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TRI BOELECTRI C CHARGEAHI LI TY AND DEVELOPI NG METHCOD | NVENTI ON
AND RELATED ART , 5 The present invention relates to assigmer for del &l ARl
el ectrostatic imges in inmage form ng nmethods, such as el ectrophot ography
and el ectrostatic recording, or an inmage form.ng e toner jet
recordi ng scheme, and a devel opi ng net lold- usi ng t’ ’m \,’@mﬂh"r It is
necessary for such a toner to be provided with a positl negative

charge depending on the polarity of an electrostati c"f%e to be devel oped
and the developinﬁ mode (normal devel opment 15 npde or_reversal devel opnent

1
node). A toner SFGRAT IHE | TRABFLECTR Ho P RRRFERBERAF Jeabi l ity of
a resin as a toner conponent, hu ability in this case is
unstabl e so that the resultaﬁvR?#ﬁé@ﬁé%ﬁgﬁ%fﬁggﬁﬁﬁt be 20 raised quickly at
the start of inmage formation and the resultant inmages are liable to be
foggy. For this season, it has been frequently practiced to add a charge

control agentpriq o fr t9e 7 NvANBE IO dvr et OFes AWt h a desired

triboelectric chargeabif1ty. 25 The charge control agents known in the art
nowadays 5 ncl ude: negaire/ §reddiny GaRRdEL LHAr 861 £088 ' 0b a9€Bheri Bekusi ve of
nmetal conplex salts of nonoazo 1 6 APR 2002 -2 dyes; netal conplex salts
of hydr oxycadewmellopd nf gl cthaxatdiniy | images dbn atage of@thendi ol s; and
resins containing an acidic conponent. On the other hand, known positively
char geabl e clhetdedsontswah ageriedt rophaideg raplyy osndeetlges roatatnécdyes,

tri phenyl net hane dyes and pignents, quaternary amonium salts, and pol yners
havi ng a quattecemdirennmy (& satagesterming mekhed ebweher tonest jet such
‘known charge control 10 agents applicable to color toners have still left
functional | yrmﬂ%a%wn%oiaﬂi,a SRYELRP RS fretieg PRirGr kA€ on of

uni form hi ghli ght inmages and a | arge fluctuation in imge density during
cont i nudds iﬁé’g’@rf'ornati on. 15 Ot her points to be further inproved nmay

include: a difficulty ftn .s?tr?eie@ég%?%gpgg g@égn%etggév\egg 'bgage density and

o
fog prevention, a di f i cu y in o ning a sufficréent irnmageé density in a

hi gh hur di €y SRUIGRNTRNY, £ RAOT LhoRSE shobhtiVel Enargl BeBbRasaRd adverse

effects on storage stability,” fixability and anti-offséet property~of the
resul tant torer +mAS g G Peak Wléotrageat sc fRhak €enpkexes or netal
salts of aromatic carboxylic acids 25 have been proposed in Japanese

Lai d- Open Patdeivie I4p#d caid cithd Jdevgl1oR8idg Made (RoAmaI- ddtbddbpméRtA
57124357, JP-A 57-104940, JP-A 61-69073, JP-A 61-73963, 1 6 APR 2002 -3
JP- A 61-126705®de) 1A B2eh(Hlh 6leJél dpieent 48086) - JP- A 62- 160361, JP-A

63- 208865, JP-A 3-276166, JP-A 484141, and JP-A 8-160668. Charge control
agents proposed in thdsetangeredr ke afragepdrBy| ytéxéairgne 5 in
performance of inparting triboelectric chargeability, but few of themare
satisfactory qrﬁ%\ﬁﬁﬁﬁgc ef:ré"l‘%%?%b’ci%’vﬁaﬁ’o‘bf n3 b&FiBr ABnBetPBEAr dl ess of
envyi ronnment al __condi ti.on .change, contin condi i f _use _even
'Wn\én used incé’"g?lor?pﬁ%t’del?/‘gﬁ o%%gtaﬁéﬁeﬁgﬁgégpﬁg E e.lg’Flé\&/lvggf %tahsgmlﬁr ovi de a
stabl e unstable so that the resultant image density cannot be

20 raised quickly at the start of image formation and the
resultant images are liable to be foggy. For this
reason, it has been frequently practiced to add a
charge control agent to the toner to provide the toner
with a desired triboelectric chargeability.

25 The charge control agents known in the art
nowadays include: negatively chargeable charge control

agents inclusive of metal complex salts of monoazo



devel opi ng performance in a-long term of continuous inmage formation when
used in a high-speed inmage form ng machine. Further, many of them are
affected by other toner materials, thus posing a constraint on 15 thpﬁ
sel ection of such other toner materials. SUMVARY OF THE | NVENTI ON A gen
object of the present invention is to provide a toner having a negative
triboelectric 20 chargeability and haviiag sol ved the above-nenti oned
probl enms. A nore specific object of the present invention is to provide a
toner having a negative triboelectric chargeability and a devel opi ng nmet hod
25 using the_toner capable of stably providing high imge qualities even
when used i ¥e$ owWALAT dFPYPPLAY $6h¥§n?foPYF1ﬁ°§Yﬁ?§H° aﬂld-'l BF &8s r onnent
and not caus n 1 6. APR 2002 -4 image defects with | apse of tine. Another
obj ect of tHe! %?EE%%Yliﬁvéﬁ%?ﬁnan BF%WPHéCadﬂ8ﬁ§r ﬁ&@1ﬁ&3&nﬁbgatlve

tri boelectric_c eab

I
det eri or at ed“? %+ éﬂ%naﬂhéﬁmﬁégchﬂpg SgFtrl t%% %§£F§ﬁ¥ﬁg devi ce of
either a rel%? ﬁgﬁ&itwggyoéa rgﬁgbw E}ﬂagﬁ%“@o%% | < el | ent

devel opi ng per od usin oner. 10

Still angt he{n@ﬂ?’&t flg H?Slﬂéeégaé 'Q%?H&' 85}3('?5 tt%Bh%Wy‘i%heacJ{a?{ber havi ng

a negative triboelectriC chargea iTity and a vel opi ng

devel opi ng ehpesr a8habi §mbABESSqaaRakrharef ammbhii tmalslay ter,0\drd ng devel oped
imges faithful to electrostatic imges even 15 in a Iong t erm of

conti nuous ipebeméds Maving Acgaademrgare theophiameralitn\eentd aidd here i s
provided a toner having a negative triboelectric chargeability, conprising
at least a btlmaem.resin, a colorant and an organic netal conpound, 20
‘wherein the organic netal conpound is an organi c zirconi um conpound

conpri sing a coordi nalPeaver, andss pénausl gﬂoﬂmr@@mnﬂﬂaﬂﬂﬁﬁﬁpkuonatic
conpound as a Ilgand or/and_an aci d_source selected fraomthe group

con5|stﬂ%g(ﬁ9%ﬁ FrafPRlirapie EPoﬁﬁng §9nﬁ§§r8ﬁyﬁaﬁﬁ&ﬁﬂ ile¥ci ds, aromatic
b | d d t h | t

anothor aspebinafL ohar PYeuahetEssSeRRsk Fodte 5'% S e e T

provi ded a 1k A, A9t 4 46VSkORhToaN ﬁ&ggﬁr QAL SR SOMLISI N L he

steps of: for a nono-co oper conpristng the
above- nent | OflfgcwaeioHaYhngmageeaahgx%yS dhrrlll?xge'c%(httrl'rﬁ;cﬁﬂarﬂ@aéé‘

regul ated thickness on a devel oper-carryi ng nenber by a devel oper thickness
regul ati on nmegrmataed. devel oping an el ectrostatic i nage on an electrostatic
i mage- beari ng nenber di sposed opposite 10 to the devel oper-carryi ng nenber
wi th thesnono conponedthdevebopes tar beeduorthiche ideaslvepkemagar ryi ng nenber

These and ot her objects, features and advantages of the present invention
will beconme imcbude: a difficulty in obtaining a good balance

Er

between image density and fog prevention, a difficulty
k in obtaining a sufficient image density in a high
humidity environment, a poor dispersibility in a-

20 resin, and adverse effects on storage stability,
fixability and anti-offset property of the resultant
toner.

As known charge control agents, metal
complexes or metal salts of aromatic carboxylic acids

25 have been proposed in Japanese Laid-Open Patent
Application (JP-A) 53-127726, JP-A 57-111541, JP~A 57-

124357, JP-A 57-104940, JP-A 61-69073, JP-A 61-73963,



15 apparent upon a consideration of the foll ow ng description of the
preferred enbodi nents of the present invention taken in conjunction with

t he acconpanyi ng draw ngs. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gartesPRL00?
and 2 are respectively a sectional illustration of a devel oper

repl eni shnent -type devel opi ng devi ce equi pped with a devel oper-carrying
menber and a magnetic bl ade (Figure 1)'8F an elastic 25 blade (Figure 2),
respectively, as a regulating nmenber and applicable to an enbodi nent of the
devel opi ng nethod according to the invention. 1 6 APR 2002 -6 Figure 3 is

foPan enbod: firk ot~ HhA05Ry v BeR 8 2rEP RS BachBr A Agtd e V\%‘rﬁaiglni.hcgbl °
Lo an enbodfferh . . . i

el opi no it 8LoraP el B3-2RabBRTear AN o 2 TR SR Astal LeD
DESCRI PTI ON 0 HE LAWENFL£Np10cH6chavechauad Kontgssi bigei, provi de a

toner having a qui ck charg Ity, having a high chargeability even in a

hi gh hum di ty-SpysE@NIRNELABE abserbheesl hel gEnesave Ehaldilhieven in a

| ow hum dity environnent by using an organic zirconi um 15~ conpound

obt ai neds by igasérpPOrebindezbfConpHrtEAGPREABowlEttaicar omati c diol, an
aromati ¢ nonocar boxylic acid, an aromatic pol ycarboxylic acid or/and an
aronmat i ¢ hydelexygaabbxyty¢c botdfewhefothen erei seadisfamctemyound used in the
present invention is 20 excellent in transparency and is desirably used in
a col or toneprédvidpngvadéhgbikedevedbpingmpgedorfamasy gadarddiesodni um
conpound can contain below 20 wt. of hafnium el enent based on the zirconium
el ement. ThePbreRwi EopReRbAl URPRBHESORISIERES! e GORtiimaiers Yaeet i nvention

may be classified into the foll ow ng three categories: (i3 Zirconi um
conpl exes eatPPebhpPPsPhguse even when used in 3 simple developing

10 device structure. Few of them provide a stable
developing performance in a long term of continuous
image formation when used in a high-speed image
forming machine. Further, many of them are affected
by other toner materials, thus posing a constraint on

15 the selection of such other toner materials.

SUMMARY OF THE INVENTION

) A generic object of the present invention is
to provide a toner having a negative triboelectric
20 chargeability and having solved the above-mentioned
problems.

A more specific object of the present
invention is to provide a toner having a negative
triboelectric chargeability and a developing method

25 using the toner capable of stably providing high image
qualities even when used in a low humidity environment

or in a high humidity environment and not causing



1 6 APR 2002 netal elenent of zirconiumand a |igand of an aromatic diol,
an aromati c hydroxycarboxylic acid or an aromatic pol ycarboxylic acid, (ii)
zi rconium conpl ex salts each conmprising 5 a netal el enment of zirconium and
a ligand of an aromatic diol, an aromatic hydroxycarboxylic acid or{1@&nAPR 2007
aromati c pol ycarboxylic acid, and (iii) salts of zirconiumw th aromatic
carboxylic acids inclusive of aronatic'ﬁﬁnocarboxylic 10 acids, aromatic
hydr oxycar boxyl i ¢ acids and aromati c pol ycarboxylic acids. It is preferred
to use a zirconium conplex or zirconiumconplex salt including 1 - 4 units

of aromatic f%g%%ig&gg@%%cwg¥gg?§¥§gr%@x*k%&oﬁfid or 15 aromatic

pol ycar boxyl TC a chel at'e. is also possible to use a
2i rconi um conpl ex or gaEphey. 8L LNBLULHR0pkeseliitiidvartl; Qi nating
carboxy anions of aronmatic diol; aronmatic h$ roxycarbox§1|c acid or

aromati ¢ pol Y£a;baxyhi £oR8rafhdinknal Reged9%e0f rAMhIGRRILG Zi rconium sal t,
it is preferred to use a salt having 1 - 4 units, nore preferably 1 - 3
.units, of arematyeaBalRe¥ykhaehdisanesBt 16 abY@r @ey e lirc acid or
aromati c polycarboxylic acid. It is also possible to use a 25 m xture of
conpl exes ordebapliexasalit sohevi pgedi Whenenisedurinera afarctheldieestyard and
different species of ligands. The zirconiumsalt can also be a m xture of
1 6 APR 2002deBelopongr devicespéciréthelr er gaplerdishoemturhyysd tar iancl udi ng
those of different nunbers of acids per nolecule. The organic zirconium
conpound canu@esvPbtyRenprfupghabiss exgedilent dedlaninshpl ex conpound and
5 an organic zirconiumsalt. It has_been found that the organic zirconium
conpound pr cRFHESTHANERcePPENE HEVELOPLRG PR Ifiag Sue 0- conponent
devel oper, ipclusive of a magnetic toner containing magnetic powder, which
is required t8*%5-exhibit a quick changeability and a high changeability
throughlpe' atively few.trhbgalegltl g%tctto%fol%ﬁfer é%stén%is’il?vecatuisgn of
excel | ent perfornmances as a negative charge contr agent o The or gani c
zi rconi um coppoygdy bl ihe 8l $8n8Rt hANAHL PGS v N How TBIAELE C toner
used in a non-nmagnetic nono-conponent deével oping nethod. It Is preferred
that the orgenhegéhbePRityMabaMBOdRYelDp1$RA Mt HoaH R td e MEihg resin
having an acid value in order to further inprove the 20 triboelectric
changeabi | i tglabtlrestbithiczimggele cpplaiiict y fofcomettiaruaiol ye atesi dii@i ned in
the toner particles. The dispersibility of the organic zirconi um conpound
in the tonerdewalbpeidnpmeged Bpidgdifd theo edreatoas tHtuict eisnagesveecesn havi ng
different 25 nelting points or conpositions, thereby providing a toner
showi ng 1Pnpré%ed GAPHOLATEHREgEPItANOP SN d MR TRt i9mge formation

per f or mances. 1 6 APR 2002 g. The toner according to the present

i nvention containi ng PRECEAIER: Eozitﬁ‘ceorﬁrlﬁﬁeé’(}:rrdd'ﬁ’r?d%ﬁ&n'onﬁ htDits a

sufficient chargeabi.lity in_a.low or _hi um dity..envi ronoent but al so
suppr esses aPF8§é§Fﬁgai%°§efn§681&§ha1%¥§§ﬁ#Q%;E?%%nﬁ}%%§¥%%f cont i nuous

i mge formatign, Ihe;QK9aNi ¢ iGN AOTRANNd d S, faids cularhy gffective

for use in a nagﬁetlc to%ér contal ning a nmagnetic 1ron OX|J§{conprising
various diffgpeBtragReanads adf odgafaR metd10edngdlthaeont ai ning 10 different

el enents or oxides or hydroxides of such different elenents, or iron oxide
form ngag m xture cryshalrednt khauorghirfife megtialel amgdend nby de ef f ecti ve
for adsorbing water nolecules, thus effectively inproving and stabili zing

t he char gi ngobgsedcoritcontifm zampeursf ddwp picding ty obdomdimatimhecul es.
This effect is enhanced when a binder resin having an acid value is used in
conbi nati on PRERBAI BhbOoNd ngr @dnizd TAQREAM (ARNE R RFRINAEEY FAMPRRNEr esent
invention includes a zirconiumion capable of 20 easily assum ng an

oct a- coor di n&€ed@ ¢3RPPGURH/PHN B8 REIDAWTRE LR BN FRCoxygen of

car boxyl and/or hydroxyl group.. Accor iqﬁgyﬂ if a binder resin having an
tiey

aci d val ue, 9BEHPaSCRSISHIDG HeJTPTH IR IRAE L Car boxyl group or a

I . : _ . : , Co i .
Pomound can EaRoEYERRnIITH T B, RS monSeRERBREELEL TV T e
bi nder res'naciasnhghdt@%om&kf%‘@%ﬁ§€g¥%6£§hic acids.

According to another aspect of the present



| i beration thereof fromthe-toner particles can be well suppressed to
provide a uniformand continuously stable chargeability. The organic

zi rconi um conpound exhibits little adverse effect to the toner 5 16 APR200?
transparency, thus being preferable for constituting a color toner.

Further, as the binder resin can be provided with an increased crosslinking
via the carboxyl or hydroxyl group of t?e binder resin coordinated with 10
the zirconium the binder resin can be provided with an increased rubber
elasticity, which favors an increased releasability and effective

t f f the f T Lt ferred that th
D ndr r 051 LTSS [RAE (1 SR ROGRGP oa° o0 ngpr| eBRipRRG
THF- | ubl t t t h
for ce duri ndohel (SRS RELC {RIASY Hrr SUPRESTRE BRECEPeFan8sr a rmgnotic -

Ay o PLoment . Girfuly % | LaPLOVOE % InbROSEORBBHEME' AEVB1BLEY CO 0TI NG

power and/or a cl ear hent | one above e organic zfrconium

conpound USQQ&@EfAEhé”fﬁé”Ebéég%ﬁﬁﬁﬁibﬁédeﬁéﬁékeﬁéviﬂgt5'Q%EB%EBE'C
chargeability-inparting performance, so that it functions as a charge

control mgertridosibidadie didrge Magnet ragﬁpaeédrenutkhagsaohl gh
chargeability. Further, the organic zirconium conpound not only shows a
good di sper sididlidpetthedeofing IndmPER RP02 dédtel oparbthdekneesi-n but al so
functions to pronote the dispersion of a nagnetic material in the binder
resin if a resguldtaomgneansici@hdal ue is used as the binder resin, thus
providing a nmagnetic toner with inproved 5 uniformchargeability and
continuous inage for MAAVOIPRHERS AReRERITTOFEREhEr InAgehas BBen found t hat
t he organi c 2|rcon|un1conpound used in the present invention exerts sone

i nfl uence orftHEERFEAES tHIRIFTPRPTIAS BEMPBReF1BPREEH PEEPF14S8d provi des

a toner an exce | | ent reIeasablllt% ﬁg sgg %g conbi nation with a
pluralit @A NaEs . ?&? °9%§iﬁ?rr¥%n% DHRST pBESTbl-8€t B°BPovi de a t oner
exhi biting §ﬁﬁ% eLhs e i ng of
the 15 fixin %%eftq$% %c%g?gggéoé%tEhgmﬁggeagggEl%%%% ﬁatlon W th
a bi nder regﬁéhgggq ng an aC|d val ue. Another characteristic of the organic
zi rconi um conpound used in the present invention is that it provides a
toner less |iable to These @andOotheerbpgetlsferehenireg pakf or mance after
standi ng. For exanple, when the toner is used in a high-humdity

envi ronnent ,adventagdés of atide ngrésentommeveatienpwiilddbecdmehewee- used f or
i mge formation, the resultant imges cause little |owering in inage

densi t yl5 25 separent upentaneenatderdthgnt 0ft hhepfeddpwingventi on
containing the organic zirconiumconpound is |l ess |iable to cause
|nsufflC|ent¢%5%ﬁ%ﬁE&QPt%ﬁthe Hr%f%FﬁﬁﬁoeﬁboﬂimﬁaFﬁl€¢e§hP9ad|ng to
scattering toner €art|c etic t is liable to

cause a not iREEHT sw%ﬁ% RER HARIHREY T8RP SRBRE wher oi n t he

agglonerailrghégmﬁ fn#°&§£$9n Lhus 5 causing various difficulties. Mre
specifically, Tn 138 I'mage form ng system using the corona charging

schenme, the scattered toner is attached to the charging wire to cause

di scharge abnormality which results in an abnornmally charged el ectrostatic
i mage 10p | eagk NEr t9ESCRI PeplN| bkerhRBpRANENEst in the case of primary
charging and also a streak-Tike transfer failure in the case of transfer
chargi ng. However, theigenes acanddngretortbeeptésenty ianwattiwnalan reduce
such difficulties. In case of an inage formng 15 system using a contact
char gi ng schiehkyusthatiscat 0€reddevaderres reabeaisbmepit-tvie cont act transfer
unit and the soiling toner is liable to be transferred to a transfer paper,
thus causi ngigveteried 8e¥kcsorAPrAgPethiitdndr davedolaty aF HHO$r esent
invention is also 20 | ess liable to_cause_such dlfflcult In the case of a

non- nagnetldm?%H%F anfeat BASRCPAFt PLRESs {EEEBFPNG pﬁ@h@ﬁbﬁi@ﬁ%&?mwe

t h h dit t t.he t
Const r afed BHRge bl FafeEr ot r oLPRPFETIRERrCEY En i ROATA M HEhonenon
I's also red“&%& QH%ihSaE9Qe£ aSﬁoéﬂbgglhgnEh%fp%%%e@gﬂé%ﬁ%%ﬂé’ Fur t her,

in a low hum nvi ronmen non- magnet 13 toner is
liable to c dgpsbi-yih’ egULREl ihvieRtd ohal ftone inmage due to
insufficien?‘ﬁé cﬂ%rged pa%t?c I es. ThISvdIffFCU|ty can al so be reduced by
the toner according to the present invention.




