent may be
measured 1n accordance with JIS K6911. Specifically, the resin charge

control agent is size-controlled with a mesh and conditioned at 23°C and 50%
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Exanpl es of the nodified polyester (i) include a urea
nodi fi ed pol yester which is obtained by a reaction
bet ween a pol yester prepolyner (A) 20 having an

i socyanate group and am nes (B). Exanples of the

pol yester prepolynmer (A) having an isocyanate group

inclyde a pol'yester prepol yoer i is,a . :
REGS i eringld o ore BunGloefar bieeue 3b6 Beleiizthoing g gptomatic

(PO) and a polyval ent carboxylic acid (PC) and having
pressaret meklihg draghame grprepard s diserlikecest placs ef2 wim hhek by 4

pol yval ent isocyanate conpound (PIC). Exanples of the

mgg%ihﬁﬁ%té}y dreg %@s&gf'@éé‘is gﬂé(c%ld\ﬁ%da Hfélé?:{ﬁ@ ﬁ)s? kg% Plf:ﬁ-ﬁﬁc, by

yester inclu a hydroxyl group (an a

hydr oxyl. graqup, and a phenolic¢ hydroxyl group), 5 an
Aaﬁ? Eg%ns o) afterusesyng praseatne dueknesa yath graigppmeter,

Anong t hese groups, an al coholic hydroxyl group is

afd ehevalbt resistivitly id eedsneat woli 49 Gy A5d 16 LB YolR8ge
formed in the followi ng manner. Exanples of the

| yval ent, .al cohol conpound (PO) include dival ent
“@&%%H%ngéﬂﬁ%g, and trivalent or nore polyval ent
al cohols (TO, and any of a divalent 10 al cohol (D O

al oneltasgraferredtinitke odsia claxgel eontrob hgedtothat the e mparatare
smal I amount of a pol yval ent al cohol (TO are

3 . | -]
PR AR (R AR isdolfy B YOI B 15 80 ekl D85°C 1o
1. 2. propyl ene glycol, 1,3-propylene glycol, .
130°8. bngAssovh @r@efﬁmméﬁ ]éﬁl?wﬁ%ﬁéi theedispareibility of
gl ycol s such as diethylene glycol, triethylene glycol,

thiebre@irPelRia b eneral A6l is RRIpYesITYAte IR tehateOWhich possibly
pol ypropyl ene gl ycol, and pol ytetranet hyl ene et her

oot Bt s S R SR IR P s
such as bi spheonol A, bisphenol F, and bi sphenol S;

and hgtlemerationl er sdiflifitatiof wdrecedrofiestimt tohdaltd oywiriin
di ol s such as et hyl ene oxi de, propyl ene oxide, and

kﬁ%ﬁc&h& r}ﬁﬂﬂgg Al r@p% %Jg%leﬁ&‘? s&ﬁh dﬁhﬁﬂ%%%;g?&fn&g‘%ﬁe

ove-not ed- bl sphe as et hyl ene ox
propyl ene oxi de, and butyl ene oxi de. Anong the above
P lmd,gaﬁhapﬂ}qréw@dgw@aﬂes ehern §he bapberatureye abaye
2 to 12 and an al kyl ene oxi de adduct of bisphenols

1E0°€, fhiehihahle? exBitdtsgibod |d_ﬁ§éﬂe@$1§i]ﬂﬁ ik tBA6RsCh viillen the
bi sphenol s and a conbi nati on of the adduct with an

C].'?Ell‘k lgeé}gtr%!n}/t?o% oﬁ%ﬁéPs‘%’ w%.ich leading to background smear or toner

scattering in the systems. Moreover, toner fixability, in particular the

coloring property, degrades at overlapping color toners. The temperature, at

which the apparent viscosity comes to 104 Pas, may be measured by using a

flow tester CFT-500 (by Shimadzu Co.) under conditions of load 10 kg/cm?,

orifice of diameter 1 mm by length 1 mm and temperature-rising rate

5°C/min, and reading the temperature corresponding to the apparent
48
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carbon nunber of 2 to 12 are particularly preferable.
Exanpl es of the trivalent or nore pol yval ent al cohol
(TO include a polyaliphatic alcohol of 5 trivalent to
octaval ent or nore such as glycerine, trinethylol

et hane, trirnethylol propane, pentaerythritol, and
sorbitol; and.trivalent or nore phenols such as

L) S + A, phenol novol ac, and cresol novol ac; and
v%%%é@%ﬁgﬂggﬁggzadduct of the trivalent or nore

pol yphenol s. Exanpl es_of the pol yval ent carboxylic

aci d (Ibe)mprraverasemalemanmasyottheyssip ¢harge rontgol@gent
and a trivalent or nore polyval ent carboxylic acid

iéa F@fex‘a&ﬂ!ﬁ 52008 1o 1>A06] VB &ldes G0N ixfasaﬁkr@lm(g@lrﬁ%lecular

one and a m xture of a dival ent carboxylic aci

DIQ) .wWth | | ;anmount...of pol yval ent carbqgxylic,
riisds Dl 35 10 P bt of bR e Sirchbrke Gl aient is
carboxylic acid (DI C) include alkylene dicarboxylic
inappepsathiawnsns; svhick passibly dedigaisingitiedthaspeasebac bad

15 aci d; al kenyl en di carboxylic acids such as naleic

' nd. 4 is i ' ' ' ci-ds. 1.
o5 a B AR i6 Rt RpR Ml SRR KB aBR iR
acid, and_napht hal ene di carboxylic acid. Among these
kaegdingnmiling, ex lepeifang gtepsawhithdnthes deteiieratingthe c
acid having a carbon nunber of 4 to 20 and an aronatic

p@bmﬁh@?'yl On £l AhBANARG, if @86V RANHRGhAST a&rhgee 20 20

are preferable. Exanples of the trivalent or no

| ywal ent carboxyl] i id (TO inglyude an aromat.i, .
R Bss BB I0° dbe e hibis Ba SaRTIDIGH ipto
to 20 such as trinellitic acid, and pyronellitic acid.
téngrelty wademthe derfimgydistriladich ¢fRchersawhich adivpyeir | de
from anong the pol yval ent carboxylic acids or a | ower

A | ester, .and

bAkhon S flea? 4F ol B BRLEE bl o Blior D6
al cohol (PO. The ratio of a polyval ent al cohol (PO)
fixability of (olering prepartiesy| i c acid 5 (PC), defined as an
equi val ent ratio [ OHKe001-1] of a hydroxyl group [COH]
to a uRish030hreBirPodid fHdFesisS cRarBh cohiryl deht :
oref erabl y Yorchitbibin (HdIoniclat or et  dych ;tﬂéi%?]elm?%s
1.02/1.. . anpl es of the pol yval ent isocyanate
AT Ghinerients HATBaS BbiesHAr rEsAr poanera thar [X10% s no
i socyanates such as tetranethylen cliisocyanate, 10
niverr ahah 1Yy tisiss anysnpiederablitn@ nforel thao 6Yianaimasset Té
caproate; alicyclic polyisocyanates such as isophorone

CLl : t hang di] anat e:

e RAAE o B0l BN Ot AR PR B0 B
and di phenyl net hane dii socyanate; aromatic aliphatic
mylequlanipans canpewrds, sopalymerns, donareensaresidudl moynomensete.;
dii socyanate; isocyanates; a conpound in which 15 the

. Rt T Qakes;
]g%??i%at [ Vegfisggk%l))(l ne, cgfotf%%%gfmaem a%él\énta#g ﬁﬁgﬁﬁgérlll a

conbi nat i,on oﬁnhyo or re el enents_thereof.
charging under the influence of temperatures and humidities; moreover,

these ingredients also affect its safety such as skin stimulation and fish
poison.

It 18 also preferred that the following relation is satisfied: 0.9 < T1/T2
49
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The ratio of a pol yval ent isocyanate conpound (PIC),

defined as an equivalent ratio [ NCOVOH of an

i socyanate group [NCO to a hydroxyl 20 group [OH of
a pol yester having a hydroxyl group, is typically 5/1
to 1/1, preferably 4/1 to 1.2/ 1, and nore preferably

.1 ha .
<ot el 2 aberalRER P vebipers gt Bt TR AR pative jiager
a urea nodified polyester is used in the nolar rat|o
resin haloah appatesdyisdesity of 19hRag mnecasvoed bya flow testasr and T2

becones | ower, which nmaki ng hot-of fset resistance

repesiit hefimp eﬁ%%ﬁ?ﬁ%ﬂ&h& Q&diRich daakﬁb‘fa has an

I'socyanat e conpo (PI C) of a 5 polyester pol ymer

havi ng an i.soc LS |caIIy05to40%
ﬂmﬁrﬁﬁggﬁc‘ﬁﬁl‘@’f ‘gﬁ?&ﬁ%'yt gk nor e
preferably 2 to 20% by mass. When | ess than 0.5% by
mass, Thetispbisdkility ebiletdiaege tentrdlsighht ditenhe birtlier hegia is
appear a di sadvantage in the conpati bi I i ty between hot

st ora s st.ange. WA nage
a5 | 3bBAn} BRAE BTGB e RiRTABEY ¥ fodefB T acrgrdane
40wt % | owtenperature inage f| xab| I | ty tends to be
wtbdthe present inTerdiony alvembifiatien of/a specafigbindes resomaaded
per one nol ecul ar of polyester prepolymer having

|
pr e 4 aﬁt &12&.@@ Bfhtid) ageit LR} eallty agoﬁér Whhen apmenate

to 3 in average, and nore pre erab
8.to . 2.5 in_avera \When t e numnber of cyana
clgﬂfrsgfgsal?@tsr aad apexee %fe%émta%@ REIBE BFoRer L thie other

pol yester prepolymer, the nol ecul ar wei ght of the urea
handliif isethpekiest deschbed absevd thutrthe dipehsibility bg
hot - of f set resi stance poor. Exan'pl es of am nes

t-0..be. react th the. polygster. (
R RLEEb0ER e s Bl i e RS s ot
nor e pol yvaI ent am ne conpound (B2), an am noakohol

aff®ss thewharginmabilife a Jiherpresmt, ingent2es havfpuadithe EBEmum
and a conpound in V\,hl ch the amno group of Bl to B5 is

nfﬂé%;ahggg@@gghar t| C éos'it@emgaé{&bﬁ‘[} ﬂ@%s@m%

| am nes suc enyl ene

di ani.ne toI ueneg dianj met hane;
daperayaflheo 15 FRSIC arsa.ca rﬁﬁaéeraﬂ ThEASRY |

di cycl ohexyl nmet hane, di am ne cycl ohexane, and
wheepTM2rie beloand Sethedshathpliatosditied @ithe dsnddrasiasand the
et hyl ene t hi am ne, tet rarret hyI ene diam ne, and 5

hex msthleedla hetrlvalen .
A AR 08181 SR sixmriBE Bt Bathlitia 4 B efdition

tri am ne and tr| et hyl ene tetram ne. Exanpl es of the
betweeodke hutderB8jini angl theaceemhehuoke contnel agent] resulting in an
insufficient saturated charge amount and inferior initial charging property.
In cases where T1/T2 is 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 1mtial

background smear and decrease of the charge amount with time. In
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hydr oxyet hyl ani | i ne. Exanpl es of the am no nercaptan
(B4) include am noethyl nercaptan and am nopropyl

mer capt an. Exanpl es of the 10 amino acid (B5) include
am nopropi oni c acid, arainocaproic acid, and the I|ike.
Exanpl es of the conmpound, in which the am no group of
Bl to B5 is blocked (Be), include a ketinine conpound

Mt%m%ﬁé%EﬁEMﬁr % #[‘Hlﬁﬁ&fi Eet one, andﬁﬂﬂ(ely

ket ones such as acetoné,

neth obut h et one and oxazolldlne conpound, and
%/W%E %‘ﬁeé%g ths ¢ COmSHEStPIE] MeNeNers) RPRATERE ne
conpound Bl and a nmixture of BL with a small ampunt of

vscosity therabf, and Viscesib kitiabEaipaGhn eiseesies itlisfbedr €
preferable. The ratio of amines (B), defined as an

e Lent rati o ENCOWHx] of isocyanate group [ NCO
bﬁ%ﬂglgg?@ester prepol yraer having isocyanate 20 group
(A) to amine group ENHX] in amnes (B), is typically

1/ 2 t dhe/amowntedia; amtee;mrhstge ¢omttcd BBt Bmmrtefevakly 0.1 to 20%
preferably 1.2/1 to 1/1.2. Wien INCOVWNHX] is nore than

b B4 Eaza%dtolfﬂ?le%ﬁe g F:g}\}\% ?Eef\%ﬁilﬂﬂb.% 1% By mass. :

nDdl polyester econes

hot of f resi stance degr In addltlon the
Igcasesy ?ﬁ the azBoymde beloyy(). 19 by masscthenaitinl

well as a urea bond. A nolar ratio of the urea bond

theah&ite drfolittareri Ak iRaRNE, Qﬂﬁlcﬁ gibty irflue)iRingdtdages like
100/0 to 10/ 90, preferably 80/ to 20/80 and nore

fera 60/ 4 0,30/ ar rati
BB e i Ogspd ﬂﬁ*tefﬁhﬂﬁeen rls athate shiln,
degrade The nodified polyester (i) used in the
apraudis abemee?d% by massytinepaert dispersihilipreidens therehdmpitss

or prepol ymer nethods. The weight average nol ecul ar

BB A SR Ao B v

e preferably 30000 to 1,000, 000. The nol ecul ar
1ﬂéﬁﬁﬁﬂ3 BREK i s preferably 1000 to 10000, and when | ess
than 1000, it is hard to undergo an el ongati on

react iMhe addtivdentilPRAINaha Shveiitive tofier M exbiiHdds Ng
hot - of f set resistance poor. Wen the 15 nol ecul ar

e re, than 10000 ]
By BpkhorR BhetR SRGhATAE S Ry EE oo ar of 001 to 0.03
chal | enges in manufacturing in yielding toner fine
poa il &llygmtd:wbm -ret@dapegifictithnim Bilerhaviieg a prianarye
nol ecul ar wei ght of the nodi fi ed pol yester (i) when 3

Iy i
Pl LRARCRS of i ool DA h Sedb KETREL mick o s0 40090
nol ecul ar 20 wei ght which, is eas obtained to be
mWAD AN KASES 3 FP@%%W@@B@Q agsTHie u&%@e@g eWhsndbgsendditives
wei ght. Wien a nodified polyester (i) is used alone,

altd BmployRda | Gy et haR) oBFdébdr rei Al theStesuPEIeAh YorRE00 s-
or ?Egs preferably 000 tgeloooo and nore gb i

refera 2000 t 8000 n t unber average
a\%ﬁ?‘é?&?ﬁ?’y Wt%a"h t?g’ ArgRg 38 Her at ur e
i mage flxablllty and gl ossi ness when used in a
ful | - $her thibehydrephaldiotmeapedsilica having a primary particle

T R L

diameter of 0.01 to 0.03 um is attached to the surface of the base toner, the

toner may take the necessary flowability and charging ability, resulting in
51

e LT T R ST PR e e e s



10

15

20

In cross-linking and/or elongation reactions of a

pol yester prepolynmer 5 (A) and amnes (B) in order to
obtain a nodified polyester (i), a reaction stopper
may be used as required to control the nolecul ar
MEIght of a yrea nodified polyester to be obtained.

s f the r S er includ oani ne
B dRurhu Al ast GRS rolie 50 RePiEiRT
and | auryl am ne, and a conmpound in which the
phbtorendatters. e Thesnnswsiraf the silicads prefefitdy mollessuhan 2.1
melght of the resulting polymer can be nmeasured by

s t ),
R, g PR T 00 B S URE Rile FEE) 1 Cielfefitly
present invention,, not onIy t he di fied
t erg@sﬂe@%{% ade 1akp yaiform b lgersye @rRg rellors.may
be included together with the nodified polyester (i)
iReghlafflp m43Ehd Sightitaatgiprovidibiod 1h® elhini 18 fer2Oh i® Sls8white
(ir) in conblnatlon mnth a nDdlfled pol yester (i) is
referre ester al one, becau
PiS g o Iebier dSaiFR GbY ASveitheF E5a e blasd oRiiche BEGHRG
i mproved when in a full-col or deVIce Exanpl es of the
duerto dtiftieg bg Glepelopiet wiletd for iadohg geriad.p ol cmes sheat thon
pol yester of a polyvalent alcohol (PO) and a
Y I 264 I
R o FASIRINDE LGS (hS Toor Ty 47 e PATRE B
conmpounds thereof are als the sane as in the
forst g FFeSEEY aPI‘)“Dth tengr tp develgry mojlegs, or the charge
pol yester (ii), in addition to an unnodified

apdutR Sf ehe tdder Ry beleds Pledry thy naddbsetyilevelp dMoresieb)tha

chem cal bond ot her than urea bonds, for exanple, it

ey TR dhade e o full Sl B 5%9%% pelBhe HleHP Fhich

conpatible with part of an unnodified polyester (|I
pbmdﬁbﬁhhﬂdﬁpgcmﬁﬁmnﬂ@mmkwnpﬂnaaudéﬂag&@er&aﬂrmﬁng“&mw
hot - of fset resistance. Thus, it is preferable that the
I ey, 1S simlar
SHRRERLE Tl e R 4 35%‘?@?5 bladel- % gh
rati o_of podi fi ed polyester (i) to an unnDdlfled
pol yedm efﬁ’(thn) byarue Al dftacungiady drephelietreated yitamapmy
10 included, is typically 5/95 to 80/20, preferably

oﬁicﬁalévﬁhlég/pﬁalw&tﬂkedﬁﬁﬁéﬂo@ 95 td 0.08%n( andadhecific
still nore preferably 7/93 to 20/ 80. Wen the MEIght

i 0 of |f|ed e SS than
shifeed =i R0 B R Spi s Sufck i RecaioPRE Be teine
di sadvant ages in conpatlblllty bet ween heat resistant
abilioy af chetaes mayehe stabilized: irepaxdicalarr theiindige cRatging t y.
15The nol ecul ar wei ght peak of the unnodified

PR g i PS040 Bkt bl

fitanium oxide is preferably 0.4 to 1.0 part by mass based on 100 parts by

mass of the base toner.  When the amount 1s 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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5000. When the nol ecul ar wei gh peak of the unnodified
pol yester (ii) is less than 1000, hot storage
stability nay degrade, and when nore than 10000,

| ow-tenperature i mage &ability nay degrade. The

hydr oxyl val ye 20 of the unnodified polyester (ii) is
preferably 5 ngKOH/ g or nore, nore preferably 10 to
4R AUKSEhGer RO ddveldpifiP SRS 6F 8 rrgr

ngKOH/ g V\hern t.he VSF L?éﬁ?s(ﬂ} ess t%‘g&%l%a& }égiadggnﬁrdueto
bri ngs out. di sadvant ag in the conpatibility
eﬁfé?iﬁg’é’llf C}ﬁr&-‘&ﬁblg%ﬁﬁiiett?ﬂ%d | owt enper at ur e
fixability. The acid nunber of the unnodified

pol yeqieriefini ‘basstopeef Read yhd patided @kENd Way aftfrod@icEon
preferably 2 to 4 ngKOH g. Since a wax with a high

cid value {s .used,.as f.or the bindger,.the binder js
Bk B e P Pef 8 el Rirsip iarge Boftrol Gthor
two- conponent devel oper, because such a binder |eads
than@dditiyyieag and a hi gh volunme resistivity. The gl ass
transition tenperature (TO of the binder resin is
typic : . .of | n
| ess ?E%ﬁngggy&?ﬁégﬁ%?ﬁggg%%géggggk%F?$§ﬁH§gﬁ§'egﬁagnd
when _nore than 70C, | ow tenperature fixability becones
rewas iR addition tothe pplysendesisative polyestersesins;desaibadabove.
shows a proper hot storage stability even with a | ow

gl ass Exaadsled bftheloth@ercding iacludefpoad rb&ing shags made
from conventional polyesters, because a urea nodified

ol.yester.easily exists on {he . surface o articles of
BROVERHED S Bpihla s SodlyRengfsngane and
tenperature (TO can be nmeasured using a differenti al
déerermonorners; epoxpetesing 968)as risFopeninggrolymyrshe bisphenol A
properly selected in terns of the shape, size, etc.
e A o D30k S 28 ol RUELAR oIk AR ibalens
ratio of volupe, average particle dianeter to nunber
of wTs pelyels and diseeyandtesr (vol une average particle

di anet er/ nunber average particle dianeter), average

Ci r cuPgéfeiabls AR enddd dvasidy moRknlarafdssFrtBe othetS®sins is

transition tenperature, aggloneration degree, vol une

10005 P10 0By o e BRRLR g e Sk et S Pretbingly § to 40% by

diameter of 2.0 to filo [on, preferably 3.0 to 7.0 gm
mamsdn fthe tarexthiind e @sio(40, MogerprefambiyOito 30% yDmaBr)stilk
1.00 to 1.40, preferably 1.00 to 1.30, nore preferably

n%%l‘rgﬁr%fgg d]?%,m\@@ﬁ,gﬁ%gn% means a vol une average

aneter a means a nunber average

particle dianeter. . ] )
In cases where two or more species of polyester resins are used in

combination, or at least one species of polyester resin and at least one species
of other 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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5In general, toners of smaller particle dianeters may
deposit precisely over electrostatic inmges. However,
vol une average dianmeters snmaller than the range in
cases of two-conmponent devel opers may | ead to toner
fusion on the surface of magnetic carriers under

prol onged stirri i evel opi ng_appar at.uses . poor
Lok FRREE Bhirckoliet PalS) e tanad nR ARl RS RO 0
ot her hand, the toner having a volunme average particle
muixingearel novanifareminiveat | Wahenampeommyransplesiadiof polyghbter
to take high-resolution and high quality imges, and

g ng%g W tﬁ ] E#«fég%vggg Elulth oV 0 gﬁgﬁe%q%%i ?ﬁ%ﬁ}%
narrower particle djaneter, distribution of toners y
resin Prapertigs BRTSSHATY 1OR SoRRE hinder hasanse, ,a‘fﬁrﬁﬁn&@m@l an

i mges wWith | ess background fog, and higher transfer
ekl @xchimperesctidd/ Dn above 1.40 undesirably tends to
broaden the charge distribution to decrease the

resol ﬁli on. . iod i Prefﬁrabl the cggtentr fr {)ll &)
par t i cPESMEERPTY Fer Than™ Yift GG RtR 6& aby
nunber, and the content of coarse particles of no
séamge to 80 amnues7 mure poefesaldy 20 soersls tedfommutes, still more
The average particle dianeter and the particle

SRS Sl o | R 80 SR

Beckman Coulter, Inc.). In the present invention, |
resing ars maxad, pEessixely lopg guipmgreripdsmay daterigrateciesity
an interface (by The Institute JUSE) and a personal
peeiaRtib e hedd28AFXbr tdher Nd<Etheaidy cihverdginp shiligbein ester
di stributions and vol unme distributions. 5Preferably,
et%d nvenétiic}/ne toner has a shape factor SF-1 of 100th
Y erdrd preferably 100 to 150. The shape factor SF-2
is preferably 100 to 180, nore preferably 100 to 160.
FI Gs. The mran@deacdatrtheaneBimet and3niang stephavathiedartews
of a toner particle to explain shape factors SF-1 and

= g - r - - - r
P e 00054 sk MALERERRAR upufl e
Equation (1), in which the ximum length 1VJICLNG .
Covgipuppemiying qevices are guied *Era OXPHy SRFERE AN appropriate
t wo- di nensi onal plane is squared, then divided by the
t@hparatatdidr ehokBpeiods. NMITHd @nktidtholy rditHpldovidkale
KM CLNG) 2/ AREAI x(100n/ 4) Equati on (1)

exemphfied by extruders, 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 condifions of powder mixang, the mixang
temperature is preferably 0°C to 80°C, more preferably 10°C to 60°C: the
mixing period is preferably no shorter than 3 minutes, more preferably 5 to

60 minutes. Examples of the miving device include Henschel mixers,

o4
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15The SF-1 value of 100 corresponds to exact sphere,
the larger is the SF-1 the shape is nore different
from exact sphere. The shape factor SF-2
represents an irregularity of toner shape, which is
cal cul ated from Equation (2), in which the periphera
| engt h PERT of the toner inmage projected on

o iReS, Bibuil) ARk i AR hBSD I HEH b D
r%qg %A'Z%/ AR. EA@%%OO/ 4n) Equation (2) The SF-2 val ue of

‘0 non-irreqgul ar shape of toner
surface, the |arger is the SF-2 the nore irregular is

t he s(iHeaslectadraptic indhgndévidodiAB eons DR IR0 HE Sodsh (A) a
sphere, the contact area between toner partl cles or

n. t artlcl s, and phot.oc ors co 0
WIERPER ff BTty add oo Bube Sl Ty i nesnt D) 2
adsorptivity conmes to | over 5 between toner particles,
chiegd ¢aniedliaigent; andfEs atfbnidizghetc. t he adsorptivity
cones to | ower between toner particles and
aetgonduct ors, and the transfer rate conmes to
hi gher . 01 the other hand, SF-1 and SF-2 preferably
have what hi gher vaI ue fromthe viewoint that
spher | ¢ oraBt Et%(%q proparly gelepteddpem coprentional syes
bet ween cl eani ng bl ades and 10 photoconductors. In

rgiiehis) Bnd exgatsic ek@re&ﬁmﬁéml-mﬂmclhaé résﬂiontmack
SF-1 and SF-2 tend to bring about |ower inage quality

rifele el on bERE NGRH D i SR oD 56, ©,

Specifically, SF-1 and SF-2 were deternm ned by way of
cadwiing vedlop, yellove sronsixidp, yeHow rmhmg cltomod yaliow, Titan Yellow,
m croscope S-800 (by Hitachi, Ltd.) and anal yzing the

Mﬁ%%ﬂo%sbﬂgfeﬁﬁw' Pﬁgga %g&% ¥Ghé%\ém @EP%H&N Yoo L,

erre
the present invention that the

Hephifing Sellow (5! G P Smadnent diiowt| M3, NalasFags ety 66,
be defi ned by a long axis O, a short axis r2, and a
RhTekpedse L3kéQuinolide Yenaar,Leﬂdé,e ahfiraferde¥dllbw BGL,
isoindolinone yellow, colcothar, red lead oxide, lead red, cadmium red,
cadmium mercury red, antimony red, Permanent Red 4R, Para Red, Fire
Red, parachlororthonitroaniline red, Lithol Fast Scarlet G, Brilliant Fast
Scarlet, Brilliant Carmine BS, Permanent Red (F2R, F4R, FRL, FRLL,
F4RH), Fast Scarlet VD, Vulcan Fast Rubine B, Brilliant Scarlet G, Lithol
Rubine GX, Permanent Red F5R, Brilliant Carmine 6B, Pigment Scarlet 3B,
Bordeaux 5B, Toluidine Maroon, Permanent Bordeaux F2K, Helio Bordeaux
BL, Bordeaux 10B, BON Maroon Light, BON Maroon Medium, eosine lake,

Rhodamine Lake B, Rhodamine Lake Y, Alizarine Lake, Thioindigo Red B,

55

TR TR e, tpe TR oL St me Nl e, en eeeam s gy



10

15

20

20is 0.5t0 1.0, and r3/r2 is 0.7 to 1.0. FI Gs.
3A to 3C schematically show the toner shape. Wen a
toner having an approxi mately spherical shape, as
shown in FIG 3, is defined by a long axis rl, a
short axis r2, and a thickness r3 (rl >r2 >7r3), it

i s.preferred ifn.t resent, i nveptd on t.hat .t ratio
Thioiddip Mo, 0 B, Bulictiong il PoBeclogs Red PhStedhed
FIG 3B), and the ratio of thickness to short axis
Chr@he Merinslich, Beanedin® Ogapge, He@yn@@) Ordige, Oal Ovandgy, cdbalt
of below 0.5 may result in poor dot 5 reproducibility
d f fhi Ci fr f.r,0 j
b sl P08, Al Bk Y PRAGR BLOTnl P PLc 32 Pluc Lake,
The ratio r3/r2 of helow 0.7 may, be far_from higher
metalizeephidralocypains ye) PiihaloeyabingsBlugnEastcaly th?er s

due to al nost flat shape. When the ratio ra/r2 is 1.0,

Iiditheiry BluedREDBIO) L indigy ubtadRbmeCPeudsthPBliel cul ar by

virtue of the rotatable shape with a long axis as 10

the rotati axiaS. . f nd r.3 r
AgtFaftas FignFaivebsd e Vit neball Fiotet

vari ous view angl es using a scanning el ectron
nrangrossoypelef,Shazine violet, Anthiragpireher\ieldt,tdhaomehproen, zine

toner has an average circularity of 0.94 or nore and

0 . . :
e kol §02 HEBLE Sotalh cibed Pifnithe GO0 B Mo
excel l ent dot_ reproducibility and | ess fluctuation of
GrearpB, Gaeanveiakd, Hicid Gyeea Lakg, ?f\waplmﬁ% Greeybaken
particul ar. Moreover, the proper transfer ability may
PREHAR RGO Shderh) niBrsAidhidnd\Gede ) tidhhiuyn bideSgnc Wite,
hi gher average circularity may bring about uniform
.devel opnent ,..transfer and, di stribution with | ess
0P G ogpetitsh 8PS B utbinabons SReeft [ one” or
solid portions. Consequently, uniforminternedi ate
col or Themndmat oftheosbilorant vélettet demm dyboor pignzeritz & i on
af ter superinposing toners as color overlapping. It is
D ! . iy , Fiioi
P i L o fBrA1R Ballt Bk WOtH onb TBARS pibARal o I PE by
far from spherical shape with an average circularity
m#es| ess than 0.94. These irregular particles my
provi de many contacting points with snooth surface

such Bhe aincing bPAREITAL Scleatd fERN Gt PoFRIIRS at
5 projecting tips, thus exhibit higher adhesive force

than,rel ati .y spheyi cal rticles due tp van .der
piRlRbYY | E 105 b5 RRRS baserab e ot Tadie bep Brally 15T 70%
spherical particles anong irregular particles and

by pressj @il nmuae prefeedlyBo o 60%dnemass yartiehlacly weferably 2 to
transferred in the electrostatic transfer steps,

[ in voids at letter or line images. In
SEA, g0

a on, residual toners should be 10 renpved for the
subseguent devel opi ng steps, which resulting in such

pr obl Ehe celaeantdpeuss Wghedreeant igyentinnemay heyn masteshatch
yield (the rate of toners for imge fornmation) is

preépa®éd by mixing-kneading a pigment with a resin. Examples of binder
resins for use in the production of the master batch or 1n kneading with the

master batch are, in addition to the aforementioned modified and unmodified
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It is preferred that the rate of toner particles
havi ng an average circularity of below 0.93 is no nore
than 30% Toners with the rate of above 15 30% i.e.

hi gher fluctuation of circularity, are undesirable
since the charging velocity or |evel cones to broad
and the distribution of charge anmount is broad.

' ” £ .
p-gibkfeasi negg%gs’ gg?%ﬁéf c'el?'e-l?:%]lmlﬁléd'tﬂonef3 l3"|?)par¥| C Ié@,uegﬁ% and
the circunferential |length of a circle that has 20 an
ofherpolymerarksivrans anksyhspitated; shrrenes-styrenenichlonestyrene
di vided by a circunferential |ength of an actual toner

copblyneire, stpiReetfropslehy copdlgmays sagensvigHtalibhy citfolyriers,

toner is nmeasured using a flow particle image anal yzer

A Ranh By LBl s Pl PG hee

of a surfactant and 0.1 to 9.5 g of a sanple are
stiosed-ethleacsylape copiolymens; btyrbmee-butyl laerylstedioppbymsad, f or

about 1 to 3 mnutes using an ultrasonic device to

sBi® ol acEARGARRE AR Sidkéheridthy hethpbiitethbolymors, ;
toner sanpl e. The aggl oner atj on_degree of
shoeaeethyl methacrvlpta copolymesrpsyrensy bulyl arethagyiatsos t o '
15% The neasurenent of the aggloneration degree is

copbliirRels, Glifreds-dedylonivsild SdpdlyBe) Hﬁr@éné—ﬁﬁig‘f imdtBY] ketone
Hosokawa M cron Co.) as the to neasuring device, the {.
art,s .are _set qQn_a Vi ratin&mtable

at t:achnen t I
ORUNFHF PSP AIRE SPRYY B STPRE 1Sqare s, FaRoly LBt

(ii) packing g iii) space ring 15(iv) screens (three
stymensjacrylp “iInidenk cepolyinews styrene maleri avgd bapolymers,

The screens are fixed by knob nuts, the vibrating
stARLE-th 1 ARG & olynidks! A6 60 IsEheAR: BEbSYhers; poly(methyl
methacrylate), poly(butyl methacrylate), poly(vinyl chloride), poly(vinyl
acetate), polyethylene, polypropylenes, polyesters, epoxy resins, epoxy polyol
resins, polyurethanes, polyamides, poly(vinyl butyral), poly(acrylic acid)
resins, rosin, modified rosin, terpene resins, aliphatic or alicyclic hydrocarbon ;
resins, aromatic petroleum resins, chlorinated paraffing, and paraffin waxes.
Each of these resins can be used alone or in combination.
Release Agent

A wax having a low melting point of 50°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 offset resistance even

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

a7
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screen opening (upper) : 75 gm 20screen openi ng

(m ddle) 45 gm screen opening (lower) 22 umvibration
anplitude : 1 rum sarnple nass 2 g vibrating period

15 seconds The aggl oneration degree is calcul ated as

follows after, the operation. mass of powder on the

ser ok she HaaciBRfeeaBBE bl FRAE Cliplue o

0.2 (c) “The total of these three values is
coléon wed, sieman & sagyidories wakornited meaxeg sich s bees wax and
aggl oneration degree (%9 (a) + (b) + (c). It

ldviolideChfhé Rl wahat shdifad Qﬂﬁbfﬁé‘ﬁn& cbRORE 23R Lum waxes
density of 0.2 to 10 0.7 g,/nmL. The | oose apparent

densi t be nmeasured by a powder tester FPS (by
SHILBREA mo@aﬁtaﬁneandpqtg&gg%f eferred that the

toner has a volume resistivity of 8 to 15 Log ohm cm

nor e Beedes tlidey rihtitnl Waxleg Othehera tangynthetiv bl ditearhon waxes
resistivity is measured by way of pressing a toner

i R}t - wll ety the | ].et 1 s_placed b en

obl} s FistReP Biabbh e p P oS g P OSRETRERE Raxoppuch as
volts is applied between the el ectrodes, the

of eatex kiptaney ahd eplars uFudthettibis @so possibld do ye aliphgtic
resist neter (e.g., TR8601, by Advantest Co.), then
abli@e/ AR TPRL&dxyhilekril b i
val t?Je fromt heymsasur edb?ﬁ@f&ﬁ%%%%?cﬁ%ﬁgg’ ;p]elt

thi ckness, 201t .i.s .preferred that the toner, has . a
aggﬁ%a‘? Haldﬁo?ffffi d&?ﬂ%’@dtelvdfmgow dewpeleglapmeighic ¢ o
130C. The softening tenperature of the toner is
crigtilliied pabrmvére ihdupdieoliathepdimeld elichi Axepdly emstaasdnt
conmes to the half under

methacrylate and poly-n-laurylmethacrylate and copolymers such as
n-stearyl acrylate-ethylmethacrylate copolymer; and crystalline polymers
having a long alkyl group in its side chain.

More specifically, the release agent (C) is exemplified by carnauba
wazxes (C1), Fischer-Tropsch 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, Paraflint H1N4, and Raflint C105, by Schumann Sasol Co.), natural gas
Fisher Tropsch waxes (FT100, by Shell MDS Co.), and separated ad

crystallized products thereof such as MDP-7000 and MDP-7010 (by Nippon
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the conditions below in a constant tenperature-raising

rate. device : flow tester CTF-500D (by Shiraadzu Co.)

load : 20 kfg/cn2 the : 1 rantD to 1 ram

S5tenperature-Sing rate : 6C/mn sanple mass : 1.0 g

It is preferred that the toner has a glass transition

tenperature Tg of 35C to 90C, nore preferably 45C to

Sza%% fle glass transition tenperature Tg of the toner
€ measured under the following 10 conditions.

di fferentl al sc n| n caloripeter : Sei ko 1D SC100,

Sei ko Eramnies of ﬂ%peiaﬁ um paraffin waxegsueh ag paraffin

condi ti ons: terrperature range of 25C to 150C,

wBTHNRGUHNTIS0 g d ENP-0f (B0t BeifR0®), nEx@ﬁblé%%fQC@
0.5 second, sanpling 15 anount : 10 ng Toner Kit

ity YU En BRRG Pt Stas dhP me e FELA8pR oy

t,oner. The magenta toner contains an organic pignment
Smwnéﬂwmmymdmtmeﬁ Lol o Bolypodpylere Waxendurh2( Bisdol

the yell ow toner contains an organi c pignment having

P 0 B A o 11

Among these waxes, carnauba waxes and FischerTropsch waxes are
preferable, carnauba waxes and petroleum Fischer-Tropsch waxes are more
preferable.

These waxes may act as a release agent and provide excellent low
temperature fixability 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 include nigrosine dye, triphenylmethane dye, chrome-contained
metal-complex dye, molybdic acid chelate pigment, rhodamine dye, alkoxy
amine, quaternary ammonium salt such as fluoride-modified quaternary
ammonium salt, alkylamide, phosphoric simple substance or compound
thereof, tungsten itself or compound thereof, fluoride activator, salicylic acid
metallic salt, and salicylic acid derivative metallic salt.  Specifically,

Bontron 03 of a nigrosine dye, Bontron P-51 of a quaternary ammonium salt,
59
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Structural Skeleton (A 1-1 in the Structura
Formula (1) and Structural Skeleton (A, =C=N NH
enconpasses -=-CH N=N-. The inventive toner kit, which
contains a polyester resin synthesized 5 in the
presence of a novel titaniun}containing catal yst and

speci fig. .y IIo nta nt s fective .
BP0 St prortar BUIBUNRE oeo RrS THMTombeR2 i caymaphthoic
particul ar col ar reprodu0|b|I|ty of internedi ate red.
adidemetad hamplax, BontnoprEr8d of healicflaraad pretaluminiyylréx, anids
not necessarily clear, but it is believed that the
t t t .

B%%%% 848 RN oAby N RN Blaveries, L1

nol ecul ar chai n and/ or nDIecuIar mass dlstrlbutlon
T&‘d-%@mfb’l‘?ofﬂ efpnentteonayammeniunsalt melyhienumgetal
energy for the pignent dispersed into the resin on

céBPRk (BY PdeEh PN Cheni€d au); OBy TWRirad 2RY VWPRH3DHer a

reduced, which makes possible to marntain the

ersed conditio d i
BRI B ARy LA SOPEIER 1T iy 9P henytinethang dpgiagive,
pi gnents represented by Structural Fornula (1) as the
and dopy Charge NG/ R2086 addeCppyg Cborge NENEPgd4ofatjaafeonary
t he magenta toner have been azo pignents such as azo

a:uﬁh&nﬁk:@éﬁﬂt BREHA33h 9‘%1% ié? o Hon9aR ta‘i

I gnen as qui nact |c Pl gent s.

Az gnents i ncl.ude napht hol plgnents and oxynapht hoe
mamplfxri ydanas Caghti Caapid horopperplinlecysmane. pergene,
PR49, C. 1. PR68, and C. 1. PR 184 have been used so far

aihReidbhe, rﬁzo @Ht, el dtHePRighF @ BRBhRr hedighD@RRp durld
qPR122 C g%%n and O. 1 52206 The magent a tonef

used oner |s an na oe acid nt of
having B0 T G 2o g Ertupy and
Thi s plgnent reproduces brilliant nmagenta col ors due

guaterharynanmmuiamsaipt i Amobhg ke citareheomavkdgengs,thofe 500
tun to 600 nm Specifically, when the ID (inage

o4 bl lint Bk 1 Kbl TRk Bre pl R = ™

recordi ng nedla such as transfer sheets_and film
sheet Thesmuynief the chargn gontirghagens dependsersihegtype of
(1983)) at a view angle of 2, "a" is 55 to 75 and "b*"

bir_ﬁier $eélﬁs QptidnhDad&Rives, siembihoda ibomatisic@iiak; preferably,
6) These val ues are obt ai ned through the use

ﬁéﬁ%ﬁ'}%ﬁlﬁﬁaéﬂr 2Epens Heser oot S0 Gpats By cpdse e

the color density given to humans at a constant state.
rodie nmore preferiabbs0.2htad mit by midws. | When the amount is more

than 10 parts by weight, toner-charge properties are excessive, which lessens
the effect of the charge control agent, increases in electrostatic attraction
force with developing rollers, and degrades developer fluudity and 1mage
density.

Examples of the charge control agents preferable for the present
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20 less than 0, the color reproducibility degrades at
internmedi ate colors when m xed with toners with other
colors; and when "a' is nore than 75 or "b" is nore
than -8, the anmount of the pignent should be

i ncreased, which leading to higher opacifying power
and simlarly, | ower color reproducibility at

i ' ool ' i 0o ith oth
ihrRidTPA AR reGn Ul BT eEan) &chhga& hBoyd,th ot her

col ors. The™ anount e nmagen ner of

t. r gani I gment_ expressed by Styuctura ormula
b&%ﬁ'@?@?@%@zﬁ Csypheny L /o%saniﬁ@adchm@qodlgf apidphigrasine,
5 to 10% by nass. The yel |l ow toner contains an

petflasvoal iyl gimethyld@inetinviotied Polyhg@ialk s @i® Bhd those
having two units per nol ecul e each expressed by

eBplish L bEisRER AL @RS 48 B8 "ol ccul e each
expressed by Structural Skeleton (A) and no hal ogen

atom 10 is preferably one expressed by Structural
Fdrmula (2) (3) belo The yel | ow

t rm?@,@g i n&Pa ,_-p?%a:nl PLhewent expressed by

St|r uct ural la (2) apd/or (3), the

i rjsol ubl e a gnents. [fThe 15 yel | ow t%%é%r%g?%@élhﬂa (II1)
pgl ycyclic orgappg§i,9mepts including acetoacetic acid

aldylid ths-azo pi ntsd sacetoacetic acid i mdazol on
pi gnments, quinacridone pignments and throne pignents.
Specifically, acetoacetic acid allylid dis-azo
pignents of C. 1. PY13 and C.I. PY1l7 have been w dely
used. The yellow toners enploy th cs)r @ni c pignents
ressedgs St ruct ural ogmla(%,"‘i.e 5ClI.
g

gnment y T ow 180 di sazo ani ¢ pignment and/or those

uctgral For 3)y . pi gne el Low
Sé?j-ll;s- a or Bﬁhi C ese pi ont ai n%en%mrlm?rgﬁ'@rqw)
d reproduce brilliant yellow*€ol%rs due to a narrow

DY, TTO

orpti &Hband at wavel €ngth of to 500 um
Specifically, when the IDis set t . 00 neasured by
X-RI TE938 10 densitoneter after fixing an inage to
recordi ng nmedi a such as transfer sheets and film
sheets using an observing light D50 (JISzZ-8720 (1983))
at a viewangle of 2, "a" is -2 to -22 and "13" is 67
to 90 in thecgmd or specification systemof L*a*b*

(01 E1976) . These val ues are obtained through the use

-0k 00 T3 CrEBhET W o €01 O e BYitla v

C:Hs
Rf = CsFii - CiFn

The charge control agent is preferably the copolymers containing a
quaternary ammonjum salt group formed from the monomer expressed by
General Formula (VI) in a content of 65 to 97% by mass and the monomer

expressed by General Formula (VII) in a content of 3 to 35% by mass and

having a mass average molecular mass of 2000 to 10000.
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15 neasured through a conplenmentary color filter to
keep the color density given to humans at a constant
state. Wien "a' is less than -12 or "b" is |less than
67, the color reproducibility degrades at internediate
colors when m xed with toners with other colors; and
when "a*" is nore than -2 or "b' is nore than 90, the
anoug)t of the pignment should be increased, which
Ieadl 20 to higher opacifying power and simlarly

| owe— €'6l-or reprodu0|b|I|t at internediate colors

repgoduce red (R &dors.

i xed wideRerabhemaula(V

g] magenta toner and the yellow toner allows to
When the IDis 1.00 neasured
- RI TE938 densitoneter after fixing an inmage using

other colors. The m xture

an observing [ight D50 (JISZ-8720 (1983)) at a view
angle of 2, "a*" is set to be 60 to 68 and "b*" is set
to be 45 to 55 in the color specification system of
L*a* b*®2Z The respective ranges of 5 color

LQﬁ&deQIbI|Ity

in the 1,*a*b color specification

systenl may be ﬁhjusted b contents of the nmgenta
t oner ef—fhe l}ﬁei- B gve s esGuro Wenedl Fadhda@)

toner, and thgH color rep
may be w dene
of the range. Wen "a*"

tion range of red colors

% rom skin color to vernillion by virtue
is less than 60 or "b*" is

| ess than 45, the col or reproduci ble range is narrow

and varjous 10 inter I at red canngQt . be reproduced,
and vifdaenerat Pgnwwm gelTbfescrbed pbovey B 15 Rdydsege

t he amount of the pignent should be increased, which

alod@ e Andthyhy

color reproducibility at

S

I Reach hytdfgeRQMBIn @0msthN]|gdodyy, R-O8ein

i nternedi ate col ors.

rs 1s.1

%%Wﬁ% nt%\gjh\ngCer t he

red col or reproducibility has been poor conpared to

phot olgr agdition papepminds explssedby Greneraltforymaih&/IID or (IX)

particularly in cases of

hi gher pacifying power since

' r and organi c pignments
ate s BRUTPEITS B fhd AR, bon @Bl e A Ol Do i De e

forn1ng apparatus may broadly attain red col or

ange$:Mi respe
Tagent a t N aef
DI ganighy P! 9

expressed by
ton1 is pref

t Fruct ur al

ahthalocy
pr esent

ne plg t.