5 Now, the organic zirconium conpounds inclusive of zirconium conpl ex,
conplex salts and salt with aromatic diol, aromatic hydroxycarboxylic acid
and aromatic polycarboxylic acid will be described nore specifical [y§ APR2002
Preferred exanples of the zirconium conplex or conplex salts may include

t hose represented by formulae (1) and (2) below. X (2n-4)~ Ark Zr~--(L)m
(2n-4)CL ~Y (1) 15 n or (n-2)C2 whereiIr denotes an aromatic residual
group capabl e of having a substituent of al kyl, aryl, aral kyl, cycloal kyl,
al kenyl , al koxy, aryl oxy, hydroxyl, 20 alkoxycarbonyl aryl oxycar bonyl ,
acYl, acyl oxy, carbox¥, halo en, vitro, cyano, am no, amde, or carbanDyI

X and Y independent | y Tdéities’ 0 %r2 Rasbial |sechibpral i hbustaptirgand of
wat er, al coh I A aIk | am.ne or ridine enot es a nobnoval ent 25

cati on, such%asahy&mﬁﬁé? aﬁﬁ%ﬁﬂ%ﬂ%ﬁﬁgéﬁnéﬁp¥%ﬁ gﬂnﬁﬂlﬁﬂ1|on or

aIkyIannDnlu S.a pet ion; nis
2 % or 4 %@A&%}S@é"%%@%ﬁ%ﬂ#“ $E69r§Eng RRiEer () o

| i gands (suchplenadfi@ptic carboxylic acids and diols) can be identical to
or different fromeach other, and a nunmber (m> 0) of neutral |igands can
be identiscal to or dififignae 4 rigm=Aach KQideratio®ash §NMPhEEeOr conpl ex
salt of a formula. Further, each conplex or conplex salt of "a fornula can
al so be a nmi foumminef apprarlabusc dpeitsh hehve ngeviet ol hy slefheaent n or/and
m or a mxture of conplex salts having nutually different counter ions Cl
or/and C2. | acegeaddngo torpgrhey diventdigpersidppligabbebi nder resin and
charge control ability of a conplex or conplex salt, it is preferred that
the aromatic residue group (Ar) conprises benzene ring, naphthal ene ring,
ant hr acene ring _or -henanthrene rlno' the gptlonal substituent is alkyl,
carboxyl or S 3 ggen sodi um potassi um

[k | 4 Ar, A 2 2n+k-4)D
?mﬂl Z) 8?0? (%+k/2 %g%%?d%é%@é%m etsoaé éYb‘f]rﬁ'ngz f(QBngue)group
bl f h |k | oal k
gﬁﬁgnyf Oa|k§§§?g§r€|§%¥gﬁf€ﬁ%£é%a' aKQéchafh”ﬁirg y??oizga?gonzl acyl,
acyl oxy, carbaaygeaahq ev@nt 1% &M?ﬂ;?x At ZO%néﬁlglrﬁﬁlagﬁli:bg%yl X and

Y i ndependent |y denotes or - 2 -15 enotes a neutral
li gand of waheso &&@@Kﬂr,onﬁ@%@s%l\ﬁi lOh 2 1¥eg Gsvey i di Bejoh denotes an

ani on of hal ogen, hydroxyl, carboxylate, carbonate, nitrate, sulfate, cyano
or thi ocyanohumaightyaleiniyl renmérmamybard identarc abrdamwt c di f fepgptimvhen k 2 2
Cl denotes a nonoval ent cation, such as hydrogen ion, nonoval ent netal ion,
annnniudﬁioncgmpahm¢l&hhmﬂnﬂﬂihy1r&abtﬁnan£ a wivaebehtmcadbmppunguch as a
netal ion; nis 1, 2, 3 or 4, mis 0, 1, 2, 3 or 4, akis 1l 2, 3, 4, 5 or
6: 10 a nunb¥itPuwRen aFomagicodiiglyariis FRARI EE BERAERTeOE¥BEXY| i ¢ aci ds

and diols) can_.he identical to or, different,L fromeach other, and a nunber
(when mz 2)2 S%QneﬁPr§qua&éﬁ6§“%EWF§ﬁ??§é;ﬁ?d%?l Obf 2Bt #8rent from each

other in each gauRlex Qe LYW Ofadia. The organic

zirconium compound used in the present invention is

20 excellent in transparency and is desirably used in a
color toner for providing clear color images. The
organic zirconium compound can contain below 20 wt. %
of hafnium element based on the zirconium element.

The organic zirconium compounds usable in the

25 present invention may be classified into the following
three categories:

(i) =zirconium complexes each comprising



15 formula. Further, each conplex or conplex salt of a forrmula can al so be
a mxture of conplex conpounds having nutually different n or/and m or a
m xture of conplex salts having nutually different counter ions Cl ,0f/ ?
C2. In order to inprove the dispersibility 20 in binder resin and dhé%@@ 00z
control ability of a conplex or conplex salt, it is preferred that the
aromati c residue group (Ar) conprises benzene ring, naphthal ene ring,

ant hracene ring or phenanthrene ring; the optional substituent is alkyl,
carboxyl or 25 hydroxyl; L is water; Cl’1s hydr ogen, sodi um potassi um
ammoni um or al kyl anmoni um and A is hydroxyl or carboxyl ate ion. 1 6 APR
2002 -16 Further, preferred sub-classes of zirconium5 10 15 20 25

“oU8) 6 (oReTRReen Ap Rl G 8 W ¥t nod) ot RrEE S - fooy m
0.1 0 (2n a0 GB) b izerd HERBG Qb (2nadl flac( ), (202 CL2 (5) 1

the 'above fornul ae enotes a substituent of hydrogen,

al kyl, aryl or3maldOd pi¥dfadWri@ldeny! . al koxy, aryloxy, hydroxyl,
acyl oxy, al koxycarbonyl, aryl oxycarbonyl, aryl, carboxyl, hal ogen, nitro,

am no or carbanoyl, g iglurflddoniwhesordpre)s@ftK eashbeofipiigihy | i nked to
forman alicyclic, aromatic or heterocyclic ring capable of having 1 - 8
sim | ar SR sabsetaleml(esienta @f wiatcoyiwh &d¢aam bigadénbifcah or different;
Cl denotes a nonoval ent cation such as hydrogen, alkaline netal, amoni um
or al kyl amm@Fomtic idicdn ian aaRemaiq hy@roxyearpoxglage acim ps 0, 2 or 4;
a nunber (n) of ligands can be identjcal or different in each conplex 16
APR 2002 - 1PTATOHRA S ROYHCHIPREY I FnadStd Fu?®Rer, each conpl ex or conpl ex

salt of a formula caq.be a niéture of . conp] ex coggounds havi ng nutual |y

different n or/and mtiorh FANTreE FLToRptEY WirRsaagPPAdCmutual Iy 5

di fferent m o e S Ure” of i A0PAg“mutual ly 5
resin and RASERARE G T R R LA S MR 1 1, 0

preferrgd that;ddhe a%‘b@é&ﬂ%é’grg%dféi?cé’%&(iylf‘é kgByhs SARDAY¥haRY chydr oxyl;

C is hydrogen, sodium 10 assi’um ammoni um or al kylammonium It is
particul ar | pourefsryag 1i: Useids conpl ex conpound of the fornula (4) or a

neutral conplex of the formula (3), (4) or (5 (wherein n =2) with no
counter ion, so as tdtexis prtefaxcedd etd eswi aoabeabrnlust abmpiley, of5.
di spersibility in the binder resin, and continuous inage form ng
per f or mance&ira@niyp @ongerksal v {Rludimg (Rnrké4peiteePfoOn ~(A)k 20 O
(2n+k-4)~ ~C 0 ~(H20O)m (R I~ Zr (2n+k-4)C1 (7). 0 n_~(A) k.
daromatic ‘'diol, aromatic hydroxycarboxylic acid or
15 aromatic polycarboxylic acid so as to form a chelate.
It is also possible to use a zirconium complex or
complex salt including 1 - 6 units of coordinating
carboxy anions of aromatic diol, aromatic
hydroxycarboxylic acid or aromatic polycarboxylic
20 acid. In the case of an organic zirconium salt, it is
preferred to use a salt having 1 - 4 units, more
preferably 1 - 3 units, of aromatic carboxyl acid,
aromatic hydroxycarboxylic acid or aromatic
polycarboxylic acid. It is also possible to use a
25 mixture of complexes or complex salts having different

number of chelates or/and different species of

ligands. The zirconium salt can also be a mixture of



025 COr(HOOm{R I~ Zr GO n ~(Ak O (2n+k-4)~ (2n+k-4)Cl (8) 1 6 APR
2002 -18 In the above fornulae (6), (7) and (8), R denotes a substituent of
hydrogen, alkyl, aryl, aralkyl, cycloal kyl, al kenyl, al koxy, aryloxy] 6 APR 2002
hydr oxyl , acyl oxy, al koxycarbonyl, aryl oxycarbonyl, 5 acyl, carboxyl,

hal ogen, nitro, am no or carbanoyl, a plurality (when 1 z 2) of R can be
mutual ly linked to forman alicyclic, @ omatic or heterocyclic ring capable
of having 1 - 8 simlar R substituent(s); a plurality of R can be identical
or different; A 10 denotes an ani on of hal ogen, hydroxyl, carboxylate,

carbonate, nitrate, sulfate, cyano or thjocyano, a plurality of A can be
i dentical ort"f ferre B s F FRMLY oF BRECR BN oB2EEN as hydrogen

fs 1 o 5 oreh R B S A QORI Bt £ 0 088 REE ey (when
2 2 foli be A i . j t i I I
sal % 19 ofI g%&glr%rﬁiﬁa% Eu'f}r?{ergr%gcealc r%%fn%‘%rgﬁgrc%@?rgﬁég ‘g%ﬂ)ag%%ﬁ?g?% :Xcan

be a m xture qf; Gl & 1 20, Navd m&&@i&%&g&ﬁﬂ& 9,8/ and m
y di

or a mxture of conplex salts havi ng nutua erent counter 1ons Cl

or/and ani org Adrddhi¥ derdéhidPreyec the dispersibility in binder resin and
charge control ability of the conplex or conplex salt, it is 25 preferred

that the substituent R isadidedn BdkedythatathoxytgahiBydi oxphiukl i S

hydr ogen, sodium potassium amoni um or al kyl anmoni um and A i s hydroxyl

1 6 APR 200Zornf®wrd qardooidesitan iewcellents fevélopingl pepfetmaned to use a
conpl ex conpound of the forrmula (7) or a neutral conplex of the formula
(6), (7) or {8y wraeigmppner) develorerouinelusbve b asmagnexhihbi t
excellent 5 environnmental stability, dispersibility in the binder resin,
and continu&&?qqnﬁﬁ?ﬁﬁﬁﬁﬁﬁﬁy%ﬁﬁﬁ%ﬁ#ﬁuﬁ%&geqhewﬁi?%ohﬁuﬁﬁggﬁﬁﬁéxt@r conpl ex

sal t us§f in the present, invention includes hexa-coordinated and
oct a- coor di r?é‘bﬂgncibrﬁ)l‘@}(l%rﬁﬂﬁﬁﬂfa%ﬂfg%n%n%c?ah’i@hcﬁﬁ‘?ﬂgﬁapé@jl&fnpound

may assume a.form.of plural -nuclei c I c und, wherein ligands forma
crosslinkag%ﬁﬁf%ﬁ%nﬁ eé%f%%ﬁxcnﬁﬂ ?%ﬁgkéggﬁgg?ﬁbc%#%SBrdination nunber of

cucoossi ve' ITRGATE WTh Troe o SUReREl oG Bl o EhalidB ol e O\ Pl

successive |1 e as xyl “groups. Sone typi cal
exanpl e st r uddyesyOfciiiicde CUY £X1 CATROENGE Bhe bPGhhatedi ProhBgnf ol | owi ng

r fornmulae (9) - (29), wherein sone conpl ex conpounds having no ligand L
are includedomdbundX ~I¢ Adrald®)opfirfuh to @25v¥de aAndh= CLO0 ( 10 ) Y/ A
15 magnetic toner used in a non-magnetic mono-component
developing method.
It is preferred that the organic zirconium
compound is used in combination with a resin having an
acid value in order to further improve the
20 triboelectric chargeability while utilizing the
polarity of water molecules retained in the toner
particles. The dispersibility of the organic
zirconium compound in the toner can be improved by
using two or more species of waxes having different
25 melting points or compositions, thereby providing a

toner showing improved uniform chargeability and

continuous image formation performances.



A 16 APR 2002 5 10 15 20--20 A2~ ~X Z ~A2Cl ~Y ~AAL X~-~/YOZr ~
Y~ ~XL20 XY X\Z/ Y2C-OY XOLOiX\I /Y ~Zr\ ~OY~XAAQX I /

Y Zr ~2C Y ~\X A (11) (12) (13) (14) (15 25 1 6 A PR 200Z 5 19gLARR 202
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The toner according to the present invention
containing the organic zirconium compound not only
exhibits a sufficient chargeability in a low or high
humidity environment but also suppresses a lowering in
image density during a long term of continuous image
formation. The organic zirconium compound is
particularly effective for use in a magnetic toner
containing a magnetic iron oxide comprising various
different species of elements. Iron oxide containing
different elements or oxides or hydroxides of such
different elements, or iron oxide forming a mixture
crystal with such different elements, may be effective
for adsorbing water molecules, thus effectively
improving and stabilizing the charging based on
utilization of the polarity of water molecules. This
effect is enhanced when a binder resin having an acid
value is used in combination therewith.

The organic zirconium compound used in the
present invention includes a zirconium ion capable of
easily assuming an octa-coordinated configuration to
be coordinated or bonded with oxygen of carboxyl
and/or hydroxyl group. Accordingly, if a binder resin
having an acid value, such as a styrene resin having a
functional carboxyl group or a polyester resin, is
used together therewith, the organic zirconium
compound can exhibit a good affinity with and a good

dispersibility in the binder resin, so that the



XY 15 X\~ ~ Y~ZI1~Jr YI/~~ XYLLO/ X~~~AY~Zr~A'LL20LLO
X~1~YOy ~X4p 4 C'~2~2C- AA4Q25 O/ X\ Z~~ Y O4C y/ X A (16)
(17) (18) (19) (20) (21) 1 fi APR 2002 5 10 -220 X ~,~ ~X Y 30 ~ Zr6 APRX08
(22) ~Y~\ XA\YAX~4~X~~] YVY/Zr ~X4C (23) AOLL X~ 2Zr ~A C
( 24) Y~~ALALA2~X~Z~\A2C~C22 Y~ ~A15 ~AL A3~ ~XZ-\.A 3C
C26) Y ~~ A A A 20 -10-

liberation thereof from the toner particles can be
well suppressed to provide a uniform and continuously
stable chargeability. The organic zirconium compound
exhibits little adverse effect to the tomner

5 transparency, thus being preferable for constituting a
color toner.

Further, as the binder resin can be provided
with an increased crosslinking via the carboxyl or
hydroxyl group of the binder resin coordinated with

10 the zirconium, the binder resin can be provided with
an increased rubber elasticity, which favors an
increased releasability and effective prevention of
soiling of the fixing member. Thus, it is preferred
that the binder resin is crosslinked to such a degree

15 that it contains a THF-insoluble content. As a
result, it becomes possible to exert a shearing force
during melt-kneading, thus improving the dispersion of

' a magnetic material, a pigment, or a dye to provide a
toner exhibiting a high coloring power and/or a élear

20 hue.

As mentioned above, the organic zirconium
compound used in the present invention is excellent
in triboelectric chargeability-imparting performance,
so that it functions as a charge control agent

25 suitable for a magnetic toner requiring a high
chargeability. Further, the organic zirconium

compound not only shows a good dispersibility thereof



A A" 4~ X~Z-\A 4C C27) ~Y~~AA25 L L ~Xi Z-\Y~C(28) YJ' \ XLA 1
6 APR 2002 -23 L A3~ _X~~Y Zr ~~ 30 (29 ~YY XA A5 10 The organic
zi rconi um conpound used in the present invention conpound wherein and XPRH0?
hydroxyl aromatic ring are as represented by below can also assune a form
of complex 3 plurality of substituents, e.g., X and/or carboxyl, attached
to an bonded to different zirconium atofé~a partial structural fornula (30)
\~ ~Zr-X Y-Zr- (30) 15 20 Such conpl ex conpounds rmay nore.generally be
represented by the follow ng fornmula (31): ~X [(~~~ (Zr)q (31) Y p wherein
p is an |nte | east ast From t he

fornula (31)° naﬁlghPéeFlaﬁﬁaE %ﬁg 3}§P IP@&%&? gnap q“%é?“%ns are
omtted fro ?ng%gganrgfgr SgP8k§§S%%t%§ %ron%tw%éuy¥§§g@ G, Agl d

zirconiumsaltsTas a ca € organi ¢ “zirconium conpound used in
t he present n Iy S€ Ah eny n

f or mil ae (359;%&%%95*”“"%9% A%Ra%%z%zl%‘%{ AU A Lehie Wyl O
(2-n/2) AZZ~ £83)n( AtnERO0p)kB4E ab Ph( 3- Rhahat(33)dnd RA @b fRrdril ae (32)

and (33), Ar denotes an aromatic residue group capable of having a 5
substituent @hidbkyl chargkabanakkybndcyentdnidhns alneriy | fomddon aryl oxy,

hydr oxyl , acyl oxy, al koxycarbonyl, aryl oxycarbonyl, acyl, carboxyl,
performances.

Further, it has been found that the organic
zirconium compound used in the present invention
exerts some influence on the surface tension of the

10 toner binder resin and provides a toner with an
excellent releasability when used in combination with
a plurality of waxes. As a result, it becomes
possible to provide a toner exhibiting excellent anti-
offset characteristic and suppressed soiling of the

15 fixing member. This effect is promoted when used in
combination with a binder resin having an acid wvalue.

Another characteristic of the organic

! zirconium compound used in the present invention is
that it provides a toner less liable to cause a .

20 lowering in developing performance after standing.
For example, when the toner is used in a high-humidity
environment, then left standing for some pause period
and then re-used for image formation, the resultant
images cause little lowering in image density.