IS forned under that of the yellow toner.

reproduci bility by _defining 20.the col or reproducible
o organijc pigments of both of
| ow t ongr.
avTegn By
Skeleton ogen
iy 5 o 20%I dﬁ%reﬂ%nﬂ&am
R gd®r e ref@ abl y\.o'ito 15% by mass. It is
erred an toner; contains a copper
51t
ention that"%he | ayer of the magenta toner

The anmount of the
nits per nol ecule each
| ow

mass 1 n the ye

s preferred in the

The yel | ow

pi gnent expressed by Structural Formula (2) or (3) in
the inventive toner typically exhibits | ower

opaci fyi ng power thus is

under | yi ng organi c pignment.
For mul a

expressed by Structura

far from opacifying the
The organi c pignents
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13

10 (2) or (3) described above have a narrower optica
absorption range thus are far fromdisturbing the red
col or reproduction by the underlying magenta toner.

Mor eover, the magenta toner, containing the nagenta

pi gment expressed by Structural Fornula (1), under the
yel | ow toner ‘may provide red color reproducibility in
a W de range. 15Wen a wax is incorporated into the

ner ofrthe inveghgive tonef Lit, the image surface
r

nds to eqr . a range syrface, as a result, the
te of d us ectio ncreases such that the
ectral reffett@nce ag-v@e[aengﬂhm))% BPOTE0 -+ QQ (mrN)
{ ncr §ased M _yel | tonefs, the spectra

&r&nce At vdyel ength of 400 to 500 nmis
crease:rmg toners! and the spectral 20
flectangg at wave gth of 400 to 60 '

[ creased\Jn yellom1t3ners.*ﬁs such, mﬁ%ﬂﬂ$%§ﬂgﬁﬂg%ﬂa (IX)
colors by a subtractive color m xing, increase of

refl ectance at wavel engths other than to be absorbed

ray i o Bi L1 Cvent i

t oner F%Y%%%/ﬁﬁ’e ¥av£o$‘grblpy ap(g??’gd 12[; %ﬁuﬁ%%bg #@f‘ﬁbn%gg’ b
.apparatuses that utilize yellow, %ésn and magent a

13 @ pamberof §-Q o). b9, ks & swanker of Offihviel R rand artbrtosbn
the inventive toner is applied to two-conmponent

devel gheraEmoiktoritRe Shatde Bhi@ apbrtis ?r&l@ﬁtﬂ& 001 to 20% by
carrier. The anount of the toner is to 10 parts by

mass based on 100 parts sg ,of iers.

RS ARG B0 40 LG P, AP et IR PO ey TS such as
iron powder, 10 ferrite powder, magnetite powder,
Ieslirer aopdt Bherdixtetnat Additiveer and gl ass beads having a
particle dianeter of 20 to 200 pm Exanpl es of
the c o . o .
carri chongAgie A c s KATHo SR RE, RBRRFAL &
utqa-fﬁénaldigége resins, nelam ne resins, .
fwadizen)dd 94 paiexternal pdditivgrasg exemplified by silios; abiming; ns,
15 epoxy resins, polyvinyl resins, polyvinylidene
tHSSiuRS oxide! Vi t8Ginase, IRASYETRLAIARLRACAN Bh RithR&leNS
pol yacrylonitrile resins, polyvinyl acéetate resins,

ol yvi nyl alcahol resins, polyvinyl acetal resing,
SHEPUNE Phaskitiey o oF 86 (hEpef i, ge Ruidectp xide, silica sand,
styrene-acrylic copolynmer resins, hal ogenated ol efin
clagsinns:, saloldarspypdiatomyte, cidontindeoxids, desivaim dxide, colcothar,
pol yvi nyl i dene chl ori de; 20 polyester resins such as

I ' I e
P YRR, SRR B, A Ip 0 ottt B
pQIye&E%Iene resins, polyfluorocarbon, .
bpuiny pagdoneten palcman carhepate silivoncarbifle mlicat iyrideccte.
resins,
Among these, preferable are metal oxides, metal nitrides and metal carbides,

t
t
r
s
i

r
|

r

In particular those external additives having a number average particle
diameter of 8 to 80 nm or 120 to 300 nm. Among the inorganic fine particles
described above, preferable are silica, alumina, titanium oxide, in particular

silica and titanium oxide. It 1s preferred for the charging ability and
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pol yhexaf | uor opr opyl ene resins, copolyners of
vinylidene fluoride and acrylic nononers, copolyners
of vinylidene fluoride and vinyl fluoride, fluoro
terpolymers such as those of tetrafl uoroethyl ene, and
vinyl i dene fluoride and other non-fluoride nononers,

nd.silicone resins. 5AmDN se, silicone . .
SRE Rty o8 Bt Bat e SR 20V o amGF B aide o
lifetime. Electrically conductive powers may be
hiamig alpdmibet avelwee paaticleglismstarof dstordquinie dernix afhee s
of the electrically conductive powers include netal

HEME? ; bon bl ack, titanium oxide, tin oxide and
p JXI gg@

zinc Preferably these electrically conductive
powers_ have an average particle 10 dianeter of no _nore
t han Thgsmeute! thenorampic dmensatigles agthpaxiesnal additive is
difficult to adjust the resistivity. In the

pr¥BrA M DTS5 % By 2h 2RYeSed bHTha BasO ok, t he toner is
preferably 0.5 to 20.0 parts by mass based on 100

parts;of carriers,, The inventive . toner. may be enpl oyed
he o FHAOFSE 00 cppiRel Prefisyl r oAl O brs ety Sontrol
wi t hout carrier or as non-magnetic toners. Magnetic
ofptoeuicibn conditiond beprodwes the addivives botiplsb eresipihg ye chiliing
a magnetic toner with a magnetic material. The
. p -

B30 ing 118 rUANAE pROAARE S BpumGAE D0 B ARG mmpgrtant
magnetic materials are 20 exenplified b{ ferromagnetic
hawitg|adtachithe addiivesite kenerfvatacs wad: the atfashinzgomditions.
conmpounds thereof such as iron oxide including

f er ri T8 extRaAPAdditiSe ARy R BidliA TConih&AYsh with i8Brganic
contain no ferromagnetic el ement but exhibit

ferro netismthrough ppropriate heat_tre nt.,,
fiog AT AG b b7 GAoP P iy 2o e LT R eSS o bIe R

| i ke Mnh-Cu-Al and M- Cu-Sn; and chrom um di oxi de etc.
thereiesigptebepeads ofifime piedidegmethictonat snifate, bach thut one is
average particle 5 diameter of 0.1 to 2 p.m nore
. 3 | - .

A QeRARE Yot ok ilrBele Mol R b Bl bR HAEPhR Yt
preferably 5 to 150 parts_by mass based on 100 parts

frapdebic tregted nypasst paticles@itldo ) nmy more preferably 6 to 15
still nore preferably 20 to 50 parts by mass. 3.0
nhiTERET BAEfabe GredPR60 86 UG0 #i¥k)| 5RE Snbiel i Biphelibad or

morganic fine particles having an average particle diameter of
hydrophobic-treated primary particles of 30 to 150 nm, more preferably 90 to
130 nm (BET surface area: 20 to 100 m%/g). Preferably, the low diameter
morganic fine particles are of silica or titanium oxide, more preferably the
bath; 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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The i mage form ng nmet hod according to the present

i nvention conprises a latent electrostatic imge
form ng step, a devel oping 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 15 elimnation step, a cleaning step,
At ARVl tBferSEE R ANGE Phf A thb O Alyekdld PRl diameter B 20 to
I mage orntng apparatus accor to the present
inveRhi&F nprrses at | east phot oconductor, a
90mm, &<arga; 40 1P mi ng unit, a devel opi ng
unit, a transferring unit, and a fixing unit and may

furt hafheQﬁﬂﬁgar&@ﬁﬂé bﬁﬂm&l@é ity e dedddltdd HobPEdrREntibnal ones
accordance wth the necessrty such 20 as a charge

SRR BHF Phep Gt SRR o Tk b o talsBite such

i mage formng step, a Iatent el ectrostatic 100 inmage
dszifiosteerhte and glhotivenratentate; matad okilesstich as titania,
el ect rost atic image bearing nenber (sonetines referred

Eﬁpﬁot ogon Eté%%h) @‘@Eb’gﬁgﬁ‘fgﬁwgm‘ﬁs. n terns of
mat eri_al ,. shape structure size or the like, and 5
may b& %@Fmﬁﬁw@&r@bb@ddﬂtimwa‘r@nhwbm rireaterbsilica Hitania,

shape of the photoconductor is preferably drumlike;

titaahan aRid GibalnGsa Hnel REtidREET Exhnip)éd sfdfe RERRYS f

silicon and sel enium for inorganic photoconductors and

siRtiee bhis R QBRI A TR AORR, frven

}Eaef erable in view of |onger operating life. 10The
K&hik308! (by Hizhsa€o 2, RO ROTHaRX200f BYROA, R20%, R805 and
exanpl e, by charging the surface of the photoconductor

iof - p . r .
“r*‘r?&g@&r% BpSR Bk aBOON Doy lcA B B4 LPAGa IR ERticlen fnclude
En ng.unit, The | %tent electrostatic i mge form ng
Pu%5 by NipnrosAerel GioohSTTRO0, STHHAGS Gy Thteademdndnstripsr
configured to unlforrrty charge the surface of 15 the

12091 DAPIABAbP Fujidligasiine kidgkfy, Colf M1 SeW! M'Ieame

the surface of the photoconductor | magew sely.

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 Ltd.), TAF-500T,
TAF-1500T (by Fuji Titanium Industry, Co.), MT-100S, MT100T (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 agents such as methyltriethoxysilane and

octyltriethoxysilane. In addition, silicone oil-treated oxide fine particles or 5
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The surface of the photoconductor nmay be charged by

applying a voltage to the surface of the

phot oconduct or through the use of, for exanple, the

charger. 20The charger may be properly sel ected

dependi ng on:the application; exanples thereof include

anventd onal ntact c er i_ch are,egyi d W t.

R o AR08 b SRS Roh e e S £ B d

film a rubber:blade or the like, and non-contact
wothehepdmeg as vdguriedg cor ona di scharge such as corotoron

and scorotoron The surface of the
phot ogeng fo B D ASBGde QRhet®YPRIN:Sne &{1 .
exp05|ng hot oconduct or surface i magew sel’y using

t he exposer 5The exposer properly_se| ected
metpeRbrRY cons @gaeﬂﬂgﬁsﬂ!é%wﬁ) daethiydhdrpeengiligone
vari ous types of exposers such as reproduci ng optica

o ydkyrmodified dik@meatl Avofinsinesdified slRonepilj cal
systenms, and liquid crystal shutter optical systens.

oA B R R REEE B o RN

|nageVV|ser fromthe back side of the photoconductor.
sillewedt ahiepgxBreplibedisibevs ahiepgxyipolyethe wedifliedpilingne oil,

step is one in which the atent electrostatic inage is

pH@L‘((?ltﬂ&ﬁﬂe&' %ﬂféePebg S%B&M%édﬁfed Eﬁﬁoﬂé &1 ;cﬂ%fdaﬁ}ﬁﬂidd%d

orma visib e’ 1 mage

an be_forned by evelopln t he Iatent eIe trostatic
Sli‘ﬁ%ebmbécﬁém grgpe emogified pilicongsdls, and ¢ e
devel opi ng unit. The devel oping unit may be properly

alpdlaca b4ty fenccmodified Sih@ne@iles in the art; preferable
exanples thereof include those having at |east an 20

of ¢ g Ry R Bl At Purine iR BR stheBs SEHBBRY no

the devel oper to the latent electrostatic inage in a
ticamtecexide, arnun ttenatec magnesiom pitehateatsleuexBtariade, s
strontium titanate, iron oxide, copper oxide, zinc oxide, tin oxide, silica sand,
clay, mica, wollastonite, diatomaceous earth, chromium oxide, cerium oxide,
iron oxide red, antimony trioxade, magnesium oxide, zirconium oxide, barium
sulfate, barium carbonate, calcium carbonate, silicon carbide and silicon
nitride. Among these, silica and titanium dioxide are preferable in
particular. The added amount 1s 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 1s less than the range, the inorganic fine
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a developing unit with a toner-containing container.
The i mage deVel opi ng unit nmay be of a dry-devel opi ng
process or a wet-devel oping process. It nay be a
nmonochr ome devel oping unit or a nulti-col or devel opi ng
unit. Preferred exanples thereof include one having 5
a stirrer by which the developer is frictionally

Cha : | er.. : ln_the . |
[ naé%ggeer\l/e op?%%gg%egfa%ﬂg?&% gtFo fe]@gn;%ﬂeeeiﬂ‘eﬁtw%ﬁ%ﬁ%%me’ '
the carrier are=mxed and stirred, the toner is

sayiaw hew the dfeppater srlargardhan the range. the pbotagomdudier shriface

a state where the toner is standing on the surface of

is iRelGonRt it Ak dRdiSfiforRily.er 1o thereby forma

magnetic brush. Since the magnet roller is |ocated

near e ot oconduct.ar, a paft..of the toner,

const ?ﬁi{?ﬁﬂﬁf ?’FFSWP;@:S‘EW%EW dizgrs remmidied st pelgmer
of the magnet roller noves to the surface of the

fptecpartioled of polystyrerné ehgthacliteaoholgdre be @cryhstet he
result, the latent electrostatic imge is devel oped

RIS B R PGPl g oo

devel oping unit is one that contains the inventive
pobraenizating pelyebdansatign predadts snech sorilivnees, devel oper
or two-conponent devel oper. Transferring Step and

bé iRE abdi dyld@lhd iy bR pakedsd HBheERRBsettid resins.

visible image is transferred onto a recordi ng nedi um
prefer@‘bl‘%/ i nternedi ate transfer nenper is used,
the vildesf Buidizers may be pegsi lwuffeﬁwe@.t? tp emhanee the
internedi ate transfer menber and then the visible
hydeghdbicityethenetar fol maintansilerfieelilityoahdrer cleneitk pperty

medi um An enbodi nent of the transferring step is nore

RSB0 ol ol TR 6k ARGl

preferably in which a full-color toner is used, and
stlpse sounlingngenis, sililationerzenty silane youplans deents hgving alkyl

which the visible inage is transferred to an

fhuotAbERAL St AR é‘duﬁlﬁi%en&@, afhgﬁlgmﬁn%{rlgﬁé%‘g ents,

transfer "i mage thereon, and a secondary t ring :
stiroBe ol sabPERRE BTG ¢ransferring may be

performed, for exanple, by charging a

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 calciumn and stearic acid; and polymer fine particles
produced through soap-free-emulsion polymerization such as
polymethylmethacrylate fine particles and polystyrene fine particles. Those

polymer fine particles preferably have a narrower particle diameter

distribution and a volume average particle diameter of 0.01 pm to 1 pm., B
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10 visible image fornmed on the surface of the

phot oconductor using a transfer-charger to transfer
the visible image, and this is enabled by nmeans of the
transferring unit. For the transferring unit, it is
preferably an enbodi ment whi ch includes a primary
transterrning unit. configured to transfer t Vi §h.bl e

| go 1 gaaben fie wbaF sl e obbnota e iy
conposite transfer image, and a secondary transferring

fluorapotymérsg pekydlefios of krve frededuler measg osdtind osidan shdr as
i mge onto a recording nedi um The internedi ate

ELISE-D o xR, - |y fe 1ﬁﬂi'$;gqh
a%onventﬁgﬁgrggﬁés; %@g?ﬁﬁgﬁfi‘é%gﬁ%ﬁ§£ tvg eot e ﬂﬁg
transferring belts. The transferring unit (i.e.

ap F?J«‘Wlﬂ‘?]%ﬁ%g sy pade; amdisuataeitrratod preduste trgreof.  These
transferring unit) preferably includes at |east an
aldRfR=iANBé a56T aload bl i eadbimaitRn! thd Aeuanib Hairably 0.1
the visible image fornmed on the photoconductor to
transfer, the visihle ] e opto the.ecording nmedi um
e BRr Gyt e hapethon 1RSSR By asi e BBF B Do or

nore parts. Exanpl es of the inmage transferer

i ncl udtechargeacontzh sfentears] the mehesse mgenynizgl besmelted and
transfer rollers, pressure transfer rollers, and

. : : . . .
BOAAS] P RASIE bt b o Mind il Gy Ho'tikdiedtito an
fixing step, visible image transferred on a

OFd8¢ a*i’lﬁﬁﬂ dispersetli xed usi ng a fixing apparat us,

and the inmage fixing may be perforned every tinme each

col or TherBArdeScont@NaEerit B tH 1443 aBAOHdy T ARTEIUM
or at the tinme when i1ndividual color toners are

superj,posed. 10The fixi ng apparatus may be properly.
exieptialidle thetonar Ry W5t PR sSSTRa peligmtsigs qratér 2bd optional
heat - pressure units known in the art are preferably
avtieel agdntapsides dfy proecsseatispredensohe inmiizersiond) udzers.
conbi nation of a heat roller and a pressure roller,

and ah SRGREEReRpes FENRE MBI A PR BRI R be

heat-pressure unit is preferahly 80C o
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 mixers. In such a process, 1t 1s important that the additive of
Inorganic or resin fine particles is attached uniformly and firmly onto the
toner material in view of higher durability. For the purpose, such conditions
are typically important, as blade shape of mixers, rotation frequency, mixang
period, mixing times, external additive amount, toner material amount,
surface properties of toner material like irregularity, hardness and

viscoelasticity.

68

SRR R e

et g T

DE[LFITPpRs - A maem o



10

15

20

to 200C. In the present invention, for exanple,
an optical fixing apparatus known in the art may be
used in the fixing step and the fixing unit or instead
of the fixing unit. 20In the charge elimnation step,
the charge is elinmnated by applying a

char ge- eI|n1nat|ng bias to the photoconductor and it

can b
m%étalgﬂot}ﬁeér%gé %%&{%T? YnJ%ar fr eP| mlClE? on toners

charge el i mna

roperly-sel ect ed from anong convent i onal ones
liggd @@Aﬁ’bl eTLJ@ PAPERES arasbhearried quimlior dprenpastislesiaire.
In the cleaning step, a residual electrograpbic toner

préduded ingvatar g the obet sadtahats % wasEREeHvaR Ndiidssive
cleanlng can be preferably performed 5 using a

unit. ni nit, may be erly

BB Y mrmerlatoren it il Splrnl biRensa then the
i ncl ude magnetic brush cleaners, electrostatic brush
reswtimerca ke pghety = dispdreed ageimrim:ts agqicadanediaan&he,
brush cl eaners, and web cl eaners. In the recycling

. I y
i RninR E#%%%‘énégﬁ%%‘%?d b e EE D It SRR Hatifely,
sui tably perforned means of a recycllng unit. The
the fipe nagticlg ﬁmaYnlaﬁydleeeq@ﬁé pEevipuslg inkt the aguieanp water.
t hereof include conventional conveying or transporting

WHhéih 8- revéi@e oIt sufictaniSs ﬁﬁ&ed tht6 QH& hﬁheéﬁh%@&ﬁr Yhe
step The control unit may be properly selected

endi on t es there f 15
PRI B IRS Ah HECh $6° Eutfien B Bk R EOnpBoe o
The i mage form ng apparatus in this enbodi ment
effongntly e Inxastrwheregthennorgamic finppartidesimic , a
devel oping unit, a transfer unit, and a cleaning unit

hkrﬂr aelrﬁlgh SEei dto
}ﬂ)g)?:co? .Q%éi &dwa%?a; papefrlg)f@c?to %Egrdégf%:gnd a
fi xing_ device conflfgured to 20 fix toners onto
il sBlafetmaun of@lecholramayidegraase thelswdacetengiondhus
whi ch
make the inorganic fine particles more wettable and dispersible. The

reverse-polarity 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 solid content of toner particles. The
addition of the reverse-polarity surfactant may neutralize the charge of the
inorgamic fine particle dispersion in the aqueous media, which allowing the
morganic fine particles to coagulate and attach onto the toner surface. The
amount of the inorganic fine particles is preferably 0.01 to 5% by mass base
on, the solid content of toner particles.

The inorganic fine particles, attaching to the toner surface, may be
69
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toner images being transferred, fromthe

phot oconductor. In the inmage form ng apparatus of this
configuration, the surface of the rotating

phot oconductor is uniformy charged by the charging
unit then irradi ated | aser beans from an exposing unit

based on i e i nf or mat.i on farma |atent, i on
TR kb O B fHRer Getars e HeRBRE (DR STh e THER RS t ed
to forminmages.: 50n the other hand, the recording
preinged &onngmewdmtm:m tRrefarablyr tHedwshiting ofithe slwmy is
transported at a transfer site where the

Telelgle] ; [

R O AR D s RUB2 P U

Qlarity with toner images on the photoconductor,
W I@BW‘%@EFS@@P‘*F%%‘%‘EOQ he phot oconductor are
transferred onto the recording nmedia. 10 Then the

r ecor Thagnv@siva togesepg bt iadorpbedtet hemptd sonantiisd o1
and conveyed to a fixing device, where the toners are

otk TR ok o (R pR Softbed AEPh R ptor surface and

devel opi ng device 1 of this enbodi nent. The devel opi ng
telbuprwe tlemphopbidity.n Breferahlypthd metalsbeparalcisfamastegrate.
apparatus will be explained nore specifically with
qgﬁépp ibA PFrh&ass 1. The devel opi ng device 1, which

el ng |spose5 at a side of photoconductor 8,

conprises a non-nmagnetic devel opi ng sl eeve 7 that
suppof e anYspsivedREenion developmg rlectiostaas Haages may be
sonmetines referred to as "devel oper"”) containing a
pkeiged Rhthzhmarebtiongd anilligg and li!:@lydﬁé@iiﬁ? ipBeedboss| eeve
7 is attached such that a portion thereof is exposed

fro openi ng.at a_devel opj ng,.casing,i.n the side .of
PSR aR Loy g, meshapicll mlng calisigh -agsloterstion,
direction by a driving device (not shown). The
andtsasperisiof polyearmationpirocesses: evbgantigllp anyperoceseek oy
conventi onal devices; exanples thereof are stainless
68 khe BlvaRR: n-magnetic materials |ike ceramcs,
dghdggézte Hﬁhggp%gﬁs t hereof. The shape of the
devel gpi ng sl eeves may al sg.be properly selected. A
magneln peIvyeatiopabkn ngPYAERTHEs 1@ pradaicq toners, the
generating unit is 5 disposed inside the devel opi ng

cShRRtionREingesdib o of Gontik tard dinsnfitiet, RREMMMtbdrkdehdet, dhen

doctor 9 as a devel oper-control nenber that controls

a5k Gre iEs SIS D BnqrBDR] EQSRiINE therehy toners
9

, a devel oper container 4 is disposed at upstream of
ndjebe predmicedy wilihr 2 voliuore aferabe paeticd dizinnepes bE2ve 10 um.he
first and the 10 second stirring screws 5, 6 are

Provi §ge foludlE &9&%@8 %_!a};éiclé td'ﬁiﬁlefég A b AYRIEARALA W Colifter

devel oper cont ai ne urthernore, "a toner supp
inlet 23 disposed above the devel oper contajggr 4, a

cownter (artisioname; Multitizay W1, by Beskapan Coulies, Ingher

container 4, and a toner conveying 3 between the toner
supp! Thi phredesded fof frahRMdigd 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
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15In the devel opi ng device 1, the devel oper in the
container 4 is stirred, and the toner and the nagnetic
carrier are reversely friction-charged by rotating the
first and the second stirring screws 5, 6. The

devel oper is:supplied to the circunferential surface
of the devel oping sleeve 7 that is rotating toward

r "bt o diregtion, |oner 1.i rted on the
Bt el rodih £ B2 ool SRE BRI TP APRGG CEfelas §5a
and conveyed toward the rotating direction "b". The
kawadmesthegaizdne e ster of mallingoand a)stepiof dassfyengndlime
by the doctor 9, then the controlled devel oper is

poNAeeY 8thor Shih Qhééé%.datp@@yﬁi PRLRG o icleRsifhiRliettéfemay be

phot oconduct or 8 and the devel oping sl eeve 7 Tace" each

other. The tonetr at the . site.s electrostatically
O b R P pmerha Bt Sk o reriting: h the
surface of the photoconductor, thereby the

el ect Mietmiwders agpdact othenidanzihds@adimied to nMEges or
5The space of devel oping gap Go between the

r t vel.oni n | eev i S.
SRUINT R f MR rs 8 DA OB MRl of deSicpblee
is less than 0.01 ram it is possibly difficult to
rasticlediamatars aftge erilling stepefillogredityya vfeldng kacadmgestep or
and in cases where the space is above 0.7 mm the

oubbof d&irNapaitide m&m@ﬁgaﬂmﬁtﬁﬁb&h{gydgésg@g@m E' SThe

are unfavorably 10 deteriorated. |nternedi ransfer
Bod enpodi nent. of fhe .internedi ate transfer body

ARRAt58 CE5 BYBRABEY ‘RERHFRAIEiRctD ey ok Pmass based angORg
roll er 20, an exposing device 30, a cleaning device 60

partsibyemak®affhegsbérititd ngredivatig ¢n €hé Mielih ke ddnieGtep 0,
a 15 devel opi ng device 40 and an internedi ate transfer

body -di hat oconduct or..10. Th

ot o Al it FA36 Ak g RAEIBRER 4 s as
suspension rollers 51, and noves toward the arrow
bipdesaesing, tjorants reginebarge conttel ageatsnond otferathasgoeatrol
in a manner of an enclless belt. One or nore of the
BUHRRHThE g &P t8 InRBEnRANG Hli!the 'ﬂ@ﬁerriﬁhf‘%cﬁ&l%%u@h as
ransfer bias rolTer, which supplies a transter bias

to, the .internedi ate,transfer body, and a power supply
biriisE TERBArIPICHSBI Rad U ChaTes CORMFRL ABITLE WALh PTDragects
thereto. Additionally, a cleaning device 90 having a
nedyebneargied cadeinder usual conditions using conventional mixers with

=

rotatable blades.

After the mixing step, the mixture is put into a melting kneader to
melt and knead. The melting kneader may be mono-axis or two-axis
continuous kneaders or batch kneaders with roll mills; preferable examples
thereof include KTK type two-axis extruder (by Kobe Steel, Ltd.), TEM type
two-axis extruder (by Toshiba Machine Co.), two-axis extruder (by KCK CoJ),

PCM type two-axis extruder (by Tkegai Lid.), and Co-kneader (by Buss Co.).
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for the internediate transfer body 50 is al so
arranged. Further, a transfer roller 80 is positioned
hieing the internediate transfer body 50 as transfer
nmeans to transfer a devel oped inage to a sheet of
support paper. 100, which is the final support

materi al . ower  suppl t shown) applies
I B aopBiang bR Rt e e AR ke R, oituften
Mor eover, corona charger 52 as a charging device is
appoprede byndihens fiveromm dintdfBof melesfilar chathg ibhinder resins.
The i mage devel oper 40 conprises devel oping belt 41 as
SfedHake B iR kR henp B A ddIGLRY DB e e
uni t. 45Y, magenta (hereinafter devel opi.ng unit 10
softaning paindywd the hinder peginewhen thistponpsnkereun excessteelst he
devel opi ng units positioned around the devel opi hg belt
loAver than3HE sbftomngtpdentd EwebRBIRE1INR digrifichst, aadfcxeabcRibly
so that it is suspended by a plurality of belt
rollers, and b rivin ans. such as a notor or the
ighdeTsptrammys b Rty o d rect on of the
arrow in a manner of an endl ess belt. The devel opi ng
bel t The kheadadproductishaildtdfedr| the tshep cfaneltipeletkaaing.
t he photoconductor 10 at the section where the two

her. e . . - of
PEOGHAAY, (2 Eh@ AT roughly milRd e (R BN Bld Aiing
devel opi ng unit 45K wi || be descrjbed, and for_other
stgpy e Pagfenaple millingiprecesssppraprpmapliied byrpurkang she magerials
correspond to those in the Bk 20 devel opi ng unit 45K
cilli@e SREWR pldte bYenbdSibfgedhit imb kR eSRiEicle8 cBNB &Rch other by
nunbers followed by a letter Y, M and C
respegtively, apd theiy descsiptions are omtted, The
meEPR PEI A ThPED SRR TR S Brrad AR RHGeR apachasically
that contains a solution of devel opi ng agent of high
rothtingsbtoys and shitghs. d eifsént theimillinglstap, tlnmillghptddukceis
and a carrier liquid conponent, a scooping roller 43K
. 1 . | h : ,
clsibel i B3 HBPHY NG of iiirithoa BUES uBAEh: Mlldofuce o
devel opi ng tank 42K and a applying roller 44K 5 that
devaleney havinga geedgterming tleqhametar By 170 BB ng
roller 43K nakes a thin [ ayer of the devel opi ng agent,

exdipROP! | eS[r hded €y RhPRivE §hé A8RahilRy, di6ra3e \LeAIiRL)J
belt 41. The applying roller 44K is electrically

conductive, and ower suppl not. shown) appli.es a
G G R L O S T R Y
configuration of the copier of this io enbodinent, a
patlesesurhrds lgudraphabic silith dme ptarficlesumnyebs fuortier addeld Gnd
4 may be enployed in which a developing unit of each

> i ocC .

nﬁ%écgfoéh%ge S &@xg ?E‘gy%]% ration o?ﬂ? %ge%%%lll&e)c}d@ e§ﬂ1%‘§/(be
enbodi ment wl| be described. In FIG 1, the

mixest weipE goBYentional pewder mixersapnejerably, ehe mixarpare
direction of the

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, rolling rate, rolling time,

T2
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15 arrow and is uniformy charged by the charging
roller 20. Then, the exposing device 30 uses reflected
light fromthe original document passing through an
optical system (not shown) and forns an electrostatic
| at ent i mage'on the photoconductor 10. The

el ectrostatic.latent inmage is then devel oped by the

. p L . . . | .
BB SChp o Mol RAM iP Kol ko SRR At f WBHR 1bAF 1S
deyel opi ng agent. gn the devel oping belt 41 is rel eased
APPHR: MefRoyersa fsramples ¢hthe muxuyg eawppentyipclnde V-type
contact with the photoconductor in a devel opi ng
hgrs) Roclaig mike D V26die viilkers, Pt dixwhe had HdhscBéleRixers.
image is formed on the photoconductor 10. The toner

I mage dev.el oped t he ,i e devel oper .,40.is .

L r anefER BYCREYe fhes (st B GreRiEe Pt thatresin may be
transfer body 50 at a portion of contact (primary
empopidans a syownnpohenhéevyehyies fonelactiostatio latadt irhages by
internmedi ate transfer body 5 50 that is noving at the

RS AR pill LI pat S B eprildh o GARERMG BotBiGfien
the process is repeated for. each color to forma cal or
magnatichowdess suek poatiran.cuckelnfervie aadinapmetite; 2lasshsads
charger 52 is placed in order to charge the overlaid

alndNRiredids i50BH @s ABrylitarebitt @Al @@ rokidgsf The RRFihtAle Bner
position that is downstream of the contact section of

t he.photioconduct or, 10. and t.he.i nter.nedi.ate transfer
B R ISRk Tate D R aeel B ficHBE Yl Suqteti biagas or
of the internediate transfer body 50 and the sheet of
othgrpoemberpiy plaod ofvarkier pgeticlss.t o t he direction of the
rotation of the internediate transfer body 50. Then,

the 1 r 3 [ :
e e L R R
of the toner particles that formthe toner inmage, and
PgpepssespIssHIMortsecharpaper pad nelyestar filmsasfer to t he
sheet of support paper 100. After being charged by the

COr ONdn ¢Bdtng Sear? thé PLrtidd @lankdtBH6S iohetd Rah&n Rdudéd still
once to the sheet of support paper 100 that is carried

in the directiion of the 20 row from.a sheet. f eeder
et S nsEiy Phedire i o D Wy [ daes s ¥ oy
80 (secondary transfer). Thereafter, the sheet of

be wopbe tbagspd codttimabnizing relting eandimilier pocesses,

transferred is detached fromthe photoconductor 10 by

. . fusi .
e % Pt iftobtes Rt 18 gy bty B8 kim the

After that, the sheet 100 _is ejected fromthe device.
vEwRgiat ehaneray and yield aad alsnomay hedimited toredyice he dipmeter
devi ce 60 renoves and retrieves toner particles that

sElFuRer i $5 6f 4 Anfhem e ABSLABRAMEINIne Hocesses.

For the countermeasure, toner production processes have been
proposed on the basis of suspension polymerization, emulsion polymerization,
dispersion polymerization processes, etc.

The toner for inventive image forming apparatuses is produced by :
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5 and the charge renoving |anp 70 renoves remaini ng
charge fromthe photoconductor 10 to prepare for the
next chargi ng. The static friction coefficient
of the internediate transfer body is preferably 0.1 to
0.6, nore preferably 0.3 to 0.5. The vol une resistance

of the internedi ate transf. ba IS prefera .
AEpptaits 2oliavr Hopelv i gk axgoet cBRHELE Tufgpional
controlling the volune resistance fromseveral cmto
gidi®, @uulyeshar gsing aghldrhet, ianter redelisatagrent tefaarorigadie
itself is prevented. It also prevents uneven transfer
f ' by

sreBEGARAL. 4 AT oileepfal BURR, Ui GARIPS ABRUAEE
it is easier to apply transfer bias for the_secondary
crosghialiiag or pxtanding readtisngniograqueeus peleenie diBredolyester
transfer body may be properly selected depending on
résif i9RR It ve Hol R ATPh RFiod ol Pt droteBIVS "The constitdtive
Materials with high Young's noduli (tension

el astjcit sed as a single layer b , jch .
iR e BERnS Rutted® Phepse e Pl b bhlaited s thge
(PVDF), polyal kyl ene terephthal ate (PAT), blend
follewangal s of PC/ PAT, 20 ethyl ene tetrafl uoroethyl ene
copol ynmer (ETFE)/ PC, and ETFE/ PAT, thernosetting
Dﬁﬂﬁﬂ' ' carbon bl ack di spersion, and the I|ike.

es%fgﬁﬁgﬁgglayer bel ts having high Young's nodul

are small in their deformati on against stress during

i mageThe terar of the peesent iInyention srrprises avapdifgd polyester ()

that ms-registration is not easily forned when

a$ Qbihde @0 A modBBRY polyester indichkesn g@h&@bﬁr oh wHitlPhe
| ayer belt using the above-described belt having high

Young',s nodul,us .as a pase l.ayer, added with a sur.face
o BB ROa AT s St Homhan SIE 5 2 pelyoets Hiin it
peri pheral side of the base |ayer. The double or

differphierdsay esmpeenth ase eombimeliihic iy polyester vesih through a
defect of unclear center portion in a |line inmge that

' : of i r .
cf AR TR, Rhic Pnd B AU, P SrleSop s ol B pobHer i
incorporates_a 10 rubber or an elastonmer. This belt
opawhere aduneiicawd croun sudherscan isogyannie greampey ihe like sthich
of unclear center portion in a line imge due to its

ré&Rts HehSa cHPicliCAE l¥ourPin A8 kiyadoddieroug! 3 iﬁfrgﬂﬁ&d to a

belt wi der than driving and tension rollers an

thereb Si the elasticity of the,edge portions that
sulyeaaa vad anddnites Fpaited b o altive REAERES hakmBive of
the belt. Therefore, it can reduce 15 cost w thout the
compouddto mioddy ahelpalydster eadt o prevent the snaky nove.
Conventionally, internediate transfer belts have been
adopt § Ol i e IR des,
and « PRI SR o GRART boResekr 8) BT B LIRS
in which elastic nmenbers are used in all layers or a

pplaester which is obtained by a reaction between a polyester prepolymer (a)

having an isocyanate group and amines (B). Examples of the polyester
prepolymer (A) having an isocyanate group include a polyester prepolymer,

which is a polycondensation polyester of a polyvalent alcohol (PQ) and a
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thereof. There are issues on transfer of color inmages
using a resin belt. 20Col or images are typically
formed by four colors toners. In one color inmge,
toner layers of layer 1 to layer 4 are fornmed. Toner

| ayers are pressurized as they pass the primary
transfer in mhlch t he Iayers are transferred fromthe

ﬁg&gggbndar t%%g%@ﬂ} ﬁﬂﬁﬂhg% CB% 2P§%§B%&%uﬁﬁg

transferred fromthe | nternedlate transfzrgﬁglt to the
further EW%WW%P@B@@EW rwCcraRAsicomppund P Hpe n Fxaserles of

particles. As the cohesive force increases, phenonena

tho @btive hPdibiceR oS iffolvel ings theaslsbvarited! b&y@&e? de98de a

of soI|d i mages are likely to occur. Slnce resin belts

o ar e .d t he to
S ERa G G Aeolinis THOHER ey S5 g p o ParEa] gFu),
out phenonena of letters are likely to occur.
aRereittd group he caboapbedoap, and atmegapid groapl o Amaraghesen
vari ous types 10 of paper such as Japanese paper and

reasi ng. However,
: ﬁ% ts “g’g’talgﬁ“ avin 13%%?&? tr%]?tlgss tend to form
gaps betmeen the toner and the sheet at transfer and
t hus [(ldedirey medifipd polvestermany be fgrmed inshe follawisg manner.
pressure of secondary transfer section is raised in

Biehesled Of tHAGI@PSReOMbaltd] coldpBuhi@ (Po) ﬁ@lﬁd&rcﬁeaﬁf:t hi¥8hols

t oner Iayers w Il 15 be higher, which will resul t |n

out, of tters as ,descr | Elastl
(0P o2t prigteiok TGl VAo Fipohale ChGY, aBaivy dhar G lent
accordi to the toner layers and the roughness of the
addobel (Dm%mime and amptrhreests divatene aloohnkTH0) weith aemall
In other words, since the elastic belts deformto

SR G MO0 hiaef, 198055080 B
agai nst_ the toner |ayers excessively so that it is
doerdemtoaleone) (DEOKinsludealbylaneriolraish areathiigne siesohent

uniformty without any drop out of letters even on

1shefipylede r1,8%prbeyleht alyeeE 9.4 bﬁ%dtdt EakE'$ Ierh@a‘anbaﬁl,
Fo

eIastlc be one or nDre can be sel ect ed frontt e

%rgug @Fﬁé&ﬁ?ﬁ%ﬁﬁyca 2 n tes§ﬁéh§g%% rgs ns &STFE

i ncludi ng styrene or substituted styrene) such as

diyiopglepe asiyveol, polyethylehy glycok pelyppopylens glytbly hadyr ene,

5 styrene-butadi ene copol ymer, styrene-vinyl chloride

pBQQQI!rME 1§£¥ ARG (F\Eé Opoﬁlﬁﬁgﬁca&g{sy ! @Bla%rie-i Wcl?hexane

rene- e ¢ acl ene-acr
copolyners (saérene nethyl ac te copol yner,
digthanel.ame iy b1s gudh as/bispheonol 4,

acryl ate copolyner styrene octyl acryl ate copol ymner,

bipheAbYF, R TBSRH 0l &F ﬁﬂ)@é& GAROLIARE of the above-noted
styrene-net hacryl ate copol yners

alicyclic diols such as ethylene oxide, propylene oxide, and butylene oxide;
and alkylene oxide adducts of the above-noted bisphenols such as ethylene
oxide, propylene oxide, and butylene oxide. Among the above mentioned, an

alkylene glycol having carbon number of 2 to 12 and an alkylene oxide
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10 (styrene-nethyl nethacryl ate copol yner,
styrene-ethyl nethacryl ate copol yner, styrene-phenyl
nmet hacryl ate copol ynmer, and the like),
styrene-a-chl oronet hyl acryl ate copol yner
styrene-acrylonitrile acrylate copolyner, and the
i ke, t hyl Jret hacryl at.e resin, ..oyt yl thacryl ate
ailipdeh ot B polfant REp g, 45 plapbiénls il ARHHE R
nodi fied acrylirc resins 15(silicone-nodified acrylic
bispbenolsaindyd conbioatids of ke addmdivitle dnadkylene glyegl mving a
acrylic urethane resin, and the like), vinyl chloride
n ; r
ol Pl rugBbot o 12 e BBl GRAMERS . EoBiflos of the
malei c acid resin, phenol resin, epoxy.resin,.
tgenlgpsermore Bovalsat glsohek (O e mambyAlibiic alcohol of
pol yet hyl ene, pol ypropyl ene, pol ybut adi ene, 20

tIRCAlYNE Byddtaaentdt @brdleach ANafeiride SrihetRFY ilanaane
resin, silicone resin, ketone resin,

B A B R S T B B R R oo
pol yphenyl ene oxide resin, and the |ike. For

phémols shidens tmspheinet PAnphend] molelae) aast cresolaioyolazl and one
or nore can be selected fromthe group consisting of

I i ' ber ,
o SRR AT U U e st
lonitrileb di 5 bb NBR
e oI TSRS O e ¢ vl

i soprene rubber, styrene-butadi ene rubber, butadiene

carboRelic acd (P E @nd h REYhRME of w6 polyehlert @BFhdy R ¥EANEC),

terpol ynmer, chl oroprene rubber, chlorosufonated

| yet byl gn hl ori nat ed et.hyl ene, uretha .
P hEiorh freienf GBI S5 BRI ERT MOELACH: divalent
epi chl orohydri n rubber, silicone rubber, fluorine
canbosplic add (PHCYwithfasmaldumatief 2 podwadertrarbeylic acid
rubber, hydrogenated nitrile rubber, thernoplastic
ch ,
Ao EEleRabl  EaRmlod O o I AHBIRAT 0ok DR Shbihde
olyuriéggpe el astoners, polyam de el astoners, )
hsy oEEkeAEfs sughhns saechnc arids adipis acid and sebseicne
resin elastoners. 15The el ectric conductive agent may
abig; MeAPlen\disabegylathdepandi Momalbié Aed 3l fuddlhOfid;
exanpl es thereof include carbon black, graphite, netal
owder 5. such as al.um nu ickel , .and t .1 ke:: and
iR e BieRHistaft afigs ek B oBferiaadtoentRalin A0 G
titani um oxi de, antinony oxide, indium oxide,
tegrephidwilieracid, padatsphthalenedmarboxylinscike (AxfiGhg thewdidivalent
tin oxide (1TO, and 20 the like. The netal oxides may
BBoRPRE 800 e e PRH BN A T HL S G0 Rimber of 4

and the like. Mterials of the surface |layer are
tq 20 and 8 arematieiearberviicagd kavmg a carbon number of 8 to 20

are preferable. Examples of the trivalent or more polyvalent carboxylic acid
(TC) include an aromatic polyvalent carboxylic acid having a carbon number

of 9 to 20 such as trimellitic acid, and pyromellitic acid. A polyvalent
76
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of the photoconductor by the elastic material and to
reduce the surface friction of the transfer belt so
that toner adhesion is | essened and the cleanability
and secondary transfer property are increased. For
exanpl e, one:or nore of polyurethane, polyester, epoxy
resin, and the like is used, and 5 powders or

3

cRAokEb 88idTP (R, LRL&R AhyHRRE ﬂkﬁﬂ%ﬁﬁlogsme éﬁ%ﬂ?&ﬁrcﬁl‘boxyﬁc

f
and enhances [ubrication such as fluoriné resin,

fluorine conpound, carbon fluoride, titani um djoxide,
agidsior GrlOWEF g,esf&r snefa a¢ meshyloster emséﬁé?eg@pchwepmpyl
used. One or nore lubricant materials may be used,

calet et aabé velcyed withdepslyeslepaaldohble@®®f different sizes
may be enployed. In addition, it is possible to use a

10 matgrial. S QRl Re r that js tregate .
it e atio B R RoRaldniioatil (PR a hifvalehs i acid
the surface and the surface ene%gg i.s reduced.
(RPEhdgfingd waian equivalent ratis [QHEIGQROH] of h dyydraxyl graugy EOFI]
showi ng an exanple of the imge-form ng apparatus that

r; . rgi

B O PP A iSplls 2R 08 iy Ao 11,
el.ectrostatic phé?ocond ctor is rotated at a
apd saemedyrgierablysh#d d0diV%l ocess speed in the direction
shown with the arrowin the figure. The charging

rol | eExafifples i thb pobyvalaitdbicynfibte @efdarid WIChiddwle
phot oconductor, contains a core rod and a conductive

. [ _laye ornmed qn the co rod.i n a,shape of a 20
g RaRH Py S Elemy BB ndiEe bt 57 ketriRar e AiREYEate. [ od
are supported with bearings (not shown) so that the
hexamgthyden diitesyanatehhed ZGdistgapatermethy] capmbatéialicyclic

charging roller is pressed to the photoconductor at a

¥ r
PRTECES A4l E it B ROBHOR MioRREY R B b rhane
t.herefore rotates..along with the rotatign of the
diperysaated aeeBatic gHaoyARAtESfych g8 telylensaluseckpamte amd,
formed with a dianeter of 16 tamin which a core rod

diyhengimathiing itisesy 0iatd dramaiti: diphhaeid dilsbdyanatedhieh as

 ayer having a 5 noderate resistance of approximtely

10Q..000 C2- h r suppl.y (not shown) is : .
TR PR LBV P S R AC g P BafEach BympRgnd in which
charging roller 160, and a predetermned bias is
thepabivedated phlyisoapanyitags blocked with a pbepal\derivativp) an oxime,
t hereby, the surface of the phot oconductor 140 is

c%ﬁioié&ﬂuy af§&hd E.Ee Hnda E&dﬁﬂﬁ{eﬁ{dﬂ SRR Al eerBits1 O
0 e

tential. The charging device in the present
i nveption may be a non-contacting unit rather than the
t@%ﬁﬂgcting unit described above; preferably, the
contact charger is preferable since the generation of

0zoneThs raklb of & pelywaldnt tid®yanate compound (PIC), defined as an
equivalent ratio [NCOV[OH] of an isocyanate group [NCO] to a hydroxyl
group [OH] of a polyester having a hydroxyl group, is typically 5/1 to 1/1,
preferably 4/1 to 1.2/1, and more preferably 2.5/1 to 1.5/1. When

[NCOVIOH] is more than 5, low-temperature image fixability is often poor.
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15An alternative electric field is applied to the
chargi ng device of the inmage form ng apparatuses of
the present invention. Direct electric field typically
generates a great nunber of OF and NO3, since the

phot oconductor is charged as one polarity The ozone

nd. nitrogen.oxj de tend. to attach to the. :
Whith o ensamotiffedpalventen is gieeflin the molprriio ofNCOT is less
phot oconduct or ;> 20 consequently, the surface of the
thdroi adendea conteint ohestedehembmasHewah valsiclo malsag hotnfseatt o
| arger, the external additive tends to deposit due to
refuered frgekign coefficients, resulting in frequent
occurrences of filmng. On the contrary alternative
electrjc field duplicated wwth AC may reduce the
gener &he spmppneptsvatentof paliyalent icseaisrammosnd (R Chef a
charged uniformy. In particular, the alternative
pélyesticf beerdlpher RBYIingUHIIE6S /A NEIE sAARNEY) detyipi@dly 0.5 to 40%
degradati on of photoconductor due to the generation of

by oAby D BB Rt Ap oo e le 1 aptmymass

sel ect ed dependi ng on specifications of the inage
Winrmierg theppubaé bs maser hatxaffept egsisthacemnhigfficent andrthyre
be magnetic brush, fur brush etc. in addition to
bl disp TR0 S o Qinibilibifie) PRt Hor SRRAEE Ho%iEnge
as_Zn-Cu ferrite, a pon-magnetic conductive sl eeve for
apd dow pmperatuse pagmbrahility. r Sin theethse handevwhen it ispaore
fur blush is formed of a fur to which such a
tEA0 40t %VRwRinepdratureSniige fixaBilaty teAdPE be FaRPEN
sulfide, nmetals, or netal oxides; the fur Is wounded
or adhered t.o the other netals or conductive terials
Lo ToR i Buetln gt T i e Grots o REN £5T OPY Flgiar
Form ng Apparatus FIG 7 is a schenmatic view that
pelyester prépolymhohaviagdstoyanatesgroup dAistypaapbslarusonst, a
tandem system In the direct transfer system as shown
. . .  f ‘.
sLELR 15 o LML dRaR freiathl 08 o it
sequentially to a sheet "s", serving as a 20 recordin
the nwpherplipecyanple sroyps it lesy Hhasy & pepane mwlequins ofe
indirect transfer systemas shown in FIG 8, a primary

pblyaset preldyinge tBe sRAMRNLF Fbight lof 8RS hiRIaSmbAIKAR poBRester
i ndi vi dual photoconductors 1 to an internediate

transf.er 4., .and .second transfer device 5
bpgameylomer. thich BalipE ROt ORI BIAARP Tt er medi at e
transfer: 4 to the sheet "s" at once. The transfer

devi cExampderofiamyinas (Bhie e astedrwithubie pelyaster ansgadymer
conveyer belt or a roller,

(A) include a divalent amine compound (B1), a trivalent or more polyvalent

amine compound (B2), an aminoalcohol (B3), an amino mercaptan (B4), an
amino acid (B5), and a compound 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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The direct transfer system nust conprise a sheet
feeder 6 upstream5 to the sequentially arrayed

phot oconductors 1 of the tandem i nage form ng
apparatus T and an inmage-fixing device 7 downstream
thereof The systeminevitably increases in its size in
a sheet convexlng direction. In contrast, in the

C r S
TNy L .
sheet feeder 6 and the i mage- f|X|ng device | o 7 can be
dipheny) apethppocalioyaliodiapeingssucteas 44 diamingyhd tdimethy
apparatus T. The apparatus of the indirect transfer

ENFAHBG B otREHE TRl ydRWBEIEE %nd 1sophoroﬁé‘ dtata&ne, and

direct transfer systen1 the |nage- I XiI'ng device

a &uld be arrg¥ﬁg n@hﬁp% n|t %&P%Ye t an géhgﬁgﬁl

apparatus in a sheet conveying dlrectlon The sheet
Hexthmeshylete ditfrhinei e dixanpglendf the teivalerd o2 mdre Ribaedent
bet ween the image-fixing device 7 and the tandem i mage

e BrRRRa R Py AL Bl AR i Pl gmine.

an i npact, speC|f|caIIéB|n a thick sheet, fornmed when
Expmples obther argingadeshol @33) dnelude ethanod @niime,gand i x| ng
device 7 and by the difference between the conveying
efhylhhfirehe & Bs bt tHRAAARD hBFAReh (Pﬂg m?lud
I mage- f|X|ng deV|c and the conveylng spee Re
sheet t he transfer conveyaqr belt.
OPE FeTEARIaR o, A opF fercaptare mExamplen btho: -

can suff|C|entIy bend in a space between the

amimgexcid (B5) dndedé amidompngidiicatidna@indcapede hednhnd the like,

apparatus T. Thus, the image-fixing device 7 does not

SO GV a0 RSB BB D B AR i

as. shown in FIG 8, a photoconductor cl eani ng device 8
(BEhindyde a ketiming compaund ohtsined fiom thoabhvetmoted anfines of
transferring and cleans the surface of the

fpmtm aRd ketdies kutRas a8abhe rmbflgg%tﬁ@rm&% gﬂ&ﬁéﬁt 5' n

dition, an internediate tran eani ng aevi ce

ltq%é'eﬁ@ﬁ LS e e S P S A o

t hereby cl ean the surface of the i nternedi ate transfer

adnihes (B atdiedlehtmgind ampahdBleeds mikire 67 BRiwive a small
enbodi nrent will be explained with reference to FIG. 9.

' i.ew, showing an _exa
a5 ke a Bl SRS oA WL BRIRRER) B 20,
i mage transfer system
preferable.

The ratio of amines (B), defined as an equivalent ratio [NCOJ/[NHx]
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 1/1.5, and more preferably 1.2/1 to 1/1.2. When

[NCOVINHx] is more than 2 or less than 1/2, the molecular weight of urea
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15 as an enbodi nent using the toner and the devel oper
of the present invention. The apparatus includes a

copyi ng machi ne nain body 100, a feeder table 200 on
whi ch the copying machine main body 100 is placed, a
scanner 300 arranged on the copying nachi ne main body

B P R R SRR 5o AR s 80

100 i ncludes an endl ess-belt internediate transfer 10.
d#geadent er nedi at e transfer nenber 10 shown in FIG 9 is
spanned around three support rollers 14, 15 and 16 and
is ca ﬁﬁg pgg%;
di rectpj?glr%&llt%fnf E]&H ?Hgaur}rgg F‘ill S aSEbg‘rﬂé‘ gﬂcﬁ%c‘fgggﬂés an
i nternedi at e transfer cIe ni %ﬁ device 17 on_the |eft

T IEALY

bend as gtelk ara yeasobrn ot the ure hond, eantpmigiofhe

transfer cleanlng deV|ce 17 is capable of renoving

ufeth@sk el chRiak iPGpidelyS1 N ﬁ:r W90 A fdraBRSIm20 §420/80,
after image-transfer. Above the internediate

S B B SRR o b AT R s

bl ack i mage-form ng device 18 are arrayed in parallel

léss thamd 0% hottbffedtremntaafce oty degraderdi ate transfer 10
to thereby constitute a tandem i nage forning unit
1020.

exposths Tiicd BoRRRk 8 WSod H Hidfrek Bt 10ERGANT:

above the_ tandeminmage formng unit 20 and a secondary
maagtaredby pae ghot methadsor prepalymer mathods. [Pheweight
shown in FIG 9. The secondary transfer 22, shown in

abfage IndleEdAT KREghRHf ERe hRdsidiepdlysfer (N t§bically 20000 or
secondary transfer belt 24 spanned around two rollers

23. Th f bel,t 24 is t he
oG RS BT SO U e, ASitiedie e RRER R0 e
internedi ate transfer 10 and is capabl e of

1100802 r Mhegneleculxe geight pdad ik prefensddy 4060 to 40000 and0
to a sheet. An image-fixing device 25 is arranged on
G B0 e 10007 E BARERS ¥ndChabie Wbtk ALY and the
The |nage f.i xing device 25 conprises, an endl ess
tonrrplastickyig laye whicls mateng het efaetriesistancemoon JWhendhe
on the imge-fixing belt 26.

molecular weight peak is more than 10000, 1t may cause degradation of

fixability and may bring hard challenges in manufacturing in yielding toner

fine particles and in toner grinding. The number average molecular weight

of the modified polyester (i} 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 () is used alone, the

number average molecular weight is typically 20000 or less, preferably 1000
80
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The secondary transfer 22 is al so capabl e of
transporting a sheet after image transfer to the
i mge-fixing device 25. Naturally, a transfer roller
or a non-contact charger can be used as the secondary
transfer 22.:1n this case, the secondary transfer 22
may not have the capability of 5 transportlng t he
[ gnﬂﬁ

t§ g\? 292 earndz%mgeeﬁ ﬁﬁgﬁl %g(?:ogﬁ)d%@pt r‘gﬁé E anggkﬁrage

fIXI .device 25 in 8aral|e| mnth the tandem
m@%@# &'rehg gs gre than 20000, awdempeyature image fixability and

capabl e of reversing the sheet so as to forminages on

gexisinesh ddfnaisetilia ashllelolorldiedRioins piage using the
col or eIectrophotographlc apparatus in the follomnng

nmanne | ni tii une l ace ocunen
Tt o stotsirind andiok 2R Ron et R Ao s Sr e polymer
Alternatlvel , the automati c document feeder 400 is
(Apend aminke(Blauwmder to abtainoz ebdifiedbpdyestar (), Gl mastice

of the scanner 300, and the automati ¢ docunent feeder

ﬁﬂ@e&- EQals)it{:alga'ler(%"'!l)ssvvl (no?ﬂt@rﬁFI ; F"h docu o ?f E&%
(ﬁﬁ | aced on the autonatlc docunent feeder 400 is
g% Belyeetes te Be phtatnerht Jexamplesof the raggtianistepper include
docunent is initially placed on the contact glass 32,

alensaaleeucBOR disthylaRdhat @byl hinias, Eﬁh&}psﬁﬁ@ as'md laury}
first carrlage 33 and a second 20 carrlage 34. Light

LS._ap ed from i ght ur.ce to.t nment
PEPRLRLA raRind i it AR e d Sleenta ans blofRed e
toward the second carriage 34 at the first carriage

33. THheneéleedneseightinf the résudtihg polymhdrezndsk moyswred by
mrror of the second carriage 34 and passes through an

j f ' [

SR Rl Fathe it Rifhefing ROPCIRAGE 2 HofiyBR AN
(not shomn) a drive notor (not shown) rotates and
(GHE) gelvepe” of the support rollers 14, 15 and 16 to
thereby 5 allow the residual two support rollers to

Uahadifiell Polyiststg the rotation of the one support
roller to thereby rotatably convey the internediate

trans 10 Si eousl e 1 ndi u I mage

for m 1o theDTesEh ARG oo Al Pl ORI P Lo alep
thereby forn1b|ack yel | ow, magenta, and cyan
ummnmhﬁmbp@beﬂmgﬁ@ﬂmm%th@unhnkﬂﬁmgdﬂnw@nﬁhﬁhernmhﬁed
respectively. VVth the 10 conveying internedi ate
pplyRREED at hinddiirelncERrS. MRS pAbBARE Rl ofr () in
internediate transfer 10. Se arately at the
corabmagion wikh o medifiedinokyesterdd) is mafﬂ;redd:néh@ﬂnqdeﬁ@:br
rollers 42 of the feeder table 200 is selectively

pbRedie? d) akiRChEcaM:E I&b%ﬁlﬁgrdftﬁféﬂrﬁ:ﬁ@e Bhanity ARH Blossiness

feeder cassettes 44 in a paper 43 and "are

SR e hd MR ﬁﬁﬁjaﬂﬁ%ﬁ?elt"lé‘iefr oy R R U BPGR

47 into a feeder path 48 in the copying machi ne main
pblydytet () ianhhderrpdipempddnagiimpslyesteesf & polywhlegit akdhol

(PO) and a polyvalent carboxylic acid (PC), and the like, same as in the

modified polyester () components. Preferable compounds thereof are also
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Alternatively, the push of the start switch rotates a
feeder roller 50 to ej ect sheets on a manua
bypass tray 51, the sheets are separated one by one 20
on a separation roller 52 into a manual bypass feeder
path 53 and are bunped against the resist roller 49.

The resi st roll 9 IS rot S, onou h the
AR AR LI TREEARRORTE ol ot PREgeuBoniied polsester

internediate transfer 10 to transport the sheet into
(iDenedtitibh ¢o anternatified polyestesfie maythem golyngersehichdar y
transfer 22, and the conposite color image is

R B 85 et P B Thala B B % éﬁ‘iﬂﬁ%"‘f% Ko

sheet_ bearing the transferred image is transported by
leson sapthane deodler 1tis profesahln shateigeast apag cfanq
is applied with heat and pressure in the

pbtggﬂgrwig th??ctro 419 oflay Urli€odifis@ $hRek e@(hﬁmeathe

es its yactlon of a switch bl ade 55,

e el b o L A5 e

its direction by action of the switch blade 55 into

ittib eraforsfle theatethe eompdsitionrafshe hexdefied polgedten il saitdldr to
again to the transfer position, followed by inmge

tHe dFEhe Hﬂnﬁ%ﬁéag%di ot Pgﬂgg@‘%{ﬁ% H&osﬁea%odgﬂb? pifif&ker

earing | mages 1S "e] eC

through the ejecting roller 56 onto t he output tray
(bto aqesewahﬁﬁdew yesver (iRt Veﬁﬁeéﬂrheylg

device 17 renoves a residual toner on the internedi ate

idchadsl, 8 tyhiallh 15795 t0BWE0 iRASEER 5/95 tABOTDEokdBEForably
form ng procedure by the tandeminmage formng unit 20.

pan HE0 prasel TrecpishordabG 192 1 e o Whtn fheweseht Fati

renoval of paper dust of the sheet. 20In the tandem

of aragdifiest polpeptemfibisdesssthad, 5%¢ makfes thoe-oifseigesistamieng
units 18 conprises drum phot oconductor 40, and around

d%%%dgg \%1[9 gag{e}&%gq)?{q Ié{r?asa?(r&nt%%gé BPEIn YAty BE e lRag e
resistant storage properties and low-temperature image fixability.

The molecular weight peak of the unmodified polyester (i) is
typically 1000 to 10000, preferably 2000 to 8000, and more preferably 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 unmodified polyester (i) 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 mgKQOH/g, it brings about disadvantages in the
82
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L et I Py

transfer unit 62, cleaner 63, charge elimnator 64.
Furt her, devel oping agent 65, stirring puddl e 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

ot .9, P r € 1
oSSR E BOCMEAR ey apl PR B3Rt bty
i nvention includes at |east a |atent electrostatic
Theeased puahen gf thapemoddiednalyestenay ioprefarably irbg s,
and devel oping unit for devel oping by use of the

HEROEDRSNnd fioke Pf@f@ra\b’ﬂysh% 9 thROAFs, aBﬂJ&tJ‘ﬁﬁé QA 8Mkh

units. The developing unit contains at |east

devel.oper caont ai,ne hat cqntains the inventjve tqner
YHEE 2t 38 e BaodRr, Bicoliaro s el malehed aith e

and transports the toner or the devel oper in the

tomarahspdan actond-einiponent tidveloper, betame ksuthiandkindssleads to
control nenber to control the |ayer thickness of the

AV t : 10 LS schemati c..view of a
cfifditk Ao PRER vohitht RosidGyity T BT Rarinlor YR fure
system that conprises the grocess cartrid%e. The
(Pednfdhs bindartegyds sppicalln 857G te §O%T, landapreferably 557€ to 65°C.
phot oconduct or 302 and the devel oping unit 304 anopng

Whén RRQERER egt@,}t% 3¢ 3tor&§@£ﬁibﬂ£ty%ig{'acfé%§a%@ %eifdng;@}:@hg

unit 304, and cleaning unit 305 étc.”, and prefer

he, 20 process cartridge. js detachably attached to
thgia 70 Hodpwctemperaiuge SRaPAOK besppas wsutficsentuc A fomer of the
copiers and printers. The inventive electrostatic

prosge igesttionshogystop@iper bonstkadyGability eiven eith ¥ ow glass
bi nder rein of the pol ycondensation pol yester resin,

. o]l I I [ resistance and l.ow
RSO [ethberBEOR, barteE el Riter AR B o RYER AL
stably with tinme under such conditions as high
pelyepersthecaused ubgagmotdifirddialyestémrasilyregiatavothe andatoof
hum dity or outputting larger 5 area i nages w t hout
PAHSAPEOMABR A Badas hedbaihedN A THb: Uhseapatitiy WifipbRiture
firmadhesion of toners onto carriérs or evé?oplﬁg

l.eeves, and al so. . ) }
('fg) 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 SF-2, glass transition temperature, agelomeration degree,
volume resistivity and apparent density.

Preferably, the inventive toner has a volume average particle
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represent appropriate storage stability
nmelting-flowability and chargi ng property. Nbreover,
the resin properties are adequate even though the
catalyst is other than tin conpounds that are
environmentakly harnful. 10In addition, the inventive

. L . .
I oner, particul ar the. toper ined. with the
dioguitet ot oA EmpreTahbend e BB ki fiTEFRbY 5.0 to
background smear under high tenperature and high
5ioumdi The catidiof {dvBn) échiDDith 1pt0 pesferibdy di0dpodb30,irhyre
| ess environnental fluctuation and excellent | ow

fii i Ly, [ I Vi nt al
oieQIREETL 80 o G rbi DO RAR5 Y ol SR LB LRIE T
catal yst others than tin catalysts that biologically
diagngter and Dimrensa aavraberaviezags particle diametgiyr eover
the inventive electrostatic i mage devel opi ng toner,

whi chi;Cadiicah) ithishrk e sRalyephRIcld @RInetBRCRAY Wpudifl Bredsely
specificC titaniumcontaining catalyst and the resin

charge control agent_in a specific rati,o, npy exhibit
ST SRR o R bl VAR J DR A AR AP uoLcrs Smaller than

di stribution, excellent initial charging property and
tlexeige an cagaa gwotcothpenenat devadshere niayr ldhyl tatdreetfasionyn

tenperature/ hum dity change, be free from snears and

L nd
g A e AR o BRSO T L AR
or sleeves and | ayer-thjickness control nenbers [ike
apparabesesanddarqos charging apHy iof theempicoedn eaniesgucOnvhey

due to proper nmilling ability, and far from

otHaY ha A EHY @Rhe PhAPIng HBvol B eSive fa ltp ARRIOPR kRS W the
full-col or 5allocation. The present invention provide

.al so a one-conponent..devel oper .and twg- component )
iED0rE saREe Ty TRRE SiERCAR L Pk en ZRPIATIOR R SEh Ay
met hod and an inmage form ng apparatus that utilize the

mhages and bésopthe yarticle nhemnticr i vondr ditendlypitastee chilomg with
reference to Exanples, o to which the present

H@Wﬁd?ﬂtﬂéﬂv‘;hgg&ﬁmted in no way. In the

escriptrons o anpl es below, all parts nmeans "parts

by mass" and al |l percentages neans "% by mass".
In t h@l&kﬁhﬂ%@wm&aﬁm%@ Ertrthyiteon ofitopers may lead

properties were neasured in accordance with the

tf @hifh BBafRk e R%ion] BiddeReilits TBR ke SR SR round fog,
Tenperature of |bner
and higher transfer rate. However, Dv/Dn above 1.40 undesirably tends to
broaden the charge distribution to decrease the resolution.
Preferably, the content of fine particles of no larger than 4 pm 15 0 to
20% by number, and the content of coarse particles of no larger than 12.7 pm
is 0 to 3% by number.

The average particle diameter and the particle diameter distrzbution

of toners can be measured using Coulter Counter TA-II, and Coulter

54
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The tenperature of a sanple material is raised at a
constant rate using a flow tester under the conditions
bel ow, the tenperature at which half of the sanple

mat eri al having been flown out is defined as the
softening tenperature. 20device flow tester CTF-500D
(by Shimadzu Co.) |oad 20 kgf/cn2 the: 1 min(l) - |nmm

MRS TV 5y Bbaﬁsnrm @% n ﬁflﬂg I%oner Tv.l,- nflod Coylter

I\/easurenent of “Particle anet er partic

i anet [ st i.buti on _of, toner rt| cl es was rreasured
oy, 5 wasured withoonn Interfacedbyilhe Institute
Inc)asfollovvs In|t|aIIy,01t05rrLofa

HIBEraidapeedoral kyhpatrRCIS0LNNEE C6.) addell oatpuds
di spersant into 100 to 150 nL of an aqueous

e.sol uti The us el ectrolyte solution
niﬁg:#cgg%m “foﬂé‘fﬂl ﬁ%@’cﬂnﬁt ion, which is
pr epar ed fromISOT(]\I-II (by Beckman Coulter Inc.). A
sanpl Preferablyothedngenting toner hdd acdhape finsoeSEct ofdl O to 180,
sol ution, which was then ultrasonically dispersed for

oreGrafhBiyt 7D t4S1500 T %ﬁpé?&%gﬁ‘% ﬁbparfg‘lﬁ‘ﬁloﬁ% 180,

thereafter vol ume and e’ ton

are ne ed t_.he Coulter counter TA-I1 using an
%‘H@rﬂr@%é‘g@ﬂ’ Mc’d%to cal cul ate the vol une
distribution and the nunber distribution, from which

t he v@IGRE2A5nd\2B asd FIGE 34 t@3cla@ae&1ﬁm@ﬂi@vie&e JfeeaEr

average particle dianmeter are determ ned.
particle to explain shape factors SF-1 and SF-2. The shape factor SF-1
represents a circular level of toner shape, which is calculated from Equation
(1), in which the maximum length MXLNG (see FIG. 2A) of the toner image
projected on two-dimensional plane is squared, then divided by the area
value of AREA and multiplied by 100m/4.
SF-1=[(MXLNG)2/AREAIx(100n/4)  Equation (1)

The SF-1 value of 100 corresponds to exact sphere, the larger is the
SF-1 the shape is 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 100/4.

SF-2=[(RERD2/AREAIx(100/4n)  Equation (2)

The SF-2 value of 100 corresponds to non-irregular shape of toner
8b
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In order to nmeasure particles having a particle

di anmeter (Pd) of no less than 2.00 p.mto | ess than
40.30 gm thirteen channels are used such as 2.00 p.m
< Pd <2.52 gm 2.52 gm< Pd <3.17 gm 3.17 p.mPd
<4.00 pm 20'4.00 gm< Pd < 5.04 pm 5.04 p.mPd <6.35

. 35 p.mP ] m_8.00 p.m< Pd < 10,08 gm
sRifBben TS TBepiy theBi" e Hiors Simpgufin b g o shagen
16.00 p.mPd <+20.20 gm 20.20 p.mPd < 25.40 pm
25. 40Wjmr<tHedtosier 8Rai0comen targh8k:, Ohe gread BdabbOweén
pm Measurement of Average Circularity of |bner

T ' [ L S: ABRAS ' I e
e LR B bbby ppBiECRH] FllotiSeicort Bl 4B
Specifjcally, 0.3 nL of a surfactant of 5 al kyl benzene
nggroro ke & spet crdaeh sensaqUenile the adsarptiyity zomes tolowarr e
water, to which about 0.2 g of a sanple is added. The
beieRe! Hnef Psﬁiﬂlé‘é. Rhé GowhBilER 0Bines k& highler 3H8 AdS&iptvity

di spersed tor about 2 mnutes using a ultrasonic

di spersi ng.device, the di.spersio oncentration.js
cqFS £ Il bebwpt aner RarticlRs At RpatosAndgiars, and the

di stribution of the toner axe neasured. 10 Measurenent
tefnsfirapee Emoeotshighedl dhd tisFetheothahdnBF-1 and SF-2Spbdferably
i mges taken using FE-SEM (S-4800, by Hitachi, Ltd.)

r Vi .\ -' ed
308 o' PRESHS KPR Rl PodS hetiBPoint Ehid e Fic Tk o0
interface and anal yzed. Measurenent of Aggl oneration
reeeleseadilyTarer Intg Priwage heorasnalearing blﬁﬁgé apd neasur ed
usi ng a powder tester (by Hosokawa M cron Co.) as the

phBaRbhdidorte V T8 fidddidd eRemBiveBWalrSe MilRes MitlPFespect to SF-1
vi brating table according to the foll ow ng procedures.

[ iLbro-shoat (ii acki.ng 20hi p, space [l i v
ab)SHh 2ok B B he hiats S il guaRnchaS i fighey {anck
[ b
S(?artie?’rilggr'] gn i;rages, thus SF-1 and SF-2 are preferred to be no more than

180.

Specifically, SF-1 and SF-2 were determined by way of taking
pictures using a scanning electron microscope $-800 (by Hitachi, Ltd.) and
analyzing the pictures using an image analyzer Luzex AP (by Nireco Co.).

It 1s preferred for stable color reproducibility in the present invention
that the toner is of spindle shape, and the spindle shape may be defined by a
long axis r1, a short axis r2, and a thickness r3 (rl = r2 > r3), the ratio r2/rl
18 0.5 to 1.0, and r3/r21s 0.7 to 1.0.

FIGs. 3A to 3C schematically show the toner shape. When a toner

having an approximately spherical shape, as shown in FIG. 3, 1s defined by a
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The screen's are fixed by knob nuts, the vibrating
table is operated with the conditions bel ow. screen
openi ng (upper) : 75 gm screen opening (mddle) : 45
p. m 5screen opening (lower) : 22 gmvibration
anplitude : 1 ramsanple mass : 2 g vibrating period :
15 seconds The aggl oneration degree is calcul ated as

7L et e B B QISA PL RISy B i

screen x 0.6 : b) mass of powder on the | ower screen
the present dyverion thamth@raw egﬂlmhﬂue to dongaxip o) indd to
as the aggloneration degree (% ; i.e. agglonmeration

e WRFTI/BE), 4 the ko of thicknedst fﬁ FeRiDfis 879350
he gl ass

Transition Tenperature Tg transition

G T 104 C TRHOTIEL of below Gorinay Epfalin Bt ng
calorinmeter : Seiko 1D SC 100, Sei ko 1SSC5040 (disc
repedduoibility and low transfer efficiency and be far from high quality
1mages due to departing from spherical shape. The ratio r3/r2 of below 0.7
may be far from higher transfer efficiencies like those of spherical toners due
to almost flat shape. When the ratio ¥3/¢2 is 1.0, the toner flowability may
be enhanced n particular by virtue of the rotatable shape with a long axis as
the rotating axis.

The rl, r2 and r3 were determined from observation of photographs
with various view angles using a scanning electron microscope (SEM).

It 18 preferred that the toner has an average circularity of 0.94 or
more 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
fluctuation of color reproducibility at narrow line images in particular.
Moreover, the proper transfer ability may advantageously bring about high
quality images; the mgher average circularity may bring about uniform
development, transfer and distribution with less adhesion of toner $
agglomerates at half tone or solid portions. Consequently, uniform

intermediate colors may be reproduced with less color polarization after

superimposing toners as color overlapping. It is difficult to take high 3
87
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20measuring conditions: tenperature range of 25C to
90C, tenperature-rising rate of 10C/ m n, sanpling
period of 0.5 second, and sanpling amount of 10 ngy
Measur enent of Vol une Resistivity The vol une
resist|V|ty s measured by way of pressing a toner
I ni. IIet ellet .is aced. between paral
qppl imgtie ltﬁu%e i CEmIsgor, e pch VEECT GeteE b
appl i ed betmeen the el ectrodes, the resistivity after

tI30tomes éorofircka sphereakshrage vtm;th anfﬂvgfﬂg‘eetﬁi'csﬂamﬁ,t ¢ffless than
(TR8601 by Advantest Co.), then the volune

Si

o sk bbb ol BBy ﬁ%ﬁ% ofids W (ot lfEel b
l\/leasurerrent of Loose Apparent DenS|t The
sigodesunizngranch aged photocpaduators, pad cw@twwbargeéstt er
PT-S (by 10 Hosokawa M cron Co.). [I] Exanples 1 to 12
pAJEetHERAE, Ahiv exEpaRbRSr ddBh&ivh oY@ thaki Rty GSherical
| mages to 'be eval uated are formed by use of eval'uation
devi.ce E. 15 Evaluatio Vi
PREHIES RSP vl A Waniforcs T RGEM Faee B0, Tihsealpre,
printer equipped with a developing unit of a four
splodrival partidegariong ifregube pacticles any spReriedlpaticles within
four - coI or photoconductor (1PSi O Color 8000, by Ricoh

Uit j £ ' a .
i afk st} Hanbleftdil e 1083 sPBE: (rnfilteh HeBs Pogulting
~was _hi gh speed printing of 20 to 50 sheet s/ mn of
inmuoide ablettargrline imegeey i beaddition) resdw toesrissho®ldbkes a
tandem full-col or laser printer equipped wth a

rél@yed PRk fBe ibdeqbnBddRIbpiA |s%snﬁﬁldm@§ﬁfthfg in such
tvvo conmponent system and "a Toufr-col or photoconduct or

PSlOCoIrSOO by R coh Co whi ¢ in

e AR s viske A Brerezs toF g]é]r(h}t?‘i/gaet Of Eapers
that i mages were primary-transferred onto an
forntreedormaron)iabsfer body and then the

It is 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%, 1.e. huigher fluctuation of circularity, are undesirable since the charging
velocity or level comes to broad and the distribution of cha_rge amount is
broad.

The average circularity of the toner is a value obtained by optically
detecting toner particles, and the circumferential length of a circle that has
an area equivalent to the projection area of the toner is divided by a
circumferential length of an actual toner particle; specifically, the average

circularity of the toner 1s measured using a flow particle image analyzer
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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
Ad-size. Evaluation Device C Evaluation device C was a
full-color |aser copier (I MAG O Col or 2800, 10 by

(RPTR12000; Dy BRehex Eofe)r 'Pﬁfeloﬁaﬁﬁ‘b? heekd 950 P;ﬂ}(iesd&}{ﬁ-le@ Réto

each col or image respectively on one drum

phot gconduct or , usi n WOz cqgnponent deve| opers, the
OGO D G B POASTBLILd SHhRtAT Gddp S of a
transfer body sequentially, then four color inages are

sarrgpes e Addbde o Thechispehsion with tleceimipleds dbpersd foP about 1
whi ch and the fixing unit was nodified into an oilless

| j X It £ val uation, Device D . .

to3 Sl a Bl M AR Yo A P R pAtiopapto 3000
(1 PSi O Col or 5000, by Ricoh Co.) where a four-color

ol d0Q0Q pilrihenrtoimensuat the shapanand thiehdistabutiemef the toner
one- conponent devel opers respectively on one belt-1like
sampid0ot oconductor, the color imges were transferred

on an intermedi ate transfer body sequentially, then

f our | or jnages. weye transferred coll.ectively on a
recor g’%ﬁ@%@aﬂ%ﬁfﬂm egFrect tanersdn arefesably 1341 0r Z5tagmore
nodified into an oilless fixing unit and tuned.

pEafataldy Beintoof5% woThe mpaizafdmek/s thp apglbhteration degree is
t wo- conponent devel oper for eval uating inmges was

oREFRPS R IAR BTL bOS GRS RBERE S ARAEI5) e e

silicone resin of 0.3 gmthick in aver‘?]ge, by m xi ng
megeupastdeyicet the atdachinentpartSaysoset onct vibesipes tahle

color toners uniformy using a tunbler m xer of

abddFiinioNg tRb ¥ ihY¥RRodedyelar ge them thereby the
devel opnent was produced. Production of Carrier
() vibro-shoot
(i) packing
(iid) 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 pm
screen opening (lower) : 22 um

vibration amplitude : 1 mm

89
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toCore Material Cu-Zn ferrite particles *1)5000 parts
Coating Material toluene450 parts silicone resin
(S112400) *2)450 parts 15am no silane (SH6020) *2)10
parts carbon bl ackl0 parts *1) nass average di aneter:
35gm *2) non-:vol atile content: 50% by Toray Dow
Corning Silico Co, ’g’%é by | bray Dow Corning Silicone
Co. 20The c%f’d’tl}r’]l??dnﬁ%ﬁt als were di spersed by a
stirrer for 10mmnutes to prepare a coating |iquid,
and the coatnibrapihg gertod aibdlsedondsore material were
poured into a coating device that coats the coating

l'i qui : t-er. ' WAl .
e o ot 805 ReplE e Gt LE 4G gl
wthin a fluidized bed. The coated product s heat ed
at 250C f ormasheipewdes gy emnperisereenrs Ler . @val uati on

Items 5 (1) Carrier Loss After outputting

100, 000 shegiags of pewddraid tHaf mEle kévage <ay.eawhi | e
controlling i mge concentration within 1.4 th 0.2, the

charge amount (Lt g&%rc?efr on the lower screen x 0.2: (0

The total of these three values is defined as the agglomeration degree
(%); i.e. agglomeration degree (%) = (a) + (h) + (¢).

It 15 preferred that the toner has a loose apparent density of 0.2 to
0.7 gfmL. The loose apparent density may be measured by a powder tester
PT-S (by Hosokawa Micron Co.).

It is preferred that the toner has a volume resistivity of 8 to 15 Log
ohm 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 1s 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 seconds by a high resist meter (e.g., TR8601, by Advantest
Co.), then the volume resistivity is calculated as a logarithmic value from the
measured resistivity and the pellet thickness.

It is 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 1s

defined as the temperature at which the flow amount comes to the half under
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devel opers was conpared between before and after the
outputting and eval uated under -the following criteria.
The charge anobunt was nmeasured 10 in accordance with a
bl ow of f process. A: loss of 0%to 30%B: |oss of 30%
to 50% C. |oss of 50%or nore (2) Fog 15As for
respective toners, a chart of inmage area 50% was

- 9 [ quously on
t%%%%ggéﬁie)eg S, ia%%ﬁtt %@&e@ﬁgerrﬁgﬁn%grﬁﬁ Sg%g%%@kground was
visual |y eval uated using a | ou8e under the follow ng
criteria. Adevige sfewteser CIisp00DRby ShirgadayCo.)
observabl e snear, substantially no problem C. sone
observabl e yagarz0k al | owabl e significant snear,
problematic (a) Toner Scattering As for
respective t,oness, chart of inage area 10% was
out put at t%‘g%&’éo hnd RH 90% conti nuously on
100, 000 sheets, then the toner snear within the copier
was Vi sual | yermpataiateesingdate t 8€/inoh | oM ng 5 aiteri a.
A: no snear of toner

sample mass : 1.0 g

It 15 preferred that the toner has a glass transition temperature Tg of
35°C to 90°C, more preferably 45°C to 70°C. The glass transition
temperature Tg of the toner may be measured under the following
conditions.

differential scanmng calorimeter : Seiko 1D SC100, Seiko 185C5040
(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 Kit

The inventive toner kit 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 contains an organic pigment having two units per

molecule each expressed by Structural Skeleton (A) and no halogen atom.
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B: slightly observable snear, substantially no problem
C. sone observable snear D. non-all owabl e significant
snear, problematic 10 (4) Bl ocki ng Resi stance
(Environnmental Preservability) A toner of 10 g
was placed into a glass vessel of 20 ralL, then the

gl ass vessel was tapped 10Q tines and all owed to stand
for 48 hours at te « @ } and RH 80% foll owed
by measuring a-penetrating=fegree (Pd) using a

needl e- penet r at OGHe N Separately, the toner was

pl aced 15 in anot-hg gNagy vessel and allowed to
stand at |o W e/ and | offthaetdisl Weandla i(@h of
10C and pH 1 er penetrati ng degree judged
bet ween a atfire and high humdity
conditioy a erature and | ow humdity
condi vvas enpl oye®_%And eval uat ed under the

foll owhing/ criteria. 20A: 20 nm< Pd B: 15 ram < Pd <20
ramC:. 10 mm< Pd < 15 ram D Pd < 10mm (5)
Fixability (Hot O fset Resistance, Low | enperature

Fi xabi lity) A solid i mage was output at a toner
amount of 1.0 . Cﬁ'g/chQ on a regular paper and a
thick paper (ty , by Ricoh Co., copy paper

<135>, 5 by NBS"N Cohpn. ) uStractarralifrizpletontidg
apparatus (| magio e 450, by Ricoh Co.) that had been
nmodi fied into a belt-fixing system A sanple toner was
fixed on the regul ar paper while changing the

t enpeingheSsratturdldormla §xmd StrmdturabSkeletonid),
tenperature w thout hot offset was defined as the

(f’,EPJe'NIJI—ﬂhéo mRpadsbg-0gy th@aRer ature. The ower limt of

I Xi ng tenperature 10 was defined as the tenperature

of t f|X|n roll \A/nlppﬁthe residual rate of inag
densi lg,eamea Ve GO EE gentaiaga PRIveRtes resin sypkh em%i
or nore. is typically desirable that the upper

il tih@ liregﬁcncfa ioX hn@vekeipeiantdotthiniRDeHtabist BhgRpecifin fealldve

lower Iimt of fixing tenperature is 140C or | ower.
an%’ mahg%lsl aLS]g:s1(12:',;:rzle-|1-:{‘c§,a}::r:]neqlrJ effeC 1ve‘i‘y reprgsec% io¥' reproducibility of
images, in particular color reproducibility of intermediate red.

The mechanism to improve the color reproducibility is not
necessarily clear, but it is believed that the effective catalytic activity of the
novel titanium-containing catalyst may achieve a condition of molecular
chain and/or molecular mass distnbution adequate for pigment dispersion.
As a result, the energy for the pigment dispersed 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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15A m xture of 1617 parts of titaniumdil sopropoxy

bi s(triethanol am ne) 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 bubblrng a liquid therein, the mxture was heated
gradually to QOC and allowed to react at 90C for 4

hour s ¢y [ i
nitr oge‘%¥ @1 ereb %‘%&6’?"&%% S{E?“({tan um@tﬁgé?odgyﬁg ;
bi gtri et hanol antne). Ot her titani um containing '
pagenty doner aremzadpkepiemans, Hherismentsilor thetrnegenta toner

present invention, may be prepared in simlar

Iivetbeeh iago PIEESE &uch BX AP likelpi £aha ifdolhb1e @@6
Pol yester Resin Four hundred and thirty parts of an

adduct .of .bi sphenol 5 nol es, of P 0 part
Pdﬁmﬁﬂ‘gsaaﬁﬂé’lf & CB?%BW&“QQ%WW gfcyééf PIE?PD%S
parts of terephthalic acid, 65 parts of isophthalic
Ao plgmeptpaxchaleafapiahel pigmelnym and exymaghthopacitipigients,
titanium di hydroxy bigtriethanol am ne) as a

e r
GREEIREN PEnbat o o/ CIRRAY O PRIGR, Sod EAC PR 164 have
nitrogen gas inlet, and the mxture was allowed to 10
hegpased go pRg thamhohhe quirpcridene Pagraenigaave hean C.1.
while distilling away the water generated in the

PREE, (0D PREDSNah €. 1, SaRA0E01 ’I‘lﬁﬁnﬁjgéﬂﬂﬁﬁﬂnépuéeﬂqﬁi' theeer

a reduced pressure of 5to nmrHg, and then taken out

.when the | ue cane ooI|n

if 30,055 igmegy of bgaf’ﬁﬁgﬁ Ry
consequently, a i near pol yester resin AX1-1 was 15
Rirtmilaéd. This pignihe repmuducesibrifidéht im agertaicolets doe to the
THF-i nsol ubl e matter, and had an acid value of 7

Ass
@% t]tmé%rpa%raa tlﬂ‘i‘g %g%ngé%eﬁga nu er average ,
nmol ecul ar mass Mh of 6948@ and a peak top nol ecul ar :
mass Mpeeificalin gchenrihe IDamage densityrotlagneflectivied i petsto 1
no nore than 1500 was 1.2% Synthesis of non-Linear

1700 wRAERFdRRSX RITESSS &wﬁﬁbﬁ@t&'ﬂ’t& fiking Rahiagefto #cording
adduct of bisphenol A wth

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 0 in
the color specification system of L*a*bh* (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 color density
given to humans at a constant state. When “a*” is less than 55 or “b*” is
less than 0, the color reproducibility degrades at intermediate colors when

“_ e x

mixed with toners with other colors; and when “a*” is more than 75 or “b*” 15

more than —8, the amount of the pigment should be increased, which leading
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nol es of EO, 326 parts of an adduct of bisphenol A
wth 3 noles of PO 278 parts of terephthalic acid, 40
parts of phthalic anhydride, and 2 parts of titanium
di hydroxy bigtriethanol am ne) as a condensati on

cat al yst were poured into a reactor vessel equipped

ondenser, irr d a 5.nitrogen
o9 highe? oBAHSERE Dhivef aRe SURGALY TN Y TeBR i s
for 10 hours under nitrogen gas flow while distilling
isteeyetiate ealbey when eriaed svithntonees wethodthencoldien t he
react ant vvas al l owed to react under a reduced pressure

\?;I 3e care Wt%ﬂ%gﬁﬁeﬁntgggﬁ%%ﬁ%g& F}g Eﬁl@ﬁfggpressed

triraellitic anh¥ﬁalde was added to the 10 reactant
by st vealHormple (Wds paeferali 2ite 158aby massemormpreigrably 3
pressure of seal ed at nosphere for 2 hours. After
5 t690% hes.room tenperature, the reaction product was
mille consequently, a non-linear polyester resin
cont ai ned no

AX1-1 n he resultin
AL L 0L % e ol D5a B A PIEAR! A dpakgs aBs
ngKOH g, a hydroxyl value of 17 ngKOH g, a gl ass

otgzans pignomtthavingr titre nait gep indd@bile aachodyaresseddya@euctural
nmol ecul ar mass Mh of 3920, and a peak top nol ecul ar

SRR ot e U RPNt OSP

1 20Four hundred parts of the pol %ester AX1-1 and 600
ppamolecyie ¢arh qxproesed by Strpcturalatkeletont(4) akd swdudogesi atgm,
a continuous kneader at a jacket tenperature of 150C

10 ifpRferabRsontedigRedde Ty tractir AN SEaulh (@) {3 Bdlowesi n
was cool ed to 30C over 4 mnutes using a steel-belt

cool er, ﬁ mlled to prepare an inventive toner

bi nder Hi ction of Toner Bl ack Toner 5water 1000

par, t "
OCH2CH20
Q_,{" H Structural Formula (2)
oy
N
o

N
;

H

HsCO
)—Q—coocua
]
H—N
0 M
O H }—37‘:
HaG [\ N H
N _§—( : HO : Structural Formula (3)
o)
N=H
o)
Hacooc—©—<
QCHa

The yellow toner contains an organic pigment expressed by
Structural Formula (2) and/or (3), the both are insoluble azo pigments. The

15  yellow toner has been polycyclic organic pigments including acetoacetic acid
94
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pht hal ocyani ne green hydrous cake *1)200 parts carbon
bl ack *2)540 parts toner binder 11200 parts *1) solid
content: 30% 10*2) MA60, by M tsubishi Chem cal Co.
The ingredients descri bed above were m xed by a
Henschel m xer to prepare a m xture containing pignment
aggl onerates to which water infiltrates. The m xture

: : 5, Sy - | | f i
REAEAE Desin o MG ot A gh 0 el ofafiidone
cool ed, then was 15 crushed by a pul verizer thereby to
pewsateand threne pigrments. oSpprigaally, acetonesticnaid ellylid dz-azo

parts master batch descri bed above8 parts charge

FSRiched ofCEPY{BaRd (N FY B IfichswitRly (edd, PMald vellow
acid ester wax) *2)5 parts 20*1) by Oi'ent Chem cal

Co. *2) neliing point: 83C viscosjty: 280 -s at )
t00rs FHPIOR S AT DiEmaiis BEoasaL by WBrEta) Earpyia ), ie.
m xer, and the ? m xture was nelted-kneaded 3 tines

(@i. pipmenbyeliow W80 kddazo wegdnic piptenthen doetied bprSighudiiral
was cal endered-cool ed. Then the m xture was m |l ed

T, B bl S 8L 0t Tl b

SW rli n%ﬂfll ow (DS classifier, by Japan Pneumatic
contain no halogen and reproduce brilliant yellow colors due to a narrow

absorption band at wavelength of 400 to 500 nm.