25 Further, the toner according to the present

invention containing the organic zirconium compound is

less liable to cause insufficiently charged toner



hal ogen, nitro, cyano, am no, am do or carbanoyl; Al denotes a nonoval ent
ani on such as hal ogen, hydroxyl, 10 nitrate or carboxyl ate; A2 denotes a
dival ent ani.~on, such as sulfate, hydrogenphosphate or carbonate; fgdApPR?2)
1, 2, 3 or 4. In case of n 2 2 for each netal salt, a plurality (n) of aci
ions, i.e., aromatic carboxylates and aromatic hydroxycarboxylates may be
15 identical or different. Further, eath?metal salt of a formula can be a
m xture of different salts having different numbers of n. In order to

i nprove the dispersibility in binder resin and chargeability of the

|t d that, the. tic 20 d A
Compri s6s E"f‘&%fraeclr% ST hE cPasFERG S RPRERE ™RGS Sor *BAnant hf ene

ring; the o(% sﬁ%sc+%.§glcd€°€%gy£§ f?EBQkao ggd gxgl or acyloxy

Further, pre & e SSEs Zirconi um sa nay be represented
by the foll d; £33) 3 ou— 2 R I ~ Zr4+

(Z n} AL0 or%p%céz?c%%o&(e%ﬁ é}“%o%’(ﬁe) 2 %?‘ﬂj"(’oj‘?g%%’) %%% f%’?)mg%c&(l 21 In theQ
above fOrW'vﬁ?el(é%flﬂ)tl?é‘daééﬁaimefétﬂﬁ§0f8§cén1§r Qaab&ear egihdye group capabl e

of having a substituent al kyl, aryl, aralkyl, cycloal kyl, 10 al kenyl,

al koxy; &r y|éé‘leiﬂDg’d‘l‘@i(i/éusa@i/fﬂ%(éulﬁhEQXYCbe@n%becalf‘ilc@l)l%r henyl , aryl,
carboxyl, hal ogen, nitro, cyano, am no, am do or carbanoyl; Al denotes a
nonoval ent atas® cficdn asméage ofjenmihydsesyem nstingt ¢her coaomaxyl at e; A2
denotes a dival ent anion, 15 such as sul fate, hydrogenphosphate or
carbonat e; arithrging lscRemg, othd. stattegedotoner 1sf etteadiedrdtal salt, a
plurality (n) of acid ions, i.e., aromatic carboxyl ates and aronatic
hydroxycarbd&®¢a§%%r%%®9b@lrﬁehPléaPSQrdHFFPéFéﬁtabFQFﬂﬁéﬂtYéa@ﬁiﬂbtal sal t
of a 20 formula can be a mxture of different salts having different

nunbers of nEe$HBF db? 9% ?HBPBW@1§HeCHP§SSPsF PEHEPStR S dd29%si n and
chargea ility of . the zirco . Lt 1S ferred that the aromatic
resi due 8 u% ?é&?gcﬁﬂp?li EeB ?é%g HRYS ﬁggﬁFﬁaﬂgngh5593%ﬁL:gnthracene
oy or HETREES Eneboghal BRgrRTAL IR MR e £ 000
the zirconi upy sphte MY PR’ 8REESBR! €daR¥ FEbe challgdWNY However,
the toner according to the present invention can
reduce such difficulties. 1In case of an image forming
15 system using a contact charging scheme, the scattered
toner is liable to soil the contact transfer unit and
the so0iling toner is liable to be transferred to a
! transfer paper, thus causing so-called back soiling.
The toner according to the present invention is élso
20 less liable to cause such difficulty.
In the case of a non-magnetic toner, the
toner particle scattering phenomenon is more
noticeably caused in a high-humidity environment since
the toner is constrained only by an electrostatic
25 force, this scattering phenomenon is also reduced by
the toner according to the present invention.

Further, in a low-humidity environment, a non-magnetic



formul ae (36) and (37): ~C00 5 (R)I ~OH Zr~(4-n)Al~ or (2-n/2)A220 (36) n ,~
COO (R) 1~ Zr4+0 (O (2_n)A10 (37) ~~CH n In the above formulae (36) RBAPR20?
(37), Ar 10 denotes an aromatic residue group capable of having a
substituent of alkyl, aryl, aral kyl, cycloal kyl, al kenyl, al koxy; aryl oxy,
hydr oxyl , acyl oxy, al koxycarbonyl, aryl oxycarbonyl, aryl, carboxyl,

hal ogen, nitro, cyano, am no, am do or carbanoyl; Al 15 denotes a
nmonoval ent ani on such as hal ogen, hydroxy4. nitrate or carboxylate; AZ
denotes a dival ent anion, such as sulfate, hydrogenphosphate or carbonate;
and nis 1, 2, 3 or 4. In case of n 2 2 for each netal salt, a plurality
(n) of acid ions, i.e., aromatic 20 carboxylates and aromatic

hydr oxycar boxpnaires sTay a1 d dentdSade 08 déhseteni rrEyut Beityeaahamet al salt
of a formula can be a mxture of different salts having different nunbers
of n. In ord@&altfaoneprimayd hiudispeissbf £1¢yentlpi adergedsi n and
chargeability of 25 the zirconiumsalt, it is preferred that the aromatic
resi due grouparAdxlesnpr iBess bdiEeultngcamaphshabencediingd &t thecene
ring, or phenanthrene ring; the 1 6 APR ~00~ -27 optional substituent is
al kyl, carbo¥PPethpRc@aAing &Ryt R rasentr §aneetiPReoni um conpound used
in the present inventiqn may be synt hesized by dissqlving.a 5 zirconi um
conpound, such a§9ﬁﬂwﬁﬂﬁlﬁ#%ﬁﬂ%ﬁiﬂ%r%&?H%T E¥?€8ﬁpﬁﬁ1éﬂgﬂ&Fév8r°§n organi c

id |t of zi [ ' I t h t h
2 conol Sol uFRGOTHHR SFAET ey Bl 1) 3hear St PELEaPbORy i ¢ aci d.  an

aromat i ¢ di ol M 2ldaly N AR5 d0noRkbx0LaLBERE19F R aRfindf OTRL i C

carboxylic acit an aronatic nd an agent. The product
organi C zi r CQUJ4RGRBING- B0 PP PUrbEi 80w DY 1T 86T Habakh beat heref rom e.g.,
an aqueous al cohol soluti'on and washing with alcohol. Further, in the 15
case of prodypdrg el ex salt, the above-prepared product nmay be treated
with a mneral acid, an al kaline agent, an am ne agent, etc., to prepare
conpl ex &4l ts havi ng aretesreduatenplessof Thhe, zircpsiamscoppiexbl e to
obtain an organi c zirconium 20 conpound usable in the present invention
which is a ©r complex salts may include those represented by

formulae (1) and (2) below:

(2n—4)@
Zr ¢ (L) (2n-4)c1®

Ny (1)
15 n or
(n-2)c22®
wherein Ar denotes an aromatic residual group cgpable
of having a substituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy, aryloxy, hydroxyl,

20 alkoxycarbonyl, aryloxycarbonyl. acyl, acyloxy,
carboxyl, halogen, nitro, cyano, amino, amide, or
carbamoyl; X and Y independently denotes 0 or -CO-0-;
L denotes a neutral ligand of water, alcohol, ammonia,
alkylamine or pyridine; Cl denotes a monovalent

25 cation, such as hydrogen ion, monovalent metal ion,

ammonium ion or alkylammonium ion; C2 denotes a

divalent cation, such as a metal ion; n is 2, 3 or 4;



m xture of conplex salts having a plurality of counter-ions selected from
e.g., hydrogen ion, alkaline netal ions and amni umion. Hereinbel ow,
speci fic exanpl es of the organic 25 zirconium conpound used in the PbePRNN
invention are enunerated with their rational formulae. Such organic
zi rconi um conpounds can include 2 - 4 water nol ecul es 1 6 APR 2002 -28 as
| i gands but such water nolecules are omtted fromshow ng fromthe
fol l owi ng exanpl es. Further, such organicygirconium conpound may include
pl ural species of counter-ions but only a najor counter-ion (largest 5 in
anount) is indicated in the follow ng exanples. In the follow ng fornul ae,
t Bu- denotes a tertiary butyl group (CH3-C(CH3)2-), Bu- denotes a
nor mal - butyl @rdup o, n-C4A19-9; dabamsienotes &f neihaxdde (gueupascCH30-), Mel
denotes a nmethyl group (CH3-), and i Pr- denotes an 10 iso-propyl group
((CH3)2CH ). @rBwiid d¢dBibdxyDic acliFranrdl diOL€) ¢Bo pad8JidenkitBa 0 15 0
tBu GO\ Zr ~00~0/ \0O-CtBu (399 0020w CO~2Z2Zr ~0~0 MO0~ ~
0 ~\ 0 C (40}t 25 GBIf frx@ent Ofyort| e-lh~othen, ~@pdl a gueberCi(m0>20)2H +
(41) 1 6 APR 2002 -29 OC=COA 0 OO\ ~~OC
of neutral ligands can be identical to or different
5 from each other in each complex or complex salt of a
formula. Further, each complex or complex salt of a
formula can also be a mixture of complex compounds
having mutually different n or/and m, or a mixture of
complex salts having mutually different counter ions
10 Cl or/and C2. In order to improve the dispersibidity
in binder resin and charge control ability of a
complex or complex salt, it is preferred that the
aromatic residue group (Ar) comprises benzene ring,
naphthalene ring, anthracene ring or phenanthrene
15 ring; the optional substituent is alkyl, carboxyl or
hydroxyl; L is water; and Cl is hydrogen sodium,

potassium, ammonium or alkyl ammonium.

X (L)p | (2n+k-4)@
Ar::: Zri: m ) bent ) (2n+k—4)Cl@
Y (A)k
20 n or

(2)
(n+k/2-2)c22®
wherein Ar denotes an aromatic residue group capable
of having a substituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy, aryloxy, hydroxyl,
25 alkoxycarbonyl, aryloxycarbonyl, acyl, acyloxy,

carboxyl, halogen, nitro, cyano, amino, amide, or

carbamoyl; X and Y independently denotes O or -C0O-0O-;



Zr O5C-0~\00I 1 001 C=004 4Nat+ (~2) Oii MO0 ( 43 ) 0CO ~
Zr\ ~Owe 10 ~0/ p-COOIIl pONXZ OOCO\ Zr/ OO( 44) O~\OC
NOZ 0O0O15' ~~2CHO,~~ 11 ~2 G0\ ~ O (45 OO Zr OO0 O~ ~O C Ci52APR100?
O] 20CHZ O, GO\ ~0 (46) OOO~0~2Zr ~0--C a250 16 APR
2002 -30 0a. ¢ _o\. ~n_ _ ~0O-~2r ~OCOO(47) 05 CeHa CO. Zr ~ O
~ (48) ceH ~ o0 10 (49) ~' Zr /| aot ¥5-c015 ~ ~-'~zZr ~ 0o (50
) --o/ \o_co00O0OpP O~ Zr ~~QOCH, (51) 20C "~ \p-CO O CHs O
C~ \zZr /| ~ (52)
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L. denotes a neutral ligand of water, alcohol, ammonia,
alkylamine or pyridine; A denotes an anion of halogen,
hydroxyl, carboxylate, carbonate, nitrate, sulfate,
cyano or thiocyano, a plurality of A can be identical
or different when k > 2; Cl denotes a monovalent
cation, such as hydrogen ion, monovalent metal ion,
ammonium ion or alkylammonium ion; C2 denotes a
divalent cation, such as a metal ion; n is 1, 2, 3 or
4; m is 0, 1, 2, 3 or 4; a k is 1, 2, 3, 4, 5 or 6;

a number (when n 2> 2) of ligands (such as aromatic
carboxylic acids and diols) can be identical to or
different from each other, and a number (when m 2 2)
of neutral ligands can be identical to or different
from each other in each complex or complex salt of a
formula. Further, each complex or complex salt of a
formula can also be a mixture of complex compounds
having mutually different n or/and m, or a mixture of
complex salts having mutually different counter ions
Cl or/and C2. 1In order to improve the dispersibility
in binder resin and charge control ability of a
complex or complex salt, it is preferred that the
aromatic residue group (Ar) comprises benzene ring,
naphthalene ring, anthracene ring or phenanthrene
ring; the optional substituent is alkyl, carboxyl or
hydroxyl; L is water; Cl is hydrogen, sodium,
potassium, ammonium or alkylammonium; and A is

hydroxyl or carboxylate ion.



Q~\p Cp~CHs n 25
Oit CHO GO\ OO0 CHs 10 OCHs C0O\ 0 CHs 0O Zr
\0-C~ C~ |
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Further, preferred sub-classes of zirconium
complexes or complex salts may be represented by the

following formulae (3) - (8).

0 (2n-4)"~
(R)l—-@ 7T «(H,0) (2n-4)Cc1*  (3)
O07n

? J(2n-4)"
l
C-0
(R)l—@: Zr—(H50) (2n-4)C1*  (4)
0 n
/
N
r~ (2n-4)"
(R)l—@c O)>Zr._(H20)m (2n-4)c1* (5)
/

N\
In the -above formulae (3), (4) and (5), R

denotes a substituent of hydrogen, alkyl, aryl,
aralkyl, cycloalkyl, alkenyl, alkoxy, aryloxy,
hydroxyl, acyloxy, alkoxycarbonyl, aryloxycarbonyl,
acyl, carboxyl, halogen, nitro, amino or carbamoyl, a
plurality (when 1 > 2) of R can be mutually linked to
form an alicyclic, aromatic or heterocyclic ring
capable of having 1 - 8 similar R substituent(s); a
plurality of R can be identical or different; C1
denotes a monovalent cation such as hydrogen, alkaline
metal, ammonium or alkylammonium; 1 is an integer of 1
- 8:; nis 2, 3 0or 4; m is 0, 2 or 4; a number (n) of

ligands can be identical or different in each complex

1 6 APR 2002 -31 0 HIt N CO\Zr/0 OO0OO0- COH
O\0- CCHO Ozr / O-0L
01520011 GO\ 0/ Ol | GO\ N of cHE /OO0 zr O TB\APR2W?
Il OCH3 /0O NZr OO\o-c Il 0 (53) (54) (55) (56) (57) OG0~ ~ OO (58) O



25 0il 0 CO\ ~
-- A\ 0tBu 0 Zr

0Zr ~ 0 -
/O Zr \ O -

59) Zr \ 0- C~O0Il O 16 APR 2002 -32 0

CCOOHI | 00Zr ~0- CtBult OOtBu G0\ 15 C-0Ott
CtBunOO0OOtsuc-\/ 00Zr ~OC0/ ~0- CtBu It n
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or complex salt of a formula. Further, each complex
or complex salt of a formula can be a mixture of
complex compounds having mutually different n or/and
m, or a mixture of complex salts having mutually
different counter ions Cl. In order to improve the
dispersibility in binder resin and charge control
ability of the complex or complex salt, it is
preferred that the substituent R is alkyl, alkenyl,
carboxyl or hydroxyl; Cl is hydrogen, sodium,
potassium, ammonium or alkylammonium. It is
particularly preferred to use a complex compound of
the formula (4) or a neutral complex of the formula
(3), (4) or (5) (wherein n = 2) with no counter ion,
so as to exhibit excellent environmental stability,
dispersibility in the binder resin, and continuous

image forming performances.
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In the above formulae (6), (7) and (8), R
denotes a substituent of hydrogen, alkyl, aryl,
aralkyl, cycloalkyl, alkenyl, alkoxy, aryloxy,
hydroxyl, acyloxy, alkoxycarbonyl, aryloxycarbonyl,
acyl, carboxyl, halogen, nitro, amino or carbamoyl, a
plurality (when 1 2> 2) of R can be mutually linked to
form an alicyclic, aromatic or heterocyclic ring
capable of having 1 ~ 8 similar R substituent(s); a
plurality of R can be identical or different; A
denotes an anion of halogen, hydroxyl, carboxylate,
carbonate, nitrate, sulfate, cyano or thiocyano, a
plurality of A can be identical or different; Cl
denotes a monovalent cation such as hydrogen, alkaline
metal, ammonium or alkylammonium; 1 is an integer of 1
- 8; nis 1, 2, 3 or 4; m is 0, 2 or 4; k is 1, 2, 3,
4, 5 or 6; a number (when n > 2) of ligands can be
identical or different in each complex or complex salt
of a formula. Further, each complex or complex salt
of a formula can be a mixture of complex compounds
having mutually different n or/and m, or a mixture of
complex salts having mutually different counter ions
Cl or/and anions A. In order to improve the
dispersibility in binder resin and charge control
ability of the complex or complex salt, it is
preferred that the substituent R is alkyl, alkenyl,
carboxyl or hydroxyl; Cl is hydrogen, sodium,

potassium, ammonium or alkylammonium and A is hydroxyl

5 d

f }QIIBR’ZUUZ
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or carboxylate ion. It is particularly preferred to
use a complex compound of the formula (7) or a neutral
complex of the formula (6), (7) or (8) (wherein n = 2)
with no counter ion, so as to exhibit excellent

5 environmental stability, dispersibility in the binder
resin, and continuous image forming performances.

The zirconium complex or complex salt used in
the present invention includes hexa-coordinated and
octa-coordinated complex compound, and some octa-

10 coordinated compound may assume a form of plural-nuclei
complex compound wherein ligands form a crosslinkage
to provide a rational formula giving a coordination
number of 6. Further, it is also possible to form a
plural-nuclei compound formed by successive linkage

15 with ligands, such as hydroxyl groups.

Some typical example structures of such
complex compounds are indicated by the following

! formulae (9) - (29), wherein some complex compounds

having no ligand L are included.
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The organic zirconium compound used in the
present invention can also assume a form of complex
compound wherein a plurality of substituents, e.g., X
and Y of hydroxyl and/or carboxyl, attached to an
aromatic ring are bonded to different zirconium atoms

as represented by a partial structural formula (30)

below:
\I @ I/
—2Zr-X Y-Zr— (30)
7| | ™\

Such complex compounds may more. generally be

represented by the following formula (31):

X
(Zr) (31)
QL 7o

wherein p is an integer of at least 1 and g is an

integer of at least 2. From the formula (31), anionic

ligands, neutral ligands and counter-cations are

omitted from showing.

Preferred classes of aromatic carboxylic acid

zirconium salts as a category of the organic zirconium

compound used in the present invention may include
those represented by the following formulae (32) and

(33):

16 APR 2002 -39 0~ 0/ 00O02zr \ OO
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_24_
(ar-c007) 2r*D(4-n)a,© or (2-n/2)n,20 (32)
(Ar-c007 ) 2c*®(0) (2-n)2,® (33)

In the above formulae (32) and (33), Ar
denotes an aromatic residue group capable of having a
5 substituent of alkyl, aryl, aralkyl, cycloalkyl,
alkenyl, alkoxy; aryloxy, hydroxyl, acyloxy,
alkoxycarbonyl, aryloxycarbonyl, acyl, carboxyl,
halogen, nitro, cyano, amino, amido or carbamoyl; Ay
denotes a monovalent anion such as halogen, hydroxyl,
10 nitrate or carboxylate; Aoy denotes a divalent anicnﬂ
such as sulfate, hydrogenphosphate or carbonate; and n
is 1, 2, 3 or 4. In case of n > 2 for each metal
salt, a plurality (n) of acid ions, i.e., aromatic
carboxylates and aromatic hydroxycarboxylates may be
15 identical or different. Further, each metal salt of a
formula can be a mixture of different salts having
different numbers of n. In order to improve the
dispersibility in binder resin and chargeability of
the zirconium salt, it is preferred that the aromatic
20 residue group (Ar) comprises benzene ring, naphthalene
ring, anthracene ring, or phenanthrene ring; the
optional substituent is alkyl, carboxyl, hydroxyl or
acyloxy.
Further, preferred sub-classes of the
25 zirconium salt may be represented by the following

formulae (34) and (35):
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In the above formulae (34)) and (35), Ar
denotes an aromatic residue group capable of having a
substituent of alkyl, aryl, aralkyl, cycloalkyl,
alkenyl, alkoxy; aryloxy, hydroxyl, acyloxy,
alkoxycarbonyl, aryloxycarbonyl, acyl, carboxyl,
halogen, nitro, cyano, amino, amido or carbamoyl; A;
denotes a monovalent anion such as halogen, hydroxyl,
nitrate or carboxylate; A, denotes a divalent anion,
such as sulfate, hydrogenphosphate or carbonate; and n
is 1, 2, 3 or 4. In case of n 2 2 for each metal
salt, a plurality (n) of acid ions, i.e., aromatic
carboxylates and aromatic hydroxycarboxylates may be
identical or different. Further, each metal salt of a
formula can be a mixture of different salts having
different numbers of n. In order to improve the
dispersibility in binder resin and chargeability of
the zirconium salt, it is preferred that the aromatic
residue group (Ar) comprises benzene ring, naphthalene
ring, anthracene ring, or phenanthrene ring; the
optional substituent is alkyl, carboxyl, hydroxyl or

acyloxy.
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C00 OH Zr4+ tBu 4 (133) 15 ~ COO Zr4+ N | (134) 4 0 20 t| N C CO0 Zr 4+

(135) Cl 4 Bu~l COO Zr4+ 25 9 ( 136 ) 1 6 APR 2002 -45 CeH' C00 Oz APR2007

CHs 50 CCAC- NH CO0 Zr 4+ O 4 tBu COO _ 10 \~ (Zr0) 2+ (CH3CHzCOO ) Ove '

tBu C00 (Zr0) Z+ OVe 15 COO tBu O O (Zr0)2+ 2 20 C00 OO O (Zro) 2+ 2 CL

C00 25 (Zr0) 2 HO 2 (137)

Further, preferred sub-classes of the
zirconium salt may be represented by the following

formulae (36) and (37):

Coo™
(R)14£§ﬂ: 2e%®(4-n)a,° or (2-n/2)8,%°  (36)

5 OH
n
coo”
(R)14g§ﬂ: zr*® (0)(2-n)a,® (37)
OH
n

In the above formulae (36) and (37), Ar
10 denotes an aromatic residue group capable of having a
substituent of alkyl, aryl, aralkyl, cycloalkyl,
alkenyl, alkoxy; aryloxy, hydroxyl, acyloxy,
alkoxycarbonyl, aryloxycarbonyl, acyl, carboxyl,
halogen, nitro, cyano, amino, amido or carbamoyl; Al
15 denotes a monovalent anion such as halogen, hydroxyl,
nitrate or carboxylate; A; denotes a divalent anion,
such as sulfate, hydrogenphosphate or carbonate; and n
J is 1, 2, 3 or 4. In case of n 2 2 for each metal
salt, a plurality (n) of acid ions, i.e., aromatic
20 carboxylates and aromatic hydroxycarboxylates may be
identical or different. Further, each metal salt of a
formula can be a mixture of different salts having
different numbers of n. In order to improve the
dispersibility in binder resin and chargeability of
25 the zirconium salt, it is preferred that the aromatic
residue group (Ar) comprises benzene ring, naphthalene

ring, anthracene ring, or phenanthrene ring; the
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cO0o(Zrn)~+ 15 CHs ~ ~ ( 147 ) 0 coo (Zro) 2 fi (148) zo 0 coo (Zro)
. (149) 25 1 6 APR 2002 -47 tBu COO C00- ~ ( 150 ) (Zr0)2+tBu50(I)0
(Zr0) zZ+ ( 151 ) 0 2 COO 10 ~ ~ (Zr0) 2+ ( 152 ) O2 CO0 - (zr0O) 2+ 0 (153

2 15 tBu C00 (Zr0) 2+ tBu Z ( 154 ) 20-2@6

optional substituent is alkyl, carboxyl, hydroxyl or
acyloxy.
The organic zirconium compound used in the

present invention may be synthesized by dissolving a

5 zirconium compound, such as zirconium chloride oxide,
zirconium sulfate or an organic acid salt of zirconium
in a solvent, such as water, alcohol or aqueous
alcohol solution, and adding thereto (1) an aromatic
carboxylic acid, an aromatic diol or an alkaline metal

10 salt of these or (2) an aromatic carboxylic acid or an
aromatic diol and an alkaline agent. The product
organic zirconium compound may be purified by
recrystallization from, e.g., an aqueous alcohol
solution and washing with alcohol. Further, in the

15 case of producing a complex salt, the above-prepared
product may be treated with a mineral acid, an
alkaline agent, an amine agent, etc., to prepare

J complex salts having various counter-ions. Thus, it
is also possible to obtain an organic zirconium -

20 compound usable in the present invention which is a
mixture of complex salts having a plurality of
counter-ions selected from, e.g., hydrogen ion,
alkaline metal ions and ammonium ion.

Hereinbelow, specific examples of the organic

25 zirconium compound used in the present invention are
enumerated with their rational formulae. Such organic

zirconium compounds can include 2 - 4 water molecules
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as ligands but such water molecules are omitted from
showing from the following examples. Further, such
organic zirconium compound may include plural species
of counter-ions but only a major counter-ion (largest
in amount) is indicated in the following examples. In
the following formulae, tBu- denotes a tertiary butyl
group (CH3—C(CH3)2—), Bu- denotes a normal-butyl group
(n—C4H9—), MeO~ denotes a methoxide group (CH3O—), Me-
denotes a methyl group (CH3-), and iPr- denotes an

iso-propyl group ((CH3)2CH—).
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OO0 ~\0 OtBu G- tBu tBu OtBu 0 OHO tBu ~-0\ I /0,~ tBu ~O1r~-O O OH\ \
0,~~ tBu tBu tBu 2Na+ 14 4H+ 4 4Na+ (169) (170) (171) 25 1 6 APR 2002 -51
The organic zirconium compound used in the present invention may bel § APR 200
incorporated in the toner by adding the organic zirconi um conpound
internally into toner particles (i.e., as a conmponent of toner 5 particles)
or externally to toner particles (i.e.7395 a powder blend with the toner
particles). In the case of internal addition, the organic zirconium
conpound may preferably be added in 0.1 - 10 w. parts, nore preferably 0.5
- 5 w. parts~per 100 wt. gparts of the 10 binder resin. In the case of

ext ernal add the organlc Z|rcon|un1conpound may preferably be added
in0.01- 5 parts - Ohe i resin and it is

'C|q%7 The

organi c Z|rcon|un1conpound can al so be used nn conbi nati 3
conventional charge control | agent as descr@bed in the part of the rel ated
art herein, such as another organic netal conplex, nmetal 20 salt or chelate
conpouncd Specific exanples of such a known charge control agent may

i nclude: nono-azo netalgconpl exes, acetyl acetone netal conpl exes,

hydr oxycar boxy acid net@&l conpl exes, p carboxyligHaci d netal conpl exes,
and polyol netal ce S Eﬁ?‘@(ﬁer 257exanp y include: carboxylic acid
derivatives, such carbO{xLché +d netal , carboxylic gaa)
anhydri des. CsHi 6 200 <52 Exanp &—df "t he binder resin for
constituting the toner according to the ggesent invention may include:
styrene resin, styrene copolyner resin, polyester resin, polyol resin,

pol yvinyl chloride 5 resin, phenolic resin, natural resin-nodified phenolic

nechanochenlcally @.Pcffhe S
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resin, natural resin-nodified malefic acid resin, acrylic resin,
nmet hacrylic resin, polyvinyl acetate, silicone resin, polyurethane r%skﬁk

pol yam de resin, furan resins, epoxy resin, xylene resin, ponvinyI1 oAPR 2007
butyral, terpene resin, counmarone-indene resin, and petrol eumresin.
Exanpl es of conononers for providing stﬁéene copolyners together with
styrene nononer nmay include: vinyl nono i ncl usive of styrene
derivatives, such 15 as vinyltoluene; acrylic acid; acrylate esters, such
as net hyl acxyl ate, ethyl rylate, butyl acrylate, dodecyl acrylate, octyl
acryl ate, 7% yl Ifexyl acryl at e, and phenyl acryl ate; nethacrylic acid,;

nmet hacr yl atse_est o114, &— at 20 ethyl nethacrylate
butyl methacryl te,yI m aci ds having a
doubl e bond and™deri vatrves. ph eof ‘ utyI mal eat e,
met hyl mal eate and di met hyl nal eate; acrylohltrlle ppth ﬂ(nggylle
but adi ene, and 25 acryl am de; vi nyl chl ori d@; vi nyl ester such as vi nyl
acetate, and vinyl benzoate; ethylenic olefins, such as ethylene propyl ene
and butyl ene; vinyl 1 6 BPR 2002 -53 ket ones, SHeh as vinyl methyl ketone
and vinyb hexyl tone; an nyl ethers uch a$ vinyl methyl ether, vinyl
ethyl ether, an i Py 0 utpr\e\her,/Jﬁ nononmers nay be used
alone or in mxture 0 5 or & eC|es [ ination with the
styrene nmononer. A binder Tedif princi paly &EmrT sirigfa styrene:acryl
copolyner (i.e., a copglyner of styrene wit i an acrylic mononef> 4Xuch as
(nmeth)acrylate or 10 ""h)acryllc acid) may preferably be one |nclud|ng a
THF (tetrahydrofuran)-sol ubl e content providing a nol ecul ar. wei ght
di'stribution by GPC (gel p®&rneation chromatography) show ng at | east one
peak in a nol ec@yr melght'neg;on of 3x10§%- 5x104 and at | east 15 one peak
in a molgcul ar weigh I on of\atﬁé_ 5 ntaining 50 - 90 wt. %
of a conponent havin | ecul a#” Wei ght_of 105. It is further 1
preferred to have a main peakK 1n a mol ecH ar melght @E@on of &dP3 -

3x104, nost preferably 5x103 20 2x104. It i@ also preferred to have a
sub-peak in a nol ecul ar wei ght region of 105 - 108, nore preferably 105 -
10~. A binder resin princigally conprising a polyester resin nmay preferably
have such a nol ecul ar 25 mmlght dlstrlbutlon that a GPC curve of its THF

&

sol ubl e cont ht regi on of
3x103 - 5x1Q4 ns GOa;EED 6 APR 2 -54 of5@) conponent
havi ng a_nol € I.O eight ~of Oat™ nos O+{C S rther ferred to have

at | eastdone peak within a nDIecuIar melght 5eg|on of 5x103 2x104. 5 By

using a binder resin having a preferred nol ecul ar wei ght distribution

represented by specific peaks are descri bed above, it cones possible to

provide a toner with a gooﬂ)balance anong fixability, ti-of fset

characteristic and storage6§ gplllty 10 The toner agﬁordlng to the present
ov

invention c : t%fDEG/O ga _ onpewnd
i ith I| ange ov e of
ing a hnghunldlty to ov@hun1dity environnent, thus

exhibits a

envi ronment s i ncl

exhibiting 15 stabl e devel opi ng performance.gFurther, in the case of using
a bi nderoresin ha&ﬁﬁg an acid value, the organic zirconium conpound can be
wel | di spersed therein and |s therefore less liable to be fall off the
toner particles, us exhiB®l ting a stable 20 performance in continuous

i mge formation) rthernntehcﬂhen a bin ey esin_having a functlonal gr oup

of carboxyl or/a @- crossl i nkéadvia a
ar bex b‘l&L ' Q
er elasticit

coordi nation |inkage .the 25 zirconium
atom thereby exhibiting ru ares t he resul tant
toner can be provided with excellent releasability, - of f set
characteristic,

0
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1 fi APR 2002 -55 prevention of soiling fromthe fixing nmenber and
prevention of plugging with a transfer material (jamm ng) due to separation
failure at the fixing unit. Further, the toner particles are reinfot 6eAPRNE
5 provided with a stability of devel opi ng performance in continuous inage
formati on. Moreover, through prevention of the toner breakage at the

cl eani ng section, the cleaning perfornmmid can be stabilized. Further, the
flowability can be inproved and the 10 change thereof can be reduced, thus
contributing to inprovenents in stability of devel opi ng and cl eani ng
performances. Further, the fixed i mge can be suppressed in gloss and
density change. As the fi®ed image is toughened, it becomes possible to

i nprove the 15 f|X|ng stafility and redu the soiling of the respective
menbers even i ribums S8 f“ghth\3|dg/cﬁ ‘ﬁiagzigzrposed copying or using
a docunent feeder, reduci tZ&e oilin sul tant imagggy,!n the
present invention, i s pr@f rred 20 r oSClilnkage Iegdlhg to the
above-nmenti oned effe s is caused to an extgnt providing a recogni zabl e
THF-i nsol ubl e content®YNore specifically, it is preferred that the toner is

caused t@ have a THF-insolble content of 1 - 70 wt. % nore 25 preferably
5- 60 wt. % based on thm blnder reS|n In excess of 70 wt. % the

fixability i sI0D&bke b€ T8 e //i/ﬁot" 8< -56 The crosslinking
structure of zirconi th carb me‘ or and hy | group is richin
flexibility in spite~ef Sss be ar 0e€COSze of ¢6tgoni um

at om and readi ness of fornlng a bond or 5 I nkage w th oxygen atom conpared
mnth crosslinkages formed with other netal d&toms, such as al um num
chromium iron or zinc. As a result, the fixability of the resultant toner
is less liable to be | owersgd regardless of inprovenent in releasability and
10 tougq%ess Thus, the aadition effect of the organlc zi rconi um conpound

becomes 4-ar ger C&l n.o-u.r,ﬂIe4Dex\ls 0 & xge or THF-insol ubl e
content. In other the cro ngé?é with i:} oniumis ef Eilve even
at a snmall content at Xetr iy tess ad Ge—{5"eNecCt3Bat a | arge cont ent

conpared with other netals. It has becone cllear that the toner according to
the present invention can exhibit excellent triboelectric chargeability
in atriboelectrification process relying on the friction with a devel oper
20 carrying menber. Mre sggcifically, a tongr containing the organic

Zi rconi um conpou and a bilnder resin haV|ng 1an aC|d val ue in conbination
has been found to'h -. ge triboet é ¥rge even at a | ow degree
of contdét with theper car yZﬁ 25 rface The bbAder resin
used in the present inventi®n pre?e?abkyc aveans aBud value of 1 - 100
-57 nmgKOH/ g, nore preferably 1 - 70 mgKOH g, Yfurther preferably 1 - 50
ngKOH g, particularly preferably 2 40 ngKCH/S In case where the acid val ue

is below 1
C 0 @]
C B LI C

)

20

Z>Zf<2 C

25



ngKOH g, the synergistic effect in conbination with
conmpound | eading to inprovenents in devel oping stabi
continuous inage formation is liable to be insuffici
crosslinkage effect is | ess exhibited. On the other
ngKOH g, the binder resin is 10 liable to be excessi
result in a toner giving a | ow i mage deddity and inc

5 the organic zirconium
lity and stability in
ent and the 16 APR 2007
hand, in excess of 100
vely hygroscopic, to
reased fog. Sone

properties and/or paraneters described herein for characterizing the

i nventions are based on neasurenent nethods descri bed bel ows.

val ue> The
basically ag¢cording to JIS Ki 0070 g¢in the foll ow ng
preparatory|step, froma toner | e, 20 the other
to recover bi nder resin (pol conponent) as a
measurenent { Alternatively, i d val ue and cont
t he pol yner [conponents (blﬁhép re rﬁ3and crosslinke
determ ned iin advance. c)(For exanphe, he case wh

directly su$j@p ed. to & R 099 C ment, the
ot her 51 61A -58 co such co
material are det & b%§gd/on Fhe, eéb

15 <Aci d

id value of a binder resin in a toner conposition is neasured

rmanner. As a
conponents are renoved
anple to be used for

R e

re a toner sanple is
contributions of the
rant or a magnetic
nd contents and

subtracted fflromthe neasured val ue of tha sanple er to calculate an acid
val ue of the binder re€in.) 5 The neasur@nent is peifforned as follows. 1)
Ca. 0.1 - 0.2 g of a sanple is accurately weighed t0 record its weight at W
(g). 2) The sanple is placed in a 300 m -beaker and 150 cc of a
| uene/ et hgnol (4/1) mxture splution is.10 added tihgreto to dissolve the
sanple. 3) The solution in the er is titrated wifh a 0.1 nol/liter-KOH
al cohol sol@tion by using a poten{ionetric titrator e. g., automatically
titrategd, by using a potentioretri C&igrator and an ej ectrically 15 driven
burette (e.d., "~AT- 4000 (equi pedlmnth @ n workstatj on) and "ABP-410",
respectively], availabl e} fr@ shN'K K. ) 4) [The anount of the KOH
sol ution usgd for tFtr ey s (m )} | apk test is 20
performed in par to det Zk\ he annu t hel K olu F for the
bl ank titratlion at B ( ec§0|&)vdl e ol the panple |s cal cul at ed by
the follow ng fornula: Cld vaj ue F (S—Bk)x f x 5.6y W wherein f
0=C C=0
’ &
\ ,
O Ci
Cl
O T e Edee
| c— o So- c cl
O 0 Cl
° o )*o
o/ ~~o- c
O O
CH, ¢—0 o—¢
25 ™Sz j@\ (70)
~Ne—- N c CHs
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25 denotes a factor of the KOH solution. <Ml ecul ar weight distribution>
The nol ecul ar wei ght distribution of a binder -59 resin as a toner
material or a binder resin in a toner conposition is nmeasured accordj HQPRA0?
GPC (gel perneation chromat ography) using THF (tetrahydrofuran) as a

solvent in the followng manner. 5 In the GPC apparatus, a colum is
stabilized in a heat chanber at 40 oC, t¥Tahydrofuran (THF) solvent is
caused to flow through the colum at that 1 6 APR ?002 | tenperature at a
rate of 1 m/mn., and about 100 ul of a GPC sanple solution is injected.
The |dent|éH§at|on 10 of npl e nol ecul ar ight and its nol ecul ar wei ght

di stribution iy serformed pased on a calib ion curve obtained by using

T y+@ S ng a logarithm c scal e of
mol ecul ar wei ght ver count E;Bb he stan
[ ; curv pe

pol ystyrene 15 sanpl es
wei ghts in the range 6f abmut 102 to 107 avallable

S5 " nDlF%ggo K. K or

Showa Denko K. K. It is apfPopriate to use aP | east 1tJ Gﬁhrd pol ystyrene
sanpl es. The detector may he an 20 RI (refractive index) detector. For

accuratednmeasurenent, it i approprlate to nstitute the colum as a
conbi nation of sggyerak conper@ial | y ava.@abb polystyrene gel colums. A
preferred exanpl e tf may be |nat| on Shodex KF-801, 802, 803,
804, 25 805, 806, 80 . AOr a gel G1000H (HXL),

G&2000H (HXL), G3000H (HXLMA 000H ( HXL) GB OOH ( HXL §$<GBOOOH (), GrO00H
(HXL) and TSK 1 6 APR 2002 -60 guardcol ung avail able from Toso K K. The
GPC sanple may be prepared as follows. A resinous sanple is placed in THF
and left standing for several hours (e. g., 5 - 6 hours). 5 Then, the
mxture is sufficied®]y shaken until a lunmp of the resinous sanple

di sappeggs and tk&n furthey left standing for nore than 12 hours (e.g., 24
hours) at roomtegperature. |In this instanck, a total time of 1 fromthe

m xi ng of the sanp CTHﬁ*bQ\the,kﬁ' ol tfggzméof t he stan@%y in THF
t aken f t | ead h 24 - 30 . Th ft th
is taken for at |ea ours/ge \\\ “ |h2 erea e
n
CH
0 0 .
CH,
Cl 0) 0O
15 . (;), 1 o—b‘
HN—C C—O\Zr/ )@\
.W:jiﬁ_o// ~o0-¢C %—NH
0 0 0
) (74)
20 0 (é
o_.
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m xture is caused to pass through a sanple treating filter having a pore
size of 0.2 - 0.5 um(e. g., "Mishoridisk H 25-5", available from Toso
K.K) to 15 recover the filtrate as a GPC sanpl e. The sanpl e concent & K\P’R‘ZUUZ
is adjusted to provide a resin concentration within the range of 0.5 -

ng/m . 1 <THF-insoluble content> The THE-i nsol ubl e content of a binder

resin 20 as a toner material or a bindéf Fesin in a toner conposition is
nmeasured in the followi ng manner. Ca. 0.5 - 1.0 g of a sanple is wei ghed