Specifically, when the ID 1s 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 cbserving light D50 (JISZ-8720 (1983)) at a
view angle of 2°, “a*” is -2 to —-22 and “b*” is 67 to 90 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 color density
given to humans at a constant state. When “a*” is less 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 opacifying power and similarly lower color reproducibility 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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5 Mg. Co) thereby to obtain black color particles
havi ng a vol une average particle dianeter of 5.5 gm
To the bl ack color particles, hydrophobic silica
(primary particle dianeter: 10 nra, HDK H2000, by

A ari ant Japz{n K.K) was added in an anmount of 1.0%

t hen t he ture m xed_Jy. nschel .m xer.

reproduge f#@&ﬂfﬂas-mﬂ tﬁﬁ@ﬁﬂa 145 %@W&%ﬁ'ﬁ%ﬁ& 0
renmove 10 aggl anerates thereby to prepare a bl ack
densiesméter Hifier fiaivay apimpes tbiag ar shsshang light THE @TIZ-8720
and evaluation results are shown in Table 2. Yell ow

o [ ::ll' j gn2

Y 2t B PR 42 4 do oof REBBO.DTH A WO W Wiy
content: 50% ~The ingredi ents described above
tq\BP én pheealohspegifiaetion isestem fidk*a*d* pr Eharesnechive rapges of
cont ai ni ng pi gnent aggl onerates to which water

chlBf h'éﬂ::'i:)&_Il@iﬁi]ii:-?rr B8 tHe KEAS Ao d?@&*ﬁ@ﬁﬂoﬁ QYstém Maf)BeBjusted
using twin rolls of 20 which the surface being
controlled tp,130C, cal ender and..cool ed, ghen was

by Hhie FeReBYS of thamvaEanFa FORGT eglIgFdanes the amaupt of
bat ch of pignment. toner binder 1100 parts nmaster
abihéxdd wasy; minkahe abloy eshroduttiorc harggef ved tolors mgerie widened
(Bontron E-84)2 parts wax (aliphatic acid ester wax)

frofd Soidt to vermillion by virtue of the range. When “a*” is less than

60 or “b*” is less than 45, the color reproducible range is narrow and various

%0

intermediate reds cannot be reproduced, and when “a*” is more than 68 or
“b*’ 1s more than 55, the amount of the pigment should be increased, 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 color reproducibility has been poor
compared to photographic papers or sublimation photographs particularly i
cases of higher opacifying power since the reproducible range is narrow and
orgamec pigments reduce the transparency. As such, the inventive image
forming apparatus may broadly attain red color reproducibility by defiming
the color reproducible ranges with respect to organic pigments of both of

magenta toner and yellow toner.

The amount of the orgame pigment, having two units per molecule
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*1) by Oient Chemcal Co. 5*2) nelting point: 83C,
viscosity: 280 =Pas at 90C The ingredients
descri bed above were m xed by a m xer, and the m xture
was nel ted-kneaded 3 tinmes or nore by a two-roll mll,
then the kneaded product was cal ender ed-cool ed. Then
the mixture was mlled using ajet-mll of

PP S b B o R s
y t

cl assn‘ler by Jap an Pneurati c Mg Co.) thereb
ol 21 byé!lﬂlwébe Jellowtonen more pyefarpbly Gdp JHds bwma@ge

particle diameter of 5.5 um To the yell ow col or

parti qt ésprefardéDEIARME cFhh t&f@r(cbl%;h@%eg})@fplﬂhﬂd@ﬂiune

Japan | (K) was added in an anmount of 1 then the

m xture was m xed by a Henschel m xer and passed
K&Pslyh a screen 15 havi ng an opening of 50 gmto
renmove aggl onerates thereby to prepare yellow toner 1.
The t dhizpreferpat i Ge prescrshnwention fledil the 1dyek «fntHe indkenta
and evaluation results are shown in Table 2. Mgenta

RS e P Sy Ao AT T B0 D,

content; 50% ?23] 2 redi ents descri bed above
exprassed kﬁ&tWarﬂAé?%%Jéal ioxde) intherinpentévestomex tymeally

cont ai ni ng pi gnent aggl onerates to which water

eikhfbitdlbee Spaiﬂ&:@?éfﬁélf LA TANRBRESh alBink Y h Ml dePRing
using twin rol of which the surface being controfll ed

to 130C ¢ ered and .cool t hen s..b crushed by

oS 3  Hihel By e pigRept Smemad ig, SBasiRa b ormbla
gnent. toner binder 1100 parts naster batch

(BDemdB) extribbd ubBvehatsa oharoyerophicabibsegetion ¢Aont thom are

E-84) *1)2 parts wax (aliphatic acid ester wax) *2)5
fRPfrbih disturbing the red color reproduction by the underlying magenta
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 is incorporated into the toner of the inventive toner kit,
the image surface tends to appear an orange surface, as a result, 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 spectral
reflectance at wavelength of 400 to 600 nimn is increased in yellow toners. As

such, when reproducing colors by a subtractive color mixing, increase of

reflectance at wavelengths other than to be absorbed may improve the color
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10*1) by Oient Chemcal Co. *2) nelting point: 83C,

viscosity: 280 nPa-s at 90C The ingredients

descri bed above were m xed by a m xer, and the m xture

was nel ted-kneaded 3 tinmes or nore by a two-roll mll,

then the kneaded product was cal ender ed-cool ed. Then

t he, m. li#ie was mlled 15 using a jet-m Il of
re@a?cp]l%li?f ‘pl ate type (lI-type mll, by Japan Pneumatic

Mg. Co.) and air-classified by swirling flow (DS

cl assThé mvenbye amparkiPregyrhe favordbdy agplidd toenageyforming

obtai n nmagenta col or particles having a vol une average

B 8 R ot o it i SRS bl
G axi ant Japan K. K) was added in an anmount of LO0%

ODRER 20 the mixture was mixed by a Henschel mixer and
passed t hrough a screen having an opening of 50 gmto

D& & aggl onerates thereby to prepare magenta toner
1. e toner properties are shown in Tables 11 and

T
1-2, d | uat i [ ts.. h in_ Tab .

Oyan Phim RS UG 1P Anp B0 G e Brnenedt Ainegns
cake *01200 parts 5toner binder 11200 parts *1) solid

thediohenis: mb@%with a maghetid cagriedi €hhes aesot bHde teberss 1 to
were m xed by a Henschel m xer to prepare a m xture

R o A e o

using twin rolls of io which the surface b%itng
cont r B¢ BHEnEtis SARTICTIRRE R SPRYPTiMNat BRechiararomaawder,
crushed by a pulverizer thereby to prepare a naster

febdtcPowdern hiliEmetite peddr, BisitFebatéd QbaRdticeabFet ghd Bhissh
descri bed above8 parts
beads having a particle diameter of 20 to 200 pm.

Examples of the coating materials of the resin-coated magnetic
carrier include phenol resins, amino resins, urea-formaldehyde resins,
melamine resins, benzoguanamine resins, urea resins, polyamide resins,
epoxy resins, polyvinyl resins, polyvinylidene resins, acrylic resins,
polymethylmethacrylate resins, polyacrylonitrile resins, polyvinyl acetate
resins, polyvinyl alcohol resins, polyvinyl acetal resins, polyvinyl butyral
resins, polystyrene resins, styrene-acrylic copolymer resins, 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 resins, polytriflucroethylene resins,
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charge control agent (Bontron E-84) si)2 parts 15wax
(aliphatic acid ester wax) *2)Spans *1) by Oient
Chemical Co. *2) nelting point: 83C, viscosity: 280
nPa-s at 90C The ingredients descri bed above were

m xed by a mxer and the m xture was nelted-kneaded 3

times or nore by a two-roll mll, then the 20 kneaded
mﬁw%n %ﬁngﬁéﬁ@ﬁg focitls, SB04IGtherd gfggygp ol h4i8e 4R acrylic

lé pe mll, by Japan. Pneumatic :gg? . Co.) and
Pmrems §?theaewfswyhdw fiyagyde azsl winyt Sneride, fyaro
Japan Pneumatic Mg. Co.) thereby tep obtain cyan

tehadympas Srichl ea;sﬂﬁaa bh@tafM@rothyRWe] 268 vidlidefib Buoride and
diameter of 5.5 gm 'Ib the yeI ow col or particles,

0 blcscha CIarlant JapanKK)
CU% %@%g‘b‘ orife Ft(fﬁtalb‘*ﬂ'% Hé% the mixture was
m xed by a Henschel m xer and passed t hrough a screen
5 haviArgorg thgsensiligoref reSh-grated camrirs araggletiont i eew of
thereby to prepare cyan toner 1. The toner properties

n

ALY, " HRCALY pop itk om By HEl G into the
conduct ed using .an_eval uation _device A _Exanple 2 10
coptingaesins as requs: Herarerles of teaselactrically somdysbivedomers
resin AX1-2 was prepared by a simlar reaction as that

ifElubs afgrhEpdwddeslcarbon bR dkOiOshiBm §ﬁﬂb | 18 ofddle’=RRinc oxide.

tenperature and mII|ng except that the

0 d t was changed into titanyl.
R e e Gty o e P n PP i vaen aveags BiFriske
no THF-insoluble matter, and had an acid value of 8
Skt na rhewr tdvanl 1 pal sipceothe ilamgka@Htyve 4 |ghasskes
transition tenperature Tg of 60C, a nunber average
tﬂcﬁ&%%ﬁ?ﬁ%}ﬁ%%@b% and a peak top nol ecul ar

mass e rate of the nol ecul ar mass of no

mor e than 1500 was 1.1% _
In the two-component developers, the amount of the toner is

preferably 0.5 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 developers without carrier or as non-magnetic toners.
Magnetic Matenal

The inventive toner may be employed as a magnetic toner with a
magnetic material. The magnetic toner may be prepared by incorporating
magnetic fine particles into the toner particles. The magnetic materials are
exemplified by ferromagnetic metals like iron, nickel and cobalt, alloys and
compounds thereof such as iron oxide including ferrites, magnetites and

hematites; alioys, which contain no ferromagnetic element but exhibit
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20 Synthesis of non-Linear Polyester Resin A linear
pol yester resin AX2-2 was prepared by a simlar
reaction as that of Exanple 1 (AX2-1), followed by
cooling to roomtenperature and mlling except that
t he pol ycondensation catal yst was changed into titanyl
bi s(ttiethangl am ne). . The resul ting ,AX2-
(TP RAERETA GLAHEN . SBPTOR AP B Cieea Therth B tas Haegler
val ue of 33 ngkOH g, a hydroxyl val ue of 14 ngkKOH g, a
atibgs corfiaiman smdrigamete apé cepper dikégVinf Cu-ACand MuordetSn; and
aver age nol ecul ar mass ©Wh of 4200, and a peak top

] Mp of 11800. The rate of the nol ecul ar
c@@%%ﬂ#@%&&than 1500 was 0.8% Synthesis of Toner
Bi nder 2 The inventive toner binder 2 was
pr epatiels molepeadidat tha magnstio material has an aypeage particle
pol yester AX1-2 and 500 parts of the polyester AX2-2

difihefer OF DUHBS2 Wl Bihrd pEEBSAANE D, 1MoEm, BheRataifhaAlyof
Toner A toner was prepared and eval uated in the

same nner as the bl ack toner Exampl e 1 except
AT K BRrtision o1 tSaithe AR ARFIELS osi
and the master batch. The toner properties are shown

prefedaily 6o 150 pairtk By thasabdsabal LD parts of satdrsmare
shown in Table 2. The eval uati on was conduct ed usi ng

. . . sy .
oL 0h 10l Bifales SIS BrcRbIPI0 o B paste
parts of an adduct of bisphenol A with 2 noles of
mas5pyl ene oxi de, 20 parts of an adduct of bisphenol A
with 3 noles of propylene oxide, 133 parts of an

I83@H ForRfin®AspRRITAL afd ddke ForRiRg Mdthod

The 1mage forming method according to the present invention
comprises 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
ehmination step, a cleaning step, a recyching step and a controlling step.

The 1mage forming apparatus according to the present invention

comprises at least a photoconductor, a latent electrostatic image forming unit,

a developing unit, a transferring unit, and a fixing wmt and may further
comprise other unmts suitably selected in accordance with the necessity such
as a charge elimination unit, a cleaning unit, a recycling unit and a
controlling unit.

In the latent electrostatic image forming step, a latent electrostatic
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et hyl ene oxide, 10 Parts of an adduct of pheno
novol ac (average pol yneri zation degree: about 5 wth
5 nol es of ethyl ene oxide, 252 parts of terephthalic
acid, 19 parts of isophthalic acid, 10 parts of
trinmellitic anhydride, and 2 parts of titanium

di hydr oxy bigtriethanolanine) as a 5 condensation

: hg ?Hbﬁﬂoh@ﬁ&mﬁ react or vessel equi pped

Wi t condense a stirrer and a nitrogen gas inlet,
and t xture-was allowed to react at %SOC for 10
hour s Fertialecsrrettiaamageheanng member (samefgmanasferred
the water generated in the reaction. Then the reactant

toas “alebovplbtogrdpae photodsidwrthe due Hotﬂécﬁﬁﬁiéfcﬁ:’% be©
20 nmHg til | the ac?d val ue cane t% 2 i 0 ngKOH gagr

ess e arts rinellitk anhydride wa ded
nefBehe 6ot an BErs o Chalgrial, st REL e iee (i ik, and

normal pressure for 1 hour followed by reacting under
raay be susdblyreetstedfrom @Mventidhalronely;, thiehwbapa0f tlar t s of

bi sphenol A di glycidyl ether was added to the

i
eHEREoRctok & BRIAERY SRR 1 BB elhitp ROt B Bidcerial .
tenmperature, the reaction product was ml |l ed, 3
inelnde gmorphgus stligeniand selepnirg don imprganit photeeondugiers and
obt ai ned. The resulting AYl-1 had an acid val ue
polysBansak@piahaRpbldidtkire for b%ﬁé ph&totBttdhshs. 2 AGhARS
transition tenperature Tg of C, a nunber average
| ecul ar, mass..vh of peak p nnlecular ss

e AtioRRBOTS ity ta preaapblod Jrelh oL RGHT eptrasm

the rate of the nol ecular nass of no nore than 1500
was 1 Theglatent elechastatieohses maebe firntke; fit.example, by
Preparation of Toner A toner was prepared

AfifY he Bt B ch oA AAAE g BEmb ot A G Shg e
the toner resin and the nmaster batch. The toner

sprigpe Fhareef umagesfeniy by marns afshe latenhelegtrestatigdmage
evaluation results are shown in Table 2. The

fervaingatdion mmﬁm@@%&aﬁy fhAge RANRMA WA s PRoHANE GRth,

A Exanple Synt hesi s of non- LI near Polyester Resin

One hu d thirt s of, an, adduct  of
fog 81 Stdegr e tBagey slgnlrgd 4 Péﬂ%ﬂbfﬁ ge gyesuzfaqecof
of an adduct of bisphenol A with 3 noles of propyl ene
th pHetoc@blhywaort andfhnocsxpassumbfighrdd ophxposd thy sufdcedf the
nol es of ethylene oxide, 125 parts of an adduct of

&ﬁg ge pol ynerization degree: about

@?ﬁﬁB%ﬁ&%HPhﬁﬁ% Elg'aopylene oxi de, 201 parts of g
terephthalic acid, 25 parts of raal eic anhydride, 35 i
par t s The surfagephthe p @wﬁamtmaaah@ chargedthy apfplying a '

titanyl bis(triethanol am ne) as a condensati on
voltage to the surface of the photoconductor through the use of, for example,

the charger.
The charger may be properly selected depending on the application;
examples thereof include 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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15 catal yst were poured into a reactor vessel equipped
Wi th a condenser, a stirrer and a nitrogen gas inlet,
and the mxture was allowed to react at 230C for 10
hours under nitrogen gas flow while distilling away
the water generated in the reaction. Then the reactant
was, al | oped t'o .reagt under,..a.reduced pressure of 5 to
t56 Byt Bopyeonsrichargeregiliving rorona dieqhaTessuhl a)
came to 2 ngKO/ g or less, and 65 parts of trinellitic
cenobymdnizoel seawotedded to the reactant, then the nixture
was allowed to react under normal pressure of seal ed
at nos I f i

Fempor o creiatt pEUedbitonidutlon2asy bEdxbdtofl o oxample, by
consequent]y, a non-linear polyester resin AX2-3 was
e¥PIsARg b photocondugor fwé%fp tnnﬂgew&ﬁefﬂ nsiBg the erRRseT-or
resin (AX2-3) had a softening tenperature of 144C, an
aci d Takwgpeier 30y BEprrlyasdiottéddyperidahs 6n €he appBeation;
ngKOH/ g, a glass transition tenperature Tg of 59C, a
nunber aver age | ecul ar, mass.Mn of 1410, a peak to
cRoa i R SRy Fioft o PRERe b fer B s ToPE i o
of 27% the rate of the nol ecul ar mass of no nore than
opECU spaenis, #64 lensi aohayaystemmedlager opdival sydteaier avd liquid
Preparation of Toner 10A toner was prepared and

{éxméluﬁﬁ'ﬁ [ manner as the bl ack toner of

¢ anpl e %ré’@ﬁégfs’t%ﬁ‘{a@s} he toner binder 4 was used in
the toner resin and the naster batch._ The toner .
pr ope l thasprasent nygation, thedrack heht mathod may bg.epaployed in
eval uation results are shown in Table 2. The

wiiéth bRddsil WgRrienddGhateusidy fram hethatitdi@nofigei ce A
15 Exanpl e 5 Synthesis of non-Linear Polyester Resin
Ot” h&%ed and ten parts of an adduct of bisphenol A

PRPTAC s of propyl ene oxide, 270 parts of an
adduct of bisphenol A with 3 noles of propyl ene oxide,

Developag StepfarntdbDepdomagi dnidci d, 125 parts of

i sophthalic acid, 20 15 parts of naleic anhydri de and

2 par g?ie Qlfevélioﬁ%éétigi) S YATO%Wichi the gﬂe?& BRRALET SRR is

a condensatio yst were poured Into a reactor

vessel equi pped with a condenser, a stirrer and a
dﬁy@lpg%ﬁsq@gg:ﬁe Apwgloper of tﬁe 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 umit may be properly selected 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
mvention therein and enables supplying the developer to the latent

electrostatic image in a contact or a non-contact state; preferable example 1s
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and the m xture was allowed to react at 220C 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, and:cooled to 180C when the acid val ue cane
to 2 ngKOH/ g or less, and 25 5 parts of trinellitic

Y TeVL s ‘ rﬂgi]{jﬁ . then the mxture
was gﬁ*%ge thﬁggngﬁﬁser no?%%ﬁa%¥%£sure of seal ed
atnosphere for_2 hours. After cooling to _room

t enperdedmagedsaeloping walk maphe of 2 dae davelpring process or a
consequently, a non-linear polyester resin . AX2-4 was
veditdiveRping proce s UITE by W@ ndbreeRkodh & @6vdleping unit or a
THF-1 nsol uble matter, and had an 10 acid val ue of 18

KOH/ a droxyl val ug of. 37 K , S .

Rk ol I, dr¥rii Setias thstpefiodliR hpe having
nol ecul ar mass Mh of 2130, and a peak top nol ecul ar
agibzeny vhidete. devebpenisfridtionally eharged| and massatableno
nore than 1500 was 1.3% Synthesis of Mdified

ﬁb%% Resin 15Three hundred and seventeen parts of
ngn a 3%§%Eof bi sphenol A with 2 noles of ethylene .
oxi de, 57 parts _of _an adduct of bisphenol A wth 2 ;
mol es IBthe Bage developang sppacusdor example, atenercandthe |
bi sphenol A with 3 noles of propyl ene oxide, 75 parts ;
cOfrianaddiiet 0id #ead|the a¥edaie chaMRdagefirRBb AP fordAt At

degree: about 5) with 5 noles of propyl ene oxide, 30

arts, o Q.is thalic.acid, 157 ts of
3% bRt heldin SaRH Whore i tonsr i ebiineon the uatce aftho
parts of titanium di hydroxy bis(triethanol amne) as a
reivgmaghetroliar to therebye foanpa misghetiotbeush.r eéBinie the magnet
vessel equipped with a condenser, a stirrer and a

Sy . ¢ . Y
G BRI Red B o RN A b S leh Wb fing the
while distilling away the water generated in the
magneticdrushy form theasuriane aldbe Mmagpstroller mevastitotheler

a reduced pressure of 5 to 20 mrHg, and cooled to 180C
stitfabe bfhthedsHotlocoalduetop byalletiie aftr AR ot ALER redliRNthe

68 parts of trinellitic anhydride was added to the

reactant, which was allowed tao react under nor nal,

145BRE ERPiroptiitc Thnkh o Aoyl nye FRStanoRds e vipible toner
reduced pressure of 20 to 40 mrHg, then 25 parts of
Lnagphembé phoconduatoxigirfatener was added to the ¢
reactant, followed by taking out when the softening ;
t enpe - e '

t empor op ege PR theinElontie hisiO g BhelPabfink 08

.consequently, a nodified polyester resin AY1l-2 was

inyengivedaner. © The deyploper mast bénef omeicomnenent devalbpenaxl ue

of 11 mgKOH g, a hydroxyl value of 27 ngKOH g, a gl ass

tirb-RBEipbhORk d pat ure Tg of 60C, a nunber average
nol ecul ar mass of 3020, a peak top nol ecul ar mass

Tb‘gns%rrg?gs gﬁ(ap and Transferring Unit

R L T R Tt T T

In the transferring step, the visible image is transferred onto a
recording medium, preferably, an intermediate transfer member is used, the

visible image is primarily transferred to the intermediate transfer member
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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%

Synt hesi s of Toner Binder 5 Five hundred parts of the
AX2-3 and 500 parts of the AY1l-2 were nelted-kneaded
usi ng a continuous kneader at a jacket tenperature of

20 150C and..q. resi dence t]j of 3 _minutes. The nelted
aP&%ﬁ‘%P ﬁ&%ﬂé ¢ dpaggleFseondazily Aranshenred opta thy rgeording
steel -belt cooler, then mlled to prepare an inventive
redien. biAndenbodimchit @f aicatriaasfoefing ategy is more preferhbledn
was prepared and evaluated in the sane manner as the

l. ac rof I e t that:-th r._bi nder
WBifiEtied BERrp It AR E e BHGERY HIRKIbR DRIz hlEine
_The_toner properties are shown in Tables 1-1 5 and
1518t0] mamel praferabdy inwhichsa fuwlicelor tasiegumusedd, 7adithe 2. The
eval uati on was conducted using an eval uati on device A
efRbaRhéntSncludes a phitRhAFrahLRSFin¥es WGP L siblke Ih8ae is
same manner as bl'ack toner 1 of Exanple 1, except tThat
extern addj tives were mxed in a we rocess as 10
E130s P Heigrmetiaterapaior depmben iodows Acomppstie thansfer
Exanpl e 1. Ten parts of black color particles
ihaye tleraow, Glndesavadagetrpasferihe it wiiie die @inposite graifer
Exanple 1 and 2 parts of hydrophobic silica having a

- RL A el ' I Q _nm (HDK H2000, by

1%%&%?8%%§ 0%%?%&%1@2’%%%“&@%- m xed in water
containing 0.1 %of a surfactant using a 15 nono-punp.
Whi | eThe transfarngsiney be peripringds fon examplan by xharging a
anal ysis that the additive amount of the silica cane

vistbld Ynb¥e Mistod éh (RNRI ARSI RhE BRGREoA ol i8nghur ry,
and passed through a screen having an opening of 50 gm

to renpve aggl oner.ates thereby to epar.e a bl ack
t%’ﬁ%‘?” Wr&gﬁﬁmﬁ“r rEF L”ﬁ‘i%ges Hgé\n‘iﬁﬁsﬁs ?%%‘P%@E’iﬁeans
and 1-2, and evaluation results are shown in Table 2.
oPtheTiensfoatngtihitn Vas thotduefeefing sinig itie peviekalsdyiamn
device A Exanple 7

embodiment which includes a primary transferring unit configured to
transfer the visible image to an intermediate transfer member to form a
composite transfer image, and a secondary transferring unit configured to
transfer the composite transfer image onto a recording medium,

The intermediate transfer member may be properly selected from
conventional ones; preferable examples thereof include transferring belts.

The transferring unit (i.e, primary transferring unit and the
secondary transferring unit) preferably includes at least an image-transferer
configured to exfoliate and charge the visible image formed on the

photoconductor to transfer the visible image onto the recording medium.
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A bl ack toner was prepared in the sanme manner as bl ack
toner 1 of Exanple 1, except that external additives
were mxed in the foll ow ng process. In
addition to black toner 1, 0.4 parts of zinc stearate
was m xed by:a Henschel m xer, then the m xture was
passed through a screen having an 5 opening of 50 gm
e | ack

1 BRIFHRP LA RRO LS e TSN o QLB 2K
and 1-2, and eyaluation results are shown in Tabl e 2.
The eaiamplesaf thegmagsduandararsnelyda sormpal tuansferers,
device A Exanple 8 10A bl ack toner was prepared in
tir-iesfoadn: HEle) eFamferofiels, b@é%hrétﬁﬁnsx%’f%ﬂﬂéﬁ &nd 4REHEN
that external additives were mxed in the fol | ow ng

. dditiaon to black to % b
RS ity aFheenRE edBr s i vapgp apRrigddrom
di aneter: 15 nm STM 150M by Tayca Co.) was m xed by
canténtiderd ohes. m xer, then the m xture was passed
t hrough a screen having an opening of 50 gmto renove

Coner B s exd G Y vhRIBERRL fry Sﬂﬁ%ﬁﬁ A i

eval uatjon results are shown in Table 2. The
ig fixed uemg WEDsaPRatR S dand th@mmﬁumaanabhe gexfbrmed,
20 Exanmple 9 A chemi cal toner was prepared in

cvBfy fiftlel c2ioh RE10R LORASS SFarR/srEd BhHAIR ekt diEmR A En or at
manner as Exanple 1.
the time when individual color toners are superimposed.
The fixing apparatus may be properly selected depending on the
application, and heat-pressure units known in the art are preferably used.
Examples of the heat-pressure units include a combination of a heat roller

and a pressure roller, and a combination of a heat roller, a pressure roller,

and an endless belt.

et mmt FEe % mtemameae  na = =

The heating temperature in the heat-pressure unit is preferably 80°C

P

to 200°C.

In the present mvention, for example, an optical fixing apparatus
known 1n the art may be used in the fixing step and the fixing unit or instead
of the fixing unit.

In the charge elimination step, the charge is eliminated by applying

ey

a 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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Synt hesi s of Emul sion of Organic Fine Particles Six
hundred and ei ghty-three parts of water, 11 parts of
sodium salt of an adduct of sulfonate with nethacrylic
acid ethyl ene oxide (Elerainol RS-30, by Sanyo

Chem cal Industries Ltd.), 166 parts of nethacrylic

B iBhy Br oSl ledeq vt pBibShiediipat BRL] SPrsempte

set with a _sti‘r-.ri ng rod and a thernoneter, and the
changealeninasingtlampe direaprddedble.om f or 30 minutes to
prepare a white enul sion, which was allowed to react

at 75& i cléaﬂ‘iﬁgrsfep,g]me%fd)haﬂ’ @Ieﬁl?rpg%at e‘? ?déqggg%ﬂﬁlnmE on the

per sul'fat e aqueGus sol ution was to the
reactant, 10 which_ was then aged at 70C for, 5 hours to
phelosenducier wgawved.cndidieslesmpg car bg preferaldy performed
di spersion 1) of a vinyl resin (copol yner of
uﬁﬁ%ﬁﬁ@&ﬂu‘h afit.d, Thuélghmieihiat ayditdpepeily Belkated fodman
adduct of gulfbnate wi th E%thacrylic ggidyethylene
oxi de). The vol une, average. particle di.apeter .of the
ofRtre Tl pioek SKAEpIeR LT uflide BabpPidPRIBSndlr,
usi ng LA-920. Apart of the 15 fine particle dispersion

elbctrastadiciberdsh olespemy; ategrehe roka deaners drlade Tleanetsabrmish
transition tenperature Tg of the resin content was 60C

c%ﬁﬂefsbﬁnm ﬁ{que nol ecul ar mass Mv was 110000.

reparation o queous Phase Nine hundred and ninety
parts_of water, 83 parts of_ the fjne particle, 20

di spehsthrecyclmg $igp: & step elmnmededinothieclepmpg iorpegeled to
sodi um dodecyl di phenyl et her di sul fonate (El em nol

tAdNevalodivg Sedy anPhBarédclihg dats be is@fablyherforaitd 18Pmeans of

parts of ethylacetate were m xed and stirred to ?

BB B ek S AR BB RS o g

and thirty parts of an adduct of bisphenol A wth 2
thexeefinolude©on8@itigreal tenefying ontidnspordingningphenol A

with 3 moles of PO 257 5 parts of terephthalic acid,

65 paihs oGherbBARR iGN fo ARt thO PG lste’ TR &rftrol unit
may be properly selected depending on the applhcation; examples thereof
include such instruments as sequencers and computers.

The image forming apparatus in this embodiment comprises a
charging unit, an exposing umt, a developing unit, a transfer unit, and a
cleaning unit in order; and also a paper-feeding unit configured to feed
recording media from a paper-feeding tray, and a fixing device configured to
fix toners onto recording media after separating recording media, on which

toner images being transferred, from the photoconductor. In the 1mage

forming apparatus of this configuration, the surface of the rotating
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anhydride and 2 parts of titanium dihydroxy

bi gtri et hanol am ne) as a condensation catal 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 200C for 8 hours under
nitrogen gas flow while distilling away the 10 water

SRR GRok I ko ThabEed U Bk MR EERAGHT BherdBadigipd
, and, taken-out  when the acid value cane to 7
lageg  frown aay exnosing apdt baseshon mangr infprmation prform a
reacti on product was mlled, consequently, a
lhpit ib 88 th dhe PRSHCHMVEST €6 whdH theh toRsrLhbalepsited to
15The resulting | ow nol ecul ar mass pol yester resin 1
fcontagnﬂg no ' VHF-i nsol uble matter, and had an acid
859 ngKOH g, a hydroxyl value of 12 tagkOH g, a
glass transition tenperature Tg of 52C, a nunber
aver a@n thel ether handade rhvtordingifizdia mroneeyeddkomdhe paper
nmol ecul ar mass Mp of 17000. The rate of the nol ecul ar
. .80 i f
RS o 2nd oiyspRRRd e A brifiteeli e BB RSO hRotor
eighty-two parts of an adduct_ of bisphenol A wth 2
and the teansferyme fcepachothery  Thettzansfernnis@pnlies the charge
bi sphenol A with 2 noles of propyl ene oxide, 283
o déicgspolhFitE MitH dnks hﬁﬁ%@i&dq%ﬂ%@?‘lﬁdtﬁcdﬁddcfdﬂﬁéréﬁy the
i bu

anhydride, and 2 partS o yltin oxide were poured
inta a reactor vessel .equi ed with condenser, .a .
toprinhdeS A5 tBe mAETRGnaSat BRe fraficletrral S {hF reipragmedia.
allowed to react at 230C for 7 hours under nor mal

Theashe recddinmimedia i5 shparated froer the pleatucadlugtorssidr e of
10 to 15 mmHg to prepare an internedi ate pol yester 1.

cggﬁggatts amghg}ae%gge%e Fondd 3o RLERGR tRY @ine

ular mas a nmass average nol ec
of 9700, a glass transition tenperature Tg of 54C, an
mgdia 1o {roBIBREey. 5 ngKOH/ g and a hydroxyl val ue of 52
ngKOH g. 10Next, 410 parts of the internedi ate

pol yes@&! 11s a 86hdiaatié coistitRAPRAABRUIfIdSCAYARBI RVvAR of
500 parts of ethylacetate were poured into a reactor

essel ui pp W,t h.a .condenser, stitrer and a .

Rt hE ” Fae e Vel g REvie o i e, famfhye image

react at 100C for 5 hours to prepare prepolynmer 1. The
fowninerappefatius sallilecoypbaaté nvae she&fitalby withsieférantdin B

prepol yner 1. Synthesis of Ketim ne
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 (hereinafter, sometimes referred to as
“developer”) containing a toner and a magnetic carrier. The developing
sleeve 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 to arrow

“b” direction by a driving device (not shown). The material of the developing
107
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One hundred and seventy parts of isophoronedi am ne and
75 parts of nethyl ethyl ketone were poured into a
reaction vessel set with a stirring rod and a
thermoneter, and the mxture was allowed to react at
50C for 4.5 20 hours to prepare ketiraine conmpound 1.

The ketim ne co und 1 had am ne val ye of 417,
SJootp 1A o RoAELST Grmisaionaf fipoos, Sxamptes emEohafRy: ed
parts of vvater“,'.‘ Pi gment Bl ue 15:3 hydrous cake (solid
stainleas tteeh @dmanmdn 1 A8 mpegrictic ehateolajekke ceraasicy) awdreoated
m xed using a Henschel m xer (by Mtsui Mning Co.).

The .m . L.nut
B Ol DR PR B LRy Bl Ycpeny
cooled, 5 then was ¢rushed by a pul verizer thereby to
spleetedr e Amasgret noler (ot shpwahef amagmetie figld sepereting unit is
Three hundred and seventy-eight parts of the

disedPlRsdd e dReHpRaY N1688.6 ' THe ddilopiak i i<a iR

wax and 947 parts of ethyl acetate were poured into a
r.eaction ,vessel se ith a stiyjring rod and a
TSR AR ABTIOF Jo8 e EhparoqRtrp g ibeh S Epritepls e amgunt
mai ntai ned at 80C for 5 hours then cooled to 30C over

of tlrodevelopiee suppdrtehon thoetdiepingtstrevbdt ch 1 and 500
parts of ethylac,etate were introduced into the

vesse - i Xt ] r.t ' w
ot or aPOBiofheb b BothER o ABPelb B chylptiler 3 BROBUH 42T
material solution 1 was transferred 15 into a
upstreammiithe zotsitipgedirecion of thedevaleningislgene Jethg firss andhe
raw material solution 1 using a beads mll (Utra

sMoHACstFrine, sc%ﬂ,“@é&eqﬁm):idérﬂﬁ mdch8nfeansg isti'rﬂﬁg tRd

liquid feed rate of 1 kg/hr, disc circunferential
vel.ocit. f o sec, 0.5 ziycqgni a beads of 80% h
aéSelones 1R BrrloBSy conbampnds - Forthamare. % qnor SUpBlY Hilet
Then 1324 parts of an ethyl acetate solution of 65% 20

2Balispaebe ahbvar theeksclopky esitainet Avastoaeckbeprce 2 foe supplying
m xture, which was then passed through the beads ml|

t{,ﬁfﬁs% AESelbi S ont e f 2Ndid ) ‘B&Eer%‘aﬁﬁéﬁﬁﬁ% %ﬁ!ﬁ)ﬁ% ttﬂi]ee{cﬁg%(
0 prepare pigent-waX di spersion 1. e sol'rd conten
of the pignent-wax dispersion 1 was 50% at 13000 for

sapplyiiplet &8 are provided.

In the developing device 1, the developer 1n the container 4 1s stirred,
and the toner and the magnetic carrier are reversely friction-charged by
rotating the first and the second stirring screws 5, 6. The developer is
supplied o the circumferential surface of the developing sleeve 7 that is
rotating toward arrow “b” direction, the developer is supported on the
circumferential 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 1s conveyed to the
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Emul si fication and de- Sol vent Seven hundred and
forty-nine parts of the pignent-wax dispersion 1, 115
parts of the prepolyner 1 and 2.9 parts of the
keti m ne conpound 1 were 5 poured into a container to
prepare a mxture, which was then m xed at 5000 rpm
for 2 mnutes.using TIC hoi nom xer (by Prirnix Co),

devblopnessiby whdel a1 %iﬁ%@ooﬁﬂh%r@c at&%@beg@#%%ﬂﬁ%g Q@g& ¢ face

into the contalner m Xi ng at

m put.es u%ggo'l”}( honom xer to prepare enulsified
%iFEPFl}erL RoF Aiciheisig 15 plectrpstatically seansierred patog
vessel set with a stirring 10 rod and a thernoneter,

clldvtrostatiy Bed@iniazes oAU s&8fave bf thedthodonllbto?, tHavl the
and aged at 45C for 7 hours to prepare dispersion

rry 1. . Purification and in One hundr ed
icttdstage impife s HPRAL e Rinfrithages. acuam 1 Lot od.
foll owed by: 15(1) 100 parts of deionized water was

added The splaee of develadng gie Gt betweertthe photmonduedr 8 and
using TIC honom xer at 12000 rpmfor 10 m nutes and

' : . t 09 fum
b SRt e s prplorably (6L wl6a R  Ipasd PhERCY
cake (1), .the m xture was m xed using TIC honom xer at_
spacis logs tham 4.0} myy, Wispessiblydifficulttofcpnyest wamers, decreasing
(3) 100 parts of 10% hydrogen chl ori de aqueous

wifouinigrofwald @ﬂdg@b,taﬁdtih%aééd WwhERHeadplcd B abdve®.7 mm, the
m xture was m xed using TIC honom xer "at 12000 rpm

N 1 1. nut d t £ilt d; 4 0
india) ERaTBiR pitheeRt i bl s dlopes arpemitydrebliy
cake (3), the mixture was m xed using TX hononi xer at

depagd@ratesin for 10 minutes and then this procedure was
repeated once nore to prepare filtered cake 1; 5 and

Ihﬂfmfédhﬁt%“ﬁﬁn&%i‘ﬁoa was dried at 45C for 48 hours.
Ne

Xt, a toner base gnd 1% aqueous di spersion of the
fluorine conmpound (2) shown bel ow were m xed within a
vat er S5p¢|bp ﬂwﬁlté’%ﬂaﬁﬂﬂt@wm@hﬂ% trpanates body willbe explained
fluorine conpound (2) based on the toner base to

veth esfordiice 46 BOGI 4. tmhtafcgiﬁg rfRerCBN RS okiRL deVRABA, Be
mxture was dried at 45C to for 48 hours in an
iyt 86160 War'h WRanARbILHE & Sarge ol inbfhg ovies 0%
developing device 40 and an intermediate transfer body 50 are disposed
around a photoconductor 10. The intermediate transfer body 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, a cleaning device 90 having a cleaning blade
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shel ves, and then screened through a nmesh of opening
75 p.mthereby to prepare toner base particles 1.

Fl uori ne Conpound (2)CH, C, 17, -, 0 -(6)- COM
--ENe-Cl143 - CH, Next, 100 parts of the toner base
particles 1 and hydrophobic silica 15 having a primary

e dianeter H2000,, b t
S S R et Py D S AR DY el A eqter
Mtsui Mning €.) to prepare a toner under such
raitard3 isgusitimet Hacdeg thosdermedintereansfer botdn 60wy ttamsi@o
seconds at circunf erentl al vel 00|ty 30 msec as well

t ' o Ak [
n?%gx\%m@?ﬁidlé%bﬁé’ﬂe@@ Jb% eva ugg t1on réersls)lﬁf ?j&h
are wn in Table 2 The evaI uation was ond cted
1%@%@‘%#“@9%%@‘?%@111 edipowen supRlyfppiegh s a transfer

5'N ers were prepared in the sanme nanner as Exarrpl e 1l

bits vidcalzh €o Bhatiankfn ebllaf SU-x Mpldvdr, atena\vhlabgdre3P as a
except that the eval uation devices were devices B, C

Ry 8°5ct B bediBa By g F‘fif“ﬁ“rveéﬁl%? Swﬁea KR Ehal uat ed

in the sane manner as Exanple i except that the

bi ndeThe émiage dewelopar4Q tmnmhmkiaveh@mgubelt{%& rag| aedevelopsng

changed into the resin H2 shown bel ow Two

Elspg‘l“gﬁ) ?P% ﬁ\ﬁﬂ(h% esPo ﬂeﬂﬂ? OXI e%lgo%arts

of an adduct of bisp henoI A W|th m:_>| e propyl ene
35 q@aebguwumé Aegrizagenta (Rerema %‘rwﬂegelepmg unit

adeIC acid and 15 2 parts of dibutyltin oxide were

APML e dyahGhéreigetdral) deRsipin® qnitpise] thé Bbvdloping units
condenser, a stirrer and a nitrogen gas inlet, and the

ST aF Tt 0Pt SR e A B

of 10th 15 mmHg for 5 hours. Then 44 parts of
M i ewifigured sabhatdt issspesdabby adliraliy ofibelt eall¢ersoand by
vessel and the reactant was allowed 20 to react at

dh%@:?gaﬁ:% §Sﬁ £S 2 WSIBE of Bid ke fIi'Lo% %ﬁb‘ﬁrﬁ? G585 o(iEqu the

prepare a po yester resin H2. e resul’'ting polyester

resin H2 had a nunber average
direction of the arrow 1n a manner of agn endless belt. The developing belt

41 moves at substantially the same speed as the photoconductor 10 at the
section where the two contact each other.

Since the configurations of the developing units are common, only
the Bk developing unit 45K will be described, and for other developing units
45Y, 46M, and 45C, components that correspond to those in the Bk
developing unit 45K are shown in the figure with the same reference
numbers followed by a letter Y, M, and C, respectively, and their descriptions

are omitted. The developing unit 45K comprises a developing tank 42K
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nol ecul ar mass of 2300, a mass average nol ecul ar mass
of 6700, a glass transition tenperature Tg of 43C and
an acid value of 25 ngKOH g. One part of dibutyltin
was m xed as for the catal yst. The toner properties

are shown in:Tables 1-1 and 1-2, and eval uation

results are shown in Table 2. The eval uation was

2 TTTet N Yol -ugt - . § ve

HBRDCOARARE &' SiIoRRS RoRIGHE ol HEMIER vidhosty HRA AL

val uated_jn the sanme manner as that of Exanple 1, )
C@ﬁé@ﬁtﬂ&‘elﬁé%n esenpardesand asaragr iquid component a scooping
di aneter distribution, the content of fine powder and
roller 43K tthat isqiostituedeophue it 1dPevFirtionds diired iaThs Mawm
in Table 1-1 by classifying procedures. The toner

roperties are.sh i n Tabl e - nd 1-2 nd
ByaRBi SortoBiRPIR deVeh B Pk daif g 2 fppiie roller 44K
eval uati on was conducted using an eval uation device A
thetpeeives vhe BreetppingRigenbb@oked bydhe sawpprgemdiee d3Rnmakes
evaluated in the sane manner as 15 that of Exanple 1,

LA By ¥ the Ofydldtink Seen Wlblios HRE AR Sont to the
dt?he cont erlt of course powder were adjusted as shown in
yeloping kel 1| Thae applving mllss ddfi isslectrigallyepnductive, and a

properties are shown in Tables 1-1 and 1-2, and.

powalr sgappIN(noeskdws) Aipties AiMRired blabiieraio. The _
eval uati on was conducted using an eval uati on device A

20 Co ativ e .4 bl ack toner S

ot eparbith Shcl 39 B davipscqiEnsafien R IoPRE QB of
Exanpl e 1, except that the particle dianmeter, the
epxiradiment, di devetearonfigusatiorhdiffeoent friwm cendhentn of FTG.nemay
powder and the content of course powder were adjusted

bBEraIOYEH R £ ddvelogie ot cath 30100 1 ERHAGInull S
val uation results are shown in Table 2. The

tacarangar dlsaxtomneiebl@stng an eval uation device A

Next, the operation of the copier of embodiment will be described.

IR L et PR

In FIG. 1, the photoconductor 10 is rotationally driven in the direction of the
arrow and is 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 1s 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 moved to the

111
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5[ 295] Table 1-1 Particle Dianeter Crcurality

Vol ume Average Particle Dianeter (Dv, pm Nunber

Average Particle Dianmeter (Dmpm Content of Fine
Particles ( i 4 pn) Content of Coarse

portion where the iﬁtent image is formed on the photoconductor 10. The
toner image develope‘d by the image developer 40 is transferred to the
surface of the intermediate transfer body 50 at a portion of contact (primary
transfer region) of the photoconductor 10 and the intermediate transfer body
50 that is moving at the same speed (primary transfer). In a case when
three colors or four colors are transferred and overlaid, the process is
repeated for each color to form a color image on the intermediate transfer
body 50.

The corona charger 52 1s placed in order to charge the overlaid toner
image on the intermediate transfer body at a position that 15 downstream of
the contact section of the photoconductor 10 and the intermediate transfer
body 50, 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 corona charger 52, the toner image 1s 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 a transfer bias of the transfer roller
80 (secondary transfer). Thereafter, the sheet of support paper 100 to which

the toner image is transferred is detached from the photoconductor 10 by a
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detaching device (r\iqt shown), and fusing is conducted thereto by a fusing
device (not shown). After that, the sheet 100 is ejected from the device. On
the other hand, after the transfer, the cleaning device 60 removes and
retrieves toner particles that are not transferred from the photoconductor 10,
and the charge removing lamp 70 removes remaining charge from the
photoconductor 10 to prepare for the next charging.

The static friction coefficient of the intermediate transfor body 1s
preferably 0.1 to 0.6, more preferably 0.3 to 0.5. The volume resistance of
the intermediate transfer body is preferably several @-cm or more and 103
Q.cm or less. By controlling the volume resistance from several Q.cm to 103
£2-cm, charging of the intermediate transfer body itself is prevented. It also
prevents uneven transfer at secondary transfer becanse the charge provided
by charging means does not remain as much. In addition, it is easier to
apply transfer bias for the secondary transfer.

The materials for the intermediate transfer 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 polycarbonates (PC), polyvinylidene fluoride
(PVDF), polyalkylene terephthalate (PAT), blend materials of PC/PAT,
ethylene tetrafluorcethylene copolymer (ETFE)/PC, and ETFE/PAT
thermosetting polymmdes of carbon black dispersion, and the like. These

single layer belts having high Young’s moduli are small in their deformation
113
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against stress duri\i;g image formation and are particularly advantageous in
that mis-registratioﬁxis‘ not easily formed when forming a color unage.

(2) A double or triple layer belt using the above-described belt having
high Young’s modulus as a base layer, added with a surface layer and an
optional intermediate layer around the peripheral side of the base layer.
The double or triple layer belt has a capability to prevent print defect of
unclear center portion 1n a line 1mage that 1s caused by the hardness of the
single layer belt.

(3) A belt with a relatively low Young’s modulus that incorporates a
rubber or an elastomer. This belt has an advantage that there is almost no
print defect of unclear center portion in a line image due to its 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
cost without the need for ribs and a device to prevent the snaky move.

Conventionally, 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. There are 1ssues on transfer of color images using a resin belt.

Color images are typically formed by four colors toners. In one color
image, toner layers of layer 1 to layer 4 are formed. Toner layers are

pressurized as they pass the primary transfer in whach the layers are
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transferred from tlig photoconductor to the intermediate transfer belt and

the secondary transfer in which the toner 1s transferred from the
intermediate transfer belt to the sheet, which increases the cohesive force
among toner particles. As the cohesive force increases, phenomena such as
drop outs of letters and dropouts of edges of solid images are likely to oceur.
Since resin belts are too hard to be deformed by the toner layers, they tend to
compress the toner layers and therefore drop out phenomena of letters are
likely to occur.