(at W g), placed in a cylindrical filter (e.g., "No. 86R', available from
Toyo Roshi K K.) and then_ subjected to 25 extraction with 200 m of sol vent
THF in a Soxhlet s extrac| r for 10 hours. fhe solvent is evaporated from

t he extract 0 L&ava) THF-%%LubPeCr 1 6 APR 2002 -61
content, |s dr under vacugm-at 100 éflgijggveral hours and t hen
wei ghed (at \/\2 ). icght o 0¥ conponegts ¢ coomgnet i material or

a pignment, other than the jyesinous conponenty is 5 determ ned (at W3 g).
THF-i nsol ubl e content (THRNs.) is calculaté&d as follows: THFins. Om. % -
[ WL- (W2-WB) | / (WL-WB) x 100. Alternately, THF-insoluble content (THFins.)
may al s be det erm ned based on the extraction residue 10 (weighted at W
g) as follows: THFIns. bwa WB)/ (WL-WB) x 100. For adjusting the acid
val ue of the binder reS|n“ it is approprlaéé to use a carboxyl group

i ni | yd 15 acrylic acid and a-
arylic aci(d8)
a- ethylacryllc 3 nL@,aCTd Ci Qaﬂi 'nylacetlc aci d,
i socrotonic acid and angelji ¢ aci d; and unsg urated di carboxylic aC|ds such
as fumaric acid, malefic fcid, 20 al kenyl sU@cinic acid, itaconic acid,
mesaconi ¢ aci d, dinethylnalelc acid, and dlnethylfunarlc aci d, ci traconic
acid, apyl nonoresyer der|95t|ves and anhydKDdes t hereof. Desired polyners
may be synthe v pol pneg |ngth @ nmers alone or in 25 m xture
for copol yneri 2et1 O] h ot he rs. Ano ese, it is R @Bicularly
preferred to use nomx __dﬁprVat|Vsacpf él di car boxyl’i ¢ aci ds

-62 for controlling the ag d val ue.
0

(u) 0
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15 80
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Preferred exanples thereof may include: nonoesters of a,a-unsaturated

di carboxylic acids, such as nononet hyl nal eate, nonoethyl naleate,

monobutyl 5 nal eate, nonooctyl mal eate, nonoallyl nal eate, nonophenyj g QfRﬂmz
mal eat e, nononet hyl funmarate, nonoethyl fumarate, nonobutyl funarate an
nmonophenyl funarate; and nonoesters of aIkenyIdrcarboxyIrc aci ds, such as
monobut yl n- but enyl succi nate, nonoret hyl36r 10 oct enyl succi nat e, nDnoethyI

n- but enyl mal onat e, nononet hyl n-dodecenyl gl utarate, and nonobutyl n

but enyl adi pate. The above-nenti oned carboxyl group-containing nononer nay
preferably constitute 0.1 - 20 w. o, 15 partictBwrly 0.2 - 15 w. o, of
the total nnnoneripﬁrovrdrng bpe bi nder rgsin. A reason why a nononer in
the formof a dic d\nQnoegpff g erred is that ester
having a | ower sol ubi | aqu spensi g medi um and 1ng a high
solubility in an organig so véhfggr ot herOmBnontf s> tBW preferred. In the
present invention, the gﬁrboxylrc acid group and carboxylrc acid ester site
can be subjected to sap 1fication by an al kaline treatnent. It is 25 al so
preferred to convert the carboxylic acid group and the carboxylic acid

ester sige intgga polar 1 6 AR 2002 I 1 functional group by reaction with
an al kal i ne catt e G _réva eatment may be
performed by addi u@ i nt Zh oI ven after thgggyeparation
of the binder resin. the 5 I cMudBu hydr oxi des of

al kal i ne netal s or aIkaIIrne earth netals such as Na, K, Ca, Li, My and
Ha; hydroxides of transition netals, such as Zn, Ag, Pb and Ni; and

anponi um hydr oxi de, alkylannbniunrhydroxides such as pyri m ni um hydr oxi de.
10 Particularly preferred exa | es may |nclude NaCH and KOH. In the present
i nvention, the aho effected with

oni f ieda Yol
respect Bo all lic e;ig?éreug\and ch vster(gs)

25
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15 site of the copolyner, but a part of the carboxylic grbﬁﬁ%ﬁwgn‘be
saponified into a polar functional group. | The alkali for the

saponi fication may be used in an anount of 0.02 - 5 equivalents to,the acid
val ue 20 of the binder resin. Below 0.02 equivalent, the saponification is
liable to be insufficient to provide insufficient polar functional groups,
thus being |iable to cause insufficient crosslinking thereafter. Onithe
other hand, in excess of 5 equkhval ents, the 25 functional group, such as
the carboxylic ester site, can receive adverse effects, such as hydrolysis
and 1 6 APR 2002 salt formation. 1 6 APR 2002 -64 If the alkalline
treatment in an anount of 0.02 - 5 equivalgWis to the acid value is
effected, the renmaining ration conceni4ayion nay be within the range of 5 -
1000 ppm 5 The binder resin and the $r conpositiongwontai ning the

bi nder resin may preferably have gt g transition tghperature (Tg) of 45
- 75 C, npye preferably 50 - 70°C, in vyhrew of the storage i stability of
the toner® @ QIM tleje @ IS liable to be deteriorated
in a high temperature eny¥ronnment “and [N~ab cause offset at the tinme of
fixation. If Tg aboQ¢ 75 oC, the fixability is liable to be |owered. The
bi nder resin us n the present 15 inver _tion may be produced by sol ution
pol ymeri zati on, }epdl si on pol yneri zati on or suspension polynerization. In

t he enul si ogyROl yneri zati on process, a nono al mgst i nd®%ble in water is
di spersed as mnute particles in an e/Wth the aid of 20 an

emul sifier and is polynerized by ing a / e polynerization
initiator. . Accgyding to, Oh+s._ od, t ntr ol e reaction
tenperatgzgaiégéb , d tgﬁ/rgéﬁTﬁaﬁ}on reacti gasvel ocity is small because
t he poly avie oi | phase of the 25 vinyl nonomer possibly
cont ai ni ng aig 2 therein) constitute a separate phase fromthe aqueous
phase. As a r#gult, the polynerization velocity becones Iarqqo) 1 6 APR

2002 0
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-65 and a polyner having a high polynerization degree can be prepared
easily. Further, the polynerization process is relatively sinple, th

pol ymeri zation product is obtained in fine particles, and additives B5§UBHMZ
as a colorant, a charge control agent and others can be bl ended easily for
toner production. Therefore, this method can be advantageously used for
production of a toner binder resin. I n THE enul si on pol yneri zati on,

however, the 10 enmulsifier added is liable to be incorporated as an
inmpurity in the polynmer produced, and it is necessary to effect a
post-treatnment such as salt-precipitation in order to recover the product
pol ynmer at a hight rity. The suspensron(9olyner|zatron is nore 15
convenient in thisre st on p rization naymf§@gerably be
performed by using at 188 %% pr I 0 - arts, of
a nononer (m xture) per 100 parts of Qater or anrtdqueous' nedium The 20
di spersing agent may include polyvinyl alcohol, partially saponified form
of polyvinyl alcohol, and cal ci um phosphate, and nmay preferably be used in
an amount of 0.05 - 1 w. part per 100 wt . parts of the aqueous nedium The

pol yneri zati on tBg¥e /~25 |t ' the range of 50 - 95 C and
: polyner Lon ini tfi
0 e [ nder ‘I

sel ect ed dependi ng on pr used and t he objective
pol ymer. 1 6 APR 20 EONINIOS he presefBSinvention
may suitably be produced in the presence of a conbination of a

pol yfunctional polynerization initiator and a nonofunctional polynerization
5 initiator, as enunerated herei nbel ow. Specific exanples of the

pol yfunctional poly pzation initiator may include: polyfunctional

pol yneri zation initdfators having at |east two functional groups having a

pol ymeri zati on- |n|t ting 10 fanction, as roxi de groups, per
é% (? pe‘r’u Xy- 3, trrnethylcyckggexane,
y ,beﬁzeﬁe\\

nol ecul g,, i ncl usi ve

1, 3- bi s-(t - but yl per oxyi

2, 5-di net hyl - 2, 5- (t - but yI'per oxy) hexane,

2, 5-di net hyl 2, 5-di - (t-butyl peroxy) hexi ne- 3, trrs( utyIperoxy) 15
triazine, 1,1-di-t-butyl peroxycycl ohexane, 2,2-di:= putylperoxybutane,
4,4-di -t-butyl peroxyval eric acid n-butyl ester,

di -t - but yl peroxyh ydroterephthalate, di-t- butylperoxyazelate

di -t-butyl peroxyt [ Q\he ngbs U4 44 t-butyl peroxycycl ohexyl)
20 propane, 2,2-t- xyoct a var i ouI yrrer oxi des(9dnd

pol yfunctional polyneri } gy(Tatd?s\_g
pol ymeri¥ation-initiating funébronal group, oxi de group, and a
pol ynmeri zabl e unsaturation group in one nol ecul e, as diallyl 25

per oxydi carbonate, t-butyl peroxymal eic acid, tbutyl peroxyallyl carbonate,
and t-butylperoxyiiﬁgropylfunarate 1 6 APR Z002 -67 Anpbng these,
particul arly prefetid exs 9xwgy include:

1, 1-di-t-butyl peroxy-3, trinet h |Zry%] ohexang @ 9
1, 1-di-t-butyl peroxycychetiexang, -t but’H Qeroxiyae :nuﬂroterepﬁtﬁglate,
di-t 5 butyl peroxyazel ate, 2,2-bis(4,4-di-tbuty|peroxycyclohexyl)propane,
and tbutyl peroxyal | yl carbonate. These pol yfunctional polynerization
initiatagge may be used in conbination wth a 10 nonofuncti onal

pol ymeri zati on ifgog@tor prefgrably one i ng 10 hour-halflife
tenperature (a teE%%ra rovr /ﬁﬁP??EZEEgg\gO hours by
deconposition thereof) r ?hap nyunctrona

pol yneri zation initiator, so a to 15 pr ov Pde a tone der r é8in
sati sfying various requirenents in conbination.

0
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(100)



Exanpl es of the nonofunctional polynerization i initiator may include:
organi ¢ peroxides, such as benzoyl peroxide, 1,1-di(t-buty|peroxy)-?63fa 39
trimet hyl cycl ohexane, n-butyl -4, 4-di (t-butyl peroxy)val erate, dicuny APR 200
per oxi de, a, a-bi s(t-butyl peroxydi ssopropyl)benzene, t-butyl peroxycunene and
di -tbutyl peroxide; and azo and di azo conpounds, such as

azobi si sobutyronitrile, and di azoani noa¥bbenzene. 25 The nonof uncti onal

pol ymeri zation initiator can be added to the nononer sinultaneously with

t he above-nenti oned pol yfuncti onal polynerization -68 initiator but may
preferably be addéd™after |apse of a polynerization time which exceeds the
hal flife of the pQ nctigual pol ynerd atlon initiator, in order to
appropriately retal e init ?Br/éf/fl cl of the 5 poI yfuncti onal

pol yneri zati on i ni thg¥®o éﬁ oV t i 0K pol yneri zation initiators may
preferably be used in an amount of 0 2 parts per 100 g@l parts of
the nmononer. It is also preferred that the b er resin 10 use % t he
present invention nay be crosslinked by using a crosslinking nononmer as
enuner at ed herei nbel ow. The crossllnklng nononer may principally be a
nmonomer shavi N\t we | ynmeri z . a 15 Specific exanpl es
t hereof may ﬁ, yfomat i ¢ TH 44 as divinyl benzene and
di vi nyl napht q conp & 1 h an al kgb2ghai n,

such as ethylene egcoI di acryl ate, 1, -butylene gl ycol diacrylate, 1,4 20
but anedi ol diacrylate, 1,5-pentanediol diacrylate, 1,6-hexanedi ol

di acryl ate, and neopentyl egcoI diacrylate and conpounds obt ai ned by

substitutin Hae at e =© crykat S |n t he above
conpounds; [EggEZylat npoun d W 250351555 chaln |nclud|ng
an ether bo S @ ne gI ethyl choI 16

APR 2002 i diacryl ate, tetraethylene egcoI dlacrylate 16 APR 2002 -69
polyetﬁﬂ ene gl yeq| #400 diacrylate, polyethylene glycol ##600 diacryl ate,
di propyl ene gly dlacrylate and conpo%nds obt ai ned by substituting

nmet hacryl ate gr o | at e he above conpounds; 5
di acryl ate conpounds| €dnnect ed wi Zh chain udlng an aronqhbq group and
an et her bond, such a%p ) ethyle D~=7Z, S ydroxyphenyl)propanedl
acryl ate, pol yoxyethyl ene(4)-2, 2-bi s(4- hydroxyph i propanedi acryl at e,
and conpounds obt ai ned by
D
15 BUO/C\@:O\Zr/OI@\ (105)

| tBu oO~_ _-0O
V/ _

20 tB
CHa o\zr/o u
N
CH: tBu (107)
@\ 0 O~_, ~° Q
c” '\I::]::: 7r i
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10 substituting methacrylate groups for the acrylate groups in the above

conpounds;

crosslinking agents,
trimethyl ol ethane triacryl ate,
t et ranet hyl propane triacryl ate,
ol i goester acryl ate,
groups for the 20 acrylate groups in the above conpounds;

and pol yester-type di acryl ate conpounds,
trade nane of MANDA (avail able from N hon Kayaku K. K.).
such as 15 pentaerythritol

trinmethylo
tetrarreth

such as one known by a

Pol yf uncti onal
triacrylate, 16 APR 2002

Bropane triacryl ate,
ol net hane tetracryl ate,

and conpounds obtai ned by substituting nethacryl ate

triallyl

cyanurate and triallyl t inmellitate. These crosslinking agents may
preferably be ed in aj roportlon of O. 0001 - 1 w. part, particularly
0.001 - 0.5 vvtrb.L rts 25~ her vinyl nonomer
conmponents. slo abov ntlon Ilngzzzgganners tic
di vi nyl conpounds (parti cul APR - ~07di nyN%En ) and

di acryl ate conpounds connect ed mnth a chaln i ncluding af

an ether bond nay suitably be used in a toner

character§
net hods,

stic and anti-offset 5 characteristic.
here are known bul k pol ynmerizati on and sol uti on pol ynmerizati on.

aromati ¢ group and
resin in V|em10f fixing
As ot her pol yne¥@%xation

According to the bul k pol yneri zation, however, a variety of polyners

i ncluding a | ow nol ecul ar wei ght 10 pol yner can be produced by adopting a
hi gh pol ynerization tenperature providing an accel erated reacti on speed,
the reaction gontrol is liable to be difficult. In contrast thereto,

according to {the solution pe

wei ght ponnEr can be produce
radi cal chair transfer functio
pol yneri zatidgn initiator anmount
sol uti ot%pol yneri zati on 20 prqdess
| ow nol ecul ar] wei ght conponent.to

neri zation process,

S
ﬂé contained in the

al so effectivedm,
pressure, so

erforlepe §QI9(
, as to ess TThe. é%
25 the m ni mym and t

pol ymeri zatign initiator.

APR 2002 i -1
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)
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sugh a | ownol ecul ar 15

noderate conditjons by utilizing the

t he solvent and by adjusting the

reaction tenperathre, so that the
preferred for formation of a

bi nder resin. It

n under an el evated

is
'OQ) ol ymerizatio

eunt” 0 pol yme |zaéhen ifhlitoator to
se e of the dual
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bi nder resin used in the toner according to the present invention nmay
i nclude: styrene; styrene derivatives, such as o-nethyl styrene,
m met hyl styrene, p-nethyl styrene, p-methoxystyrene, p-phenylstyrene, 16 APRZ002
p- chl orostyrene, 3,4-dichlorostyrene, p-ethylstyrene, 2,4-dinethylstyrene,
p- n-butyl styrene, p-tertbutylstyrene, p-n-hexylstyrene, p-n-octylstyrene,
p- n-nonyl styrene, p-n-decyl styrene, and4p-n dodecyl styrene; ethylenically
unsat ur at ed nonool efins, 10 such as ethyl ene, propylene, butylene, and
i sobutyl ene; unsaturated pol yenes, such as butadi ene; hal ogenated vinyls,
such as vinyl chloride, vinylidene chloride, vinyl brom de, and vinyl
fluoride; vinyl esters, such as vinyl acetate, vinyl propionate, and 15

| Q 9

vi nyl benzoat e, et hacyryl ateg-~such a P at e, et hyl
met hacryl at e, acryfzﬁﬁaerf%atyl
met hacryl at e, cly. pleate, Uodes

i sobut yl

S : 2-quXBQexyl
net hacryl at e, steaI | nethacrylate, phenyl 20 nethacrylate,
dinethylaninoethyIBnethacryIate, and di et hyl am noeghy! methacryl ate;
acryl ates, such as®Wethyl acrylate, ethyl acrylate, n-butyl acrylate,
i sobutyls acryl ate, propyl acrylate, n-octyl acrylate, dodecyl acrylate,
2- et hyl hexyl acrylate, stearyl 25 acrylate, 2-chloroethyl acrylate, and
phenyl acryl ate, xinyl ethe - such as vinyl nethyl ether, vinyl ethyl
ether, and vi Icﬁ% epﬁér; vinyl ketones, such 1 6 APR 2002 -72 as
vinyl nmethyl WKetone, | hexyl ketggki(cymmcmpthyl i sopr openyliikkgt one;
N-vi nyl conpounds, suchi asO®u nyljpyrrol e, N vinyl carbazol e, N vinylindole,
and Nvi nyl pyryolidonesvi nyl napht hal enes; acrylic acid 5 derivatives or
met hacrylic acid deriv ves, sucth as acrylonitrile, nmethacrylonitrile, and
acrylam de; the esters of the above-nentioned a, a-unsaturated acids and the
diesterﬁ)of t he above-nenti oned d{i basic acids. These vinyl nononers nay be
used singly or i@}go caonbi ©on \of two or nore species. Anbng these, a
conbi nati on of {nONO rovi di ng styrege-bq;ed copol yners ang11
styreneacryl at ¢- based Iégers yZ}é 04T cularly preferred: £3 1t is
preferred that {the binder re8Fn cpntains at least 65 w. ~ of styrene
pol ymer or styriene copely,ner so ap_to exhibit good mixability with the
organi ¢ zirconi um conpound. The i fider resin used in the present 20
invention may be in the formof a mxture of a highnol ecul ar wei ght pol yner
conponent and a,l ow nol ecul ar weight pol yner conponent obtained through
vari ous processgesCHiQclusi vEQS) : sol ution bl end process wherein a
hi gh- nol%ecul ar i ght mer and l\a | ow, 25 nol ecul ar wei ght pgliymer
produced separaftely are fqﬂﬁﬁ in sofutiOM foll owed by rempval of the
solvent; a dry blend praocess eregin the high- and 1 6 APR 2002 -73
| ow nol ecul ar i ght poCylsers are /nglt-kneaded by means of, e.g., an
extruder; and a two-step polynerization process wherein a | ow nol ecul ar
wei ght pol ynmer prepared, e.g., by solution polynerization is 5 dissolved in
a nononer constituting a high-nol acul ar wei ght pol ynmer, and the resultant
sol ution is subj/edilds +<PERsi o pol ymeri zation, followed 3¥1%§Shing
with water and dqrying btain a Bbi ndera+resin. However, the dry bl end
processyd eaves 10 pro¥s + oggar diing 4he uni f or m di spersi on and nut ual
solubilities, arld the two-step pol yneri zation process nmakes it difficult to
increase the |l o nolecuﬂgilmeight gnponent in excess of the high-nol ecul ar
wei ght conponent 'while it is advantageous in providing 15 a uniform
di spersion. Further, the two-step pol ynerization process providing a
difficulty that, /in the presqﬂﬁg-o a | ow nol ecul ar wei ght pol yner
conponent, it is[fdiffi o Tormhn ?pequately hi gh nol ecul &l 1wWei ght
conmponent and an{ unnec y low 20{ no Ecul ar wei ght conponent is
by- produced. Accrgingl y7~ the solut‘Pn bl end process i s nost

25



suitable in the present invention. Further, it is preferred to use a

| ow- nol ecul ar wei ght pol ynmer conponent having a prescribed acid val ue

t hrough 25 sol uti on polynerizati on because of easier setting of the acid
value than in the aqueous system pol ynerizati on. 1 6 APR 2002 -74 1t is
al so preferred to use a polyester resin as the bifder resin. A preferred 16,
conposition of such a polyester resin is described bel ow. Exanples of a

di hydric al cohol conponen H@Mx? i nclude: diols, such as ethylene glycol
propyl ene glycol, 1, 3-butfanedi ol diol, 2,3butanediol, diethylene
glycol, triethylene glycol, 1,5-p nediof , ], 6-hexanedi ol, neopentyl

gl ycol, 2-ethyl-1, 3-hexahediol, hy genat ed |sphenol A 10 bi sphenol s and
derivatives represented by the fol llow ng fornul az¢Adj: CH3 H - EOR~ 0~~~0--f
RO-H (A) , CH3 15 wherein R denote@O@Hvethyl ne or propylene group, x and 'y
are |ndependent y O or a positive integer with the proviso that the aqqg?ge
of x+y is in the range(yf 0 10; diols represented by the follow ng for

(H: Hf OR ~0-0 -( O ~H ( B ) 20 IFB CH3 wherein R denotes
-CH2CH2-, -CH2-CH or {CH2-~ are |ndependently 0 or a
positive integer 25 w t\h the -Q) o that t he average of x'+y' is in the
range of O - 10. Exanples of a jasi ¢ aci df mag,.#ncl ude 1 6 APR 2002 -75
benzenedi car boxyl i ¢ aci ds, such as phthal i 4aC|d terephthalic acid and

i sophthalic acid, and their anhydrides and | ower al kyl esters;

al kyl di car boxylic acids, such as succinic acid, adipic acid, sebac(%ﬂQﬁ acid
and azel ai cypci d, and he|r anhydri des and Iomer al kyl esters; alkyl or

al kenyl - substituted iC aC|ds and their anhydrides and | over al kyl
esters; and unsaturatec ‘ 'anytd , such as fumaric acid, malefic
acid, citraconic aci 5 ‘f‘ ¢ acid, }0 and their anhydrides, and
derivatives of these. It is preferred to lsezZa4pol yhydric aIcohoI or/and a
pol ybasi ¢ acid each having three or nore/fdfuncti onal groups al so functioning
as a crosslinking cofrponent in conbination with the above nenthmgg)
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15 al cohol and acid. Exanples of such pol yhydric al cohols may incl ude:
sorbitol, 1,2,3,6-hexanetetrol, 1,4 1 sorbitane, pentaerythritol,

di pentaerythritol, tripentaerithritol, 1,2,4-butanetriol, 1,2,5 20 16 APR 2002
pentanetriol, glycerol, 2-methyl propanetriol, 2 methyl-1,2,4- butanetrlol
trlnethylolethane trlnethylolpropane and 1, 3, 5- trlhydroxybenzene
Exanpl es of pol ybasi c carboxylic aci ds-fgy |nclude trimellitic acid,
pyronellitic acid, 1,2,4 25 benzentricarboxylic acid,
1,2,5-benzentricarboxy|ic acid, 2,5, 7-naphthal enetricarboxylic acid, 1,2,4

naphthalenetricarboxylic acid, 1,2,4-butanetri 1 6 APR 2002 -76
carboxylic acid, 1, hexanetrlcarboxyllc acid, 1,2,5-hexanetricarboxylic
acid, 1,3-dicar oxyI thyI enecarboxypropane

tetra(nethylene arb - 1 2 7, Idrftanetetracarboxylic acid, 5
enpole triner atid, nw anhydr des and | ower al kyl ester nd al so
tetracarboxylic aC|d H2 epreSent ed by the formul a of: HOOCIH—XJ

HOOCCH2 CH2COOH 10 (wherein X is an al kyl ene or al kenyl ene group having 1 -
30 carbon atons and capabl e of having one or nore side chains of one or
nore cargon atons) and anhydride and lower alkyl esters thereof. The

pol yest er nay deS|rany conprlse 40 60 15 nol . % preferably 45 - 55 nol.
% of al cohol onemn memreferably 55 - 45 nol. % of
acid conponent The poI tlonal npo ent may be used in a proportion of
1 - 60 nol. %of\ the tot nponent 4 20 Such a pol yester may 16 produced
through a known pol ycondensati on process When the toner according to the
presen~~ invention is fornmed as a nagnetic toner, the toner contains a
pomdery magnetic material, exanples of 25 which may include: iron oxide,
such as magnetite, henatlte and ferrite; netals, such as iron, cobalt and
nickel,lgnd all gys eﬂNthese megalcs Wt h aqg;her
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1 6 APR 2002 , elenent, such as alum num copper, |ead, magnesium tin,
zinc, antinony, beryllium bisnuch, cadm um cal cium manganese, sel enium
titanium tungsten and vanadi um and m xtures of these. Magnetic partbdPRE00?
5 may preferably contain a non-iron elenment. The magnetic material used in
the present invention may conprise an iron oxide, such as magnetite,

maghem te, ferrite or a mxture of theskt<containing a different (i.e.
non-iron) elenent. 10 It is particularly preferred to use a magnetic iron
oxi de containing at | east one elenment selected fromlithium boron,
magnesi um al um num silicon, phosphorus, sulfur, germanium titanium
zirconium tin, lead, zinc, calcium barium scandium 15 vanadi um

chrom um nanga ese, ¢ balt, cepper., Nickel, gallium indium silver
pal | adium gold platlﬁhﬂgggg?gsten, Iyggehunl ni obi um osm um

strontium 1 ytfrium te ium_rutheniim rhodium and bisnmuth. It is
particularly pre&ferred to cont CREs 1feast one 20 of Iithiun1(5849llium
boron, nagnesiu al um num silicon, Hosphorus, germani um zirconium tin,
sul fur, calcium scandium titanium vanadium chrom um nmanganese, cobalt,
ni ckel , scopper, zinc and gallium It is nost preferred to use a nmagnetic
iron 25 oxide containing a different \el enent selected fromthe group

consi sting of nmagnegt al um num si\icon, phosphorus and zirconi um 16

APR 2002 ~s_ Such 4 : nt_ epenen 4be introduced into the crystal
| attice of the iyon oXide fcor por at ¢d an oxi de thereof i@lgh? iron
oxi de, or preseni as an oxfe or a hydroxide thereon on the 5 surface of

the iron oxide particles. Such a di f /et ent el enent may be incorporated into
magnetic iron oxide particles at the time of separation of the magnetic
iron oxide in the copresence of the different el enent under a controlled 10
pH, or alternately may be precipitated on the surface of the nmagnetic iron
oxi de d@rticles Yy CEHU oHirm)é$§_p or adding a salt of the different

el enent and contfrol ling ' sp tiveh% after formng the magnetic
iron oxide partijcles. 15 magnet i ¢} i r gy “Oxi de particles containing such
a different el enent exhi bi é&dod finity wth and very good
dispersibility iy the bind&Buresin. %rther, t he good dispersibility of the
magnetic material also inproves the dispersibility of the 20 ﬁﬁgﬁ iC
zi rconi um conpound used in the present invention, thus allow ng ful
exhi bition of the effect of the organic zirconium conpound. Thus, the
magnetic material functions as a dispersion pronoting nediumto pronote the
di sper dison of- t e organic 25 zirggnrum conpound. Further, the nmagnetic

mat eri al adsorb te the thangeapility-inparting effect of the
organi c zirconi ibited i 176" APR 2002 _79_ cooperation

wi th water nol egul es. e effect is fufther pronoted when used in

conmbi nation witlh a bindgr resin havingf an acid val ue. The nagféBi#d materi al
particles may have a 5 Hiforn1partic|@-size di stribution, thus providing
the resultant toner with a stable chargeability, in cooperation with a good
di spersibility thereof. Further, while the toner particle size has been
reduced in recent years, the toner thus oljtained 10 according to the
presentygi nventi ¢gn nay be pripvi ded with an enhanced uniformty of
chargeability apd pequed¥-to GaAer at bi@fﬁy, t hus providing an

i ncreased i nage d and i ed fog prevention effect, eygasgt a

wei ght - aver age par 8 §i zeé o .5 15 - 10 ~.un. The effect is
particularly remarkable Tor a toner havind 4 wei ght-average particle size
of 2.5 - 6 um and a very high-definition i nage can be produced. A

wei ght - average particle size of at I\east 2.5 umis preferred in order to
obtain a sufficifeng,qage 20 depeity) O) the other hand, as the toner
particle size ig reduce € 11 beraji offof the zi rconi um conpound i s nore
| i abl e to occur.\ However the tongr according to the present invention
is excePlent in hangi ng unifornmity,/4he toner is less |iable(l@fe 25
affected by sleeve soiling with sone isolated zirconi um conpound.




The above-nentioned different el enment may 1 6 APR 100 ! -so preferably be
contained in 0.05 - 10 wt. % based on the iron elenent in the nmagnetic iron
oxi de. The content is nore preferably be 0.1 - 7 wt. % particularlyb APRZ00Z
preferably 0.2 - 5 wt. % nost preferably 5 0.3 - 4 wt. % Below 0.05 wt.
% the addition effect of the different elenent is scarce, thus failing to
achi eve good dispersibility and uniformixy of i chargeability. Above 10 wt .
% the charge |iberation is liable to be excessive to cause insufficient 10
chargeability, thus resulting in a |lower image density and an increased
fog. It is pr éﬁ:d t hat t@'@(ﬂTf erent element is distributed so that it
is richer in T of t urfacg: of the magnetic iron oxide
particles. Fo 15 exa is reférred that 20 - 100 % of EQ di fferent
el enment is présent at tlie surface portion to be dissolved up {o an iron

di ssol ution percentage 6Hs:20 % THet percentage is preferably 25 - 100 %
nore preferably 30 - 100 % By incCreasing the proportion 20 of the presence
at the surface portion, the dispersibility and electrical diffusion effect
of the different element can be inproved. The\magnetic material, preferably
magneti g i ron pxide partchbs containing a different elenent as 25

descri bed above, cfp prefqubhyﬁhav a _noober - average particle size of 0.05
- 1.0 um furtiher pr l'y O. um The |mafhetic mat er ( AB8pay
preferably have a PR 2002 - ET specific surface area of 2 - 40

n2/ g, nore prelerably - 20 n2/g. The magnetit4material particles may have
an arbitrary shape w thout particular restriction. As for nmagnetic
propertles 5 the magnetic material may desirably have a saturation
nagnetlzatlon of 10 - 200 AnR/g, preferably 70 - 100 AnR/ kg, a residual
magneti zati on 1By 100 Anges preferably 2 - 20 A2/ kg, and a coercive

force of 1 30 KA/'m ably 2 4 1 12ra nder magneti c
field of0 795. 8 kA/n1b¥§§EE; (he Pk (UL A n 2013800

parts per 100 . parts of ®bi Ader resin. The el enent quantity in the
magnetic iron oxide nmay be neasured by fluorescent X-ray analysis 15 using
a fluorescent X-ray analyzer (e.., "SYSTEM 3080", nfd. by R gaku Denk
Kogyo K. K.) according to :
tBu COO - o+
\@( (Zr0) (140)
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JI'S KO119 "Ceneral Rules for Fluorescent X-ray Analysis"). Further, the

el ement distribution may be neasured by gradual fractional dissolution of

the 20 magnetic iron oxide particles with hydrochloric acid or hydrofluoric
acid and neasurenment of the elenent concentration in the solution at each 16
fractional dissolution relative to the el emenfggconcentration in the APR
conpl ete solution, respectively according to IéP 25 (inductively coupled

pl asma) emni ssion spectr,oscopy. The numnber-average particle size of the

magnetic material may pe tggasured by taking 1 6 APR 2002 -82 phot ographs

of sone particles therfeof th Ldpangm ssi on el ectron m croscope and
measuring the particlg sizes he phot dgraphs by a digitizer, etc. i The
magneti c properties of the ma i terfi al @scri bed herein are based
on val ues neasured bylusing a |bra ng ganpl e-"type nmagnet onet er

("VSM 3S- 15", avail abl’e from i Kogyo K K.) under an external i magnetic
filed of 79558 KAlm The specific surfa @ area val ues are based on val ues

nmeasured by using a 10 specific surface area neter ("Autosorb 1", @)l abl e
from Yuasa lonics K/K. ) according to the BET multi point nethod. The toner
according to the prfesent invention nay referably have a wei ght-average
particle size of 1% 2.5 - 1 pteferably 2.5 - 6 um in case of
either a magnetic todﬂmo n- nagnet c tzner . The wei ght - aver age
particle size and particle size distri a toner may be neasured
according to the Coulter counter metho 2 e.g., by using Coulter 20

Mul tisizer Il (available from Coulter Electronics Inc.) togetherg %% an
el ectrolytic solutjon conprising a ca. 1 o NaC aqueous sol ution Ich may
be prepar by di solvrn reagent grade sodi um chl oride or comrercially

a surfactant (pre era y @ PR @p8%2t -83 benzenesul foni ¢ aci d
salt) is added as a di spersant, and 2 - 20 ng of a sanple is added. The
resul tant dispersion of the-sanple int & el ectrolytic solution is

available as "IS N Scientific Japan). For
measur enment, int 150 the eI ctrolytic solution, 0.1 to 5 m of

subjected to a dispersion treatnment by an (146)
N
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5 ultrasonic disperser for ca. 1 - 3 mn., and then subjected to
measurenment of particle size distribution by using the above-nentioned
appar at us- equi pped with a 100 pm aperture. The volunme and nunber of 1t6oARR 7007
particles having-particle sizes of 2.00 pmor larger 10 are neasured for
respective channels to cal-culate a vol une-basis distribution and a
nunber - basi s distribution of the toners4ffom the vol ume-basis distribution,
a wei ght -average particle size (D4) of the toner is calculated by using a
central value as a 15 representative for each channel. The channels used

i ncl ude 13 channels of 2.00 - 2 52 um ,2.52 - 3.17 um 3.17 - 4.00 pm 4.00
- 5,04 um 5.04/- 6.35 ~.un;\6.35 - 8. 00Buun,_8. 0600 10\08 pm 10.08 -
12.70 um 12.7Q - _16. O@CGMN 6 00 -,2¢.20 p 20. 20 - 25.421g651 25.40 -
32.00 um and 32. 40.30 u Zﬂihnples of wax used jin thé esent

i nvention may i\n : aliphgtic hydrogcarbon waxes, such jas | ow nol ecul ar
wei ght pol yet hytene, | ow 25 | ecul ar i ght pbhypropyle e, polyolefin
copol yners, polyol efin waxes, mcrocrystalline max paraffin wax, and sasol

wax; oxidation products of allphatlc 1 6 APR ?"~|l -84 hydrocarbon waxes,
such as Doxi di zed pol yet hyl ene wax; bl oc copolyners of the above; vegetable
waxes, such as fangelyl | a @ax, carnaupa wax, Japan wax, and "hohoba" wax;
ani mal waxes, duch ee | 2O N, af@r@®hal e wax; mni negabiyaxes,
such as ozocerilte, cereéraﬁﬁiéigapetrol um waxes consisting principally
of aliphatic acld esters, s S nontangte ester wax and castor wax; and

partially or totally deacidified aliphatic esters, such as deacidified
carnauba wax. 10 Furtizer exanples of the release agent may include:
saturated |inear aliphatic acids, such as palmtic acid, stearic acid,
nontani ¢ acid, And | @8r bokylic acid having a further | ong
al kyl chai n; ungsatu ic acids) sU@hOaS brassidic 1? g

el eostearic acifl an aci d; satprated al cohols, such & Qtearyl

al cohol , eicosyl\ al cohol, "behenyl al cohdl2 carnaubyl alcohol, ceryl

al cohol, nelissyl alcohol, and |ong-chain al kyl al cohols having a further

| ong al kyl chai n; pol yhydric al cohols, such 20 as sorbitol; aliphatic acid
am des, such as/li eyl am de, ol eyl am de, and | auryl am de; saturated

aliphatic acid bis oes, me en -big@kﬁﬁWylanide,
aTd et hyl gne- bi sCapryl am de; unsaturated aliphatic

et hyl ene- bi scaptyl

acid am des, sudh as et ene 25 bifsol eryl am de, (153)
hexanet hyl ene- bi ol eyl anide, N, N df 8l eyl adi poyl ani de, and

N, N - di ¥ eyl sebacoyl ani de, aromatic bi sanm des, such as

m xyl ene- bi sst ear oyl am de, 1 6 APR 2002 -85 and

N, N -distearylis pgé aIyIaHIQQ) al \phatic acid nmetal salts (generally
called netallic {soap as calc um stearate, calciumlaurate, zinc
stearate, and gne5|u (stearate; g anQggy% es obtained by grafting 5
alyi phatic hydroqgarbon waXes with vipyl nmonomers, such as styr? & 4 nd
acrylic acid; pattially tgsferified oducts between aliphatic ‘acids and
pol yhydric al coh | s, such as beheni'c acid nonogl yceride; and

20

< OCHa 2 (155)
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met hyl ester conpounds havi ng hydroxyl group as 10 obtai ned by
hydr ogenating vegetable fat and oil. A further preferred class of marﬁépﬁﬁmz
i ncl ude: pol yol efi ns obtained through radi cal polynerization of ole
under hi gh pressure; polyolefins obtained by purifying | ow nol ecul ar wei ght
15 by-products from hi gh-nol ecul ar wei ght pol yol efin pol yneri zati on;
pol yol efi ns obt ai ned by | ow pressure pol4Breri zation in the presence of a
catal yst, such as Ziegler catalyst or netall ocene catal yst; polyolefins
pol yneri zed under irradiation with radiation rays, 20 el ectromagneti c wave
or light; |ow Iecular wei ght pokyolefin formed by thermal deconposition
of hi ghnol ecul pob LI in;, paraffin wax, mcrocrystalline wax,
thetlc hydr'ocar bon waxes obt ai ned according to,
3 drege@h2brocess, and the Arge process;
el fron1nDno carbon” conmpounds; hydrocarbp Xes

Gi_r 2002] - 86 group, such as hydroxyl gro p or
car boxyl group;\ m es of a hydrfogarbon wax and a hydrocarbon wax havi ng
a functional group; and nodified Wwaxes obtained by grafting the above waxes
with a vgnyl nononer, such 5 as styrene, nalefic acid ester, acrylate,
net hacryl ate, o naleflc anhydride. It is gl so preferred to use a wax

product i havi @aﬂgumEJNrC@Ql ghy di Strl£) ution obtained by
vach

e.g., the 25
synthetic waxes

fractionating the above waxes & ding to 10 mzass sweati ng, sol vent

met hod, re-crystallization, di gCiH 4 supercritical (3a8)
extraction or It-crystallization; or a pdur fled product obt ai ned by
renovi ng | ow nol ecul ar weight solid aliphatic acid, |ow nolecular weight
sdlid al cohol, |ow nolecular 15 wei ght solid conpound and other inpurities.