Recently, the demand for printing full color images on various types
of paper such as Japanese paper and paper having a rough surface is
mcreasing. However, sheets of paper having low smoothness 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
ra!jsed in order to increase contact, the cohesive force 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
so that it is possible to obtain transferred images having excellent uniformity

without any drop out of letters even on sheets of paper of low flatness.
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For the resin of the elastic belts, one or more can be selected from the
group including polyr;a.t"bonates, fluorine resins (ETFE, PVDF), styrene
resins (homopolymers and copolymers including styrene or substituted
styrene) such as polystyrene, chloropolystyrene, poly-a-methylstyrene,
styrene-butadiene copolymer, styrene-vinyl chloride copolymer, styrene-vinyl
acetate copolymer, styrene-maleic acid copolymer, styrene-acrylate
copolymers (styrene-methyl acrylate copolymer, styrene-ethyl acrylate
copolymer, styrene-butyl acrylate copolymer, styrene-octyl acrylate copolymer,
and styrene-phenyl acrylate copolymer), styrene-methacrylate copolymers
(styrene-methyl methacrylate copolymer, styrene-ethyl methacrylate
copolymer, styrene-phenyl methacrylate copolymer, and the like),
styrene-a-chloromethyl acrylate copolymer, styrene-acrylomtrile acrylate
copolymer, and the like, methyl methacrylate resin, butyl methacrylate resin,
ethyl acrylate resin, butyl acrylate resin, modified acrylic resins p
(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, rosin-modified
maleic acid resin, phenol resin, epoxy resin, polyester resin, polyester
polyurethane resin, polyethylene, polypropylene, polybutadiene,
polyvinylidene chloride, ionomer resin, polyurethane resin, silicone resin,
ketone resin, ethylene-ethylacrylate copolymer, xylene resin and

polyvinylbutylal resin, polyamide resin, modified polyphenylene oxide resin,

T
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and the like.

For the rubbeﬁi' and elastomer of the elastic materials, one or more
can be selected from the group consisting of butyl rubber, fluorine rubber,
acrylic rubber, ethylene propylene rubber (EPDM), acrylonitrilebutadiene
rubber (NBR), acrylonitrile-butadiene-styrene natural rubber, isoprene
rubber, styrene-butadiene rubber, butadiene rubber, ethylene-propylene
rubber, ethylene-propylene terpolymer, chloroprene rubber, chlorosufonated
polyethylene, chlorinated polyethylene, urethane rubber, syndiotactic
1,2-polybutadiene, epichlorohydrin rubber, silicone rubber, fluorine rubber,
polysulfurized rubber, polynorbornen rubber, hydrogenated nitrile rubber,
thermoplastic elastomers such as polystyrene elastomers, polyolefin
elastomers, polyvinyl chloride elastomers, polyurethane elastomers,
polyamide elastomers, polyurea elastomers, polyester elastomers 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 as aluminum, nickel, and the like; and electric conductive
metal oxides such as tin oxide, titanium oxide, antimony oxide, indium oxide,
potassium titanate, antimony tin oxide (ATQ), indium tin oxide (ITO), and
the like. The metal oxides may be coated on non-conducting particulates
such as barium sulfate, magnesium silicate, calcium carbonate, and the like.

Materials of the surface layer are required to prevent contamination ;
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of the photoconducéor by the elastic matenal and to reduce the surface
friction of the transfe‘r*blelt so that toner adhesion is lessened and the
cleanability and secondary transfer property are increased. For example,
one or more of polyurethane, polyester, epoxy resin, and the like 1s used, and
powders or particles of a material that reduces surface energy and enhances
lubrication such as fluorine resin, fluorine compound, carbon fluoride,
titanium dioxide, silicon carbide, or the like can be dispersed and used. One
or more lubricant materials may be used, alternatively, powders or particles
of different s1zes may be employed. In addition, it is possible to use a
material such as fluorine rubber that is treated with heat so that a
fluorine-rich layer is formed on the surface and the surface energy is reduced.
Charging Unit

FIG. 6 is a schematic diagram showing an example of the
image-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 core rod
and a conductive rubber layer formed on the core rod in a shape of a
concentric circle. The both terminals of the core rod are supported with
bearings (not shown) so that the charging roller enables to rotate freely, and

the charging roller 1s pressed to the photoconductor at a predetermined
118
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pressure by a pres;ure member (not shown). The charging roller 160 in this
figure therefore rotat:e's along with the rotation of the photoconductor. The
charging roller 160 is generally formed with a diameter of 16 mm in which a
core rod having a diameter of 9 mm is coated with a rubber layer having a
moderate resistance of approximately 100,000 Q-cm.

The power supply (not shown) is electrically connected with the core
rod of the charging roller 160, and a predetermined bias is applied to the
charging roller by the power supply, thereby, the surface of the
photoconductor 140 is uniformly charged at a predetermined polarity and
potential.

The charging device in the present invention may be a
non-contacting unit rather than the contacting unit described above;
preferably, the contact charger is preferable since the generation of ozone is
relatively little,

An alternative electric field is applied to the charging device of the
image forming apparatuses of the present invention. Direct electric field
typically generates a great number of O3~ and NOjs, since the photoconductor
15 charged as one polarity. The ozone and nitrogen oxide tend to attach to
the photoconductor and degrade the surface of the photoconductor;
consequently, the surface of the photoconductor is hardened, the abrasion
wear comes to larger, the external additive tends to deposit due to lowered

friction coefficients, resulting in frequent occurrences of filming, On the
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contrary, alternatii‘\r\e electric field duplicated with AC may reduce the
generation of ozone eltc.‘ and the photoconductor may be charged uniformly.
In particular, the alternative electric field may suppress the ozone-derived
degradation of photoconductor due to the generation of HaQO" having a
reverse polarity.

The configuration of the charging device may be properly selected

depending on specifications of the image formung apparatus: for example, the

configuration may be magnetic brush, fur brush etc. in addition to roller.

TR AR W TP o=

The magnetic brush is typically constructed from a charging material of

e A

ferrite particles such as Zn-Cu ferrite, a non-magnetic conductive sleeve for
the support, or a magnetic roll encased therein. The fur blush is formed of a
fur to which such a conductive material is applied as carbon, copper sulfide,
metals, or metal oxides: the fur 1s wounded or adhered to the other metals or
conductive materials to form a charging device.
Tandem Color Image Forming Apparatus

FIG. 7 is a schematic view that exemplarily shows a color-image
forming apparatus of a tandem system. 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, transported 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 photoconductors 1 to an intermediate transfer
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4, and a seoondaly{tFansfer device 5 transfers the resulting images on the
intermediate transfer 4 to the sheet “s” at once. The transfer device 5,
serving as the transfer, may be a transfer conveyer belt or a roller,

The direct transfer system must comprise a sheet feeder 6 upstream
to the sequentially arrayed photoconductors 1 of the tandem image forming
apparatus T and an image-fixing device 7 downstream thereof. The system
mevitably increases in its size in a sheet conveying direction. In contrast, in
the indirect transfer system, the secondary transfer mechanism can be
relatively freely arranged, and the sheet feeder 6 and the image-fixing device
7 can be arranged above and/or below the tandem image forming apparatus
T. The apparatus of the indirect 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 “s”
cannot sufficiently bend in such a small space between the image-fixing
device 7 and the tandem image forming apparatus T. Accordingly, image
formation upstream to the image-fixing device 7 is affected by an impact,
specifically in a thick sheet, formed when the tip of the sheet “s” enters the
image-fixing device 7 and by the difference between the conveying speed of
the sheet when it passes through the image-fixing device 7 and the conveying

speed of the sheet by the transfer conveyor belt.
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In contrast, in the indirect transfer system, the sheet “s” can
sufficiently bend in a‘ ispace between the image-fixing device 7 and the
tandem image forming apparatus T. Thus, the image-fixing device 7 does
not significantly affect the image formation,

In the color electrophotographic apparatus of the tandem type as
shown in FIG. 8, a photoconductor cleaning device 8 removes a residual toner
on the photoconductor 1 after transferring and cleans the surface of the
photoconductor 1 for another image forming process. In addition, an
intermediate transfer cleamng device 9 removes residual toners on the
intermediate transfer 4 after the secondary transferring step to thereby clean
the surface of the intermediate transfer 4 for another image-forming process.

The inventive embodiment will be explained with reference to FIG. 9.

FIG. 9 1s a schematic view showing an example of an

electrophotographic apparatus of the tandem indirect image transfer system

as an embodiment using the toner and the developer of the present invention.

The apparatus includes 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 automatic
document feeder (ADF) 400 arranged on the scanner 300. The copier main
body 100 includes an endless-belt intermediate transfer 10.

The intermediate transfer member 10 shown i FIG, 9 is spanned

around three support rollers 14, 15 and 16 and is capable of rotating and
122
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\
moving in a clockv;ige direction in the figure.

This apparat{is includes an intermediate transfer cleaning device 17
on the left side of the second support roller 15. The intermediate transfer
cleaming device 17 is capable of removing a residual toner on the
Intermediate transfer 10 after image-transfer.

Above the intermediate transfer 10 spanned between the first and
second support rollers 14 and 15, yellow, cyan, magenta, and black
image-forming device 18 are arrayed in parallel in a moving direction of the
Intermediate transfer 10 to thereby constitute a tandem image forming unit
20.

The apparatus further includes an exposing device 21 serving as an
1mage-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 transfer belt 24 spanned around two rollers 23. The secondary
transfer 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 a sheet.

An image-fixing device 25 is arranged on the side of the secondary
transfer 22 and 1s capable of fixing a transferred image on the sheet. The
image-fixing device 25 comprises an endless image-fixing belt 26 and a

pressure roller 27 pressed on the image-fixing belt 26.
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The secon&ary transfer 22 is also capable of transporting a sheet
after image transfer ‘t;,o\the image-fixing device 25. Naturally, a transfer
roller or a non-contact charger can be used as the secondary transfer 22. In
this case, the secondary transfer 22 may not have the capability of
transporting the sheet.

The apparatus also includes a sheet reverser 28 below the secondary
transfer 22 and the image-fixing device 25 in parallel with the tandem image
forming unit 20. The sheet reverser 28 is capable of reversing the sheet so
as to form 1mages on both sides of the sheet.

A copy 15 made using the color electrophotographic apparatus 1n the
following manner. Initially, a document is placed on a document platen 30
of the automatic doeument feeder 400. Alternatively, the automatic
document feeder 400 is opened, the documnent 1s placed on a contact glass 32
of the scanner 300, and the automatic document feeder 400 1s closed to press
the document.

At the push of a start switch (not shown), the document, if any,
placed on the automatic document feeder 400 1s transported onto the contact
glass 32. When the document is initially placed on the contact glass 32, the
seanner 300 is immediately driven 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 first carriage 33. The reflected light is further reflected
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by a mirror of the s;éfzond carriage 34 and passes through an image-forming
lens 35 1into a read se;isor 36 to thereby read the document,

At the push of the start switch (not shown), a drive motor (not
shown) rotates and drives one of the support rollers 14, 15 and 16 to thereby
allow the residual two support rollers to rotate following the rotation of the
one support roller to thereby rotatably convey the intermediate transfer 10.
Simultaneously, the individual image forming device 18 rotates their
photoconductors 40 to thereby form black, yellow, magenta, and ¢yan
monochrome images on the photoconductors 40, respectively. With the
conveying intermediate transfer 10, the monochrome images are sequentially
transferred to form a composite color image on the intermediate transfer 10,

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
eject sheets on a manual bypass 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 of
125
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the composite colo;"‘ i\mage on the intermediate transfer 10 to transport the
sheet into between tﬁe_‘intermediate transfer 10 and the secondary transfer
22, and the composite color image is transferred onto the sheet by action of
the secondary transfer 22 to thereby record a color image.

The sheet bearing the transferred image is transported by the
secondary transfer 22 into the 1mage-fixing device 25, 1s applied with heat
and pressure in the image-fixing device 25 to fix the transferred 1mage,
changes its direction by action of a switch blade 55, is ejected by an ejecting
roller 56 and is stacked on an cutput tray 57. Alternatively, the sheet
changes its direction by action of the switch blade 55 into the sheet reverser
28, turns therein, 1s transported again to the transfer position, followed by
image formation on the back surface of the sheet. The sheet bearing images
on both sides thereof is ejected through the ejecting roller 56 onto the output
tray 57.

Separately, the intermediate transfer cleaning device 17 removes a
residual toner on the intermediate transfer 10 after 1mage transfer for
another image forming procedure by the tandem image forming unit 20.

The resist roller 49 15 generally grounded, but it is also acceptable to
apply a bias thereto for the removal of paper dust of the sheet.

In the tandem image forming apparatus 20, each of the image
forming units 18 comprises drum photoconductor 40, and around the

photoconductor 40 are equipped with charge charger 60, developer 61, first
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transfer umt 62, clég,.ner 63, charge ehminator 64. Further, developing
agent 65, stirring pucidle 68, partition plate 69, toner-concentration sensor 71,
developing sleeve 72, doctor 73, cleaning blade 75, cleaning brush 76,
cleaning roller 77, cleaning blade 78, toner-discharge auger 79, and driving
unit 80 are equipped as shown in FIG. 9.
Process Cartridge

The process cartridge applied from the present invention includes at
least a latent electrostatic image bearing member to carry electrostatic
images, and developing unit for developing by use of the developer to form
visible images, and other optional units. The developing unit contains at
least a developer container that contains the inventive toner or the developer
and a developer carrier that carries and transports the toner or the developer
i the developer container, and also a layer-thickness control member to
control the layer thickness of the carrying toner.

FIG. 10 1s 2 schematic view of an image forming apparatus of
tandem indirect transfer system that comprises the process cartridge.

The process cartridge contains integrally at least the photoconductor
302 and the developing unit 304 among the photoconductor 302, charging
umt 303, developing unit 304, and cleaning unit 305 ete., and preferably, the
process cartridge is detachably attached to main bodied of image forming
apparatuses such as copiers and printers.

The inventive electrostatic image developing toner, containing the
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mventive binder re\,\élj.u of the polycondensation polyester resin, may exhibit
excellent blocking res;isj:a.uce and low temperature fixability, provide high
quality images stably with time under such conditions as high temperature
and high humdity, low temperature and low humidity, or outputting larger
area images without such problems as decreasing charging capacity due to
firm adhesion of toners onto carriers or developing sleeves, and also
represent appropriate storage stability, melting-flowability and charging
property. Moreover, the resin properties are adequate even though the
catalyst is other than tin compounds that are environmentally harmful.

In addition, the inventive toner, in particular the toner combined
with the specific charge control agent may be far from background smear
under high temperature and hagh humidity conditions, exhibit proper
charging ability, less environmental fluctuation and excellent low
temperature fixability, and achieve less environmental load by virtue of the
toner binder prepared from catalyst others than tin catalysts that biologically
toxic and environmentally harmful.

Moreover, the inventive electrostatic image developing toner, which
containing the polyester resin prepared under a specifie titanium-containing
catalyst and the resin charge control agent in a specific ratio, may exhibit a
high charge amount and a sharp charge distribution, excellent 1mitial
charging property and excellent background smear, and be hardly affected by

temperature/humidity change, be free from smears and filmings for long
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usage such as Sevéi'al ten thousand sheets on developing supports like
deve,;loping rollers or sleeves and layer-thickness control members like blades
or rollers, and provide efficient preductivity due to proper milling ability, and
far from environmental problems, as such be appropriate for full-color
allocation.

The present invention provide also a one-component developer and
two-component developer that contain the toner, and an image forming
method and an image forming 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
of Examples below, all parts means “parts by mass” and all percentages
means “% by mass”.

In the Examples and Comparative Examples, toner properties were :
measured in accordance with the following processes.
Measurement of Softening Temperature of Toner ‘.‘;

The temperature of a sample material is 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 out is defined as the softening
temperature.

device : flow tester CTF-500D (by Shimadzu Co.)

load : 20 kgffem?

die : 1 mm® — 1mm
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Carrier Loss Fog Toner Scattering Bl ocking Resistance
Fix ability Lower Limt CO

temperatu;‘e:'rising rate : 6°C/min

sample mass.‘zil-_]_.,(l o
Measurement of Particle Diameter of Toner

The particle diameter distribution of toner particles was measured
using Coulter counter TA-II (by Beckman Coulter, Inc.) as follows:

Initially, 0.1 to 5 mL of a surfactant of alkylbenzene sulfonate is
added as a dispersant into 100 to 150 mL of an aqueous electrolyte solution. ,
The aqueous electrolyte solution 1s an about 0.1% NaCl aqueous solution,
which is prepared from ISOTON-II (by Beckman Coulter, Inc.). A sample of
2 to 20 mg was added to the electrolyte solution, which was then
ultrasonically dispersed, for 1 to 3 minutes using a ultrasonic dispersing
device, thereafter volume and number of the toner particles are measured by
the Coulter counter TA-IT using an aperture of 100 um to calculate the
volume distribution 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 um to less than 40.30 um, thirteen channels are used such as
2.00 pm £ Pd < 2.52 ym, 2.52 pm < Pd < 3.17 pm, 3.17 pm =< Pd < 4.00 pm, 3
4.00 pm £ Pd < 5.04 um, 5.04 pym < Pd < 6.35 pm, 6.35 pm < Pd < 8.00 pm,

8.00 pm < Pd < 10.08 um, 10.08 um < 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 <
130
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32.00 pm and 32.06‘.}.1]]1 = Pd <40.30 pm.
Measurement of Averége Circularity of Toner
The average circularity is measured using a flow-type particle image
analyzer FPIA-2100 (by Sysmex Co.). Specifically, 0.3 mL of a surfactant of
alkylbenzene sulfonate is added as a dispersant into 120 mL of pure water, to
which about 0.2 g of a sample is added. The dispersion containing the
sample 1s ultrasonically dispersed for about 2 minutes using a ultrasonic
dispersing device, the dispersion concentration is adjusted to 5000/uL then
the shape and the distribution of the toner are measured.
Measurement of Shape Factors SF-1 and SF-2 of Toner
SEM images taken using FE-SEM (S-4800, by Hitachi, Ltd.) are
randomly sampled by 300 views, which are inputted into Image Analyzer
LUSEX3 (by Nireco Co.) through an interface and analyzed.
Measurement of Agglomeration Degree 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 vibrafing table according to the following procedures.
(i) vibro-shoot
(i) packing
(iii) space ring
(iv) screens (three types) upper > middle > lower

(v) pressing bar
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The screex‘;é are fixed by knob nuts, the vibrating table is operated
with the conditions }:)‘:azlowi
screen opening (upper) : 75 um
screen opening (middle) : 45 pm
5 screen opening (lower) © 22 pm
vibration amplitude : 1 mm
sample mass:2 g
vibrating period : 15 seconds
The agglomeration degree 1s caleulated as follows after the operation.
10 mass of powder on the upper screenx1: (a) |
mass of powder on the middle screen x 0.6 : (b)
mass of powder on the lower screen X 0.2: (¢)
The total of these three values 1s defined as the agglomeration degree
(%); i.e. agglomeration degree (%) = (&) + (b) + (0.
15 Measurement of Glass Transition Temperature Tg
The glass transition temperature Tg of toner is measured under the
following conditions.
differential scanmrg calorimeter : Seiko 1D SC100, Seike 15SC5040
(disc station)
20 measuring conditions: temperature range of 25°C to 90°C,
temperature-rising rate of 10°C/min, sampling period of 0.5 second, and

sampling amount of 10 mg
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Measurement of Vélgme Resistivity

The volume x;ésistivity 1s 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 1s applied between the electrodes, the resistivity after 30
seconds is measured by a high resist meter (TR8601, by Advantest Co.), then
the volume resistivity is caleulated as a logarithmic value from the measured
resistivity and the pellet thickness.
Measurement of Loose Apparent Density

The loose apparent density is measured by a powder tester PT-S (by
Hosokawa Micron Co.).
[1] Examples 1 to 12 and Comparative Examples 1to 4
Evaluation Device

Images to be evaluated are formed by use of evaluation devices A, B,
C,DorE.
Evaluation Device A

Evaluation device A was a tandem full-color laser printer equipped
with a developing unit of a four color non-magnetic two-component system
and a four-color photoconductor (IPSiQ Color 8000, by Ricoh Co.) of which
the fixing unit was modified into an oilless fixing unit and tuned. The
printing rate was high-speed printing of 20 to 50 sheets/min of Ad-size.
Evaluation Device B

Evaluation device B was a tandem full-color laser printer equipped
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with a developing unit of a four color non-magnetic two-component system
and a four-color phot;cgnductor (IPSiO Color 8000, by Ricoh Co.), in which
the printer was modified into an intermediate transfer type such that images
were primary-transferred onto an intermediate transfer body and then the
toner images were secondary-transferred onto a transfer material; and the t
fixing unit was modified into an oilless fixing unit and tuned. The printing
rate was lngh-speed printing of 20 to 50 sheets/min of A4-size.
Evaluation Device C d

Evaluation device C was a full-color laser copier (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 a
recording medium, m which and the fixang unit was modified into an cilless
fixing unit and tuned.
Evaluation Device D

Evaluation device D was a full-color laser printer (IPSiO Color 5000,
by Ricoh Co.) where a four-color developing unit develops using each
non-magnetic one-component developers respectively on one belt-like
photoconductor, the color 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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into an oilless ﬁxmg _unit and tuned.
Evaluation of Two-Cc;mponent Developer

The two-component developer for evaluating images was prepared,
from a ferrite carrier having an average particle diameter of 50 um and
coated with a silicone resin of 0.3 pm thick in average, by mixing 100 part of
the carrier and 5 parts of respective color toners uniformly using a tumbler

mixer of tumbling-mixing type to charge them, thereby the development was

produced.
Production of Carrier
Core Material
Cu-Zn ferrite particles * 5000 parts
Coating Material
toluene 450 parts
silicone resin (SR2400) *2 450 parts
amino silane (SH6020) *3 10 parts
carbon black 10 parts

*1) mass average diameter: 35um
*2) non-volatile content: 50%, by Toray Dow Corning Silicone Co.
*3) by Toray Dow Corning Silicone Co.
The coating materials were dispersed by a stirrer for 10 minutes to
prepare a coating liquid, and the coating liquid and the core material were

poured into a coating device that coats the coating liquid onto the core
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material while swirling them by use of a rotatable bottom disc and stirring

blade within a ﬂuidiz‘éd bed. The coated product was heated at 250°C for 2
hours to prepare the carrier.
Evaluation Items
(1) Carrier Loss

After outputting 100,000 sheets of a chart of 50% image area while
controlling image concentration within 1.4 +0.2, the charge amount (ne/g) of .
developers was compared between before and after the outputting and
evaluated under the following criteria. The charge amount was measured
in accordance with a blow off process.

A’ loss of 0% to 30%

B: loss of 30% to 50%

C: loss of 50% or more
(2) Fog

As for respective 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 no smear of toner

B: shghtly observable smear, substantially no problem

C: some observable smear

D: non-allowable significant smear, problematic
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(3) Toner Scattering

As for respecfive toners, a chart of image area 10% was output at
temperature 40°C and RH 90% continuously on 100,000 sheets, then the
toner smear within the copier was visually evaluated under the following
critera.

A’ no smear of toner

B: slightly observable smear, substantially no problem

C: some observable smear

D: non-allowable significant smear, problematic
(4) Blocking Resistance (Environmental Preservahility)

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%, followed 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 penetrating degree
judged between at high temperature and high humidity condition and at low
ternperature and low humidity condition was employed, and evaluated under
the following criteria.

AT20mm <Pd

B: 15 mm < Pd < 20 mm

C:10mm <Pd < 15 mm
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(5) Fixability (Hot D&set Resistance, Low Temperature Fixability)

A sohid 1mage was output at a toner amount of 1.0 £ 0.1 mg/cm2on a
regular paper and a thick paper (type 6200, by Ricoh Co., copy paper <135>,
by NBS Ricoh Co.) using an image forming apparatus (Imagio Neo 450, by
Ricoh Co.) that had been modified into a belt-fixing system. A sample toner
was fixed on the regular paper while changing the temperature of the fixing
belt and the maximum temperature without hot offset was defined as the
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 liumit of fixing temperature 1s 200°C or
higher and the lower limit of foung temperature is 140°C or lower.

Synthesis of Titamium-Containing Catalyst

A mixture of 1617 parts of titanium diisopropoxy
bis{triethanclamine) 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
hgqud wath mtrogen gas thereby to prepare titanium dihydroxy
bis(triethanolamine).

Other titanium-containing catalysts in Examples below, available for
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the present inventin, may be prepared in similar synthetic processes.
Example 1 |
Synthesis of Linear Polyester Resin

Four hundred and thirty parts of an adduct of bisphenol A with 2
moles of PO, 300 parts of an adduct of bisphenol A with 3 moles of PO, 257
parts of terephthalic acid, 65 parts of isophthalic acid, 10 parts of maleic
anhydride, and 2 parts of titanium dihydroxy bis(triethanolamine) 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 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, and then taken out when the
acid value came to 5 mgKOH/g. After cooling to room temperature, the
reaction product was milled, consequently, a linear 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 mgKQH/g, a glass transition
temperature 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
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
139
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160 BT bl ack toner, ITT: yellow toner, MI: nmagenta
toner, CT: cyan toner |Il1] Exanples 13 to 72 and
Conparative Exanples 5 to 24 Synthesis of Toner Binder
A Synthesis of Linear Polyester Resin Four hundred and
thirty parts:of an adduct of bisphenol Awth 25

| e ‘800 parts ,of .adduct , of...bi,spheng
AP ot PR PR 23947 PUTBPBOLA BHHR RAPIES G, 28
parts of isophthalic acid, 10 parts of niakic
parthpfitdrdph@redicacph d0parts dfiptdhabernohydrdaand 2 parts of
bi s(triethanola m ne) as a condensation catal yst were
. - - |
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m xture was allowed to 10 react at 220C for, 10 hours
PowRedrintn 2 repsier Yeesekequpnad wiha eondepserga slimeramd a
wat er generated in the reaction. Then the reactant was

nkdReshstialdt eAsd thenaetude Wed aHIotel 6 ¥8att &t @BOEC g B
, and taken out when the acid value cane to 5

KOH g. After cool.i ng . 0 tenperature, the ;
hes ndk rufrpatn Bon o iy kit GetlnaRan Bhe iiter dhemated in
pol yester resin AX1-1 was 15 obt ai ned. The
themalktibng Than the oractintedasallowdd ioeatiimhdermmtddarced and

had an acid value of 7 ngKOH g, a hydroxyl value of 12

PG 56 ) soani Al P i Rt oo 2

I&ﬁ%{) nmol ecul ar mass Mp of 19100, The rate of the
o leam andff2 parta of womelliticanhyduigle gas addedd, to the
Synt hesi s of non-Linear Polyester Resin Three hundred

rétittadt, fheh i thsxtate MasaUdwWel 16 eddl TRACH AbrrAaVpielawdre of
nol es of BO 326 pArts of an adduct of bisphenol A

sa\aMalata(T agmggplh%%e %;r fl%ur%?S After cooling to room termperature, the

reaction product was milled, consequently, a non-linear polyester resin AX1-1

was obtained.

The resulting AX2-1 contained no THF-ingoluble matter, and had an

actd value of 35 mgKOH/g, a hydroxyl value of 17 mgKOH/g, a glass

transition temperature Tg of 69°C, a number average molecular mass Mn of

3920, and a peak top molecular mass 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 munutes. The melted resin
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parts of terephthalic acid, 40 parts of phthalic
anhydride and 2 parts of titanium di hydroxy
bi s(tri ethanol am ne) as a condensation catal yst were
poured into a reactor vessel equipped with a
condenser, a:stirrer and a 5 nitrogen gas inlet, and
the m xture W@S allowed to react at 230C for 10 hours
WALS0IH i AP L3RS eking sgétﬁ%lhll)éﬂ: ?(ﬂ)l&” @er{ pﬁl}ed to
wat er generated 1 n the reactron. en e feactant was
all owed to react under .a reduced pressure of 5 to 20
RPATe R BIveatye tamercripdenls he acid val ue came to 2
ngKOH g or |l ess, 62 parts of triraellitic anhydride
Pwduatdsiedf Tordeen the 10 mi xture was all owed to react
under normal pressure of seal ed atnosphere for 2
I@%@%ﬁé édter cooling to roomtenperature, the reaction
Pas mill ed, consequently, a non-Ilinear
pol yester resin AX2-1 was obtai ned. The
rewaten ng AX2-1 contai ned no THF-i nsol ubl H)0tgpdres, and
had an acid value of 35 ngKOH g, a hydroxyl val ue of

17 . ihyi on t enper of
69]&1,mias nunber %\?g]ra}d'g%n‘%ﬁr(g%ﬁl ar mass M ?d@%@ and a
peak,top_ mol ecul ar mass Mp of 11200. The rate of the
motaberdladkds of no nore than 1500 was O24bparts

Synt hesi s of Toner Binder A Four hundred parts of the
potates beidefdl- 1 and 600 parts of the 20 Axiholpavgs e

nmel t ed- kneaded usi ng a conti nuous kneader at '‘a jacket
te at.ure of and a residence tinme of 3 mnutes.
Thgpﬁgﬁ?%%wrggpﬁé&g% cooled to 30C over 4 mnutes
using a steel-belt cooler, then mlled to prepare an

i nver Ma60,dhyeMitsibishi ChenfigaltCesi s of Toner Binder B
Synthesis of Linear Polyester Resin A linear polyester

resin = I : [ Ciryl

hat | apeApEr e AR oy Rl bR LRAHENAEE pier v
to roomtenperature and ml | igé except that the
PEEPIrEGHEHIEE CoRtaEngnysmenhacglomataias towdich watay|

bi s(tri et hanol arai ne).

infiltrates., 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 pigment.

toner binder 1 100 parts

master batch described above 3 parts

charge control agent (Bontron E-84) * 2 parts

wax (aliphatic acid ester 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
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The resulting AX1-2 contained no THF-insoluble matter,
and had an acid value of 8 ngKOH g, a hydroxyl val ue
of 10 ngKOH/ g, a glass transition 10 tenperature Tg of
60C, a nunber average nol ecul ar mass M of 6820, and a
peak top nol gcul ar mass Mp of 20180. The rate of the
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glass 20 transiti on’ tenperature Tg of 7OC a nurrber

MHY 6CaY thetobg € blstain BBk Wblod fpadiZdes havie fga niaketHprage
nol ecul ar mass Mp of 11800. The rate of the nol ecul ar

no t han 8% esiso0f. ..
o453l Darfiier ES Tdt Do Y13 (HigF bartnleh BETtgpbBbic silica
prepared by powder-n xi ng 500 parts of the polyester
(padthagy padickodiapzates 16nmhHOIO HR000ehy Skp-igntt bapah KK.)
m nutes using a Henschel mxer. 5 Synthesis of |bner
HA&d fn %%ﬂkﬁﬁﬁ%f‘ifmﬂﬁeﬁftﬁéhﬁﬁt 3@,93” M$5h Blenschel
wgggl n e reaction was carr#g ut In the seélﬁe ©
manner_as that of AX1-1 ip synthesis of ner bi nder
IORXCTANCEPASSEh SRrqued eiroen haBmeAn Rening B fremove
changed into titaniumtetraisopropoxide. There arose
agdlemeratiors ehéreby th prepkle atdadlennier AN Was tshePRPeftibatdie
way due to catalysis deactlvatlon and the distillation

f d, wat . al th t f
S ShPpa: } APOgyPbRRR R ult SRR BT RRS Gur i ng
the reaction thereby to obtai n a conparative |inear

Yelbdwdener resin CAX1-1. The resulting CAX1-1 cont ai ned
no THF-i nsol uble matter, and had

water 600 parts
C.I. Pigment Yellow 17 hydrous cake *V 1200 parts
toner binder 1 1200 parts

*1) solid 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, calendered and cooled, then was
erushed by a pulverizer thereby to prepare a master batch of pigment.

toner binder 1 100 parts
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15 an acid val ue of ? ngKOH g, a hydroxyl value of 12
mgKOH/ g, a glass transition tenperature Tg of 58C, a
nunber average nol ecul ar mass M of 6220, and a peak
top nol ecul ar mass Mo of 18900. The rate of the

nmol ecul ar nmass of no nore than 1500 was 2.2%

Synt hesi s of ‘Conparative non-Linear Polyester Resin

20 SRGLE Q8 jed out in the sa ner as
th§¥£%§ A&gﬁggﬁﬁﬁéﬁﬁﬁhg%is of toner bindggp%?ﬂexcept
that the pol ycondensation, c tg}yst was changed into

t i PRATEE FPREP 2ged BBEB?P&%&ZWHe reacti on Ba8rtEarri ed
out under normal pressure for 16 hours and under a

r edagdalliph A5cati@ ekl wha)®rs. The reacti oppy@kocity
was slow, thus 2 parts of titaniumtetrai sopropoxide

was edyt.hr tine uring the reaction thereby to
obtgﬁﬂggqggﬂggﬁg?Pyﬁfﬁ%n-linear pol yester resin
CAX2-1. 5The resulting CAX2-1 contained no

THF- 2 swilting poiret 83%C, vastdsitpd28nmBaishtviiPGe of 34
nmgKOH g, a hydroxyl value of 16 ngKOH g, a gl ass

t r ansiriy .

ot cc e nEEEe ekl Balitve e A By i B ehe
mass Mp of 12100. The rate of the_nol ecul ar mass of no
mpixbare Was melied-kpeaded Bomes oxsyinre byiastwrrotbumall, thendbe
C Four hundred parts of the polyester CAX1-1
kavedd6D Pradhict S a@fcaldifleféi<dooled\e "EhdiRiHead it ARAGAE mitld g

a continuous kneader at a jacket tenperature of 150C

and a.residence.tine of 3 mnutes...The.nelted resin
e £l S BisioTplate s7ne Wlvee Hil BgJaban Baphfme Me
cooler, then mlled to 15 prepare an inventive toner

(s ratet ait:claEsifieddeswirling dlowdDifelassifies by JapanBrewseatic
purplish brown. Exanple 13 One hundred parts of the

i kil , .
Y O ek 18 PR lIo cobne Sl o B GOl prae
Ca),. 4.20 parts of aC%§IIOM/ﬁignent (toner yellow HG
szqussi,m@? o4 i cdo)tha wgllaw selor pasticles, hydrophobic silica
salicylate (Bontron E-84, by Orient Chemcal Co.) were
(HMM ; SHEO&G{I bj;] g:lmcgm) aptin B 1R) el 2€ded inh Yimd 8.0 then,
ui [ .

the mixture was mixed by a Henschel mixer and passed through a screen

having an opening of 50 pm to remove agglomerates 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.I. Pigment Red 57 hydrous cake *D 1200 parts
toner binder 1 1200 parts

*1) solid content: 50%
143



10

15

20

and then kneaded Using a two-axis kneader (PCM 30, by :
| kegai Ltd.). The m xture was finely mlled /
using a super sonic jet mll (lab jet, by Japan ;
Pneumatic Mg. Co.) and then classified using an air ‘
classifier (MDS-1, by Japan Pneumatic Mg. Co.) to

prepa toner: particles having a partjcle 5 di aneter

D50 o enaﬂﬁedﬁ%%&%%&ﬁé 08} West Ruredby & Hensghel miver to

(Aerosil R972, by Ni ppon Aerosil Co.) was m xed with

pidiarpanhixtofe tdntaindne pigneerit pizbamersitegtoow BRI £t | |

thereby to prepare a toner T13. Exanple 14 A toner T14

; d in t . | 3.1
lEalte”? P il oS R B o CRPE RoBedivin s of
Oient Chemcal Co.) was changed into a quaternar
winghothasnrbue bemoenntor led-t911305¢, @leénderedasdicoalkd Ghien was
and the colloidal silica (Aerosil R972, by N ppon
cARheg 'b&rl P I)fsaﬂ@ér hRANELE Sﬂr%gﬁre"@ LA NaR Sfﬁfrgment.

Chemcal Co.). Exanple 1 A toner T15 was prepared

in the sane_manner as Exanple 13, except .that the zinc

sdPpexpigder Lgont ron E-84, by Orient ChenilfdPatis ) was

changed into

bimadtet batvhl duseriBedybisvexyphenyl azo- 2- napBtparet 0) chr one :
acid. Exanple 16 20A toner T16 was prepared in the !

S [ e 13,0 exgept that tQe zjinc
AR AR ARl BPRE 4 S T et Crent 400, ) was
changed into nigrosine (N grosine Base EX, by Oient i
Crvean Gdiphatic peiebteheaxkd | oi dal silica pAswtsil RO72,
by N ppon Aerosil Co.) was changed into H3OTA (by

VAC k@) by Delting TheFBedl CEXxanpl e 17 A toner T17 was
prepared in the same manner as Exanple 13,

*2) melting point: 83°C, viscosity: 280 mPa-s at 90°C

The ingredients described above were mixed by a mixer, and the
mxture was melted-kneaded 3 times or more by a two-roll mill, then the
kneaded product was calendered-cooled. Then the mixture was milled
using a jet-mill of collision-plate type (I-type mill, by Japan Pneumatic Mfg.
Co.) and air-classified by swirling flow (DS classifier, by Japan Pneumatic
Mfe. Co.) thereby to obtain magenta color particles having a volume average
particle diameter of 5.5 um. 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 Henschel mixer and passed through. a screen
having an opening of 50 pm to remove agglomerates thereby to prepare

magenta toner 1. The toner properties are shown in Tables 1-1 and 1-2, and
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5 except that the zinc salicylate (Bontron E-84, by
Orient Chemcal Co.) was changed into a fluorine
compound (Copy Charge NI X VP 434, by d ariant Japan
K.K). Exanple 18 A toner T18 was prepared in the sane
manner as Exanple 13, 10 except that the zinc
salicyl ate (Bontron E-84, by Orient Chem cal Co.) was
Mﬁﬁx‘egﬁﬁsﬁ%éﬁdﬂﬁﬁﬁ‘ﬁw t4 i met hyl ammoni um i odi de
(F1.310, by Naos Conpany Ltd.). Exanple 19 A toner
ilg s prepared in the sanme manner as Exanple 13, 15
ﬁ “®hat the zinc salicylate (Bontron E-84, by
Oient Chem cal Co.) was changed into a quaternary
anwatdrum sal t - cont ai ni ng styrene/acryl i c goupsdrtgrer
(FCA-77PR, by Fuji kurakasei Co.) and the coll oi dal

si hiC of Aerosil
chgnggcﬁgfﬁeﬁ#ﬁ%ﬁ&ﬁﬁ E§$ l?:hem cal C%Ob%%
Exanpl e 20 A toner T20 was prepared in the sane
makpner biyleEdanpl e 13, except that the zi n209garty| at e
(Bontron E-84, by Oient Chemcal Co.) was changed

I Nt G 1Ra8Hd SAReAY BO4CCA- 7, by AstraZeneca Co). Exanple
21 A toner T21 was prepared in the sane manner

as Ex l.e 13, except .that the zinc, salicylate
(Bont r ih %@Eﬁ'rémﬁ R Riveere nuyesl byactenschehmirer to
into a Fe azo dye (T-77, by Hodogaya Cheni cal Co).

phrx@relsemP@ure contairing @ighedP2s eRitep o flidbwhite sanme
manner as Exanple 13, except that the zinc salicylate

LT Prditteite Pasdeate Bl mitutss \Bine GRBGHs of

t he pol yhydroxyal kanoate wi Il be shown
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 8 parts

charge control agent (Bontron E-84) *1 2 parts

wax (aliphatic acid ester 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
using a jet-mill of collision-plate type (I-type mill, by Japan Pneumatic Mfg.

Co.) and air-classified by swirling flow (DS classifier, by Japan Pneumatic
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bel ow. Met hod for Producing Pol yhydroxyal kanoate A
col ony of agar plate was plated on 200 nL of a nmedi um
cont ai ni ng 0. 5% pol ypeptone and 0. 1%
phenyl sul fanyl val eric acid, and cultured in a 15
shaking flask of 500 m . at 309C for 30 hours. After

| bat i the fungus wa arvested 2 d rinsed

2 Gl SRk s oblais cyalehlde PRRiOB HFSpEG Phimé aVebtee
fungus was sanpl ed, to which acetone was added, the
paititle dinmeter of mﬁnaxt f Bo theyéltow solopparticles; &wdml:r}wbtc silica
The acetone containing the extract ed pol yner,

(col ect| ng su%ce? g%%ﬁ‘t"g %&%{% %tﬁgﬁg% then

nmet hanol , fol |l owed vacuum dry| ng to aobtain intended
the mysawre WasdNgd. W§Jy ﬁeﬁeclml maigef aRd passpddhyaugh,g screpn
the mass of the resulting polyner was 76 ng. Exanple
haamg(an ollJexﬁng 8N50 niPh Nasoval RIpRIBEratss tHeeelHpRFpEBARESEyan
S anpl e 13, except that the toner bi nder A was
hangedyinto the to der l.e 24! ner
165 on st oBet BipreReT ercushoRin R ERE 1ot Roand
except that the toner binder A was changed into the

evaluatiohiresidts &re dhosmpineTdde 2. The efatvaimn Wwabcomaucted
prepared in the sane manner as Exanple 15, except that

| i . s changed into the toner binder
ugﬂﬁl%?%i%ﬁp%@%w&ﬂa A toner T26 was prepared in
the sane manner as Exanple 16, except that the toner

2 2A was changed into the toner binder B. Exanple
27 A toner T27 was prepared in the sane

Syatheis i inxanPblgedtér Rbbinexcept that the toner binder
A was changed into the toner binder B. Exanpl e 28

ol BSOS D SRR B iR e

the t oner bi nder B Exanpl e 29 20A toner T29 vvas
thatefEednple It X s Dybllosveddry amliBzaowben t8mperature and

milling except that the polycondensation catalyst was changed into titanyl
bis(triethanolamine).

The resulting AX1-2 contained no THF-insoluble matter, and had an
acid value of 8 mgKKOH/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 linear polyester resin AX2-2 was prepared by a similar reaction as

that of Example 1 (AX2-1), followed by cooling to room temperature and
146
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except that the toner binder A was changed into the
toner bi nder B. Exanple 30 A toner Tab was
prepared in the sane manner as Exanple 20, except that
the toner binder A was changed into the toner binder

B. Exanple 31 A toner 131 was prepared in the
same nmanner as Exanpl e 21, 5 except that the toner

B xSV BRSOk, LPIGE: WoREn g EXATRLR i

repar Inth
except that the toner binder A was

as )
his{erd f@@gﬁpmn%e toner binder B. Exanple 33 10A toner

T33 was prepared in the sane manner as Exanple 13,

excepTHerebuldingaAX2-2ebnzdined a3/ TEFiat@ubBaRA#eF aﬁd%d an
by Orient Chenical Co.) was changed into 3 parts o

ig{] fﬂsal f?%ﬂgéfof'ﬁé),mﬁyd}o 18veilug¥fﬂ Oﬂ? L a g asa

bi s[ 1- ( 5- chl or o- 2- hydr oxyphenyl azo- 2- napht ol at o) chrone
transition tinapertswE(Bgpf '€0°8) a number dvarage mél&ilavmass Mn of
prepared in the sane nmanner as Exarrpl e 14, except t hat

ROPF R e E e ARRMID RS0, TRk AR Tl P

‘Hﬁr nary apmmoni um sal t SBontron P 51, by Oient
I@;i@ anpmass of ng more thar 1500 wasi 8%esi ne (Ni grosi ne 20
Base EX, by Orient Chenmical Co.). Exanple 35 A toner

ShabhawsofTepaBitdén2t he same manner as Exanple 15,
except that 3 parts of

RIS SR S R
parts of the polyester AX1-2 and 500 parts of the polyester AX2-2 for 5
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
conducted using an evaluation device A.
Example 3
Synthesis of Modified Polyester Resin

Five hundred and forty-nine parts of an adduct of bisphenol A with 2
moles of propylene oxide, 20 parts of an adduct of bisphenal A with 3 moles of

propylene oxide, 133 parts of an adduct of bisphenol A with 2 moles of :
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bi s[ 1- (5- chl or o- 2- hydr oxyphenyl azo- 2- napht ol at o) chr one
(I'11) acid and 2 5 parts of zinc salicylate (Bontron
E-84, by Orient Chemical Co.). Exanple 36 A
toner T36 was prepared in the sanme manner as Exanpl e
except that 3 parts of nigrosine (N grosine Base

16,

. by Orient: Chenj cal ) s changed into 3 parts
T eRa e 1D R P AT of PRRAC RV RIAC AT R6R chon cal
Co.) and 2 parts of quaternary amoni um salt (Bontron
pBlynderidayiofrdeande: Ghoni Bakithd fnold®of sthiydedy o¥ide, 5 pakds of
was prepared in the same manner as Exanple 17, except

f f | d : VP
tépgfhagiROl € 19 ndrb b ACARABALIE, 16 BRRL (ERALARIAY
parts of the fluorine compound (Copy Charge NX VP 434,
aphydyide,iane 2 parta of ienivandibydremt @Sénethamhyameé pEat e
(Bontron E-84, by Orient Chem cal Co.). Exanple 38 A

chiilsatias cﬁ@yﬁ%@gﬁdﬂd‘iﬁtbﬁ 13 3¢ ﬁ@éﬁé@é%ﬁ?pﬁﬁmﬂ £
18, 20 except that parts of perfluoroal kyltrimet hyl

anproni um i .odi de { FT-310, by Neos any Ltd.