The wax used in,the present invention may preferably have a nelting point
of 70 - 140 C, re reCEkany 70 - 120 C, in\order to provide a good

bal ance 1Bet ween( t he bility and anti-offset} 20 chargcterlstlc of the
resul tant toner{. Bel oner i rabl e alo
anti - bl ocki ng proper a%ﬁiabove éo? be onggﬂglfflcultmﬁésgghibit
the anti-offset\ property. In the t qﬁﬁﬁﬂ g to the present 25

i nvention, the X may be used in an ano off £H.2 20 wt. parts,
preferably 0.5 - 10 wt. parts, (as a total anpunt when two or nore species
are used in 1 6 APR 2U02 conbi nation), per 100 w. parts of the binder
resin. The melting point ©f a wax described herein refers to a peaktop
tenperature of a HBX|nun1heat absorption peak of the wax on a chart of DSC

5 (diffasential §Ban hor try). The DSC nmeasurenent for (6fax or
toner may preferabliﬁgggper of usi ng a high-accuracy internal heat
i nput conpensati on-type d?fferentlal
tBu
)
@[ Zr (0H™) (161)
OH
20 tBu
tBu -
\@COO 710 (OE™)
OH (162)
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scanning cal orineter, (such as "DSC 7", available from 10 Perki n-El ner
Corporation). The neasurenent may be perforned according to ASTM D341g

A sanple is first subjected to one cycle of heating and cooling for 16 APR2002
removing a thermal histroy thereof and then heating at a tenperature 15
raising rate of 10 G mn. to take a DSC curve. The organic zirconium
conpound used in the present invention"ﬁéf exhi bit further excellent effect
when used in conbination with two or nore species of different waxes. The
waxes exhibit a plasticizing 20 function and a release function in the
toner, which can be ex |b|ted enphatfcally by the \respective waxes nore
effectively thartBwh { hegsgase where gty eonf the waxes is used al one.
More specifically, tohETzfﬁo@Tﬁ ticiz by one|of the waxe fgyp
correspondi ngly 25 e g etease effedt of anotdier X can be nore

ef fectively exhibitgegy These effects\ are g pnot ed en a binder resin
having an acid value is used in 1 APR 2002 s8 conbination. As for the

functions of the maxes e. g , in case where two waxes of simlar structures
are used in co tion, X having a lower nelting point 5 principally
exhi bi tsst he pl s O®un tion and_the other wax having a higher

mel ting point pginci y exhibit griRE ﬂglease function. In this case, the

function separation can @H effectively acconplished if the neltiéd) poi nt
difference is 1 16BuC. Lesp210 than 10 C, the function separation effect
cannot be readil exhlblted and in excess of 100 C, the pronotion of the
functlons due to nmutual interaction cannot be readily exhibited. In this
case, is prefeftred that at Yeast 15 ' one of the waxes has a nelting

poi nt of 70 - 120 5BY poreoprelerably 70 - 100 C, so as to readily devel op
the function sepprati effect.\ As zZiror the conbi nati on of waxes, a wax
relativ? y rich n bra oHg Stjructure or polar group 20 such Qf £
functiofal group\or atkax nodiffiked with a nodi fier conponent r %e}
different fromtNhe principal cgnponent preferentially exhibits the

pl asticizing function, and a wWax having a rather |inear structure, a
non- pol ar, wax frﬁe fromfunctyonal groups or an 25 unnodified straight wax
preferentially ex ig%&s th%xbe ease function. Exanpl es of such preferred

conbi nati ons may i|nc a cofbi nation of a
Zr (CH )
OH (166)

B 3
15 L . J
0 . w
I _
tBu _co_ | =Y coo
Zr
) ~o OH (167)
tBu
tBu
\ J 2
20
) -
| : |

o (168)
25 tBu Cc=0

tBu
tBua




1 6 APR 2002 i _89 honopol yner or copol yner
et hyl ene and a honopol yner or copolynmer prin
ot her than ethylene; a conbination of a poly
pol yol efin; a conbi nati on of al cohol wax,
and hydrocarbon wax; a conbination of Fi sche
wax and paraffin wax or mcrocrystall
Fi scher - Tropsche wax and pol yol efin 10 wax;
and mcrocrystalline wax; and a conbi nation
wax, rice wax nontan wax, and hydrocarbon
conposition may 15 prefepably have a
exhibiting a peaktop te erabHre in aregion

preferably 70 - a go
stability and flxab y of mhgipesu t to
the present inventi or apt

mPwax;

consi sting principally of
cipally consisting of a
ol efin and a graft-nodifl

0 Rkhdh

carboxylic acid wax or ester wax

r-Tropsche wax or polyolefin

a conbi nati on of

a conbi nation of paraffin wax

of carnauba wax, candelilla
X. I'n any case, the wax

i mum héat - absor pti on peak

f 70 - , 120 C, nore
od bal ance between the storage
ner. 28aThe toner(agggrdlng to
onprising any suita

pi gnent or dye.| For e anple SU|ta Ie exanpl es of the pignent may include:
car bon bl ack, 4§|I|né&black Napht Yel | ow,| Hansa Yel | ow, Rhodani ne Lake,
Al'izarirp Lake, 85 red iron oxide, Phthalocyanine Bl ue, and | ndant hrene

Bl ue. Such a pignment may be used in an anmouny necessary to provide a
required optical density of 1 6 APR 2002 -90 fixed inage, e.g., 0.1 - 20
w. parts, prefferably 0.2 - 10 wypyparts, per 10t4m¢ parts of the binder
resin. For sim{lar purpose, a dye may be used. THere are, for exanple, azo
dyes, ant hraquilnone dyes, tpa e 5 dyes and netlhin dyes, which may be
aqded in 0.1 -120 wt. parts, ferably 0.3 - 10 wt, parts, per 100 wt.
parts of the bijnder resin. In th@d@resent i nventijon, it is preferred to
external |y add |norgan|? f|n (ﬁ g., fine |10 powder of inorganic
oxi des,,such ag il ica, llal u an|un1 ge; carbon bl r fine
pomderf‘fluorin *# ca pomﬁfr alunlzggggmder or
titani um oxide |p é Ybr uch g fine 15 particulate form
as to be attached asyfi pa tlcles onto t e surflace of the toner
particles. Mrqg spegifically,\suckoan i nof¥ani c fli ne powder may
tBu
tBu
\ /
15
( N 4
o om 9
tB | It
) . é—O\l /O—C tBu 4Na+
o/%rio
OH\) oceo  tBU (171)
’ Yol
tBu £Bu
\ /

25



preferably have a nunber-average particle size of 5 100 nm nore
preferably 5 - 50 nm and a specific 20 surface area of at |east 301g2{ 2007
particularly 60 400 n2/g, as base powder, and a specific surface area o aﬂt
| east 20 nR/g, particularly 40 - 300 n2/g, as surface-treated powder,
respectively as neasured by the HET net hod according to nitrogen
adsorption. 25 Such inorganic fine powdr may be added in 0.03 - 5 wt.
parts per 100 w. parts of toner particles so as to provide an adequate
surface 1 6 APR 2002 | -91 coverage rate. The inorganic fine powler may

preferably have a hyg},r ophobi ci_t% of at least 30 % _nore_preferably at |east
50 ~, in terns of nmetHEnQTIRHAFHYTI]L o EARIPD JRRT Ryt PFparti ng
agent (or hydrophobi,zi ng_.agent preferably conprise a

T con- conPAPRRRS 4o EReasfy e e BUEAITERNFEB O Srerebbund and/or
a silicone qQiil,. For i A L rﬁﬁ ' [ coupl ing
agent, exfam% gsl Sk _t\ﬁn%:(cryanaglf d| tnzcﬁru% e: R%"F%ﬁ'@f%o%(&y)sll a%%%%gls%c}{uggé .

di met hyl di mpbhexy Pdaneidd iRl el ysidaifert b PU YL i met hoxysi | ane;

di met hyl di chlorosi'l ane, trinethylchlorosilane, allyldimethylchlorosilane,
hexanet iyl dpgirtazaRe) br externally to toner particles (i.e., as

al I yl phenyl di chl or osi | ane, ~benzyl di net hyl chl orosi | ane,

vinyl tri et haxp®wldaite blend meEtthaahd conEomditidieddpXy Bnl 6He, case

vinyl triacet oxysil ane, divinylchlorosilane, and di nethyl chl orosilane. The

t oner accor difngnitermad @dssdriton ,nvidrd gl ¢ @l atoui e dbepdeddwi th a
carrier to provide a two conponent devel oper. The carrier particles my
preferably Raverxeafesiahrliwitey asidehan 0.010- oHinvetn Baxbat redreng t he

surface roughness and the ampunt of coating resin. 25 The carrier particles
may be coat ®FafiemRbdy dkih - kil RIS wiHh 1R Whel Rastsse§r ERe- acryl ate

copol yner, styrene-nethacryl ate copolyner, acrylate 1l 6 APR 2002 -92
copol yners, B ZcrASATE I%r%s%icf i c%q%e’)r/%ﬁ n?d‘?JrEb??netﬁSnt ai ni ng
resin, polyam €5 i drRITRS i yp_[t]gﬂy f Lesin, and
m xt ures of %{P %glé.cg Céngglrri eor“r(p(;eéodrr{eh particles 1&naty %ggn%r%‘ggeg th

0.01 - 5 wt. pats per 100 wt. parts of the binder

resin and it is particularly preferred that the
organic zirconium compound is mechanochemically

15 attached to -the surface of toner particles.

The organic zirconium compound can also be
used in combination with a conventional charge control
) agent as described in the part of the related art

herein, such as another organic metal complex, métal

20 salt or chelate compound. Specific examples of such a
known charge control agent may include: mono-azo metal
complexes, acetylacetone metal complexes, hydroxy-
carboxy acid metal complexes, polycarboxylic acid
metal complexes, and polyol metal complexes. Other

25 examples may include: carboxylic acid derivatives,
such as carboxylic acid metal salts, carboxylic acid

anhydrides.



magnetic material, exanples of which may include: iron oxides, such as
ferrite, iron-excessive ferrite, magnetite, and ~ iron oxide; netals such
as iron cobalt or nickel, and alloys of these netals. 10 Further, t Heb APR 2002
magnetic material may contain an elenent, such as iron, cobalt, nickel,

al um num copper, |ead, magnesium tin,_ _zinc, antinony, beryllium bisnmuth,
cal cium nmanganese, sel enium titaniLnﬁS%ﬁJngsten, or vanadium 15 To the
toner according to the present invention, it is also possible to add
various additives in order to inpart various properties. Exanples of such
addi tives are as fol l.gup)Cl) APLAS] Y& It Alo gl des. (shrontLymfjtanate,
20 cerium oxi de, al um num oxi de, nagne5|un1OX|d‘, Chr oRt un oX! de. etc.),
nitrides (silicC Lt , i [ 1 GR i etc.), netal
salts (cal c:th% g&flglgt gc@%ygrdﬁ&% étﬁ %g{ete),pqgeﬁ(eaéurﬁ carrggi;l%% g?a%t c.), etc. 25
(2) Lubricaphg)uB@Wleh yeenld YQIHiRe- GANRIHY NbdPBme £ PRLYYVA NY| i dene _
fluoride, polytetrafluoroethylene, etc.), aliphatic acid netal salts (zinc
1 6 APR 20030193stegardisdn,CAdiydD Heargt @oBieinyl etilofBde Charge control
particles: particles of nmetal oxides (tin oxide, titanium oxide, zinc

oxi de, silicesinyi gphenslldm menioxi cdeturedr boss i -aedkdi £ esd nppandbleees, 5
etc. These additives may be added in 0.05 - 10 w. parts, preferably 0.1 -
5 wt. partsrpeinlOdafkuradames igf-nmddd fietemadaic cdebd déebe, addi ti ves may
be added i singly or in conbination of two or nore species. 10 In the case
of a magnet PETYAAEr resin, s Matdranydd ¢ Fasid £ irRLYoWRE: atetdbeor nore
speci es of ingrganic oxides or netal oxides in order to_provide good

devel opi ng Bétt PH&nE@SPH'CEWﬁXHﬁﬁEPqQﬁuﬁ?ﬁ%ﬂTﬁR?%ﬁ?%h@gsf%ﬁ}%'developing
pérformance_after 15 _standin I.n t.he case of a non-magnetic ﬂnno conponent

devel oper, TETPEL FEEALS e FRBYVIET N ant i Bxi R PUWHEYH order to
provi de i np f ilit d i $) { form p icles
constiﬁ&tinéaxﬁga dnggﬂg)rﬁ%é%¥§ghg 0 ﬁ%§%§e§é§égén%§%¥§bngﬁéy preferably
be formed tBERYEH cANMPHREESS Wherein the above-mentioned toner conponent
materials are sufficiently blended by a bl ender, such as a ball mll, well
kneaded by a hot kneasiafgp 16Re [t N @onfdifdinetss EdWOtpF&¥l @Ingneageenar an 25
extruder, and the kneaded product, after cooling for solidification, is
mechani cal | gopollyeeirzed ogrect hdrasgiitfh exkyteng@rmonaeet oney paclidees. It is
al so

vinyl monomers, inclusive of styrene derivatives, such

15 as vinyltoluene; acrylic acid; acrylate esters, such
as methyl acrylate, ethyl acrylate, butyl acrylate,
dodecyl acrylate, octyl acrylate, 2-ethylhexyl
acrylate, and phenyl acrylate; methacrylic acid;
methacrylate esters, such as methyl methacrylate;

20 ethyl methacrylate, butyl methacrylate, and octyl
methacrylate; dicarboxylic acids having a double bond
and derivatives thereof, such as maleic acid, butyl
maleate, methyl maleate and dimethyl maleate;
acrylonitrile, methacrylonitrile, butadiene, and

25 acrylamide; vinyl chloride; vinyl esters, such as
vinyl acetate, and vinyl benzoate; ethylenic olefins,

such as ethylene, propylene and butylene; vinyl



| 1 6 APR 2002 ' -94 possible to adopt a polynerization toner production
process wherein prescribed materials are m xed with a nononer (nixt* el
constituting the binder resin to forman emul sion or suspension quinPRﬂmz
foll owed by 5 polynerization; a mcroencapsul ation for providing socalled

m crocapsul e toner particles wherein prescribed materials are incorporated
into either one or both of the core nat®tial and the shell material; and a
spray drying process wherein constituent materials are 10 dispersed in a

bi nder resin solution, and the resultant dispersion is spray-dried into
toner particles. Further, the resultant toner particles y. be further

bl ended suf STEhIRSy St 3marTh Ty biStons #hdi Vv hyng bt onder. such
as a Henschel .15 mxer. tQ provi,de a toner according tp the esent .

i nvention. %eerteolnnebelaonv(\% 5ot eer%%edlf Srerts of % hvell?yfc}er\“/%f%ﬁ? n%‘%r%{:hod
according tq,; nt_ .l nt | i r he nt invention
with 20 ref 3?12{}51(39{ 0 rfvgr%lg’. a&rgcﬁ] ‘pﬁd%pA%%%%fggﬁﬁ%f er?f‘%égt o Figure 1,
an el ect r ophotRar HUHIIMPANOLASENS v HIBRL ASi ANmEXBPPL LT +28

i mgebeari ng nmenber for beari'ng an el ectrostatic inmage forned by a known
process)s i s grohnded dpgedi <l ractddnb nof i o e B. t k8 &Bgrehber hand, a

devel opi ng sl eeve 14 (as a devel oper-carrying nenber) carrying a toner 10
(as a nono- ewnomeant devel oper) supplied froma hopper 9 is rotated in a
direction of arrow A to convey a |layer of the toner 10 to a devel opi ng
region D where 10 thet develespi res st qevindipahlly t bemphbsbsgnai tive drum 7
oppose each other. In case where the toner 10 is a magnetic toner, a nmagnet
11 i s di sposdwngnarartiHe errel Brehgl 5i@ev e sePRB1YBeRnghieSLEARNG attract

and hol d the magnetic toner 10 on the devel opj ng sl eeve, 15 whereby the
toner~i s subjiddt &P ASEFEIG RRAPITL T tHER AR ORFHRY) arsElate 10t acquire a

triboelgctri fficient f d | opi | ect tatic i I
the photoser S TOERrne S TUb MY PO TEORr o ST h8 P ayBRLERT BRnBos of 20
ih ti . £i S

forr omagnet et rn G AL A TRNE! LSt te Cofo b BBRLCR e

d | opi i 1. . . - f , f f

the devel opi ke alac i o1t R G BEe e oy S ol o BETRRaT B OTe

pole N of thedieditraddhyy sxoncent sateshée éhe pkafeis, awhereby a thin
| ayer of the toner 10 is forned on the deve#oplng sl eeve 14. 1 6 APR 2002

-96 The bl ad®1&:qdknlven gionpregicom o N3 xhY et i 8xbbAdandFart heasti n case
where the toner 10 is a non-nagnetic toner, the blade 8 may be ap elastic
bl ade conprigienpastetimme nelteylasiveiane redben, ofj ptbledest 80C. 5 The
thin layer thickness of the toner 10 fornmed on the devel opi ng sl eeve 14 may
preferably FEOSHRAVEIRINRGH The ndhiWom Bapf bRt GRBROPRBTIBRELBEI Ag sl eeve 14

and the phOtm%Sl%ncSL{lta{lyewedirg%n'l]: 1o?ta1§ hrg"ost 105. It is further
} preferred to have a main peak in a molecular weight

region of 5x103 - 3x104, most preferably 5%103 -

20 2x104. It is also preferred to have a sub-peak in a
molecular weight region of 105 - 108, more preferably
10° - 107.

A binder resin principally comprising a
polyester resin may preferably have such a molecular
25 weight distribution that a GPC curve of its THF-
soluble content shows at least one peak in a molecular

weight region of 3:{103 - 5x10% and contains 60 - 100



devel opi ng region D. The devel opi ng net hod according 10 to the present
invention is particularly effective in such a devel opi ng apparatus for the
scheme wherein an electrostatic image is devel oped with such a thin1maxﬂqﬂm2
of toner, i.e., a non-contact type devel opi ng apparatus. However, the

devel opi ng nethod according 15 to the present invention is also applicable
to a devel opi ng apparatus wherein the tefer |ayer thickness is larger than
the m ni num gap between the developing t sleeve 14 and the photosensitive
drum 7 at the developing region, i.e., a contact-type devel opi ng 20

apparatus. Hereinbel ow, further description of a_noncontact type devel opi ng
appar at us wif4- b%‘ﬁéd%.c?ﬁﬁ%ﬁ??ﬁghﬁﬁéP ?omﬁgﬁﬁPéaf,Wﬁﬁgh&ePgI@ﬁ ng sl eeve

14 is supplige i a el opin as_voltage.25 froma_power supply 15 so
as to causemé)dsj%mrr%éﬁng gfgalﬁo%%gtﬁér(ggggeﬁgﬁg- %8n%8¥8nta dé\%@ls%per) carried
on the devel gni Ve, 14, | ele; .6 _AP 397
devel opi ng 6?§%q%%?%ggge?%naé[£?§%§§%§g,&g%gﬁg Eﬁé%gprgg %%gﬁ t he
devel opi ng slyeqy®. 14 is supplied with a devel opi ng bias voltage which is
equal to a voltage given as a difference between a potential of 5 an inmage
region (svhere the tormgy Jdding atboshed tespPhoMbdeng Wi pyalfddrage region)
and a potential of a background region of an electrostatic imge. On the
ot her hand, nolerwledr tweidgict edbstthbutdtoai rgppesghteddt bynapeddiaiact eristic
of a developed inmage, it is 10 also possible to apply an alternating bias
vol t age to theakieveteplegcsileedecalldyet hétebgcboeni possibiller atd ng fiel d of
whi ch the voltage polarity alternates with tine at the devel opi ng region
In this cas®ravide prdre¥ cdithad gheddbadhppengmongevid xahid iduppl i ed 15
w'th an alternating bias voltage superposed with a DC voltage conponent
equal to thé”H%UV@gﬁ§ﬁ¥i%ﬁ%ﬂa T EFEhE2BEt RECR2DRe SitRRdd itdi on potenti al
and t he background re ign@&@tential. in the case of so-called

h

Further, 3
nor mal devel opnent eﬁh@?ﬁ?ﬁdéggoﬁgitpg REESEREd Y S Hi%Fher
potential regian of, €%§C+58§£9$Eﬁtﬁgﬁg8 Q%%%ﬂgcs G2 2 gher - potenti al
a a

region and a T'ower potenti regi on, oner arged to a"polarity opposite

to that of thG,ebecsroshabl€fsi APGRat§eHBET 1t wPRn! H%tceetl!éercﬁm% in the

case of the reversal devel opnment schénme wheréin a toner is attached to a

| ower - pot entdwadr I £k Ddle Of adgle E6ECEAOS BRMENLEREAc1&diny & ABRR002 ; _98_
toner charged to a polarity identical to that of the electrostatic image is
used. Her ei rpumidigneto pbderhiuai dang envawenmpatentihals reafrainsi timgotenti a
in ternms of absolute value. In any case, the toner 10 is 5

triboel Ectristabhle chevegbapiiue rerformenoer.befuedhetrhe inordre hsend t he
devel opi ng sleeve 14 to a golarity appropriate for devel opi ng an

el ect rost at iF i W&tRI of PHRIPROFBE:ASPEVIBIdAINRFL] ¥ad Ufevdithi ng appar at us

h in Fi 2, 10, | ast i |ate 17 i Si . terjal havi

ubber el asttITyC SELFCOR: U ERORRUPHLBER BF SPAMCOHSRARASS . or &
terial hayj . [ Ci . b t ai nl

CTedl i s usdiatlhinoEr hbEbEkne YERS" TABRIRTAR nl 3R Sef Toner 10

15 on a develll?é’i{‘Qnéi'egédff?t%éleéf‘gtgﬁse\%kfﬁﬂi%iBlgatae sthdit Pressed agai nst

t he devel opi ng sl eeve n suc el opi ng apparatus, a further thin

toner |gyer gaPfHEmAREEEIN 0BohBendeue! 9Rage Toeawedikdh. The other structure
of the devel opi ng apparatus shown in Figure 20 2 is basically identical to

that of the apparat usFahbnsrinoréi gwhenla dAddedenidsdal Havmigls in Figure 2
represent identical nenbers as in Figure 1. In the devel opi ng apparat us of
Figure 2, thituhoheonal gpptipedfbgarbblyidgow/end ydeicastl.c Heate 17 25 onto
t he devel oping sleeve 14 to forma toner |ayer

binder resin can be crosslinked via a coordination
linkage of the carboxyl or/and hydroxyl to the
25 zirconium atom, thereby exhibiting rubber elasticity.