OBHARGER S S b TR, B W Bt RS BEpigAs Slowed to
amoni um i odi de (F11-310, by Neos Conpany Ltd.) and 2
reEot tas 260°(2 ford 0 lsairk ayldat aitfdgent gserfldw 8dulebdistathingniway the
Chem cal Co.). Exanple 39 A toner T39 was prepared in

“Ia%i g&[@?a&ﬁr}ﬂ%e IeadtitA PG 3o ‘?ré&&ﬁh)% %@tallﬁw% rtf; felth
qua I C

fnary ammoni Um'sal t-contal ning styrene/acry

under a reduced pressure of 5 to 20 mmHg till the acid value came to 2
mgKQH/g or less. Then 50 parts of trimellitic anhydride was added to the
reactant, which was allowed to react under normal pressure for 1 hour
followed by reacting under a reduced pressure of 20 to 40 mmHg, 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. After cooling to
room temperature, the reaction product was miled, consequently, a modified
polyester resin AY1-1 was obtained.

The resuiting AY1-1 had an acid value of 52 mgKOH/g, a hydroxyl
value of 16 mgKQH/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-insoluble content of 32%; the rate of the molecular mass of no
more than 1500 was 1.0%, which was used as toner binder 3.

Preparation of Toner
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5 copolynmer (FCA-77PR, by Fujikurakasei Co.) was
changed into 3 parts of quaternary amoni um
salt-containing styrene/acrylic copolynmer (FCA-77PR,
by Fuji kurakasei Co.) and 2 parts of quaternary
ammoni um salt (Bontron P-51, by Orient Chemcal Co.).
Exanpl e 40 1OA toner T40 was prepared in the sane

manner Le‘qgg t

dye (écﬁﬁl7 by As raZenec é‘;éav\%ghg ange‘%gnﬁ%o%ﬁm
arts of &: y é by AstraZeneca Co.) and 2

kB%‘fli tongr ot Exampls 1 exypept %‘B’Ehﬂ topgr pingler 3t}yfa@$w the toner
Chemical Co.). Exanple 41 15A toner T41 was prepared

resint 4] tenmasen batchas Theawhpkeproberds &R sHowad i3 THEsES $-1
of Fe azo dye (T77, by Hodogaya Chem cal Co.) was

rts Fe,azo .d T 77 by ay
ecard B Ayduhl St e SP% el ooy MapbpRistbroe
E- 84 by Orient Chem cal Co.). Exanple 42 20A toner
cpdueied wsingoan evaluatiohdewiged. ranner as Exanpl e 22,
except that 3 parts of pol yhydroxyal kanoate was
g into 3 parts of pol yhydroxyal kanoate and 2
parts of zinc salicylate (Bontron E-84, by Oient

c;al Co rative Exanple 5 A toner
él;g‘t ewig ofn %LFE% rfr%%ﬁ?&ers Befin nanner as Exanpl e 13,
except the toner binder A was changed into the toner

bi ndeiOxs mindredpaidahirte-thogimteoftin adduct of\bisgﬁeﬁolwwith p)
was prepared in the sane rranner as Exan'p e except

x%glgs E)P}S]l%py énré%%de, 3%%&&%‘3 '}% (i(fl].lcg of b1sp eno ﬂde. moles

of propylene oxide, 20 parts of an adduct of bisphenol A with 2 moles of
ethylene 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(triethanolamine) as a condensation
catalyst were poured into a reactor vessel equipped with a condenser, a
stirrer and a mtrogen gas inlet, and the m.lxture 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, and cooled to 180°C when the acid value
came to 2 mgKOH/g or less, and 65 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
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Conpar ati ve Exanple 7 A toner T7' was
prepared in the sane nmanner as Exanple 15, except 10
the toner binder A was changed into the toner binder
C. Conparative Exanple 8 A toner T8 was
prepared in the same rranner as Exanpl e 16, except the

t oner. s ch | he toner..bi nder...C
Sl 06 PR PR Rl indele R0 LG i ar
the same manner. as Exanpl e 17, except the toner binder
palyester eeringetl 8 mias abitainedner bi nder C. Conpar at i ve
Exanpl e 10 A toner T10' was prepared in the sane

nmanne I |
chang%@?%%ﬂﬁﬁg%ﬁi‘%‘eeﬁ*’%‘%% e ol TR DIIES sdniiing

B TEAEC  2G valanh S MBS Sivden Aahsof 16

changed into the toner binder C. Conparative Exaniple |

nigKOH/g, a glésd raasitibhAempesatpire Teref 9P, 4 hanbaMaverage !
mari ner as Exanpl e 20 except the toner binder A was ;

chan ed | nt nder ara e
gt B 41 4908 poBl 208 e RAL MY S FIBT RN E o
Exanpl e 21,
THF-insoluble content of 27%:; the rate of the molecular mass of no more

than 1500 was 1.0%, which was used as toner hinder 4.

Preparation of Toner

a Ea L TR, LB s L e

A toner was 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 using an evaluation device A.

Example b
Synthesis of non-Linear Polyester Resin

Four hundred and ten parts of an adduct of bisphenol 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 parts of maleic anhydride and 2 parts of titanium dihydroxy
bis(triethanolamine) as a condensation catalyst were poured into a

reactor vessel equipped with a condenser, a stirrer and a nitrogen gas inlet,
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except the toner binder A was changed into the toner
bi nder C. Conparative Exanple 14 A toner T14'
was prepared in the sane manner as Exanple 22, except
the toner binder A was changed into the toner binder
C. 10 Synthesis of Toner Binder D Fi ve hundred
and forty-ni ne parts of an adduct of bisphenol A with

ﬁd&ﬂeﬂim&ﬁr@ﬁ%@ﬂl@%d% gkt af 92@3}3 5t U b ":]ﬂfhggtmﬁt)%en

b| sphenol A with nol es of propyl ene oxi
uci. bIS e A wth | es of ethlene
fip hale ghis v%wfﬁwdﬁ%ﬁergﬁnm%m Hiksagtion. Then the
(average 15 polynerization degree: about 5) with 5

reattant ofasetllowedte rexttdmde? nlredatéd paisstiey T o0 inénHg,
acid, 19 parts of isophtbalic acid, 10 parts of

S B ot AP 85 S OB e, o 2

cat aI st were poured into a reactor vessel equipped
softrooellitn sanhydrds wasrasidedrfd the reddtamty themythe miktetre
and the m xture was allowed to 20 react at 230C for 10

WL ARoWEHI €S rddict ﬁﬁﬂ&nn&‘ﬁ%lf ¥Rk %e:ﬁbﬁ tg‘ﬁﬁﬂﬂh@% hours,

the water generated int reaction

%g al].onwed to react under,k a reduced pressure Qf 5 to
itp roqm demperatyrs. the seantionprodustyrasmilled,

| ess. Then 50 parts of trinmellitic anhydri de was added

consdquentlyps nenilineah pclyevRs radih WK 4 g asinetior 1 hour
under normal pressure and then under a reduced

0 g1 i Reultb a2 Uihn g T RaRkyRbBIFAGS: 4hd nad

tenperature canme to 105C, 5 then the react ant was
acitkerlue of 18megK OFz.sohydiylyalaept 87 maRO ge glasd 50C.

After cooling to roomtenperature, the reaction

LB R T A AP0 o
8 e e B TG A el B S

a nunmber 10 average nol ecul ar mass Nh of 1860, a peak

rhas dfaloenbtathameENOMpa1.36550, and a THF-i nsol ubl e
content of 32% The rate of the nol ecul ar mass of no

10/ This resin was used as a
%@?S%P%aﬂ%dv@m IBf Toner Binder E Synthesis

of Modified Polyester Resin 15A conparative nodified
pol yedihree hysdredomd seyenteenpapactan addadief bisphemahA erith
as Exanpl e 15, except that the pol ycondensation

29351%'536?& %%H@ e %ﬁgé’ of e‘:ﬂ J:lﬁ'&‘ dr %ﬁ%ﬁg%ﬂx& wWifh 2 moles

The resu t'ing en ng erature o
iSOC an aC| d val ue of_ 53 a hy drox | val ue of

Pr‘?ﬁf ‘@“ 2 ?gﬂSggag'tq of; éﬁ‘gati‘;ﬁ@qﬁ of glsphenol 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 anhydride,
and 2 parts of titanium dihydroxy bis(triethanolamine) as a condensation

catalyst were poured into a reactor vessel equipped with a condenser, a
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20 tenperature Tg of 71C, a nunber average nol ecul ar
mass Mh of 1660, a peak top nol ecul ar mass Mp of 6340,
and a THF-insol uble content of 34% The rate of the
nol ecul ar mass of no nore than 1500 was 3. 1% This
resin was used as a toner binder K Synthesis of Drier

i nder .F nt'hesi s .of . non: Li near._ Pol yest,er Resin One
e %ﬁ%@@%ﬁﬁﬂﬂfﬁ& 4} the Bfkture Waa dloweR treashabol
Awith 2 5 noles of propylene oxide, 371 parts of an
280YNifdr 16 hduirs phvelep hitAogwint dasHlow wdsleatistillimedveayethexw dier
20 parts of an adduct of bisphenol Awth 2 noles of
ggﬁ&)ﬁ]lt&p e I%ﬁﬂti(]‘l%s PR ﬁleo{ea%ng%ca[ﬂo% d%er@%t u_uc% ra
novol ac (average pol ynmerizatl on degree: About WIR

5 nol es of progyl ene oxide, 201 parts of terephthalic
reducgd presspae 060 §¢ 20mmils, andwoeled do 188°¢HH the grid value

di rnethyl 10 terephthalate and 2 parts of titanyl
cRin@th 2eh BROE/RMWrNeds. aThen GRYHAS K trBReIGHL Ak H R Whas

poured into a reactor vessel equipped with a

R T MR TR

under nitrogen gas flow while distilling away the
1dmie folipevat by ezhctungtireler aaetlwonl prebsuretdi@0rte ddtrantHyyahen
al l owed to react under a 15 reduced pressure of 5 to

2R RIR PR 1 MR

added, then the m xture was allowed to react under .
by sk ot sehan degoltenmstgmnerabpreamerterl 55°GouAdter cooling

After cooling to roomtenperature, the reaction

tPFRAY ESmPeatiid, tRélre 008 PRb@R Was BRIl chihdd§abntly, a
pol yester resin AX2-3 was obtai ned. 20The Elra’gsul t?rng

non: | | near pol yester Jesin AX2-3 had a softening
ogified B atBE oot AR 1 AR C B ue of 30 MOKOH g, a
hydroxyl value of 16 ngKOH g, a glass transition

t enpelTht veslfigg XY 159 Bad anraciderlue\of 1 d gecKOHEe, 1 hydrwsashk
Wh of 1410, a peak top nol ecul ar nmass Mp of 4110, and

ReF SRR O o i 3P 0 o

ecul ar no nore
resin was used as_a toner binder F. 5 Synthesis of

averaee mleedar masy Mmeb3@20 2 neak-top meclecifar yass Mp pEERFD,

Four hundred ten parts of an adduct of bisphenol A
alll LMTAFARESASHRS content of 35%. The rate of the molecular mass of no

more than 1500 was 1.1%.
Synthesis of Toner Binder 5

Five hundred parts of the AX2-3 and 500 parts of the AY1-2 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 prepare an

inventive toner binder 5.
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propyl ene oxide, 270 parts of an adduct of bisphenol A
with 3 noles of propylene oxide, 110 parts of
terephthalic acid, 125 parts of isophthalic acid, 10
15 parts of maleic anhydride and 2 parts of titanium
di hydroxy bi g(triethanol anmi ne) as a condensation

catal yst were, poured into a reactor vessel equi pped
F&ﬁ@rgm&paﬂgﬂégr, a stirrer and a nitrogen gas inlet,
and the mxture was allowed to react at 220C for 10
hours under nitrogen gas flqow while distilling awa

the vk EQueT FrAs DReRar achevaluated B ihe sAEIG mABRAmAS the
reactant was allowed to react under a reduced pressure

biéclotdner 30 Ematiple ¢ et thet (H0nshbihdeld® Wwid dsefintSie toner
came to 2 nigkOH/ g or less, 25 parts of trinellitic

i en the mxture wag allo to
BRI SRR Rarly R hobeE PR ES Thodin B Totgs 12
hours. After cooling to roomtenperature, the reaction
andottcandwevalmiatipe deswtmatecphomtd in Table@. ndhelevakation was
pol yester resin AX2-4 was obt ai ned. The
i j%?%% =l . THF-i nsol ubl e matter, and
cgggugﬁaggi va?&gﬂgpﬁ%gﬁﬁgﬁ g, a hydroxyl val ue of
Eﬁz &ﬁK g, a glass transition tenperature Tg of 62C, :
average nol ecul ar mass Mh of 2130, and a peak ;
top nol ecul ar mass Mo of 5350. The rate of the

ol ec W blackesiteroadprepaial inhihie shettOmd@sies a8 Mack toner 1 of
Synt hesis of Modified Polyester Resin 5Three hundred

ent een rts of ;a dduct of bi gphenol, Awith 2
BB £ SRl BRSSP 3RS Rrer® ol T Gt ipfess s
bi sphenol A with 2 nol es of propyl ene oxide, 298 parts
descrabvedderlont angt evrluptedriolthd sainehnannedt =sErdmpleopy| ene

oxi de, 75 parts of an adduct of phenol novol ac

(aver ' [ ol o) L '

o pr e PR TGRS DAEHLR BanBe voltd okl BRAAS.
157 parts of terephthalic acid, 27 parts of nmaleic
RS BI00 S v 5 EiREle grand 2 BArte pf ByHsRpRoRy silica having a

bi s(triethanol anmine) as a condensation catalyst were
ppibiSthirtict: diabtast 6f 10/£6SEIDE TR0 Uy \WihRadt Japan KK
condenser, a stirrer and a nitrogen gas inlet, and the :
| Xtur e s_al lowed to react. at 230C for .10 hours 2
Wit R Tl GOV pied piirrined LA via Aurtadiay® e a
wat er 15 generated in the reaction. Then the reactant :
merw pizhpwe Viide meatoringdbe shure by dedrerensXray ahabysiothat :
20 mmHg, cooled to 180C when the acid value cane to 2 3
tROKE e Y b GRof thd &k e | Idd
an hydr?g e %s ag 5 ed t ggt% %@lﬁ%}éﬁ’%ﬁﬁdé\%ﬁ% %ﬁé\/{égasaﬂeg\%%d
to reagt for 1 hour under, normal pressure followed by
fromyehe durggard @apiedthpeshha somepharmganigpeningrof 2§ pm to
parts of 20 bi sphenol A diglycidyl ether was added

ravhove AfEometAREithereb 1 pEaidt A HaBLdRr 1 2Pke td€ properties
reactant was taken out when the softening tenperature

af T it Teadi1 §ad 1% and vt Tes GitB B ehowa in Hable 2.

s s L, Tt T s Npma e e et e i e atiant m= ea mam el Lo

The evaluation was conducted using an evaluation device A.
Example 7

A black toner was prepared in the same manner as black toner 1 of o

e e L PO A I
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mlled, consequently, a nodified polyester resin AY1l-2
was obt ai ned. The resul tixil AYl-2 had an acid
val ue of 11 ngKOH g, a hydroxyl value of 27 ngKCH g, a
glass transition tenperature Tg of 60C, a numnber
average nol ecul ar mass M of 3020, a peak top

B L GroBea! hatbral sgi e R erE it i Bdlogig

more than 1500 was 1.1% Synthesis of Toner Binder G
pFicess. hundr ed parts of the polyester AX2-3 and 500
parts of the AYl-2 were nelted-kneaded using a

conti fHiQugit %ﬁ%%ﬁck%n?r /] q%?ut e%f&ﬁﬁ@ét t@%ra%%&%@@y a

and a residence tinme o s. The ne resin
qi@?ol ed to 30C over 4 m nutes. ysi n%ha st eel - belt
miggp then themiytyrg waspagseththraygh ajsgreendrasang an
b| nder G Exanple 43 A toner T43 was prepared in the

oﬁeﬁﬁﬁg OEH0Qin BSrdp@igelderatss theeelpt td hrephang bldokidaer.
A was changed into the toner binder D. Exanple 44 A

14, TR S B aREs e ey o TAERe 2R AH 17 n R ation

toner binder D. Exanple 45 20A toner T45 was prepared
résulistare showninfable 2s Thaapileatisn wascepdutted usorpan

bi nder A was changed into the toner binder D. Exanple
effluation device A.
Example 8

Ablack toner was prepared in the same manner as black toner 1 of
Example 1, except that external additives were mixed in the following
Process.

In addition to black toner 1, 0.5% by mass of titanium 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
results are shown in Table 2, The evaluation was conducted using an
evaluation 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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A toner T46 was prepared in the sanme manner as Exanpl e
16, except the toner binder A was changed into the
toner binder D. Exanple 47 A toner T47 was
prepared in the same manner as Exanple 17, 5 except
the toner biihder A was changed into the toner binder

D. Exanple 48 A toner T48 was prepared in the

SaithediB 6N Emdsiood (Rizenik&ing Faetles he toner binder A
was changed i nt.o the toner bi nder D. Exanple 49 10A

1o, e prired AR BiehRy s ekl wHERgacP iR o e salt

toner binder D. Exanpl e 50 A toner T50 was
of napaidadt ofeulfomatawithme tiecrsc foidethyde2Poxids CBRiminbE
toner binder A was changed into the toner binder D. 15

T P Sy Chemic ﬂ@fﬁﬁﬂ%g%?’tr“’afﬁ%é%%éf%&@?ackf’ﬁraé&ﬁe
changed jnto t he toner binder D. Exanple 52
Lgmartsiofbuiplachraieaandi1 part ofammenivm persulfate Ereaﬁpbured

22, 20 except the toner binder A was changed into the

ThENE fedetiof flesdal s @s%i&ﬁﬁid 4 $BeMBSmBtLPAIEthd N

the sane manner as Exa except the toner

R s B b0 RO

as Exanple 14, except the toner binder A was changed
winch wasallowrdrtobeadart F°CHolE3 hionpte SPhirty parts éF 1%ner
T55 was prepared in the sane manner as Exanple 15,

o6k B ABSE Al RVIR st R RAARCE MUY ¢\ 008

prepared in the sape _manner as Exanple 16, 10 except
whieh wasdhenagad at A0Va orchhomgsdopneraretan aoreons dispgesion
F. Exanple 57

(fine particle dispersion 1) of a vinyl resin (copolymer of methacrylic acid,
butylacrylate, and sodium salt of an adduct of sulfonate with methacrylic
acid ethylene oxide). 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 parts of 48.3% aqueous solution of sodium
dodecyldiphenylether disulfonate (Eleminol MON-7, by Sanyo Chemical

Industries Litd.), and 90 parts of ethylacetate were mixed and stirred to
155
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A toner T57 was prepared in the sanme manner as Exanpl e
17, except the toner binder A was changed. into the
toner binder F. Exanple 58 15A toner T58 was prepared
in the sane manner as Exanple 18, except the toner
bi nder A waS\changed into the toner binder F. Exanple
59 A tﬁner 159 was B%G%E{ed in the sane manner
pﬁ%mﬁ&gﬂﬁquﬂﬁ,F%§% §¥“FRES A “bi nder A was changed
into the toner ~binder F 20 Exanpl e 60 A toner
Sisiheninof prosphodetular Mass Balyesternner as Exanpl e 20,
except the toner binder A was changed into the toner
bi ndefyf hukdAR parts of Azl Alict SFdicPRendl XRRY
in the sane nmanner as anmpl e 21, except e toner
bi nder. A was changed into the toner binder F. Exanple
sk R0 prgts afdwat ol flsphenel) withe? malerst f?{%, 251
Exanpl e 22, except the toner binder A was changed into
paRe of mgphﬁliaﬂid ecid; 65 paatgdfasdphthalic acid L0 pags of m3lsias
prepared in the same manner as Exanple 13, except the

tonet . bi nder .chan into the toner .binder G 10
il 2 o e SRR Hindro B bl RBhoIRE A s e
manner as Exanpl e 14, except the toner binder A was
contdengation catalysh evere peurds intie n rGactEx verstlegBpped with a
A toner T65 was prepared in the sanme manner as Exanple

cohendet %gigf&r g%g%ﬁggngg%metﬁﬂ@&&ﬁmg walRolWaa to

toner bin A'toner 166 was

prepared ip the same manper as Exanpl e 16, except th
rqashatb 200°Calor 8hapas vedan grtaogen gt phile disfilhgg avay the

Exanpl e 67 20A toner T67 was prepared in the sane
watet hetdteiaNRe eeakfion. Then the reactant was allowed to react

under a reduced 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 obtained.

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 0.8%.
Synthesis of Intermediate Polyester

Six hundred and eighty-two parts of an adduct of bisphenol A with 2

moles of ethylene oxide, 81 parts of an adduct of bisphenol A with 2 moles of
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except the toner binder A was changed into the toner
A toner T68 was prepared

bi nder G Exanple 68

in the sane manner as Exanpl e 18,

except the toner

bi nder A was changed into the toner binder G Exanple
69 A toner T69 was prepared in the sane

manner as Exarrpl e 19, 5 except the toner

Bﬁﬁ“?ﬁé’ o8l B fprbh B

bi nder A vvas

%c%md nyélrﬁs c?fq 1litic

nner  as anpl

except the t.oner. binder A was changed into the

aﬂﬂéwé%‘ldsr #erb 2 partspot dibtyltm oxigla weps@oured inta ¢ nepeton vessel

in the sane manner as Exanple 21,

except the toner

eﬁh.t}ﬁfeﬂ withascoaHangeds khkRrbha o ﬁﬂﬁrgehlgag Shlef addaiw! e

A toner T72 was prepared I n

nﬁ‘%r%rxe?”g > i B oy o LSO R

he sane manner
bi nder A was changed

S pdernarmalpregsure

A toner T15' was prepared in the sane manner as
abxlaop b diotiBs uederepredived presurbohb@to 15 mﬁngmq:g-eﬂa:}erﬁm

the toner binder E. Conparative Exanple 16

e S R e T A BT e

toner binder E. Conparative Exanple 17 A toner T17'
aypEAggaplgeelar massiod 220061 mase average molspler nHss of 970(ta
the toner binder A was changed into the toner binder

ghassCRARAGiah tMApERAR B $B54°C, an acli {rﬁ’lﬁ%rof DB mgtasH/ %&nd a
except t

prepared in thé same manner as Exanple 16,

; 8nerllb| der é{}\ﬁ%ﬁgﬁ%nged |ntz :g(reretr orlr_ig'

prepared in the sane manner as Exanple 17,

bi nder E. 5
was
except the

t oner NexhoHO parvsmef thedngathddiste fdobyestearkBoartest E.

Conpar ati ve Exanple 20

1sophoronediisocyanate and 500 parts of ethylacetate 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 100°C for 5 hours to prepare

prepolymer 1. The content of free isocyanate was 1.53% by mass in the

prepolymer 1.

Synthesis of Ketimine

One hundred and seventy parts 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 compound 1 had an

amine value of 417,

Preparation of Master Batch (MB)
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A toner T20' was prepared in the sane manner as

Exanpl e 18, 10 except the toner binder A was changed

into the toner binder K Conparative Exanple 21

A toner T21' was prepared in the same manner as

Exanpl e 19, except the toner binder A was changed into
o

e Sheh BARISLo o PR 5 FISPLS et B

except the toner binder A was changed into the toner
cimtedE50%) QuiR200parteofpapmpiter 8%in were miXed osiag alldahschel
was prepared in the same manner as Exanple 21, except

i Ve S er
mf s Mol Uitng 7 PRl Wl chE B0 B0
prepared in the sane manner as_Exanple 22, except the
mighes & J79EF usmgiviarelgciellpwed by hengerdendarad apdooled, |
Eval uation Process (Positively Charged |bner) !

thRMawda tihiihel g pdlvekiow: fiRely &1 dp'x’e%aﬁi xBtdridatch 1.
e

(Peeling Property with Tape) A devel oper was prepared

m xi ng f mnutes 4 parts by mass of 5 a toner
EE%WI%OB%#‘@B%%SS of a silicone-coated ferrite
carrier (average particle dianmeter 100 gm by Kanto
Denk aTKogpy/lmnitirel]l ami seyentyt-eight partsof Kler lowTelatele mpss
was input into a copier (lmagio 105, by Ricoh Co.)

pblyRLicl 16 BB AN AR o 47 pilts BBV Bt were
formed in a toner amount of 0.5 nmAnR. Then the 10 :
PaRraddato a yepionyasselisel sathha stirring sed and pdbprmpometersand

rani sec while raising the tenperature of the fixing

th@hlixfure WabHetd Dt2SPC sh piiiftaied Bt 80PC fe HARAE thin
5C per step. The fixing paper was Rl COPY PPC paper

confPR 1o e SR T eyt e Bhsiek B and 5o

fixing tenperatures and allowed to stand for 3 hours,
pahsnf etlyla@iatevwmerepattoducadumto dhel velissh dhe thigtura wds hexed
paper. The density of unfixed innages on the tape was

FSPPRNLAR dWXaiti B fraldfal Yudodit e Co.): the

Thereafter, 1324 parts of the raw material solution 1 was transferred
1nto a contamer, 2 pigment and 2 wax were dispersed into the raw material
solution 1 using a beads mill (Ultra Visco mill, by AIMEX Co.) under the
conditions of liquid feed rate of 1 kg/hr, disc eircumferential velocity of 6
m/sec, 0.5 min zirconia beads of 80% by volume, and three tiunes 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 under the conditions described

above thereby to prepare pigment-wax dispersion 1. The solid content of the
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difference of the density fromthat of blank being no
| ess than 0.150 was eval uated as "unfixed", the
tenperature at which the difference firstly cane 20 to
| ess than 0.150 was defined as the |owest fixing
tenperature. :The [ ow tenperature fixability was

eval uat ed based on the [ owest fixing tenperature in

Fgarnhtansadibhersion 1 gws BOWEAL 1 0°(Ror 35YRInRLd O
Crlterla A ovvest fIXI ng tenperature < 14OC B 140C <

l?ﬁﬂ\ﬁﬁ ftLX|%cl; ure < 150C C; 150C < | onest

Eﬁé LR ‘@ 2) Eval uation of Background

Snear Usi ng the toners of Exanpl es and

ConparSeven durdaed hed feityrinize pyrte of thopgnichtwak d@pésion 1,

I mage was devel oped on 10000 sheets of paper under

ﬁlﬁgﬂim er. %%ﬁ)&#‘gy%g}%ﬂ%gi' %&féb&%&%ﬁ%ﬂ ]%%'8 g\ka‘gere

gl ued on the background portion of 10 the
HowEed EYAALRONEINET &) Drepare bynixbursy wiied) wds dhery nered at 5000
di sposed on a white paper. The density of background

e ftfr 20Mitites LSy TRhARARKES P Pritaiic®
I?%—the Co. ;st ig%dlfference og)the dergslt?;a%rom tyhﬂ".ildm‘c"r

bl apk no |l ess than 0. 050 was eval uated as
1?99@@%1@3% pdyeous phased Wit Hhe opyamsr g BhReE 8t 15QA0
than 0.010 and no |l ess than 0. 005 was eval uated as 15

rpppfon@5imimitee skinpdFK hofromikee kopapade snRddifie@BRrHNE.
di fference of |ess than 0.005 was eval uated as very

appro S | ackground_ s

2on) uane kil R AT H85 pOREFinty P eSO B withptimipe
background snmear B; appropriate resistance for

rpd @Rd Adiheamometer. tlven suhjected dncemove selvsmpison 30°€ dma$ hours,
Eval uati on Process (Negatively Charged | bner)

a3 dédl (et ABCHST hours to prepare dispersion slurry 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 filtered;

(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 for 30 minutes and then filtered;

(3) 100 parts of 10% hydrogen chloride aqueous solution was added

to the filtered cake (2), the mixture was mixed using TK homomixer at 12000
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(1) Low Tenperature' Fixability (Peeling Property wth
Tape) A devel oper was prepared by mxing for 5 m nutes
4 parts by mass of a toner and 96 parts by nass of a
ferrite carrier (F-150, Powder Tec Co.) using a
t t ut ukr m'xeg. The devel oper was input into a copier

I LA Neo 5 03 by, Ri coh Co.) that had been
%ﬁﬂ@@g@tﬁﬂ%%ﬁx&%ﬂ Ut side the apparatus, and
unfi xed i mages:of 2 cmby 12 cmwere fornmed in a toner
amount @ 300 party/of deionizedrwatee v idded ththe Eitevest eake (3),
fixed at a linear velocity of 1500 ranfsec while

i icAthe G B0 |
th e s AR TR BmbiiSecr o P00 Bbk ok I0 kil
fixing 10 paper was RLCOPY _PPC paper Type 6Q00 (by .
apd thpn thisjprocedure wag repeated ongp B1qre Jo BIGHATS Metened take ); _
was gl ued on images of respective fixing tenperatures
addtha lfllevsdicidle BwaRdriddratad0uns 43 Haars.t he tape was ;
peel ed away and di sposed on a white paper. The density

of unfixed ] mages on t ape nmeasur by X-Rite

038" ( DYk e Bgsq And 1% alkP ARmBroat of thadugrn | ¢y

fromthat of blank being no | ess than 0.160 was

cempbund é2) shownbdlow ertire mixed twabinarsaweater tmth wh antamdet of

difference firstly canme to |l ess than 0.150 was defi ned

Pt R ip b Hublod oL RRERA Y Baced o thE o L) Hiiore
tenperature in accor danc(e the following criteria. o '
op depesitithe fpring campepnd (2).o\Ehen themixture wasdriag at 45°C

140C B: 140C < lowest fixing tenperature < 150C C

{0 sudsanes ait-eirc Bl ting iI9eRhHd EudtRdr BV 30@hor A0 Hlurs on

L LR U WAATR

Background Snear Usi ng the toners of Exanples
Co ti Ex I imlarl

RS YR SRR TR s BesB b SRl o ed

under

prepare toner base particles 1.

Fluorine C d@
uorine Compound (2) CH,

1
CaFy-0 —(CO)— CONH ~€ CH, 3= N®~CH, - I°
s
CHa

e — -

Next, 100 parts of the toner base particles 1 and hydrophobie silica
having a primary particle diameter of 10 nm (HDK H2000, by Clariant
Japan K.K.) were mixed by a Henschel mixer (FM20C, by Mitsui Mining Co.) f
to prepare a toner under such conditions as three repeating times of rotating I
for 20 seconds at circumferential velocity 30 m/sec as well as stopping for 60

seconds.

160



10

15

20

5 high tenperature and high humdity condition by use
of a copier. Then a scotch tape (by Sumtono 3M Ltd.)
was gl ued on the background portion of the

phot oconduct or, followed by being peel ed away and

di sposed on a white paper. The density of background
smear on the tape was neasured by X-Rite 938 (by

X- Ri t a0oher bRpethibd SretiiofrPin o%éoi eNShAY 19 9AY eD&fuation

of blank 10 beirnig no |l ess than was eval uat ed as
occurrenge of_b rou snmear, .the difference of |ess
TR B %@ﬂ%ﬁg&sqﬂﬁﬂa. i Was condicied ueingan
appropriate resi stance for background snmear, and the

edaldationdesi@fAl ess than 0. 005 was eval uated as very
appropriate resistance for background snear.

@a%%l%il@'% &gi teria 15A: very appropriate resistance
or ackgr%

d snear B: appropriate resistance for
background snmear C. occurrence of background snear
Tabl e Teners wereggrpatreiinB8R same manner as Example 1 using the

black toner of Example 1 and evaluated except that the evaluation devices
were devices B, Cor D. The results are shown in Table 2.
Comparative Example 1

A toner 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
changed into the resin H2 shown below.

Two hundred and twenty-nine 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 oxide were poured into a reactor vessel equipped with a 3
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 wags 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, a mass average molecular mass of 6700, a glass
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LTF BSR Ex. 13 B B Ex. 43 BB Co. Ex. 5 CCEx. 14 B B
Ex. 44 A A

transition tempers:tgre Tg of 43°C and an acid value of 25 mgKOH/g. One
part of dibutyltin wag «[_m'xed as for the catalyst.

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
evaluation device A.

Comparative Example 2

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 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 evaluation device A.
Comparative Example 3

A black toner was prepared and evaluated in the same manner as

that of Example 1, except that the particle diameter, the particle diameter

PN T IPTrR—

distribution, the content of fine powder and the content of course powder

T

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 r
in Table 2. The evaluation was conducted using an evaluation device A.
Comparative Example 4

A black 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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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

int Table 2. The evaluation was conducted using an evaluation device A.

[295]
Table 1-1
Particle Diameter Circurality
Zolume Number Content | Content of
verage Aver_alge of Fine Coarse A}rerage
Particle | Particle . ) Dv/Dn| Circura-| SF-1 | SF-2
Diameter| Diameter Particles | Particles lity
(Dv, mm) | (O, g (s4um) | 127pm=)
BT 5.5 4.3 11 0.2 1.28 0.93 150 143
Ex. 1 YT 5.6 4.1 15 2.1 1.37 0.94 164 160
MT 5.7 4.2 8 0.4 1.36 0.91 171 162
CT 54 4.0 4 1.2 1.35 0.92 163 149
Ex. 2 BT 7.8 6.5 22 3.5 1.20 0.93 171 143
Ex 3 BT 3.6 4.0 17 0.0 1.40 0.94 170 152
Ex. 4 BT 5.3 4.5 19 1.5 1.18 0.94 168 | 153
Ex. 6 BT 5.5 4.2 4 0.1 1.31 0.96 159 157
Ex. 6 BT 55 4.3 11 0.2 1.28 0.93 150 143
Ex. 7 BT 5.5 4.3 11 0.2 1.28 0.93 150 143
Ex. 8 BT 5.5 4.3 11 0.2 1.28 0.93 150 143
| Ex. 9 CT 4.7 4.5 2 | 0.0 1.04 0.98 120 115
[(Co.Ex. 1] BT | 55 4.0 19 | 238 138 o093 [ 151 [ 147
Co. Ex. 2] BT 11.1 8.0 11 0.2 1.39 0.93 150 143
Co. Ex. 3| BT 5.6 3.8 24 3.5 1.45 0.93 150 143
Co. Ex. 4| BT 1.8 1.0 70 0.0 1.80 0.91 170 164

BT: black toner, YT: yellow toner, MT: magenta toner, CT: cyan toner
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Table 1-2
. Loose Vol Glass
Agglomeration| Apparent olume Softening | Transition
) Resistivity e
Degree(%) Density (Log O-cm) Point ('C) |Temperature
(gmp) [ T8O 0
11 0.356 11.1 108 33
Ex 1 12 0.534 10.8 105 52
10 0.32 10.7 106 52
9 0.35 10.6 107 54
Ex. 2 24 0.33 10.5 104 b5
Ex. 3 10 0.34 10.4 106 56
Ex. 4 12 .41 10.7 91 48
Ex. 5 14 0.36 10.6 1056 a9
Ex. 6 22 0.45 11.1 106 53
Ex. 7 24 0.29 11.2 106 53
Ex. & 4] (.38 11.1 106 63
Ex. 9 fu] 0.38 10.4 [ 17) 45
Com. Ex. 1 21 0.81 10.1 34 4]
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 Fo Toner Blocking ability
Loss & Scattering| Resistance | Lower Upper
Limit (C)| Limit (C)
BT B B A B 130 200
Fx 1 YT B B B B 130 200
' MT B B B B 130 200
CT B A B B 130 200
Ex. 2 BT C A A A 140 200
Ex. 3 BT B C C B 130 200
Ex. 4 BT A A A C 125 190
Ex. 5 BT B B B B 145 210
Ex. 6 BT A B C C 130 200
Ex. 7 BT B B B A 130 200
Ex. 8 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
Ex, 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 160 160
Com. Ex. 2| BT C C D 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: ¢yan toner
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[I1] Examples 13 to 72 and Comparative Examples 5 to 24
Synthesis of Toner Bi:flder A
Synthesis of Linear Polyester Resin

Four hundyred and thirty parts of an adduct of bisphenol A with 2
moles of PO, 300 parts of an adduct of bisphenol A with 3 moles of PO, 257
parts of terephthalic acid, 65 parts of isophthalic acid, 10 parts of maleic
anhydride and 2 parts of titanium dihydroxy bis(triethanolamine) 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 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, and taken out when the acid
value came to 5 mgKOH/g. After cooling to room temperature, the reaction
product was milled, consequently, a linear 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 mgKOH/g, a glass transition
temperature 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
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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moles of EO, 326 I;\é%'ts of an adduct of bisphenol A with 3 moles of PO, 278
parts of terephthalic ;cid, 40 parts of phthalic anhydride and 2 parts of
titanium dihydroxy bis(triethanolamine) as a condensation catalyst were
poured into a reactor vessel equpped 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 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, cooled to 180°C when the acid value came to 2
mgKOH/g or less, 62 parts of trimellitic anhydride was added, 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, a non-linear polyester resin AX2-1 was obtained.,

The resulting AX2-1 contained no THF-insoluble matter, and had an

acid value of 35 mgKOH/g, a hydroxyl value of 17 mgKOH/g, a glass
transition temperature Tg of 69°C, a number average molecular mass Mn 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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prepare an invenﬁ;rga toner binder A,
Synthesis of Toner Bi_;ider B
Synthesis of Linear Polyester Resin

A linear polyester resin AX1-2 was prepared by a similar reaction as
that of AX1-1 of toner binder A, followed by cooling to reom temperature and
milling except that the polycondensation catalyst was changed into titanyl
bis(triethanolamine).

The resulting AX1-2 contained no THF-insoluble matter, and had an
acid value of 8 mgKOH/g, a hydroxyl value of 10 mgKQH/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 polyester resin AX2-2 was I;repared 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 catalyst was
changed into titanyl bis(triethanolamine).

The resulting AX2-2 contained no THF-insoluble matter, and had an
acid value of 33 mgKOH/g, a hydroxyl value of 14 mgKOH/g, a glass
transition teroperature Tg of 70°C, a number average molecular mass Mn of
4200, and a peak top molecular mass Mp of 11800. The rate of the

molecular mass of no more than 1500 was 0.8%.
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Synthesis of Toner‘\Binder B

The inventiv; ‘toner binder B was prepared by powder-mixing 500
parts of the polyester AX1-2 and 500 parts of the polyester AX2-2 for 5
minutes using a Henschel mixer.
Synthesis of Toner Binder C
Synthesis of Comparative Linear Polyester Resin

The reaction was carried out in the same manner as that of AX1-1in

Rt ra tn wees camms o

P

synthesis of toner binder A, except that the polycondensation eatalyst was

LA LY

T oAy

changed into titanium 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 [inear polyester resin CAX1-1.

The resulting CAX1-1 contained no THF-insoluble matter, and had

an acid value of 7 mgKOH/g, a hydroxyl value of 12 mgKOH/g, a glass

PP ERPTIRTE P _— -

transition temperature Tg of 58°C, a number average molecular mass Mn of
6220, and a peak 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
synthesis of toner binder A, except that the polycondensation catalyst was

changed into titanium tetraisopropoxide. The reaction was carned out
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i
under normal pressure for 16 hours and under a reduced pressure for 8

hours, The reaction “'relocity was slow, thus 2 parts of titanium
tetraisopropoxide was added three times during the reaction thereby to
obtain a comparative non-linear polyester resin CAX2-1.

The resulting CAX2-1 contained no THF-insoluble 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 of Toner Binder C

Four hundred parts of the polyester CAX1-1 and 600 parts of the
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 to 30°C over 4 minutes using a steel-belt cooler, then milled to
prepare an inventive toner binder C. The toner binder C was a resin of
intense purplish brown.

Example 13

One hundred parts of the inventive toner hinder A, 5 parts of
Carnauba wax (Carnauba wax CI, 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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and then kneaded \lismg a two-axis kneader (PCM-30, by Ikegai Ltd.).

The mixture ;T?S finely milled using a super sonic jet mill (1ab jet, by
Japan Pneumatic Mfg. Co.) and then classified using an air classifier (MDS-T,
by Japan Pneumatic Mfe. Co.) to prepare toner particles having a particle
diameter D50 of 8 um. Then 0.5 part of colloidal silica (Aerosil R972, by
Nippon Aerosil Co.) was mixed with 100 parts of the toner particles using a
sample mall thereby to prepare a toner T13.
Example 14

A toner T14 was prepared in the same manner as Example 13,
except that the zinc salicylate (Bontron E-84, by Orient Chemical Co.) was
changed into a quaternary ammonium salt (Bontron P-51, by Orient
Chemical Co.) and the colloidal silica (Aerosil R972, by Nippon Aerosil Co.)
was changed into H30TA (by Wacker Chemical Co.).
Example 15

A toner T15 was prepared in the same manner as Example 13,
except that the zinc salicylate (Bontron E-84, by Orient Chemical Co.) was
changed into bis[1-(5-chloro-2-hydroxyphenylazo-2-naphtolato)chrome (IIT)
acid.
Example 16

A toner T16 was prepared in the same manner as Example 13,
except that the zinc salicylate (Bontron E-84, by Orient Chemical Co.) was

changed into nigrosine (Nigrosine Base EX, by Orient Chemical Co.) and the
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colloidal silica (Aeros_ﬂ R972, by Nippon Aerosil Co.) was changed into H30TA
(by Wacker Chemical Co.).
Example 17

A toner T17 was prepared 1n the same manner as Example 13,
except that the zinc salicylate (Bontron E-84, by Orient Chemical Co.) was
changed into a fluorine compound (Copy Charge NX VP 434, by Clariant
Japan KK).
Example 18

Atoner T18 was prepared in the same manner as Example 13,
except that the zinc salicylate (Bontron E-84, by Orient Chemical Co.) was
changed into perfluoroalkyltrimethyl ammonium iodide (FT-310, by Neos
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 into a quaternary ammonium salt-containing styrenefacrylic
copolymer (FCA-77PR, by Fujikurakasei Co.) and the colloidal silica (Aerosil
R972, by Nippon Aerosil Co.) was changed into H30TA (by Wacker Chemical
Co.).
Example 20

A toner T20 was prepared in the same manner as Example 13,

except that the zine salicylate (Bontron E-84, by Orient Chemical Co.) was
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changed into a Cr ‘:izo dye (CCA-7, by AstraZeneca Co.).
Example 21 .‘

A toner T21 was prepared in the same manner as Example 13,
except that the zinc salicylate (Bontron E-84, by Orient Chemical Co.) was
changed into a Fe azo dye (T-77, by Hodogaya Chemical Co.).

Example 22

A toner T22 was prepared in the same manner as Example 13,
except that the zinc salicylate (Bontron E-84, by Orient Chemical Co.) was
changed into polyhydroxyalkanoate.

The method for producing the polyhydroxyalkanoate will be shown
below.

Method for Producing Polyhydroxyalkanoate

A colony of agar plate was plated on 200 mL of a medium containing
0.5% polypeptone and 0.1% phenylsulfanylvaleric acid, and culiured in a
shaking flask of 500 mL at 30°C for 30 hours. After the incubation, the
fungus was harvested and rinsed with methanol, followed by freeze-drying.
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 cold methanol, followed by
vacuum-drying to obtain intended polymer. The mass of the dried fungus

was 215 mg, and the mass of the resulting polymer was 76 mg.
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Example 23

A toner T23 was prepared in the same manner as Example 13,
except that the toner binder A was changed into the toner binder B.
Example 24

A toner T24 was prepared in the same manner as Example 14,
except that the toner binder A was changed into the toner binder B.
Example 25

A toner T25 was prepared in the same manner as Example 15,
except that the toner binder A was changed into the toner binder 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 binder B.
Example 28

A toner T28 was prepared in the same manner as Example 18,
except that the toner binder A was changed into the toner binder B.
Example 29

A toner T29 was prepared in the same manner as Example 19,
except that the toner binder A was changed into the toner binder B.

Example 30
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Atoner TLE;O was prepared in the same manner as Example 20,
except that the tonm“ binder A was changed into the toner binder B,
Example 31

A toner T31 was prepared in the same manner as Example 21,
except that the toner binder A was changed into the toner binder B.
Example 32

Atoner T32 was prepared in the same manner as Example 22,
except that the toner binder A was changed into the toner binder B.
Example 33

A toner T33 was prepared in the same manner as Example 13,
except that 3 parts of zinc salicylate (Bontron E-84, by Orient Chemical Co.)
was changed into 3 parts of zinc salicylate (Bontron E-84, by Ortent
Chemical Co.) and 2 parts of
bis[1-(5-chloro-2-hydroxyphenylazo-2-naphtolato)chrome (I11) acid.

Example 34

A toner T34 was prepared in the same manner as Example 14,
except that 3 parts 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 nigrosine (Nigrosine
Base EX, by Orient Chemical Co.).

Example 35

A toner T'35 was prepared in the same manner as Example 15,
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except that 3 parts of
bis[1'(5'ch10r0'2'hyd:;j}§yphenyla20‘2-naphtolat0)chr0me (ITT) acid was
changed 1into 3 parts of
bis[1-(5-chloro-2-hydroxyphenylazo-2-naphtolato)chrome (IT1) acid and 2
parts of zine salicylate (Bontron F-84, by Orient Chemical Co.).
Example 36

Afoner T36 was prepared in the same manner as Example 16,
except that 3 parts of nigrosine (Nigrosine Base EX, by Orient Chemical Co.)
was changed into 3 parts of nigrosine (Nigrosine Base EX, by Orient
Chernical Co.) and 2 parts of quaternary ammonium salt (Bontron P-51, by
Orient Chemical Co.).
Example 37

Atoner T37 was prepared in the same manner as Example 17,
except that 3 parts of fluorine 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 zinc é
salicylate (Bontron E-84, by Orient Chemiceal Co.).
Example 38

A toner T38 was prepared in the same manner as Example 18,
except that 3 parts of perfluoroalkyltrimethyl ammonium iodide (FT*310, by
Neos Company Ltd.) was changed into 3 parts of perflucroalkyltrimethyl

ammonium iodide (FT-310, by Neos Company Ltd.) and 2 parts of zinc
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Low Tenperature Fixability BSR : Background Snear

Resi st ance The results descri bed above
denonstrate that the inventive toners may exhibit
appropriate tow tenperature fixability and be far from

salicylate (Bontron E-84, by Orient Chemical Co.).
Exomple 39 |

A toner T39 was prepared in the same manner as Example 19,
except that 3 parts of quaternary ammonium salt-containing styrene/acrylic

copolymer (FCA-77PR, by Fujikurakasei Co.) was changed into 3 parts of

quaternary ammonium salt-containing styrene/acrylic copolymer (FCA-77PR,

by Fujikurakasei Co.) and 2 parts of quaternary ammonium salt (Bontron
P-51, by Orient Chemical Co.).
Example 40

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, by AstraZeneca Co.) and 2 parts of zinc
salicylate (Bontron E-84, by Orient Chemical Co.).
Example 41

A toner T41 was prepared in the same manner as Example 21,
except that 3 parts of Fe azo dye (T-77, by Hodogaya Chemical Co.) was
changed into 3 parts of Fe azo dye (T-77, by Hodogaya Chemical Co.) and 2
parts of zinc salicylate (Bontron 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 polyhydroxyalkanocate was changed into 3 parts of

polyhydroxyalkanoate and 2 parts of zinc salicylate (Bontron E-84, by Orient
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5 background snmear of toners even under high
tenperature and high humdity conditions. [TIE

Exanpl es 73, 74 and Conparative Exanples 25 Synthesis
Exanpl e 1 Synthesis of Linear Polyester Resin

Forty hundred and thirty parts of an adduct of

bi sphenol A with 2 noles of PO 300 parts of an adduct

HeRicgplrghol A with 3 noles of PO, 257 parts of
terephthalic acid, 65 parts of isophthalic acid, 10
arts of | ei cranhydride and 2 parts of titanium

(&WW)?%@@P?& hanol arai ne) as a 5 condensati on
catal yst were poured into a reactor vessel equipped

Wi th & tomeddiiswas presired ke tha@ine nitrinee ge Egatplenle bxcept
and the m xture was allowed to react at 220C for 10

Wb s .flow while distilling away
tpgg(g]?/\%-ttmeﬁ S%re%gag%ggﬂg%f{xﬁg t %5%1}611'&%1_1(9@,:th t he react ant
was allowed to react under a reduced pressure of 5 to
Cronparagiverixample® out when the acid 10 val ue came to
5. After cooling to roomtenperature, the reaction
Pr 0dugt RS T8 Whe flrepa08e SOMRN AN RS ERhYBSTYE
resin AX1I-1 was o %eai ned. ﬁtie@%o non-y%l n%lgfm’ Exmpt

ol yest.er _Resin Three hundred_and fifty parts
the t%wrataaﬁ%&ﬁ&mﬁilgaﬁ%mto otquerbindards. of EO, 326
parts of an adduct of bisphenol A with 3 noles of PQ
ChfdparativeBxaingfletier epht hal i ¢ acid, 40 parts of
pht hal i ¢ anhydride and 2 parts of titanium di hydroxy

bi s(try etharal araine) as.a,condensation catal yst re
pour ed PREDTE FRaRTDr-SL LU R R b toimisle 187bRoept
condenser, a stirrer and a nitrogen gas inlet, and the
the tenardinger ARiagwbangesd indadhe tone23d@ldrd?. 10 hours

under nitrogen gas flow while distilling away the

R FAradRe et elgn 20 the reaction. Then the reactant
was allowed to react under a reduced pressure of 5 to
20 , cogled to 180C when the acid valye came to 2
ngK per [8%as prepgsed 1 te samermanner as dmagrple 46, oxcept
added, then the

the toner binder A was changed 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

A toner T10' was prepared in the same manner as Example 18,
except the toner binder A was changed into the torer binder C.
Comparative Example 11

A toner 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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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,

consequently, a non-linear polyester resin AX2-1 was
obt ai ned. Synthesis of Toner Binder TBl1 5Four hundred

arts af ster AX1-1 and 600 parts of the
R?@afa ?gqxﬁgfﬂq%égkneaded usi ng a continuous kneader
at a jacket temperature of 150C and a residence tinme

of 3 Atonée¥12 Ve prepied inethie sanRsmanntreas Eradipds 20er
4 mnutes using a steel-belt cooler, then mlled to

SRR A Vi SO SR Kb T o511 1

of the nolecul ar mass of no nore 500, a main
Coninseatize Evaswleddk of 7500, a glass transition
tenperature Tg of 62C, a MV Mh ratio of 5.1, and an

aci d wabHer Pi3'4vsd prephtdddn thiQahRBahALLASENRSIpId 2L at
whi ch the apparent viscosity bei ng 103 Pa-s. The resin

had S bst anjl aé rég’%g;EI? in oI u {Fq%,gagaupiﬂrﬁster

Re5| n A linear pol yester resin AX1-2 was
Comgpantide Bixamyde @4l ar reaction as that of AX1-1 of the
synthesis exanple 1, followed by cooli ng to room 20

pol yoRnALHCLEF Sy nreb i P iER el b b po Brpmpl 22

bi s(tri ethanol am ne). Synthesis of non-Linear
eesipy she tonerbinder A was changed infie the tnsley binder G.esi n

AX2-2 was prepared by a simlar reaction as that of

2heki0ff Toher Binddiasi s exanple 1, followed by cooling

0 roomtenperature and mlling except that the

o RSk % Al b SR LU, LA
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 novolac (average
polymerization degree: about 5) with 5 moles of ethylene oxide, 252 parts of
terephthalic acid, 19 parts of isophthalic acid, 10 parts of trimellitic
anhydride, and 2 parts of titanium dihydroxy bis(diethanolamine) as a
condensation catalyst were poured imto 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 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 till the acid value came to 2
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The inventive toner binder resin TB2 was prepared by
powder-m xi ng 500 parts of the polyester AX1-2 and 500
parts of the polyester AX2-2 for 5 mnutes using a
Henschel raixer. The resulting toner binder resin TB2
had a content of 3.0%in terns 10 of the nolecul ar
mass of no nore 500, a main nol ecul ar- mass peak of

I E il r £ C
T B  RHTA R bEARELAUE SRy B g the
The tenperature-was 116C at which t he apparent
rppgiagsi v as phovred to Teact for Irhaw under @ormahpressyraand

had substantially no THF-insol uble matter. 15

thyntlirier a rodam Sreds\SefHasiZ0 AT MPp At YEhish RER A

Pol yester Resin The reaction was carried out in

SRR ek mifon Biesientog eralioratim e bo T0S°C,

changed into titaniumtetrai sopropoxi de. There arose
then the rgactihiewas baltent dve wWhen thacédfimming erspappect @iné fe
way due to catalysis deactivation and the distillation

sgen p of -
g Rt Bl Bl B A rpob R pRociRE sl
the reaction thereby to obtain__a conparative |inear
copesaiently, ¢ modifiedapalyestesyesin Adilsl whs chtpinedit i ve
nonl i near Pol yester Resin The reaction was

car I i Gthedébulting N1 9HW ARBAAIvabSe S8 @R OVR: 4 Hylroxyl
synthesi s exanple 1, except that the polycondensati o’ﬁy
cat al anged 5 into titanium o

R B a Bandrotiifion (rpatinus: Teol 786 ampmber
normal pressure for 16 hours and under a reduced
ayesxgsumneletolar@nassVia of TB60; pedl top meleealsrymnesMpl (\B550,
thus 2 parts of titaniumtetrai sopropoxi de was added

slldf SEEE-THRSIH Litbeh D6 SBRCTTRO ADYRY pd o WA 68 of no

conparative non-11near polyestér resin
Synt hesi s of Conmparative '|bner Binder Resin CTBl Four
meredhas 1590 easo?- 1% e This yesin sraswspd as atonesbindeal.s of
t he

Synthesis of Toner Binder E

Synthesis of Modified Polyester Resin

A comparative modified polyester resin CAY1-2 was prepared in the
same manner as Kxample 15, except that the polycondensation catalyst was
changed into titanium tetrabutoxide.

The resulting CAY1-2 had a softening temperature of 150°C, an acid
value of 53 mgKOH/g, a hydroxyl value of 17 mgKOH/g, a glass transition
temperature Tg of 71°C, a 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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pol yester CAX2-1 were nelted-kneaded using a

conti nuous kneader at a jacket tenperature of 150C and
a residence tine of 3 mnutes. The nelted resin was
cooled to 30C over 4 m nutes using a steel-belt
cooler, thentmlled 15 to prepare a conparative toner
bi nder resin ‘CIB1. Ege toner binder CTBl1 was a resin
W&ﬁ%ﬁ@é‘ﬁ?&"ﬁﬁﬁﬂ‘*&ﬁ r own. The resulting toner
bi nder resin CIB1 had a content of 5.1%in terns of
Syhthess dvnar Bieder B5f no nore 500, a main

nmol ecul ar-mass peak of 9200, a glass transition

0 EEMI‘]\T/h ratio of 4.6, and 20 an
Sggjlé%%%%%olf&fg?gzﬁgﬁt g. The tenperature was 117C
at which _the apparent viscosity was 103 Pa-s by a Row
t est ePnehnndred apdthEtetne parsiolpnadds iplagnal By with 2

matter, and was used as a toner binder CTB1.

molél dgEbpylenaaRide, 47 Spaitheshs addudhditisHbnBDAYEEE 8moles

Resin Five hundred and forty-nine parts of an adduct

f bi spheno W t 5 e f. propylen i de, 20
oferoPyTeBE Shite, A0 ATt oy &reh o iaB e vy eamofe of
propyl ene oxide, 133 parts of an adduct of bisphenol A
ethiyléneoxidé, ck25qiarts bfdreadductiofipherid] nuanlas (aferage adduct
of phenol novol ac (average pol yneri zati on degree:

. - W . - et i
o riiabioh! ddby g GE5 e S W RE S B on AR U gt of
parts of trinellitic 10 anhydride, and 2 parts of
terephthalie acid, Rparasis ofmalein ahwliiden AP paytspf dimethyl
condensati on catal yst were poured into a reactor

tat@fREH al SRS Bavistofl tida R MIE DS 6thandlavhink) £ a @bfldéhsation
nitrogen gas inlet, and the m xture was allowed to

react at 230C for 10 hours under .nitrogen gas, fl ow
3ot ofire BORFS e Aot Vot Lsduaned Fidep: fordenser a
reaction. Then the reactant was allowed to react 15
sunee and a mdroged gas esletiramdothenixbuROwaskiljowed ko tdeet ati d
value cane to 2 ngKOH g or | ess. Then 50 parts of

d 4 'Cg]]_.g [ delgd tH&sTi i
2&280"1211-'18&]% tga}ﬁgg%%??éﬁlsﬁﬁhour“ﬁl%gr} norgxcﬂ Er“@?&é@
foll owed by under a reduced pressure of 20 to 40 mmHg,
gepatebingdierreagiionyi shihidie reagiagt wasaliowediereggiqunder a
added when the softening tenperature came 20 to 105C,

rédifell pR6dsRé 06 %0 Q@'ﬁﬁﬂl—%‘;‘bodi@tﬁfb 18 CsRhb R hd 8eid value came
tenperature cane to 150C. After cooling to room

o STRBAGEHE By G588 BB DS Hhae, gon e
Ir?iglt:ui:e r;?:s. allowed to react under normal pressure of sealed atmosphere
for 2 hours, After cooling to room temperature, the reaction product was
milled, consequently, a non-linear polyester resin AX2-3 was obtained.

The resulting non-linear polyester resin AX2-3 had a softening

temperature of 144°C, an acid value of 30 mgKOH/g, a hydroxyl value of 16
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The resulting AYl-1 had a content of 2.8%in terns of
the nol ecul ar mass of no nore 500, a main

nol ecul ar - mass peak of 6900, a glass transition
tenperature Tg of 64C, a MV Vn ratio of 5.5, and an
acid value of 8.1 ngKOH g. The tenperature was 102C at
whi ch the apparent viscosity 5 was 103 Pas by a fl ow

1hgKOH/g,  Blask efdrbition teip&laditd B by59€, BHRhBeChvHh e

matter, and was used as a toner Dbinder resin TB3.

Synt hesi s npk Synt hesi s npar at.i ve dified
BAROUEE afaam R 430, 3 Beak RocpRlosn e moesrhd oF R0, and o
’ﬁ]&l yester resin CAY1l-2 was prepared in the 10 sane
Rrosolablesyntdrasif 278 arffiecrate oftizemblechBir i of no more
pol ycondensati on catal yst was changed into titanium

thah 1368w 6%, T '§é ?%gl:l wa@%s%ﬁ%'azmﬂéph%d%gﬁem of

6.1%1in terns of t ecular nmass o 500, a
mai n nol ecul ar - mass _peak of 10700, a glass transition
Syavhesis of FenerPigerrGCc, a Mv Mh ratio of 7.2, and an
acid 15 value of 10.6 ngKOH g. The tenperature was

Resié of it indie PHIRaE& RedthSCOSity was 103 Pa-s by a
| ow tester. The resin had a THF-i nsol ubl e content of

12% d S JUS as t pner .binder .resin B2.

Synt haoue BEpdEaT feripada ol it @:ﬂgvﬁﬁﬁ'ﬁni&eapl gath 2 moles of
Synt hesi s Exanple 1 20Three hundred and fifty parts of
peopylene bide oPTepyttant an aiddactasfbiskMenpbA Gt B moles of
2-acryl arai de- 2- net hyl propanesul fonic acid were

SOPSIEEIE ) oL A M WA LSO 5 i,

cli-t-buty] peroxide as an initiator. Then 500 parts of
1p-nouts ofzealpicanhydridemnd d pastsoff tiaguen dibwdrexadded t o

the reactant, and the
bis(triethanolamine) 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 gas flow
whale distilling away the water generated in the reaction. Then the
reactant wags allowed to react under a reduced pressure of 5 to 20 mmHg,
cooled to 180°C when the acid value came to 2 mgKOH/g or less, 25 parts of
trimellitic anhydride was added, 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, 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
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m xture was graft-polynerized for 4 hours using
di -t-butyl peroxide as an initiator, followed by
distilling away the DMF under vacuumdrying, thereby 5
a resin charge control agent 1 was prepared that had a
vol une resistivity of 10.5 Log O-cm and a nmass aver age
mol ecul ar _mass _of,,1x the t erature s. 96C at
tRSEH0R P BRER TS O s PO RS Atsra g G ol St as Mn of
content was 6%.t hat corresponding to conponents having
23 30pmsl apealagep moleuldranasaltp «f5359103he rateesfshe binlecular
Synthesis Exanple 2 Six hundred parts of

[ &%Mﬁ =ny o/100 parts of perfluorooctane
n%% #%%@gﬁaci g%éﬁ@bggggpgﬁérized for 8 hours in DV at
a tenperature qof_ bel ow fhe boiling point using
Synthess el Modified RpdyesteraResiRi t i at or.  Then 250 parts of
2-ethylacrylate and 30 parts of styrene were added to

the 1Fhi&shbadéed AlsdveatdingditLofiataddadtof BRipheRsl A Rekh
for 4 hours using di-t-butyl percodde as an initiator,

f ol owed. by distilld th nder .
2\Belss o Sers o A0 Sl Ao BRDBRRI withholes
was prepared that had a volune resistivity of 9.5 Log
of rapylenecxadey2ds ey dgm addvet of hisphesd Aowith Hubds, of
the tenperature was 85C at which the apparent

pHOSIBR! bduars fd Bl BudnotihHERE SARLENhydRG5% t hat
corresponding to conponents having a nass average

nol ecul ar mass of 1x103 or less. Synthesis Exanple 3
pplypeenizatinnedpepes-ebopt Shwithd melasrad M@Wﬁmpﬁﬁﬁq%ﬁlﬁﬂ of
150 parts of 2-acryl am de-2-met hyl propanesul fonic acid
i%ﬁhﬂ@pﬂﬁ&,m s bDlerSpitBHETIS akid, 97 \of el inth§ dride

) at a tenperature of below the boiling point

(D ! ow 1

o5 SEue preiary P GRHERG bsfiripRanoisfine 405 Bondendifion®
al pha- net hyl styrene were added to the reactant, and
chtedysti wdre peuned g af teapoi wassel equipped withha gosdarsen g

di tbutyl peroxide as an initiator, followed by

Sl drdd D m¥s& r a
Srési r#ﬂc Epa?lgife %onédrgo a’gaeﬁ] ms%ﬁ%‘gf‘gg@ﬁﬁ’ E‘%cgk&é
voLune resistivity of 11,5 Log fl-cra and a nass

280 fogel Qhaouzs pimsleT milzagest sap Bow gvhile distilimeg aswmethe water
was 110C at which the apparent viscosity was 104 Pa-s,

Bt E@ 1t €Y RALLIVAS Phonh Bl redRtd R v slidvebd £ react under a
conmponents having a nmass average nol ecul ar mass of

1)(1Q3 or les t hests anppl our hundred parts
reosd prffsuint Bb B L RELS, (POTRt I G000V e AL Bpid gl tme
per fl uorooctane sul fonic acid were copol yneri zed for 8
th AumsKOh/DE less, theneifppars uf eriméllibel anhytinelewodd addgpd to the
poi nt using ditbutyl peroxide as an initiator. Then 300

: I
r80Ag, it BB 8 38a 0y FRAGE yber A6l S5l
usi ng, di t butyl peroxide as an initiator, faollowed by
ellosrad by nadersmpedused pressyne of 2Q tedQmuaky then Theadpof a
resin 20 charge control agent 4 was prepared that had

bsphehslPedieBeidsA bthet Watfaddfd hf §hé bofERivd bndpdiBaifie came to
average nol ecul ar mass of 1.5x104, the tenperature was

106, Bl which Lhe, phpar st i scpsiiy vas 104 Pars.. a0,
to 165°C. After cooling fo room temperature, the reaction product was
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that correspondi ng to conponents having a nmass average
nmol ecul ar mass of 1x103 or |l ess. Synthesis Exanple 5
Four hundred parts of 3, 4-dichlorophenyl mal ei m de and
100 parts of 5 2-acryl arai de- 2- net hyl propanesul fonic
acid were copolynerlzed for 8 hours in DW at a
tenperature of bel ow the boiling point using

wilillell; QiHasiRERBX aGRodiSied Dolybistdrat gin AV RvRShtRRtlS Of
n- butyl acryl ate and 100 parts of styrene were added to

for o TRuPtsre Y el An prf i oo ROMR hiit

foll owed by distilling away the i o DMF under

vahouefi 8 70meQ /g helsdztransition tembarsgere Tatof 60°Ggemimber
was prepared that had a volune resistivity of 9.3 Log

- r
R E S o RalRR SR R Ho ol B HBRSur My, drgBao,
was 104 Pa's, and the content was 6%t hat

addra TERGErdle eontenpohdatés The ratg of thesplegdamgass of no
mol ecul ar mass of Ix 10 or less. 15 Exanple 73

anﬂeq;haﬁt]_%Qw‘@, ineated by the follow ng fornul ations.
Yel | ow col orant fornul ati on: binder resin TB1100 parts

%ﬁp% t h&wGwOlOO parts 20Red col or ant
red 122100 par t s 5 Ealealencngérlggt p%’igﬁ frulca{ [ ogl: gg}emjer
r esi n Fivé 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
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
inventive toner binder G.
Example 43
A toner 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 D.
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 D,

Example 46
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C. 1. pignent blue 15.3 Black colorant fornul ation:

bi nder resin TM carbon bl ack 100 parts 100 parts 100
parts 100 parts The materials were respectively m xed
in a Henschel mxer, the m xture was subjected to an
air-cooling tvvo roll m 1l and nelted-kneaded for

:_:Su g] Al 'ﬁ% and EF‘%’E@J},%@}F&% ?‘gﬂg&t‘%&ﬁ%& 16| oq

by a hamrer mII therebyto prepare colorants treated

eXgephths teaey binder dewas chpnged &edp@% biaden}). t he
followi ng fornmulations. Yellow toner fornulation:

ERARPRS 47 €sin TB191 parts 15yel | ow col orant treated
wi th binder resin TB112 parts resin charge control

agentA tonée'afi‘f was prepared in the same manner as Example 17,

except the toner binder A was changed into the toner binder D.
Example 48

A toner T48 was prepared in the same manner as Example 18,
except the toner binder A was changed into the toner binder D.
Example 49

A toner T42 was prepared in the same manner as Example 19,
except the toner binder A was changed into the toner binder D.
Example 50

A toner T50 was prepared in the same manner as Example 20,
except the toner binder A was changed 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 D.
Example 52

A toner T52 was prepared in the same manner as Example 22,
except the toner binder A was changed into the toner binder D.
Example 53

A toner T53 was prepared in the same manner as Example 13,
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Magenta toner fornul ation: binder resin TB192 parts
red colorant treated with binder resin TM 10 parts
20resin charge control agent 13 parts Cyan toner
fornul ati on: binder resin TEl 94 parts blue col orant
treated with:binder resin TB16 parts resin charge
control agent: 13 parts Bl ack toner fornul ation: binder

| : t L f=h bi nd
G B AR S T e B PN Y, e

Eesi TB12 parts resin charge control agent 13 parts
t%rials were respectively mxed in a Henschel
m xer, the m xture was subjected to a roll mll heated

to 11QCioned THal warhipagebth fi sabile ShnoPut Eamiflenat he
kneaded material was cool ed, followed by coarsely
m | l.ed,b

Rprsile Hipfh TR i P cn® b e BORED) an ai o
classifier thereby to prepare toners of respective
Kxsmgple 55T1f T2 was 116 in the binder resin TM and the
resin charge control agent 1.

A toner T55 was prepared in the same manner as Example 15,
except the toner binder A was changed into the toner binder F.
Example 56

A toner T56 was prepared in the same manner as Example 16,
except the toner binder A was changed into the toner binder F.
Example 57

A toner T57 was prepared in the same manner as Example 17,
except the toner binder A was changed into the toner binder F.
Example 58

A toner T58 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 T59 was prepared in the same manner as Example 19,
except the toner binder A was changed into the toner binder F.
Example 60

A toner T60 was prepared in the same manner as Example 20,

except the toner binder A was changed into the toner binder F.
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15The resulting toners were m xed wth the foll ow ng
addi tives based on 100 parts of respective toners to
prepar e one-conponent col orants. hydrophobic silica2.5
parts primary particle diameter: 0.02 gm hydrophobic
titani um oxi de0.8 parts 20primary particle dianeter:
0.01? gﬂ] specific surface area: 90 ng,/cn2 The
% Phg one-conponent devel opers were set in a
commercially available digital full-color printer
(1 PSi 8tGodr0F6B8A6 priyyarkil anhh&sahe anainnereapdsxample 21,
formed. The resulting i mages were clear and far from
ke ' rol | er
S P hS el i P RL Bl e HIEHEKBLARTE "L
confirmed to be uniformon the roller. The charge 5
63n the devel oping roller by an absorbing _
process was neasured to be -35 gag in the yell ow ;

devel aRBher TEPwad préshred ih RBe BRGSHhAnMPR RRahple Bl
gC g in the cyan devel oper and -32 ge/g in the black

devel.oper. lLmages, were sim]arly fornmed.und a high

RO BRS TS T RS AR EHA e Bt arE FIRET 37 ¢ and B09%

RH and a | ow tenperature and |l ow hum dity 10 condition :
EabmpM&6a8nd 15% RH, consequently, excellent inmages were i

formed under both conditions w thout significant ;
di ffeﬁ%&ﬁ Té3 %‘é@?@é&é}i ih §Rb sHAR QM seﬁxé:ggﬁ ifat
a full-col'or i mg s Tormed continuously under 2
normal tenperature, |ow tenperature and |ow humdity, ’4

exteph thetaner Bindes Ayas shangad miel ths tongs Mnder G
tenperature conditions on a total of 40000 15 sheets,

E&ﬁﬁﬁﬁgg@ntly, there appeared no significant difference
on fixed i mages, and 40000th i mage was clear with no
backgr.ound

e IR T Sl prepared it the SAMe OB RS ISFTEIS

| ayer underwent no significant change on the roller,
ekdept chatger bimlaxtA whs dbaetahmts thaner abdderdtich as - 31
ge/g in the yell ow devel oper, 20 -29 gC g in the

Eﬁggﬁﬁ%ﬁ5deVe|0per, -29 ge/g in the cyan devel oper and
- gC'g in the black developer. No film ng was

observed on the devel oping roller, the blades and the
phot oAdpaercTeh was prepared in the same manner as Example 15,

except the toner binder 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 into the toner binder G.
Example 67

Atoner T67 was prepared in the same manner as Example 17,
except the toner binder A was changed into the toner binder G.

Example 68
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Exanpl e 74 Col orants were treated by the foll ow ng
formul ations. Yellow col orant fornul ation: binder
resin TB2100 parts 5C. 1. pignment yellow 180100 parts
Red col orant fornulation: binder resin TB2100 parts
0.1. pignent:red 146100 parts Bl ue col orant
formul ati on: "10bi nder resin TB3100 parts

Cl.
pi gne r on:
D! Snerk et Tebe A ARoRAd & Bl B0 Rhs 1BMATRO!
materials were respectively m xed in a Henschel m xer,
axXgeptihe toner ades Ayascahsaced inte thetoneydhinder Gwo- r ol |
mll and nelted-kneaded for 15 m nutes. Then the
PRihgld-goneaded naterial was cal endered and cool ed,
followed by coarsely mlled by a hammer m |l thereby

to pr re orants treateqd wth bi nder resins.
20Tond} ©gE B9 ¥ RreRET Sa30e BABRGT A ERarle 45

except the toner binder A was changed into the toner binder G.

Example 70

A toner T'70 was prepared in the same manner as Example 20,
except the toner binder A was changed into the toner binder G.
Example 71

Atoner T'71 was prepared 1in 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 T15 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 into the toner binder E.

Comparative Example 17

A toner T17 was prepared in the same manner as Example 15,
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Yel | ow toner formul ation: binder resin TB291 parts
yell ow colorant treated with binder resin TB212 parts
resin charge control agent 23 parts Magenta toner
formul ati on: binder resin TB292 parts 5red col orant
treated with:binder resin TB2 10 parts resin charge

t t! t t formiLaiigq: bind
oG Eer G byfan Biea EbEBRol i Chs LREBPTE D] ndor

resin TB36 parts 10resin charge control agent 33 parts
(Bingrdcative &xahgrlenlBat i on: bi nder resin TB390 parts
bl ack colorant treated with binder resin TB312 parts

bl ue aqBEAPY8 AR Hatid 1t R £&hEr IPR3RRL T6,

except the toner binder A was changed into the toner binder E.
Comparative Example 19

A toner T19 was prepared in the same manner as Example 17,
except the toner binder A was changed into the toner binder E.
Comparative Example 20

A toner T2(Y was prepared in the same manner as Example 18,
except the toner binder A was changed into the toner binder E.
Comparative Example 21

A toner T21' was prepared in the same manner as Example 19,
except the toner binder A was changed into the toner binder E.
Comparative Example 22

A toner T22' was prepared in the same manner as Example 20,
except the toner binder A was changed mto 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 mto the toner binder E.
Comparative Example 24

A toner T24' was prepared in the same manner as Example 22,

except the toner binder A was changed into the toner binder E.
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15resin charge control agent 43 parts The
materials were respectively mxed in a Henschel m xer,
the m xture was subjected to a two-axi s continuous
kneader heated to 80C and nel t ed- kneaded. Then the
kneaded material was cool ed, followed by coarsely
mlled by a hammer m |l and finely mlled by an
By dlublioN PHhdeks (bhttivdlf) (oigePBodds| €5 vere removed by
an alr classifrer thereby To prepare toners of
é‘%jggcti e colors. T1/T2 was 1.11 in the binder resin
HeRt#08 resin charge control agent 2, T1/T2 was
1.15 in the binder resin TB3 and the resin charge
(@phowdlenggenturd Finalslifyl (Pedling Préperty iwith Mapk) nder
resin TE3 and the resin charge control agent 4.

Th g & i xed with the follow
naai SR b i e ot § sbipRest BREPDY mass of
5hydr ophobic silica2.1 parts primary particle

atomee red 96 agE byvmapgd oba sdizboe toatedifermite)dadedr Givpragdes
primary particle dianmeter: 0.015 gm specific surface

pr eglgr ed gf/ajway o'%’olziﬁ engl ng ?Eg %ﬁég@@%ﬁg\%&@lﬁ Tger :
arts and a silicone-resin coated carrier of 94 parts. :

VELPer Mg ipp|t Bﬂéﬁﬁmawc(h@v@pd@ér by eah G that had :
commercially available digital full-color printer '

ebRBh4difed 86 ad d8x abyultidetheGpparanss, kBIRTUR iR ages of 2 |
formed. The resulting images were clear w thout

<R GP R BB e ghR oot Soret AR Singmil Btk

condition as well as |ow tenperature and | ow hunmidity
wdizeil timages werkifizdsl 4§ 4 Jintastveloaty ehHMrmedssiwhilé baitime
full-color imge was forned on 10000 sheets,

the méﬁﬁéﬁ%fey%f th %&n@?ﬁﬂfﬁ&&dldbﬁd%‘%ﬁjoe@ skgba‘i{fggggé% %{g‘nd

there existed no scattering wthin e ap
.no deposlétégé)n on the 20 photoconductor. Conparative

ipcrement o per step. The fixing paper was RICOPY PPC paper Type
6000 (by Ricoh Co.).

A scotch tape (by Sumitomo 3M 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
unfized 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 than 0.150 was defined as the lowest fixing temperature. The low
temperature fixability was evaluated based on the lowest fixing temperature

in accordance the following criteria. z
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Colorants were treated by the follow ng fornul ati ons.

Yel | ow col orant fornul ati on: binder resin CTB1100

parts C. 1. pignent yellow 180100 parts Red col orant

fornul ati on: 5binder resin CIB1100 parts Cl.

pi gnment red J§221OO parts Blue col orant fornul ation:
nder resin CIB2100 parts C. I. pignent blue 153100

gjﬁ}’%é‘a 8 iJ“:‘f(’,‘tlgrlgi‘loI orant fornul ation: binder resin

CTB2100 parts carbon bl ackl100 parts The

mat er Aalowesé Bsingtepaerateey MOED i n a Henschel ni xer,

the m xture was subjected to an air-cooling two-roll

mil @n Led- mﬂ&d S i es. Then the
mel teg- g%@d@%ﬂ%ﬁerl rte%e%a endg'!rse and cool ed,
followed by coarsely mlled by a hanmer m || thereby
to pr@p&ﬁ‘é%cﬁﬁ)‘ﬁ?%ﬁﬁéﬂ%@ﬂ%ﬂ h bi nder resins.
Toners were prepared by the foll ow ng fornmul ati ons.

(Hav0uatiown ef Bhckovingd Bedvar

Using the toners of Examples and Comparative Examples similarly
as above (1), a solid image was developed on 10000 sheets of paper under
high temperature and high humidity condition by use of a copier. Then a
scotch tape (by Sumitomo 3M Litd.) was glued on the background portion of
the photoconductor, followed by being peeled away and disposed on a white
paper. 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 0.0560 was evaluated as occurrence of background smear,
the difference of less than 0.010 and no less than 0.005 was evaluated as
appropriate resistance for background smear, and the difference of less than
0.005 was evaluated as very appropriate resistance for background smear.

Evaluation Criteria

A very appropriate resistance for background smear

B: appropriate resistance for background smear

C: occurrence of background smear
Evaluation Process (Negatively Charged Toner)

Evaluation Item
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20bi nder resin CTB191 parts yellow col orant treated

Wi th binder resin CIB112 parts resin charge control
agent 13 parts Magenta toner formul ation: binder
resin CIB192 parts red colorant treated with binder
resin CTBllO‘\parts resin charge control agent 33 parts
5Cyan toner formul ation: binder resin CIB294 parts

ar ' o) j - parts
A b R A e o L
formul ati on: 10bi nder resin CTB290 parts bl ack
col or dheveleparavaspreparsdibe mixing; for B:mmeqaépﬂstﬁmmass of
colorant treated with binder resin CIB22 parts resin

£Taed And BT fadks B eiiss 0B a Ba¥rits carrier (F-150, Powder Tec Co.)

using a turbuler mixer. The developer was input into a copier (Imagio Neo
(385, by Ricoh Co.) that had been modified so as to fix at outside the
apparatus, and unfixed images of 2 em by 12 em were formed in a toner
amount of 0.5 mg/cm2. Then the unfixed images were fixed at a linear
velocity of 1500 mm/sec while raising the temperature of the fixing roll from
100°C to 250°C stepwise with an increment of 5°C per step. The fixing
paper was RICOPY PPC paper Type 6000 (by Ricoh Co.),

A scotch tape (by Sumitomo 3M Litd.) was glued on images of
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 firstly came
to less than 0.150 was defined as the lowest fixing temperature. The low
temperature fixability was evaluated based on the lowest fixing temperature
in accordance the following criteria.

Evaluation Criteria
A lowest fixing temperature < 140°C

B: 140°C < lowest fixing temperature < 150°C
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15

The materials were respectively mxed in a Henschel
m xer, the 15 m xture was subjected to a roll mll
heated to 100C and nel t ed- kneaded for 20 m nutes. Then
the kneaded material was cool ed, foll owed by coarsely
mlled by a hanmmer mlIl and finely mlled by an
air-jat,mldl. then.fine powders were renoved by an air
cl assﬁf }%Q d%gor“éeﬁg}ﬁf[ﬂlgpqg 8" 6ners of respective
colors. T1/T2 was 1.20 in the binder resin CIBl and
(2 Fyalwation eiBatkgrgendBmeavl agent 1, T1/T2 was 1.11 in
the binder resin CIBlL and the resin charge contr ol
agenty1a; j ' '

Hgm eS@ t;gﬁér-g%fm léé‘?hég gg@ﬂggﬂ% pxﬁﬁﬁil%jéﬂﬁ?arly

and t I'n charge corntro

resultipng toners were mxed with the foll ow ng
asabeve (Jgﬁ %ﬁl@l@emcae vwodqygfqp@d@m 009 sheptpolpgREr Yndey
prepar e one-conponent col orants. hydrophobic silica2.5

high' tesngeira e anddiigh Gluenidltig ¥ h itionthyOdsetsn SDtpikrO P Thieh Gi

titani um oxi deOM parts primary particle dianeter:

0.01 ecific e area:. 90 C The .

s fanBThy SHESkesn SRb HE 808 i & Wi arBeroyit portion of
commercially available digital full-color printer

thel HBit@c0dustorsfeliowed by Reonghpeeded awnay abd disprged onex white
formed. The resulting i mages were clear and far from

p%%r.e Clie! leﬁgity ﬁ?ﬁ&fkg&‘&ﬂﬁ gﬁﬁﬁr orl B %ﬁ%&fﬁféﬂsﬁﬂd 24

vi sual'ly observed and the toner ayer was
confirmed be uniformon the roller, The charge
X300 08 Gry KHReiCod] Geidigorcars of the, daslHEaR BRALO! blank
process was nmeasured to be -43 ge/g in the yell ow

b@i%?‘&ioqéﬁthanaﬁ(]ﬁﬂv&s ieRaludtedRYSEuRraIRY of B grondd sihdar,
gCg in the cyan devel oper and -35 gC/ g in the bl ack

OB RARE o£ e DR e %% B POO0R o Soated apos

RH, the images included irregularity or nutter, Wen
appregeatewysisthoeariod backipound sowar ekt differcaned of bass than
hum dity condition of 10C and 15% R 11, the images
0,085 SvdsivaLadtda ok Je%ﬁﬁ%ﬁhwe YeRafce for background 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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20 durability test was conducted with form ng
full-color imges continuously under nornal
tenperature, |low tenperature and | ow hunmidity high
tenperature and high hum dity and nornmal tenperature
condi tions, :problens appeared on the imges, such as
backgr ound sri‘ear dusts and streaks. When t he
ThveBopi ng roll er was visual l y observed at that tine,
streaks had occurred circunferentially in the toner
thin filmon the 5 photoconductor. The neasuremnment of

char ge n tlhe devjel rg epl ed t he
degra 3?1% 5 %)%R s -28 lga n t%@vel | ow de/ei"gger. BSR
Bolh/ gB n t heB npgBntdd [dev| operB -PXogBd.é | n Che C
14 L nd Exyd anBr D
xn-lﬁ'\. ¥ A ot i W‘B\(fl roD
—&bo - C
T . c 1 D
Lﬂxyiﬁ -el dD'VbGL \o3 ) C
Wi 19 & | C
GRNEENS el  a > Pl capagten
@x. DDl 1ANg Il Y5 _nhearqd c |
[ aiazRIB] B t o] 90C anExatzI owed tp reackCaEzOD fop 4] D :
[ Abu2d | (hdr o] ysBs)| BhisBd bubbI | ncA t hleCdExl 150i dCwi f|h_D f.
x2hhenPyagl t Hbr dhlix.t5d [nr ehparp 1Bt M(‘lﬂ ydBoxy € :
%LL%MN g ailnBy. 55 A oy | Co Ex 17 C D *
—*E"tz,?. HHALC O R-aHEH gF Fydbs 1 g Wyl gul C ;
i NN £ o + ~E e A LA X c ot Ay ©
JX.GQE U: % LIAY4 AIC P]j‘%%gl Lt 1 LIV\- TC 1 II‘,‘ N ) :J‘ I‘\-ﬁul Luv D
IEH ﬁ T (AI sy Ttiret I__EX% LbeEDco \ﬂlll T 5 T ] et C
TE3 MFEPT e REpT Th 2UFRE gy [TUTHIT gt AL tE O e1E
[3R03C] O DI EPMENAI EA W [{ N B DI 68 Of CE B, T3 Oh
| @, sdfuciA” of [ bispHeralszA WA h T §SCOE=F4 | 2o¢ PArL ¢
| ¢fe. 32 eplBt hal] | B adi Bx. 665 paB t S| ofB 1 slophthal 1 ¢ acid, 10
| Fards! of Amal i B dnBvédilde Bapnd]l 2 Ba'lrts of titanium
e ;ﬁg}_;(:iﬂl ptEﬂhngEhl aradinel) a%s condensati on ‘
alilar=- .5y Y% I [ :
k8 L o Bodehsdt '—*E’i"sqvmt (rag;:n Sgg ipglegt '-
o8 A L B 3“5%.'63', ol A, f ’ :
0o TC |B| Ay v W Ex‘.ﬁau‘oej O et _at 220C or 10 .
UGS | UTTgeET i tg OUeH, gy T {ow g edi stilling away :
| ERC A B | Ex 71 B B
Ex. 42 B A Ex. 72 A A '

LTF: Low Temperature Fixahility
BSR : Background Smear Resistance

The results described above demonstrate that the inventive toners
may exhibit appropriate low temperature fixability and be far from
background smear of toners even under high temperature and high humidity
conditions.

[II1] Examples 78, 74 and Comparative Examples 25
Synthesis Example 1

Synthesis of Linear Polyester Resin

NGNS aa T e T TEasis ma
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5 water generated in the reaction. Then the reactant
was allowed to react wunder a reduced pressure of 5 to
20 nmHg and taken out when the acid value canme to 5
ngKOH/ g. After cooling to roomtenperature, the
reaction product mas ntlled consequently, a |inear

poly t resin -l was |ne Q LR

Aty ﬁ’ee ?HEW %sot’ E“Lii““t“tJt “’m’%’n §“ﬁf"§j“’lﬁl 2
aC|d value of 7 a_hydroxyl val ue of 12

ol EPQ), :-'@(:rg:amg? ot ofbisphpwols with Srgiokss RS, 257
nunber average nol ecul ar mass Mh of 6940, and a peak

péﬁf’ %ﬁkﬂhﬁhc BBRE 6latls of %ﬂthﬂiheadi@t B Phrik Bﬁmalem
ecu

nmass of no nore than 1500 was 1.2%
yni hesis. 1 of n: Li pear.. es} er . Thr ee
wﬁtmﬁt@oa%a DAY SARRED éfhszdtzﬂaﬁaéeéteegﬁmmmﬂas 2
with 2 noles of EQ 326 parts of an adduct of
codidspketigl cabalyist Wede polrsl iato PeaRdBvasel apudpped with a
terephthalic acid, 40 parts of phthalic anhydride and
2 narts_of. t|ta untdl dr ox etha olan
oeBiEadirieitid St 8 ] R B0 38 o
vessel equipped with a condenser, a stirrer and a
react 202207 Cofas 10toars uader riteopehiens flowmbila dissiliug eway the
react at 230C for 10 hours under nitrogen gas fl ow

wibir n@i‘sﬁ:bﬂ' 'tHQrtﬁéWnt hehuRtRE r&eesﬁﬁegan&émeo react
reacti on. en t eactant Was allowed to react

under re uced pre ool ed t
wngRRc Tewend PReSSEER ot 3 i 2 %’12 takep ety ?te

62 parts of trinmellitic anhydrlde was added, then t he
vl eaine tods alftarwedlih® té faed tampermatngy, thd rqiction predwdft

seal ed atnDsphere for 2 hours. After cooIing 5 to room

te ur.e re t|on duct
w@%nseaueHFPuma%h%n Fhea Eh yes mﬁ&?ggln %&Enfe

obt ai ned. The resultlng AX2-1 contai ned no
Sythessof noptlanaar Pelyesten®erisd an aci d val ue of 35

myKOH g, a hydroxyl value of 17 ngKOH g, a gl ass

transg f.fe%r hRFRE bl Oﬂ&t%f 88 Gdd etV BRG heRVEA 386h 2

nol ecu mass Mh of 3920, and a peak top nol ecul ar

oot o T adg Sy BB B s

Four hundred parts of the AX1-1 and 600 parts of the

pAvé2 ofl tareplethaiic taefll, KOgasRHT phithaliCatiodrid o 2 paerddr
at a jacket tenperature of is 150C and a residence

tltaﬁmoélhydmxy%lg&ne&%nopeﬁn%ﬁ ak §EbRadRRHR2 ca%ﬂygt 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 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, cooled to 180°C when the acid value came to 2

megKOH/g or less, 62 parts of trimellitic anhydride was added, then the
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30C over 4 mnutes using a steel-belt cooler, then
mlled to prepare an inventive toner binder (resin A).
Synt hesis 2 of Conparative Linear Pol yester Resin The
reaction was carried out in the same manner as that of
AX1-1 of 20 synthesis exanple 1, except that the

pol ycondensati on catal yst was changed into titani um

B LA WP H08R%E 46 rea %‘hﬁe Qstﬁ-em'f %?%@@a%ﬁ%plﬁ&%
react| on was st.opped on t e to

g%gl vat i and the di Stl I I atl on of generated water
(N PHoRgling o Soom demperagpirthe fegqon product was

tetrai sopropoxi de wag. added four times during the
mikd] caeqhietidnn foh-hhéa polfestonmaimAKeel whoebfained.
pol yester resin C AX1-1. The resulting CAX1-1
ont ai.neg-no E-in uble matter, and had 5 an acid
%%%%P&W%&?r droxyl value of 12 ingKOH g, a
glass transition tenperature Tg of 58C, a nunber
aver adeumbuadmed partasf thihpafe822AXAntand poalpatram the
nmol ecul ar mass Mo of 18900. The rate of the rml ecuI ar
mﬁ??ﬁ%l%%ﬁn%%a%éﬂ la}"/&@é %GSI Al}leg%?e react| on
was carrleg out in_the sane rranner as that of AX2-1 in
terpmeRiare obkalivf] and a residende timguof Biraimyses; c cermelted spsim
catal yst was changed into titaniumtetrai sopropoxide.

wakecobsdtol SUICWHer dahinvies QsihgWHes]-Heaf dRlerPiReSHilRd or
16 hours and under a reduced pressure for 8 hours. The

reaction. ve ) thus 2 parts of titanium
Rer5i ﬁvssﬁﬁgg%m@lﬁéﬂgﬁ%d three times during the
reaction thereby to obtain a conparative non-Ilinear

pol yediherreseling t0axe bindeT nesin 881 hadg cOrbént bf B i terehs
no THF-insol uble matter, and had an acid val ue of 34

oSooufar MAEOSM o ¥RkY 808fa ég.emasﬂ;éﬁ%re fadd éik of 7500, a

tranS|t|on tenperature Tg of r av

a1ilr%!§ecul ar, mass Mh of 20 3420 and a eak t 0 rml ecul ar
drapsiden femperatypTe of 62797, & Mav 5. leeansl @ apid

nore than 1500 was 2. 1% Synthesis 2 of Corrpar ative
vaheest 58 MEKOH/g.  The temperature was 112°C at which the apparent
viscosity being 103 Pas. 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 cooling to room
temperature and milling except that the polycondensation catalyst was

changed into titanyl bis(triethanolamine).

Synthesis of non-Linear Polyester Resin
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Four hundi-ed parts of the CAX1-1 and 600 parts of the
CAX2-1 were nelted-kneaded using .a continuous kneader
at a jacket tenperature of 150C and a residence tine
of 3 mnutes. The nelted resin was cooled to 30C over
4 m nutes ustk g a steel-belt cooler, then mlled to

prepare,a 5 c ar ati.ve bi nde resin . The
el nAgingat pGlyeB R SRS A BT ATPBPOYR D) AURLAH estion as
Li near Pol yester Resin A |inear pol yester resin
tHetlof AN of tlepsymttediy eaamipls 1.dblloveet by osolag tohabmof
AX1-1 of the synthesis exanple 1, followed by cooling

sl aiivathd TG, G0Y b bolkthBabn bk s
bi s(triethanol am na The resulting AX1-2

chonged intatitanytbis(triefbanplagingl- t er, and had an acid
val ue of 8 ngKOH g, a hydroxyl val ue of 10 ngKOH g, a

Sohfinsid Skt BeRdderBer ature Tg of 60C, a nunber
aver age nol ecul ar mass Mh of 6820 and a 15 peak top

nmol ec mass 20180. .T rate of the, nol ecul ar
mase. $hE feveiive (BRENbIGEE R TBAES BFRARLhE 3 o
non- Li near Pol yester Resin A |inear polyester

poedenmiois500gmrpy eftheqoblimstar AX ri2laanl 500agdntoof e t hat
of AX2-1 of the synthesis exanple 1, foll owed by

i ng except that
pﬁlﬁ'gjs ?‘%ng&(@gﬁ%{e@'mﬁ& E%vsvaameq 1éfnig-jed into titanyl
bi gt r| et hanol am ne). The resulting AX2-2 contai ned no
THE- | Fheremiltingdency bindenirasini TBR hased eontantief $0%33 terms
ngKOH g, a hydroxyl value of 14 ngKOH g, a gl ass

of ﬂfeﬁblebﬁﬁrtxﬁﬁ%a;rfafo%srew)mfa A 8fa mBlcoUTRaha MSIAST 8000, a
nol ecul ar nass Mh of 4200 and a peak top nol ecul ar

effoP EratRiHPIL SORPSRALT 91 62"y ANBANE 73010t Fohan s

The i nventive toner binder resin (resin C) was

valead 0etimpK (kY e Pl teinygrat.0-e peddt BL66C st kendiXthe appakent
500 parts of the AX2-2 for 5 m nutes using a Henschel

wrgcé Sty wh ‘igyﬁys‘,% HRAGTIRY fostdr. T9RE redin had substantially no

THF-1msoluble matter.
Synthesis Example 3
Synthesis of Comparative Linear Polyester Resin

The reaction was carried out in the same manner as that of AX1-1 of
synthesis example 1, except that the polycondensation catalyst was changed
into titanium 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
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10Formul ati on resin A100 parts magenta pignent (C. I

Pi gnent Red 269) 5 parts charge control agent (E-84)
*02 parts *n by Orient Chem cal Co. 15Anpbng the

i ngredi ents descri bed above, the pignent and the

pol yester resin, and also pure water were blended in a
nass ratio ofxl 1: 0.5 and kneaded using twin rolls.

then the water was
evaplora g}%ﬁ ?ﬁe ro‘?gltlenperature to 120C
thereby t(o prepare a rraster bat ch. 20Usi ng the
Synéhegidat Gamparatben aen Lingar PolyesteroResinwer e ni xed
based on the fornul ati on descri bed above,
mel t edPHenRactesh was 2Riddbutti ﬁﬂefydhﬁsmﬁﬁhﬂﬂaé ’Eﬁa[t JFAXE1 in
and cool ed, followed by coarsely nilled by a hamer
m and nel et. mll, then t
Tt Sgrrrid. piha tEst Bty Gude heasipnsatalysaps changed
classifier thereby to prepare a base toner having a
il titrami emcetgesopacpdxide  dstaetiond aefeadriéd puimundér normal
addition, 0.15 part of zinc stearate (by Sakai

p?%&'%@@ arq)g%{?s pan Ci?‘}g]sm I-esgé{% %?%I‘@f; nglh ' ca

titani um oxi de (by Tayca .) were added and mxed by
rgagroneyelectypwan glow, t:lurﬁez partsm‘ sitanisun tétraisepnepoxide e
a volume average particle dianeter Dv of 6.8 gm a

addéd ehide/tRReOBuAingdGhe i‘éﬁbtﬁﬂ%% Ubeainta domphragive
151 142. Product| on Exanp e of Toner B 10Toner B was

ar ed e sa as the production exanple
Ipo eg é"ﬁ"f‘mtﬁééEa e magenta pi gment was changed
[ nt o that shown bel ow. yellow pignment (C I. Pignent

Syethesie ABO)Hpaestive Toner Binder Resin CTB1

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 to 30°C over 4 minutes using a steel-belt cooler, then milled
to prepare a comparative toner binder resin CTB1. The toner binder CTB1
was 2 resin of intense purplish brown.

The resulting toner binder resin CTB1 had a content of 5.1% in
terms of the molecular mass of no more 500, 2 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 viscosity was 103 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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The resulting toner B had a vol une average particle
di anmeter Dv of 15 6.8 pm a ratio Dv/Dn of 125, and
shape factors SF-1, SF-2 of 150, 141. Production
Exanpl e of Toner C Toner C was prepared in the
same manner as the production exanple of toner A
Cﬁmt that t'he magenta pignent was changed into that
bel ow. 20yel | ow pi gment (C.1. Pignent Yellow
155)5 parts The resulting toner C had a vol une average
SpatHesid Exdnpketer Dv of 6.8 ism a ratio Dv/Drt of
1.38, and shape factors SF-1, SF-2 of 158, 150.

gpﬂ%%fstdﬁﬁocﬁﬁﬁmo Rl M igs D Toner D was

epare e sane hanher as the production exanple
of toner A except that the nagenta pignent was changed
i nt o Fivgthundred apdi forty-gine gensof pngiddret Qf@lsphmogmh 2
Red 184 (m xture of C I. Pignent Red 146 and C.I.
I[Eﬂ&”ﬁ"ﬁroﬁgné $A0b220 RS of BA ard%%l% &f B’igpﬁé?ﬁfﬂ wAth34néles of

vol umeé average particle di aneter .8 1sm a
rati o Dv/ and, shap tors SE- S

pyeRy] e i ek AT adred EpispgHer %ﬂ%ﬁ&i‘@ was
prepared in the same manner as the production exanple

etyléronetidéd) Eemps of ahddiie ofphentlngvolmeaverags changed
into that shown bel ow. yellow pignent (C 1. Pignment

pdSiGHiaboR N Showt 9 it B SfP B oo et Bef

ratio Dv/ Dn of 1.35, and shape factors SF-1, SF-2 of
tersphtiedg acil, d@uertoef isvphtbebc eeidTdfparts of trimellitibner F
was prepared in the same manner as the production

aﬁhﬁdﬁﬂ@ dd 3 BRAS oftigAseR] diArody His(BABRhAaRLABPLS 4 VS

hanged into that shown bel dw

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 flow while distilling away the
water generated m the reaction. Then the reactant was allowed to react
under a reduced pressure of 5 to 20 mmHg till the acid value came to 2
mgKQH/g or less. 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 softening 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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20cyan pignment (C I. Pignment Blue 15:2)Spans The
resulting toner F had a vol une average particle

di ameter Dv of 6.8 um a ratio Dv/Dn of 1.36, and
shape factors SF-1, SF-2 of 151, 145. Production
Exanpl e of Tener G Toner G was prepared in the sane
manner as the: production exanpl e of toner A except

e, T8l ave SOOGS0 S b Bl

5resin B100 parts The result
average particle di aneter of 6.8 urn, a ratio Dv/Dn
16?331&%12’, 8%5‘541 é‘p‘@ﬂﬁhﬂogﬁr%ﬂ%lﬂ%ﬂ%m@i %ﬁ‘e%@sﬁl glags transition

Production Exanple of Toner H I bner H was prepared in

teipesature Tguf G Gsa Mve/Mbi @alti6 bi 55, 4Rd axH ealab of gNer
B except that the resin A was changed into that shown

DO Th et Bl Bog ERET B i B argn g ety

ratio Dv/Dn of 1.33, and shape factors SF4, SF-2 of
w501031Pss by B fervothsted. o ThExmeam ladsubktaetially no THF-insoluble
Toner J was prepared in the sanme manner as the

ﬂé&@fﬂ%ﬁ%ﬁ@&%&@%&&ﬂ%ﬁe%@ﬁ _that the wax

shown bel ow was a rnauba wax5 parts

Synthesis Example 5
Synthesis of Comparative Modified Polyester Resin

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 molecular-mass 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 108 Pa's by a flow tester. The resin had a THF-insoluble
content of 12%, and was used as a toner binder resin CTBZ2.

Synthesis Example of Resin Charge Control Agent
Synthesis Example 1

Three hundred and fifty parts of 3,4-dichlorophenylmaleimide and

100 parts of 2-acrylamide-2-methylpropanesulfonic acid were copolymerized

for 8 hours in dimethylformamide (DMF) at a temperature of below the
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The resulting toner J had a vol une average particle

di ameter Dv of 20 6.8 gm a ratio Dv/Dn of 1.32, and
shape factors 5F-1, SF-2 of 152, 145. Production
Exanpl e of Toner K Toner K was prepared in the sane
manner as the production exanple of toner B except
that the wax 'shown bel ow was added. Carnpauba Wax5
bpikingpomicusiag ditbulylpersxideanam mtar nd tape0igurts of
particle di ameter Dv of 6.8 gm a ratio Dv/Dn of
nindylachylgteSiab 50 Pﬁﬁﬂs@f%tﬁ&nd webkaddad toléhk redd@nt Sand the

Producti on Exanple of 'lbner L "I bner L was prepared
i.n_the same.manner as.the production. exanpl e of, toner
e S SRR PYRERER STt o wpa i Thahieonge s
wax5 parts The resulting toner L had a
mtlatorefolloeed dy disinllingl aavagi theddME Dadef vactué-8rypng, thereby
ratio Dv/ An of 1.34, and shape factors SF1, SF-2 of

arRSin chifee &ﬁﬁﬁdé%ggﬁg 1 %ﬁ?ﬁa&fd t}iﬁa@ sl (::]1'\401_'8191% re f’i@ﬁ% of

prepared 1 n t as the production exanp
of toner A except that the resin A was_  changed into
19hdoaRienhand Bgaassiavegagnmolesylaramass ok listpetpmperature

toner M had a vol une average particle dianeter Dv of

wWasDeIMat wHidh khe BHenplistosity wasd0sPaReah@ ehedéchtShtlwas
SF-2 of 159, 142. Eval uation Process (15 Col or

i f.ference in.L*a*b* Col or eci ficatiaon ste

SR SOPRPYHE B PRI i BTN A ok SR FeP el mass

densities at a 100% i mage-area rati o i n nonochrone
ofrbdH)%afr lgssl | ow (t, magenta (M and cyan (C) were

neasured, and intermnediate colors of blue (B), green
sy iRh R Rxample 2

Six hundred parts of m-nitrophenylmalermide and 100 parts of

perfluorooctane 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 graft-polymerized for 4 hours using
di-t-butylperoxide as an initiator, followed by distilling away the DMF under
vacuum-drying, thereby a resin charge control agent 2 was prepared that
had a volume resistivity of 9.5 Log Q-¢m and a mass average molecular mass
of 5.5x103, the temperature was 85°C at which the apparent viscosity was
104 Pa's, and the content was 8% that corresponding to components having a

mass average molecular mass of 1x102 or less.

Synthesis Example 3
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red (11) were neasUred by col or-m xi ng 50% of yell ow
(Y), magenta (M or cyan (C). The respective inmge
densities were nmeasured using X-Rite 938 (by X-Rite
Inc.) in a condition of observable eyespot 2 at
observing light D50 (ZS Z-8720 (1983)), then a* and b*
where the irmge density ID (-Log 5 Reflectivity) being

“1. 0" M@s &se‘drlﬁﬂ'ts e4s Bfoz:lﬂ@ﬁ? %l@iﬁ.’ﬁlde’hx@ (‘B&&S of

to 15. FIG 13|s partla Vi ew
iand Fl G |sapart|ally enlarged vi ew of FIG
anide-2-pehy lpsopsinesulienis geid wenspplymmengeddpr fdours

coI ors, images are fornmed firstly by magenta, foll owed

mﬂ]myﬂiylfoaﬂﬁﬁﬂb KDMEED dtya deehharturkbfbstowptieshoiing ot
and. Conparative Exanples 26 to 29 The toner

S RO Il RSB i

Tabl e4 magenta toner yellow toner cyan toner Ex. 75
andrif0 partoobalpBatoetlyldtyfene wéretasided td the reactant, and the

mixture was graft-polymerized for 4 hours using di-t-butylperoxide as an
initiator, followed by distilling away the DMF under vacuum-drying, thereby
a resin charge control agent 3 was prepared that had a volume resistivity of
11,5 Log Qcm and a mass average molecular mass of 9.6x104, the
temperature was 110°C at which the apparent viscosity was 104 Pa-s, and
the content was 5% that corresponding to components having a mass average
molecular mass of 1103 or less.
Synthesis Exemple 4

Four hundred parts of 3,4-dichlorophenylmaleimide and 200 parts of
perflucrooctane sulfonie 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-polymerized for 4 hours using di-t-butylperoxide as an initiator,
followed by distilling away the DMF under vacuum-drying, thereby a resin
charge confrol agent 4 was prepared that had a volume resistivity of 10.4 Log
Q-¢m and a masgs average molecular mass of 1.5x104, the temperature was

105°C at whuch the apparent viscosity was 104 Pa-s, and the content was 6%
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toner Ctoner F Ex. 77 toner J toner K toner L Ex. 78
toner Mtoner B toner F Corn. Ex. 26 toner G toner B
toner F Corn. Ex. 27 toner A toner H
that correspond_ing\t? components having a mass average molecular mass of
1x103 or less. |
Synthesis Example 5
Four hundred pazrts of 3,4-dichlorophenylmaleimide and 100 parts of
2-acrylamide-2-methylpropanesulfonic acid were copolymenzed for 8 hours
in DMF at a temperature of below the boiling point using di-t-butylperoxide
as an initiator. Then 500 parts of n-butylacrylate and 100 parts of styrene
were added to the reactant, and the mixture was graft-polymerized for 4
hours using di-t-butylperoxide as an mutiator, followed by distilling away the
DMF under vacuum-drying, thereby a resin charge control agent 5 was
prepared that had a volume resistivity of 9.3 Log cm and a mass average
molecular mass of 3104, the temperature was 101°C at which the apparent
viscosity was 104 Pas, and the content was 6% that corresponding to
components having a mass average molecular mass of 1x10° or less.
Example 73
Colorants were treated by the following formulations.
Yellow colorant formulation:
binder resin TB1 100 parts
C.I. pigment yellow 180 100 parts
Red colorant formulation:
binder resin TB1 100 parts

C.I. pigment red 122 100 parts
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toner F Cora. Ex. 28 toner D toner B toner F Corn. EX.
29 toner A toner E toner F 15The evaluation results
are shown in Tables 5, 6 and FIGs. 11 to 15. In the
figure where a*b* is plotted in L*a*b* col or
specification system the w der area encl osed by six
colors of YR MB/C/ Gindicates that col or

r epr odugik &dlépank SoriREIaLEREE! | €Nt . FIGs. 12
and 13 denonstrate that Exanples 75 and 78 definitely

repr esent, .wi.der ~_co%g{]rpreproduci ble area in ternms of R
and M corpiaflerresm arative Exanpl®@P#t&nd 27, in

particul ar the color reproducible area is excellently

wi de for (I gigmenbdheord.Bary, Conpal@QpaesExanpl e 26
represents a wider color reproducible area in terns of

G C, however iR ternms of RIM Conparative
Exanpl e Efﬁrcgkoﬁgéé%uga Ye area in terns of M
however, remarkabl %Bnarrow interms of GY' R

As such, hndexresiedBlt hat Exanpl e 7H0Qparti8 represent
color reproducibility over entire regions, in

parti cul i NiiRlabR R 100 parts
The materials were respectively mixed in a Henschel mixer, the
mixture was subjected to an air-cooling 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 resins.

Toners were prepared by the following formulations.

Yellow toner formulation:
binder resin TB1 91 parts
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
203
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It is also clear fromFIGs. 14 and 15 that Exanple 76
represents a wide 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 MB. 15 Inage Eval uation The toners

descri bed_aboye and Cu-Zn ferrite carrier (coated with

a si | i cobdg ealonant ireafeq with-hindey yesin TBA6Hartyg i n)

were bl ended by 5% and 95% as content to prepare

t wo- conpesdnichdeyedonp@l agetil ch were used to develrgp a
draft photograph containing flesh color. The

devel o nt .was f20 carried out on 1000 sheets with
full-co i ma!bi using a nodified copier
(I'magi o Neo C385, by Ricoh Co.), and the devel oped

i mages vvbim*lee\raiaiua'féh visually by 50 persons afQ parts
ranked in accordance with the following criteria. The

results afe)Smnt ﬁeﬁ?é?ﬂ it bi lebin/PBIFVal uah bR for

FIl esh Col or Phot ography The evaluation results re

ranked under the follow ng_ five steps W th respect
to super iPHi4 ¢ajorayf treafed, withy bindeyrestp TRAZiparts hunan
visual 5 inspection. The eval uati on was such as

ful | mar kgsih@hatreldddirdiapéss 1and the | onest beBRre:
poi nt, then the points by 50 persons bei ng averaged.

poi nt 45g SR8 Al R bertive LBty 1R o PRRC el s B 2
points E: very bad, 19 points or lower Table 5
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 classifier thereby to prepare toners of
respective colors. TL1/T2 was 1.16 1n 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-cornponent colorants,
hydrophobic sihica 2.5 parts
primary particle diameter: 0.02 pym
hydrophobic titaninm oxide 0.8 parts
primary particle diameter: 0.015 pm, specific surface area: 90
mg/cm?

The resulting one-component developers were set in a commercially
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Sensitive Evaluation for Flesh Col or Photography Ex.
75 B Ex. 76 B Ex. 77 A Ex_ 78 B Corn. Ex. 26 D Corn.
Ex. 27 D Corn. Ex. 28

available digital fl.\l\ll"color printer (IPSiO Color 6500, by Ricoh Co.) and
images were formed. " The resulting images were clear and far from defects
like background smear. The developing roller was visually observed and the
toner thin layer was confirmed to be uniform on the roller, The charge
amount on the developing roller by an absorbing process was measured, to be
—35 pC/g in the yellow developer, —30 uC/g in the magenta developer, —31
pC/g in the cyan developer and —32 uC/g in the black developer. Images
were similarly formed under a high temperature and high humidity
condition of 27°C and 80% RH and a low temperature and low humidity
condition of 10°C and 15% RH, consequently, excellent images were formed
under both conditions without significant difference. A durability test was
conducted such that a full-color image was formed continuously under
normal temperature, low temperature and low humidity, high temperature
and high humidity, and normal temperature conditions on a total of 40000
sheets, consequently, there appeared no significant difference on fixed images,
and 40000th image was clear with no background smear.

The developing roller was visually observed and confirmed that the
toner thin layer underwent no significant change on the roller, the charge
amount of developers was stable such as —31 uC/g in the yellow developer,
—29 uC/g in the magenta developer, —29 uC/g in the cyan developer and —27
uC/g in the black developer. No filming was observed on the developing

roller, the blades and the photoconductor,
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Example 74
Colorants wére‘ treated by the following formulations.
Yellow colorant formulation:
binder resin TB2 100 parts
5 C.IL pigment yellow 180 100 parts
Red colorant formulation:
binder resin TB2 100 parts

C.I. pigment red 146 100 parts

PR P o o IR T L T 1 L [ty

Blue colorant formulation:

e mrna

10 binder resin TB3 100 parts
C.1. pigment blue 15.3 100 parts

Black colorant formulation:

binder resin TB3 100 parts
carbon black 100 parts ;
15 The materials were respectively mixed in a Henschel mixer, the

mixture was subjected to an air-cooling 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 resins.
20 Toners were prepared by the following formulations.
Yellow toner formulation:

binder resin TB2 91 parts
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ye]lov;; colorant treated with binder resin TB2 12 parts
resin chzii-ge control agent 2 3 parts

Magenta toner formulation:

binder resin TB2 92 parts
5 red colorant treated with binder resin TB2 10 parts
regin charge control agent 2 3 parts
Cyan toner formulation:
binder resin TB3 94 parts

blue colorant treated with binder resin TB36 parts

10 resin charge control agent 3 3 parts
Black toner formulation:
binder resin TB3 90 parts
black colorant treated with binder resin TB3 12 parts

blue colorant treated with binder resin TB32 parts
15 resin charge control agent 4 3 parts

The materials were respectively mixed in a Henschel mixer, the

mixture was subjected to a two-axis continuous kneader heated to 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-flow mill, then

20  fine particles were removed 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

207
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charge control age;itj 3, and T1/T2 was 1.21 in the binder resin TB3 and the
resin charge control ;gent 4.
The resulting toners were mixed with the following additives based
on 100 parts of respective toners.
5 hydrophobic silica 2.1 parts
primary particle diameter: 0.02 pm

hydrophobic titanium oxide 1.0 parts

Fa. _ smimes= ==

primary particle diameter: 0.015 pm, specific surface area: 120
mg/cm?
10 Two-component developers were prepared by way of blending the
respective toners of 6 parts and a silicone-resin coated carner of 94 parts.
The resulting two component developers were set in commercially available
digital full-color printer (IPSiO Color 7100, by Ricoh Co.) and images were
formed. The resulting images were clear without background smear. No
15 problem appeared on unages and charging under high temperature and hugh
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
10000 sheets, consequently, there appeared no problem in images, and there
existed no scattering within the apparatus and no deposition on the ’
20  photoconductor.
Comparative Example 25

Colorants were treated by the following formulations.
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Yellow crialprant formulation:
binder resin CTB1 100 parts
C.IL. pigment yellow 180 100 parts
Red colorant formulation:
binder resin CTB1 100 parts
C.I pigment red 122 100 parts
Blue colorant formulation:
binder resin CTB2 100 parts
C.I. pigment blue 15.3 100 parts
Black colorant formulation:
binder resin CTB2 100 parts
carbon black 100 parts
The materials were respectively mixed in 2 Henschel mixer, the
mixture was subjected to an air-cooling two-roll mill and melted-kneaded for
15 minufes. Then the melted-kneaded material was calendered and cooled,
followed by coarsely milled by a hammer mill thereby to prepare colorants
treated with binder resins.
Toners were prepared by the following formulations.
Yellow toner formulation:
binder zresin CTB1 91 parts
yellow colorant treated with binder resin CTB1 12 parts

resin charge control agent 1 3 parts
209
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Magenta toner formulation:

binder resin CTB1 92 parts

red colorant treated with binder resin CTB1 10 parts
resin charge control agent 3 3 parts
5 Cyan toner formulation:
binder resin CTB2 94 parts
blue colorant treated with binder resin CTB2 6 parts
resin charge control agent 5 3 parts
Black toner formulation:
10 binder resin CTB2 90 parts

black colorant treated with binder resin CTB2 12 parts
blue colorant treated with binder resin CTB2 2 parts
resin charge control agent 5 3 parts
The materials were respectively mixed in a Henschel mixer, the
15  mixture was subjected to a roll mill heated to 100°C and melted-kneaded for ¢
20 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 J
powders were removed by an air classifier thereby to prepare toners of :
respective colors. T1/T2 was 1.20 in the binder resin CTB1 and the resin
20 charge control agent 1, T1/T2 was 1.11 in the binder resin CTB1 and the
resin charge control agent 3, and T1/T2 was 1.34 in the binder resin CTB2

and the resin charge control agent 5.
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The resultihg toners were mixed with the following additives based

on 100 parts of re3pecﬁve toners to prepare one-component colorants.
hydrophobic silica 2.5 parts
primary particle diameter: 0.02 pm
hydrophobic titanium oxide 0.8 parts
primary particle diameter: 0.015 pm, specific surface area: 90
mg/cm?

The resulting one-component developers were set in a commercially
available digital full-color printer (IPSiO Color 6500, by Ricoh Co.) and
mmages were formed. The resulting images were clear and far from defects
like background smear. The developing roller was visually observed and the
toner thin layer was confirmed to be uniform on the roller. The charge
amount on the developing roller by an absorbing process was measured to be
—43 pC/g in the yellow developer, —36 uC/g in the magenta developer, —38
nC/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 15% RH, the images were thin and of low density. When a
durability test was conducted with forming full-color images continuously
under normal temperature, low temperature and low humidity, high

temperature and high humidity, and normal temperature conditions, ~
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problems appeared‘“c‘ntn the images, such as background smear, dusts and
streaks. |

When the developing roller was visually observed at that time,
streaks had occurred eircumferentially in the toner thin film on the
photoconductor. The measurement of charge amount of the developers
revealed the degradation such as —28 pC/g 1n the yellow developer, —22 uClg
in the magenta developer, —25 pC/g in the cyan developer and —21 pC/gin
the black developer.

Synthesis of Titanium-Containing Catalyst

A mixture of 1700 parts of titanium diisopropoxy
bis(triethanolamine) and 130 parts of deionized water was poured into a
reactor vessel equipped with a condenser, a stirrer and a mitrogen 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
liquid with nitrogen gas thereby to prepare titamum dihydroxy
bis(triethanolamine).

QOther titanium-containing catalysts in Examples below, available for
the present invention, may be prepared in similar synthetic processes.
Synthesis 1 of Linear Polyester Resin

Forty hundred and thirty parts of an adduct of bisphenol A with 2
moles of PO, 300 parts of an adduct of bisphenol A with 3 moles of PO, 257

parts of terephthalic acid, 65 parts of isophthalic acid, 10 parts of maleic
212
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anhydride and 2 parts of titanium dihydroxy bis(triethanolamine) 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 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 and taken out when the acid
value came to 5 mgKOH/g. After cooling to room temperature, the reaction
product was milled, consequently, a linear 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 mgKQH/g, a glass transition
temperature 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
no 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 EO, 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(triethanolamine) as a condensation catalyst were
poured 1nto 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 flow while distilling away the water generated in the reaction.

213
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Then the reactant Gv‘as allowed to react under a reduced pressure of 5 to 20
mmHg, cooled to ISO;QI when the acid value came to 2 mgKOH/g or less, 62
parts of trimellitic anhydride was added, 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, a
non-linear polyester resin AX2-1 was obtained.

The resulting AX2-1 contained no THF-insoluble matter, and had an
acid value of 35 mgKOH/g, a hydroxyl value of 17 mgKOH/g, a glass
transition temperature Tg of 69°C, a number average molecular mass Mn 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 1 of Toner Binder

Four hundred parts of the AX1-1 and 600 parts of the AX2-1 were
melted-kneaded nsing 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
inventive toner binder (resin A).

Synthesis 2 of Comparative Linear Polyester Resin

The reaction was carried out in the same manner as that of AX1-1 of
synthesis example 1, except that the polycondensation catalyst was changed
into titanium tetraisopropoxide. There arose such a problem that the

reaction was stopped on the way due to catalysis deactivation and the
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distillation of genta:;'a.ted 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 peak top molecular mass Mp of 18900. The rate of the
molecular mass of no more than 1500 was 2.2%.

Synthesis 2 of Comparative non-Linear Polyester Resin

The reaction was carried out in the same manner as that of AX2-1 in
synthesis example 1, except that the polycondensation catalyst was changed
info titanium tetraisopropoxide. The reaction was carried out under 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 thereby to cbtain a comparative
non-linear polyester resin CAX2-1.

The resulting CAX2-1 contained no THF-insoluble 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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Four huncﬁ‘gd parts of the CAX1-1 and 600 parts of the CAX2-1 were
melted-kneaded us:i_n‘;g.g 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 a
comparative toner binder (resin B). The resin B was of intense purplish
brown.

Synthesis 3 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 cooling to room
temperature and milling except that the polycondensation catalyst was
changed into titanyl bis(triethanclamine).

The resulting AX1-2 contained no THF-insoluble matter, and had an
acid value of 8 mgKQOH/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 3 of non-Linear Polyester Resin

A linear polyester resin AX2-2 was prepared by a similar reaction as
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 titanyl bis(triethanolamine).

The resulting AX2-2 contained no THF-insoluble matter, and had an

216

P T T



10

15

20

R60 45 M72.17 -3 B 22.56 -41.16 C-28.1 -50.6 G

;
\'\

acid value of 33 mgK‘OH/g, a hydroxyl value of 14 mgKOH/g, a glass
transition temperatufé Tg of 70°C, a number average molecular mass Mn of
4200 and a peak top molecular mass Mp of 11800. The rate of the molecular
mass of no more than 1500 was 0.8%.

Synthesis 3 of Toner Binder

The inventive toner binder resin (resin C) was prepared by
powder-mixing 500 parts of the AX1-2 and 500 parts of the AX2-2 for 5
minutes using a Henschel mixer.

Production Example of Toner A
Formulation
resin A 100 parts
magenta pigment (C.I. Pigment Red 269) 5 parts
charge control agent (E-84) *D 2 parts

*1) by Orient Chemical Co.

Among the ingredients described above, the pigment and the
polyester resin, and also 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 raising the roll temperature to 120°C thereby to
prepare a master batch.

Using the prepared master batch, the ingredients were mixed based
on the formulation described above, melted-kneaded at 50°C for 40 minutes

using twin rolls and cooled, followed by coarsely milled by a hammer mill and
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-55 20 Industrial Applicability The inventive toner
may exhi bit excell ent bl ocking resistance and | ow
tenperature fixability, provide high quality inmges
stably with tinme 5 under such conditions as high
tenperature and high humdity |ow tenperature and | ow

hum di, r outputting.larger area immages, W thout
ﬁé’&ﬁw"’b‘ﬁ%%&éﬁ%‘ Sefguflethy eeﬁa\ﬂ&fwgé%mqlqry YRIE to
firm adhesion of toners onto carriers or devel opi ng
chiseified by drheirelseifiorithewwbgith phéiearas keebaat hoshgti wlume
i mge devel opi ng toner. 10The inventive toner kit may

SSEEARH e G PROFUEL R P PR, IS TRgP 4B O
flesh and red colors, and may al so decrease scattering
strarateybniiakanGhyutiead lndustay Con L part oUuidappbikailindbe,

is available as a kit for devel oping el ectrostatic

d134i8Rt JAPRORK) akd 1 ﬁi’ﬁbf‘@y&mﬁhbﬂﬂﬁﬁtanﬁﬁﬂ’%ﬁt%' B9 Byca Co.)

colorant” and a binder resin, wherein the binder resSin

conpr.i.ses ol yester .resin that is epared 5 by a
Wﬁé@ﬁ@@ﬂ@ﬁ%ﬂﬁﬁf@d&ﬁ%ﬁwﬁ%% tw%tps‘%nce of at |east i
a titaniumcontaining catal yst expressed by General

For nuiTae @sWtingltbhert A at eneiluwihesavaraty pareichvdinagger Dv of
particle dianmeter of 2.0 p.mto 10.0

6.8 nm, a ratio Dv/Dn of 1.38, and shape factors SF-1, SF-2 of 151, 142,

PR, L PR SR SRl T R ST T

Production 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 180) 5 parts
The resulting toner B had a volume average particle diameter Dv of
6.8 pm, a ratio Dv/Dn 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.I. Pigment Yellow 155) b parts
The resulting toner C had a volume average particle diameter Dv of

6.8 um, a ratio Dv/Dn of 1.38, and shape factors SF-1, SF-2 of 158, 150.
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p.mand a ratio Dv/Dn of 1.00 to 1.40, in which Dv
represents a vol une average particle dianeter and Dn
represents a nunber average particle 10 dianmeter, (-X)
rn (-OH) nGeneral Fornmula (1) 0=7 1 (-)C n (-0 R ci
Gener al Fornu{la (I'l') in General Formulas (1) and (1D,
X represents a residue of a nono-al kanolam ne of 2 to

PRdGaiRe Bxah IS oLTorr 19! Y2l kanol ani ne from which a
hi drogen atom of one hydroxyl group is renoved; other

hydroxyl 1 roup(s) and still other hydroxyl )
grou p?l;é}l?r ifa Vi Hpq(ﬂﬁ'éegm the same mannes afshe preductien;
has a directly bonding Ti atom may pol ycondense to

ekamplaof fongr Aldxugitthat tld hezehttpR¥Ent SF itankedRalto that
still other hydroxyl group(s) may pol ycondense

| I cularly to forma repeating structure; and
Spﬁé’%p}%l?éﬁeri zation degree is 2 to 5 in a case of

form ng the repeating structure; 20ft represents one

of a hymhaggetn pigorens (d.]aPigpergRed 18btmikture & C.&aPigament

atons that May have 1 to 3 ether bonds; "nf is an

At BRI 1 “+ BIH 1henyan i nteg 0to 3; the
l:tseuratm of %bIanPioéhﬁntlﬁésH}#mp is ane'?; eger of 1 or 2;

q" is,an integer of _Q or 1; the sumof "p" and "qg" is

2: and %efes oppP badra yolyme,average partigle diametes Dv of

respective Xs may be identical or different each
6BLe & ratid. DwWide df A5, aadebagh fetb SiFal BF1Z of B0, Q.

t he polyester resin conprises at | east a species of

hyester_resin at s prepared by a pol ycondensati on
P&@%‘X‘ﬁi‘“&hﬁ?‘?f”? eOtIp;j:%gg’éhﬁ?ze of a titani um containing
catal yst expressed by o CGeneral Formula (1) or (ID,
and XTonerGs veasgppreparatuinahe Shmeamanabt s thpprsiantion a
resi due of a dial kanolam ne or a trial kanol am ne from

Wil i hed i
Xl G NS AYREAR ARt e AR iRty Wl habped iato that
erein the polyester resin 15 conprises at |east a
Sﬁg‘@ %@E"‘Bf pol yester resin that is prepared by a
pol ycondensati on reaction in the presence of a

titani urllbansigiiendCIaPpnYSit YXbwepped by Genenphartg

Formula (1) or (Il), in which "nm or "p" is 2 or nore,

and a Qf . are an.identical group. 20 4. The taone

e cor degerditinySadlh yaiR viifmehEshis Sapiiid dmdier Dv of
pol yest er

6.8 pm, a ratio Dv/Dn of 1.35, and shape factors SF-1, SF-2 of 154, 148,

Production Example of Toner F
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 Dv of

6.8 um, a ratio Dv/Dn of 1.36, and shape factors SF-1, SF-2 of 151, 145.
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resin conprises at | east a species of

pol yepoxi de- nodi fi ed resin. 5. The toner according
to any one of claims 1 to 4, wherein the polyester
resin conprises substantially no THF insol uble matter,
the content of the ingredients having a nol ecul ar nmass

of ., 500 | es’s i$, N0 re than 4% by mass in the
Pﬁ%‘ﬂ‘&g{ﬂ“gé"%g@ﬂ?@?ﬁgﬁti on based on gel perneation 5

chr omat ogr aphy,. and a main peak exists within a range
of 30Wonero 9oG0pLepatdianthk senicanannesastlst pioduciion.
6. The toner according to any one of clains 1 to 5,

R e R\ D B YR R T

measurenent using a differential scanning calorineter

b@bSE). 7. The toner according to any one of clainms 1

to 6, wherein the binder resin has a ratio Mv Mh of 2
to 10, deginB®i ch Mv reprHEgMGis @ nass average nol ecul ar
mass and Mh represents a nunber average nol ecul ar

maess. .5 8., .The tongr accor.ding to an n f cl.ai
1o Fh8 prailting toRer Giader volumeyrRessiachil dipperer B of
10 nmgKOH g or | ess. 9. The toner according to any
G6ahemoh ratiailhweDh of d. 32, antl ehepe fachersiBHdcBF200fr1E8; h49.
represents a tenperature within a range of 95C to 120C

i En:fi‘?f iscosity cones to 103 Pas
P?n%%%ﬂlﬂirerE%%ﬁg f ov?/ﬁtglteIs:];/er. 9, wherei n the
toner kit conprises a yellow toner, a magenta taner
and aTepeiHiwarcbrerarasbinidgaams MGRaLT ad i pradaiclan
organi ¢ pi gnment expressed by the follow ng Structural

ekRmPl 6 toAdy BakdepttBal thd s ARGHs (RAMREA St tARt SRGRAI C
pi gment having two units per nol ecul e each expressed

bgf()W_Structural Skel eton (A) and no hal ogen atom

resin B 100 parts
The resulting toner H had a volume average particle diameter Dv of
6.8 pm, a ratio Dv/Dn of 1.33, and shape factors SF-1, SF-2 of 159, 148.
Production Example of Toner J
Toner J was prepared in the same manner as the production example
of toner A except that the wax shown below was added.
Carnauba wax 5 parts
The resulting toner J had a volume average particle diameter Dv of
6.8 um, a ratio Dv/Dr of 1.32, and shape factors SF-1, SF-2 of 152, 145.
Production Example of Toner K

Toner K was prepared in the same manner as the production
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in the Structural Fornmula (1) and Structural Skel eton
(A, =C=N-NH may be =CH N=N-. 11. The toner kit
according to claim10, wherein the organic pigment,
having two units per nol ecul e each expressed by
Structural Skeleton (A) and 15 no hal ogen atom is an
organi c pigment expressed by Structural Formula (2)

&Xandpl} of tone? ﬁ@xeeﬁt tHERGBe MRS ARRBRAY XS added.

conprising: a lhatent electrostatic I nmge bearing

menber, pa | at.ent. el ectrostatlg i mage formng unit

confi gu WaEAK a | atent ePPMostatic i mage on the

| atent electrostatic inage bearing nenber, at |east

t hr ee Theveksoltimptoner EShadafvobiune dvémge pueticlp dametdrIheof

i mage 10 using the toner kit according to claim 10 or
ald pm, a ratio Dv/Dn of 1.37, and shape factors SF-1, SF-2 of 151, 149.
Production Example of Toner L

Toner L. was prepared in the same manner as the production
example of toner F except that the wax shown below was added.
Carnauba wax 5 parts
The resulting toner L had a volume average particle diameter Dv of
6.8 um, a ratio Dv/Dn of 1.34, and shape factors SF-1, 8F-2 of 155, 144.
Production Example of Toner M
Toner M was prepared in the same manner as the production
example of toner A except that the resin A was changed into that shown
below.
resgin C 100 parts
The resulting toner M had a volume average particle diameter Dv of
6.8 pm, 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* Color Specification System
Using an image forming 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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a transfer unit configured to transfer the visible
i mge onto a recording nedium and a fixing
unit configured to fix the transferred i mage on the
recordi ng nmedium 15

e ety el

X
red (R) were measu&:ed by color-mixing 50% of yellow (Y), magenta (M) or

cyan (C). The respe;ﬁve image densities were measured using X-Rite 938
(by X-Rite Inc.) in a condition of observable eyespot 2° at observing light D50
(JIS Z-8720 (1983)), then a* and b* where the image density ID (-Log
5  Reflectivity) being “1.0” was measured. The results are shown in FIGs, 11

to 15. FIG. 13 is a partially enlarged view of FIG. 12, and FIG. 151s a
partially enlarged view of FIG. 14.

When toners are overlapped for two or more colors, images are
formed firstly by magenta, followed by cyan, and followed by yellow.

10  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 to 29 are shown in Table 4.

Tabled
magenta toner|yellow toner | c¢yan toner !
Ex. 75 toner A toner B toner F ;
Ex. 76 toner A toner C tonex F 1
Ex. 77 toner «J toner K toner L. §
Ex. 78 toner M toner B toner F :
Com. Ex. 26 toner G toner B toner F i
Com,_ Ex. 27 toner A toner H toner F i
Com. Ex. 28 toner D toner B toner I
Com. Ex. 29 toner A toner B toner F
15 The evaluation results are shown m Tables 5, 6 and FIGs. 11 to 15.

In the figure where a*b* 1s plotted in L*a*b* color specification system, the
wider area enclosed by six colors of YYR/M/B/C/G indicates that color

reproducibility is more excellent,
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FIGs. 12 and 13 demonstrate that Examples 75 and 78 definitely
represent wider color 'reproducible area in terms of R and M compared to
Comparative Example 26 and 27, in particular the color reproducible area is
excellently wide for R.

On the contrary, Comparative Example 26 represents a wider color
reproducible area in terms of G/C, however, narrow in terms of R/M.
Comparative Example 27 represents a wide area in terms of M, however,
remarkably narrow in terms of G/Y/R.

As such, it is clear that Example 75 and 78 represent color
reproducibility over entire regions, in particular wide in R.

It 15 also clear from FIGs. 14 and 15 that Example 76 represents a
wide area particularly in R without sacrificing the other regions, and
Example 77 is not as wide as Example 76 in terms of R but wide in terms of
M/B.

Image Evaluation

The toners described ahove and Cu-Zn ferrite carrier (coated with a
silicone resin, average particle diameter: 40 ym) were blended by 5% and
95% as content to prepare two-component developers, which were used to
develop a draft photograph containing flesh color. 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

evaluated visually by 50 persons and ranked in accordance with the
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following criteria. “The results are shown in Table 5.
Sensitive Evaluation.‘.for Flesh Color Photography
The evaluation results were ranked under the following five steps
with respect to superiority for flesh color on the basis of human visual
nspection.
The evaluation was such as full marks being 100 points, and the
lowest being 0 point, then the points by 50 persons being averaged.
A very good, 80 points or higher
B: good, 60 to 79 points
C: ordinary, 40 to 59 points
D: bad, 20 to 39 points
E: very bad, 19 points or lower

Table 5

Sensitive Evaluation for Flesh
Color Photography

KEx. 75
Ex. 76
Ex. 77
Ex. 78

Com. Ex. 26

Com. Ex. 27

Com. Ex. 28

@l [@] [w] lw] [vs] i-glee] ua]

Com. Ex. 29
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Table 6

K a* b*
Y —6.79 883.02
R 64.53 47.35
M 72.17 —3
Ex. 75 B 2.3 —41.01
C —28 85 —50.59
G —58 20.15
Y —3 88.3
R 64 51
M 72.17 —3
Ex. 76 B 931 —41.2
C —28.6 —50.4
G —57 25
Y 6.8 88.3
R 62.3 44.2
M 59 —10
Ex. 77 B 20 —46
C —28.5 —50.23
G —56 19
Y —3 R8.5
R 63 52
M 72.12 —3
Ex. 78 B 29 —40.8
C —98 —49.9
G —55 26
Y 6.6 39
R 61 44
M 70.2 0.2
Com. Ex. 26 B 51 a8
C —30 —49
G —58.2 20.3
Y —4 a5
R 61 44
M 72.17 —3
Com. Ex. 27 B 92.56 —41.16
C —28.1 —50.6
G —55 20
v 6.6 38.1
R 62 45
M 70.2 —0.2
Com. Ex. 28 B 20 —3g
C —28.75 —50.48
G —58.2 20.3
Y —4 36
R 60 45
M 72.17 —3
Corm. Fx. 29 B 22.56 —41.16
C —28.1 —50.6
G —55 20
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Industrial App].icabil%fy

The 1inventive toner may exhibit excellent blocking resistance and
low temperature fixability, provide high quality images stably with time
under such conditions as high temperature and high humidity, low
tgmperature and low humidity, or outputting larger area images, without
such problems as decreasing charging capacity due to firm adhesion of toners
onto carriers or developing sleeves, therefore, 1s available as an electrostatic
image developing toner.

The inventive toner kit may represent wide reproducible regions in
terms of yellow and magenta colors, in particular of intermediate flesh and
red colors, and may also decrease scattering of magenta and yellow toners in
particular, therefore, is available as a kit for developing electrostatic latent

images.
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CLAIMS

1. A toner, comprising a ¢olorant 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 Formula (I) or (ID,

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
average particle diameter and Dn represents a number average particle

diameter,

Ti (—X) m (—OH) n General Formula (I)

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

in General Formulas (I) and (IT), X represents a residue of a
mono-alkanolamine of 2 to 12 carbon atoms or a polyalkanolamine from
which a hydrogen atom of one hydroxyl group 1s removed; other hydroxyl
group(s) and still other hydroxyl group(s), within the polyalkanolamine
molecule that has a directly bonding 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; and the
polymerization degree is 2 to 5 in a case of forming the repeating structure;

R represents one of a hydrogen atom and alkyl groups of 1 to 8
227
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carbon atoms that inay have 1 to 3 ether bonds; “m” 1s an mteger of 1 to 4 “n”

[ T

is an integer of 0 to 3; the sum of “m” and “n” is 4 p” 18 an integer of 1 or 2;
“i¢" is an integer of O or 1; the sum of “p” and “q” is 2; and in a case that “m”

and “p” is 2 or more, the respective Xs may be identical or different each

other.

2. The toner according to claim 1, wherein the polyester resin 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 (i), and X in General Formulas (I) and (II) represents
a residue of a dialkanclamine or a trialkanolamine from which a hydrogen

atom of one hydroxyl group is removed.

3. The toner according to claim 1 or 2, wherein the polyester resin
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 () or (I), in which “m” or “p” is 2 or more, and

all of Xs are an 1dentical 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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5. The toner é(;'.cordjng to any one of claims 1 to 4, wherein the polyester
resin comprises subéfanﬁaﬂy no THF 1nsoluble matter, the content of the
ingredients having a molecular mass 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 9000 in

the molecular mass distribution.

6. The toner according to any one of claims 1 to 5, wherein the binder
resin represents an endothermic peak within a range of 60°C to 70°C under

the measurement using a differential scanning calorimeter (DSC).

7. The toner according to any one of elaims 1 to 6, wherein the binder
resin has a ratio Mw/Mn of 2 to 10, in which Mw represents a mass average

molecular mass and Mn represents a number average molecular mass.

8. The toner according to any one of claims 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 10* Pa's measured by a flow tester.
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10. A toner kii;\l-\.pomprising the toner according to any one of claims 1 to
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 no halogen atom;

HﬁO—Q—C |

OCH;  H-N
H O 0
N Structural Formula (1)
H N
SRR

o
H\N%N'N_ Structural Skeleton (A)
- H

in the Structural Formula (1) and Structural Skeleton (A),

=C=N-NH- may be =CH-N=N—.

11. The toner kit according to claim 10, wherein the organic pigment,
having two units per molecule each expressed by Structural Skeleton (A) and

no halogen atom, is an organic pigment expressed by Structural Formula (2)
230
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or (3).

H\N o H CHACHZ0 Hy
o @_ﬁh‘ ;! Structural Formula (2)

HaCO
COOCHS
o

H—N

0 N
O H )—g_
H CH
3°‘§_“"_©_"1.. o : Structural Formula (3)

O

N—H
o

Haccmc@—(

OCH;

5 12 An image forming apparatus, comprising:

a latent electrostatic image bearing member,

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

at least three developing units 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 fixing unit configured to fix the transferred image on the recording
medium.

15
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