As a result, the resultant toner can be provided with

excellent releasability, anti-offset characteristic,



thereon, so that the toner can be provided with a |arger triboelectric
charge and thus results in a 1 6 APR 2002 99 higher inmage densiiﬁ. thﬁ
type of devel opi ng apparatus is used for a non-magneti c nono-conpon tAP
toner. The devel opi ng sl eeve used as a devel oper 5 carrying nmenber in the
present invention may preferably conprise a cylindrical substrate and a
resi nous coating |ayer coating the subst¥ate surface. An exanple of such a
structure is illustrated in 1 Figure 3 which is a partial sectional view of
the 10 sleeve. Referring to Figure 3, a cylindrical substrate 6 is coated

opt i onal 1y BRCYERIR A oo i b i, e SETRE4 TndpBaR Ghar T ") Lbri cant
5, etc., as j o J 0 i substance 2 is
cont ai ned, P%%Qflreélgtﬂr?nco%éftcﬁjﬁlglq,&a}yg "sllr}%’eiasoé}'s&g%%égfr@%%%%%% ive. This is

effective f quaRRBVRN idHe W SHHG O Wa Pl uidCat OBRE - c1R1figse where the

filler 3 is Contained, the wearing of the resin coating layer 1 may be 20

suppressed, yald .t hgdQNRyr CRaA D Gy Rea St d BOS VarONEEPhESH-BY Lhe
charge-inparting ability of the filler. Further, in the case where the

solid | gbri gaolviBdd Wil & nethb et ¥ e R agebel dpindpepeeesrinifackonar and the
sl eeve can be inproved, thereby 25 preventing nelt-sticking of the toner
onto the sl esrntinuoushe megee ffrnatciapor diongoesr ¢l ebtooghnduct i ve
substance in a resin coating |ayer, 1 6 APR 2002 -100 the resin coating

| ayer may prafeyeatiipre)dfi ihe gtongnrkreakagei 3ttyhef cheandsg 106 ohm cm
more preferably at nmpost 103 ohmcm |In case where the volume resistivity of
the resin cERAGHEN afdie SLRAHNS BU6E GFRRNES CaPebeohbRPL1FEPEbl e to be

q
ekcessively charged, thus_resulting in occurrence of blotches or inferior
devel opi ng Eé‘rrfta’%rﬁncté’.e ﬁ?é"’ff&‘i]rfo& %%‘%ltl?%glfp%’f/%Yeﬂa?ngr EP8rably have a
surface .roughness in the range of . 0.2 .- 3.5 10 dun.jin,ter of JIS
cennte-0ine-§V%¥§b§§FHﬁ§Hﬂé§¥? ?%FT%F%EIgﬂ?ﬁ.ﬁoﬂﬁflkﬁgngng charge in
proximty t IS, 1 d e i S h oner is
rather fir mq'y he %ﬁ%e&l%ﬁ%ﬁﬁ%?@aél&:;?r%%%f?%rggﬁaggeéggg dingly a

fresh toner fuarddAfanlce£annair b £hafRieds Py NEnghee¥8n bhRereby | owering
t he devel oping perfornmance. If Ra exceeds 3.5 ~.un, the toner coating

amount on t keipPmeesaed Sil ighdes tandadén€kE@S6higgeSO hAbathktheikeder cannot
be sufficiently
image is toughened, it becomes possible to improve the
15 fixing stability and reduce the soiling of the
respective members even in the case of both-side
copying, superposed copying or using a document
) feeder, thus reducing the soiling of resultant images.
In the present invention, it is preferréd
20 that the crosslinkage leading to the above-mentioned
effects is caused to an extent providing a
recognizable THF-insoluble content. Morxre
specifically, it is preferred that the toner is caused
to have a THF-insoluble content of 1 - 70 wt. %, more
25 preferably 5 - 60 wt. %, based on the binder resin.

In excess of 70 wt. %, the fixability is liable to be

lowered.



charged but is ununiformy charged, thereby causing a 20 | owering and
irregularity of imge density. The resinous coating |ayer 1 may conq%iiﬁ
materials as follows. Referring to Figure 3, exanples of the R 202
el ectroconductive substance 2 may include: powder of 25 netals, such as

al um num copper, nickel and silver; powder of netal oxides, such as

anti nony oxi de, indium oxide and t|n oxP88; and carbon honol ogues, such as
1 6 APR 2002 -1ol carbon fiber, carbon black and graphite powder. Anong

t hese, carbon black is particularly excellent in electroconductivity and is

ourtably used becauscyhl, LIRS 3ufRn SEKLERRRAUEI oI GG BT 2L
control | ng £hg,a004 tLo0AROUYhLOSS el puEhg <3 %gﬁ i3 gl nref cr ably

have a nunber-average p Srz nore preferably 0.01

- 0.8 }.gymjjng f@@séfoi:oﬁgﬂmas'st bQ%%‘aE%So‘E' hf he i @trol the

vol ume resistivi rési nous coating |ayer. ?% ectroconductive
subst ance rraylpésﬁﬁﬁﬁblafoﬁeaﬁddeeaa@nasé. o3¢0 riti ngPar tb%nd“lfxe preferably 1
- 100 wt. parts, per 100 w. parts of the 15 binder resin constituting the
resi nousscoatifngageyRi thTbeygehl atom @BMpesedr wiaha dregail itk afedosi ti ve
charge control agent for toners. Exanples of other materials constituting
the filler 3fomyedneitdeotheor getad etppsungschsash adsimdlnumi ,num asbest os,
gl ass 20 fiber, calcium carbonate, magnesi um carbonate, barium carbonate,
bari um sul f ateroBinincaiant ezl siom.si Ascat #espidnolthe fastabildgguxy resin,
mel am ne resin, silicone resin, polynethyl nethacrylate nmet hacryl ate

copol yners seEhthe zesHEhans- 59??Fnéﬁh&€ﬁ§l&ﬂé¢§ﬁ1éﬁé kowars 9 ner

st'yr ene- but adi ene co ol ol ycaprol.actone; nitro en cont ai ni ng
conpounds, sﬁ%ﬂaﬁg ﬁg %QpFBPEEPSWFgﬁoP?vFﬁﬁFﬁﬁﬁ Y &M pol yam de; 16

APR 200 % a%o en- co alnlng ? Q 2 %hnylldene fluoride,
pol yvi nyiJ chi 3r{de poI yte etraf IFudr 6e ﬁ ene (?I 3& St actit o' St Ut oet hyl ene,
per f| uor oal kpxyd 3k efinCLBXLEAGRa BA LBl 3Lk =5 03, Rk deNE g nated 5

et hyl ene- propy ene-tetrafluoroet erne cop ymer

trifluorochl 9f ogtH¥EERAKULBY brChueLlide caRAley Mntdf Yecabualser and
pol yester. Anbng these, silica and alunm na are preferred because of their

har dness andwboae; char geabishihkagentwiah izigceffient .islGkSuwdtfvd | ers may
preferably be used in 0.1 500 wt. part, nore preferably 1 - 200 wt. parts,
per 100 wt. @ewensadfat bmabilndenteedi rndllesesdls d dashradcaansed nay conpri se,
e.g., molybdenum disul fide, boron nitride, graphite, 15 fluorinated
graphlté5 S|$§§¢ChﬁoﬁtuﬁlééF§ﬁlG@nt@aﬁcMmmRﬁﬂQﬂkaiﬁﬁQﬁﬂﬁﬁeme%#1$alc
Anong these, graphite_may preferably _be used because it has
electroconduct|V|ty i hta é&?tpﬁﬁoﬁﬁ F&EPFCFFF?M%T%ﬁ%PQ%@HQﬁqo%P¥Q&ct|on of

d f t h d
[ ovel of chbGet o PABPBNFor PISVBLORVER: SHIGING! (T ﬁtpﬁrf;;' o

preferably b f

parts per ngg,ggeglratrgc :}gggyﬁéégg té@} n. ngr%z{]eele‘b%ﬁgier resn n 4 used
for consti t%tBQeEQeré§§hﬂgu%nCQ?a@ G ilca%ein quaqilé)r@édé/ her with such
el ectroconducti ve substancé 2, filler 3 or/and solid 1 APR 2002 -103

lubricant 5,cadégingsmempered, MoRY cPEYifSea lesid . tauweh as phenolic
resin, epoxy resin, polyamde resin, polyester resin, polycarbonate resin,:
pol yol ef i n reshhaisihgcahe ovegamid |zicrdaondaooricanpourg rasd e binder
resin having an acid value in combination has been
found to acquire a large triboelectric charge even at
a2 low degree of contact with the developer-carrying
25 member surface.

The binder resin used in the present

invention may preferably have an acid value of 1 - 100



5 styrene resin or acrylic resin. It is particularly preferred to use a

t hernosetting or photocurable resin. The devel opi ng sl eeve nay be pﬁqgigg&
with further preferable performances by surface treatnent 10 thereof APR {07
abrasion or polishing for surface snoothing so as to expose the

el ectroconductive substance 2, filler 3 or/and solid lubricant 5 to the

sl eeve surface at an appropriate |evel79dr/and to snooth the surface for
providing a surface with a 15 uni fax~m unevenness. This is particularly
effective for suppressing |ongitudinal streaks appearing in solid black or

of fect i ve sing | ongi tu aks appearing in : 2
ctartup of (REGR B To e PREFERREYof) 5 7R BoRBhKot cRpEtRERY of hi g 20

hum di t ' T ' |ishi t t t b f d
by usi g an STERT NS Lol TR RAROR (o1 pBekFTREPethF RRRREFaRLY 2 O O

P e hosa AP RGGRIGD 108 LAL0 DhO0e! PReobBECyRIGETE blaBu FOr ™

unevenness, e toner coating anou 575l eeve "can be
uni for m zed, pd kS oM i £O rtgc ' ed ;
triboelectri?écatf%% ﬂ?%hg?ﬁgrg?%gb% ?gfﬁgec%%vg§§8§#gk?&% %é&gloping

region. SThi sthe lofgd¥it 2002cod fdmi SompsunBd1£8dPRgt B8 TRpRBVERENQr the
i nproved performances. After the surface-snoothing treatnent, the coating

| ayer may priaf ededdyoph@i stabsuitacend soaghness RA coseondong to JIS
HO601) in the range of 0.2 - 3.5 ~. un, nore preferably 0.3 - 2.5 dam for

t he sane reabwagesiowsztidedi abbiabl&htochei hdsifélicsehst natie themay
preferably i conprise a cylinder of a non-magnetic netal or a 10 resin. For
exanpl e, a rFRSBbHEEage cyffedri tal leaseexbibhtad.t hAn thespabelress st eel

al um num or copper, Such a cylindrical tube nmay be produced through draw ng
or extrusi ot efEh #F5e$D PHwedl pYokaE{ IngtB? BAPASHKI A§SA8r iSmprovi ng t he

si ze acgyuracy. t.o a 15 prescribed sjze accuracy. The cylindrical tube may

preferagry ﬁéﬁéﬁfsﬁ?e§%ﬂﬁx%?$%hﬁﬁt% B¥95?5ﬁ85f030t8n¥eﬁ395 pPeferably at
t 20 d t . b i . | asti b i f

rovi de a r cietes IR PFod PhEgl Hehd; 36 1dnd 2REFISRR 2800 " 1"

unevenness. The bl astddif Myofer PPEL OLREIoPY pUsLAGLBRLATEYR ABELI Cles hi ch
may be definitely shaped or indefinitely shaped. Now, an exanple of inmage

form ng met haged in Woehchfieadexel ophgotnet hadenesondi Bget Bakld Pnesent 25
invention is applicable, will be described wth reference to Figure 4,
whi ch i || ustmedsasramen traget iodai dgsappbedt velowsl udi ng a contact charging
nmeans 1 6 APR 2002 -105 and a contact transfer neans while the devel opi ng
met hod Bccordigid tvale> present invention is also applicable to an i nage
form ng nethod including a
The acid value of a binder resin in a toner
composition is measured basically according to JIS K-
] 0070 in the following manner.
As a preparatory step, from a toner sample,
20 the other components are removed to recover a binder
resin (polymer component) as a sample to be used for
measurement. Alternatively, the acid value and
content of components other the polymer components
(binder resin and crosslinked binder resin) are
25 determined in advance. (For example, in the case

where a toner sample is directly subjected to

measurement, the contributions of the other



corona chargi ng schenme or/and a corona transfer 5 schene. Referring to
Figure 4, a rotating drumtype photosensitive nmenber 801 conprising1q;ApRmm2
phot oconduct or | ayer 80l1a and an el ectroconductive substrate 801b is
rotated at a prescribed peripheral speed (process 10 speed) in a cl ockw se
direction as shown on the drawing. A charging roller 802 conprising an

el ectroconductive elastic |ayer 802a arftB-a core netal 802b is supplied with
a bias voltage V2 froma charging bias voltage supply 803. The charging
roller 15 802 is pressed against the photosensitive nmenber 801 and is
rotated following the rotation of the photosensitive nenber 801. Based on
the bias volCHRORGRANT eFUD tHe THRIPTRPT T e? BBINethe Bateadelof the

phot osensitive 20 nmenber 1 is charged to a prescribed yoltage of a
prescri bed F3i%r% .rmﬁﬂﬁég FRELHY P Ph AT n%?f?%% ﬁ%ﬁbangﬁft?s exposed

5?3La|?§ehi§§&gﬁgﬁﬂér<%%% I§| r %é ééai etggfﬁgﬁ,sggggg T oni oG

ige By a devel opi'hg ne%n; 805. e evel opi ng
805 i oy [opi I b . : . bi

vo??zge Vllfron1a%ﬁgve gpﬂhg‘%iéﬁ vo%?age g%p%fyéggg#aﬁ§?¥%&§5§n2la; , -106

The tongr i mage fdydBbmiht Nes BWEAseRsd tayerseERE. 801 is
el ectrostatically transferred onto a transfer-receiving material 808 under

the action of a tyansfer dins- vpl2 ageosuppsamsllér 081 acvakhageysupply 5 807
via a transfer roller 806 (as a contact transfer means for pressing the
transfer-reosighegl ned erecdr80Btoeiglive ghoWosehsi tive nmenber 801)
conprising an el ectroconductive elastic |ayer 806a and a core netal 806b.
The toner image 2 ansthe rsampie ol s elacedsiera180Pecoéirbenlerantad al 808 is
then fixed onto the transfer-receiving material 808 under application of
heat and prds¥uree BE @ Hedhugnessthanel xf A4l heBh3tere eeApiti®ingsa heating
roller 8lla and a pressure roller 811b. The surface of the photosensitive

menber Hb1 iBd9ed SHGERIRAER ALFRNTRgERDr SPBRAbS el of attached soiling

substance, such .as transfer. resi dual ner a cleaning,devi ce.809 having
an elastic cleani’ng b é%é“%ﬁ%?%%ﬁ %%a%%%?b?%%eﬁhﬁFogéﬁggFﬁgew%%ﬁbé} 801 in

a counter dhfgpg%%cﬁ%o jf@@dgfgﬁﬂglrgﬁpaggogybgyégéﬁgagge-rennving

exposure mneans e use a subsequent f Tmage formation

Wil e the ChaidditididtLfc 802 FatoPeed. §65Cahbarlads ca189Nkasiratltd gi ng
means in the above enbodi nment, the primary chargi ng neans can al so 25

conpri se anqiyaisirantachotdet Domgt FEaNtitsdtbrasnd ehaegedgdilcadayor a
chargi ng brush, or alternatively a non-contact corona chargi ng neans.
However15 t helriver mPRe2{&€00e,g., "AT-400" (equipped with Win
workstation) and "ABP-410", respectively, available
from Kyoto Denshi K.K.).
) 4) The amount of the KOH solution used for the
titration is denoted by S (ml). A blank test is
20 prerformed in parallel to determine the amount of the
KOH solution for the blank titration at B (ml).
5) The acid value of the sample is calculated by
the following formula:
Acid value = (8-B) x f x 5.61/W, wherein f
25 denotes a factor of the KOH solution.

<Molecular weight distribution>

The molecular weight distribution of a binder



-10~ contact charging neans' is less |liable to cause the generation of

ozone. Further, while the transfer roller 806 has been described, the
transfer means can al so conprise 5 another contact transfer neans, $6cAPRES(]
a transfer blade or a transfer belt, or alternatively a non contact corona
transfer neans. The contact transfer neggs is less liable to cause the
occurrence of ozone. Hereinbelow, the présent invention will be 10
described nore specifically with reference to Exanples, to which the
present invention should not be however construed to be limted. Table 1

bel ow shows r%%f&‘é"?'@én% &ﬁéP%a%.Té‘P' § 813@8}9’?}::%}%%‘[‘{@’(%5 g Table 3

shows magnetic materral's, respectively use s described

hereinafterTﬁﬁﬁgﬁg .thT?@lﬁ?ésuﬁédr§886P&§ﬁ§ £8skpe Q?E@der resins A-Q

wer e prepare y solution polynerization, and pol yester resin (Binder resin

H 20 was prapakads dyn dehysh ot detysrpsieasdhyorurRegatdangdtatheash) Magnetic

materials (i) (v) were prepared as magnetite particles by adding salts of
prescri bed elenendsl¥enbeinntes nsdbl yosopgemsgenherf ol | oned by pH control,
nore specifically 25 by adding a silicate salt for Magnetic material (i}, a
silicateé salt and an BhurheauGPGaappéoatiignet colmmhetisalst@bii)l,iz@dohosphat e
salt for Magnetic materi al 1 6 APR 2UU2 -los (iii), a magnesiumsalt for
Magneti c matiar imlhéat)chambencataf® v6. f bebrabyeoforamadAéFi)t e particl es
followed by addition of a silicate salt and pH control for Magnetic

mat eri al (AQ%O%Y%#ﬁwbﬁa@@u§%@tt@of¥©Wn¥BrﬁH€Bth6fCﬁégﬂ@t@ﬂe ticles
followed by addition of a silicate salt and pH control for Nagnetic
material (viDeMRRFHENEE AFaF EaFE ?Brlhﬁé2@fﬁc'nﬁpér?QP“Fvﬁqg,ukﬂﬂf after

f Or ni ' j al ] lLei, L. adging. (N ' I

fol loed by DIFEorRTBr 1§ b hi 481 bFt h4S5tPBon A"For CRRGHERAS ThEYor | a
ii). 20, 25 - b 1; . .Bi [ 20 25

éYhhér nong%gd%mm %?tﬁ%ﬁ%éggéft%gggggi%ﬁgléggi§§§%g%gﬁk¥ﬁﬁﬁ%gﬁgners

Wt . parts’ ~AQdfkeribution - is - perfPRbEPLELHER! of) Ualkue W ARIi RS GRNt ent peak
peak(m¢.$)Astyrene79.50.1229%00192002780000n-butyI

acryl at e20. (shva 1vvé depyg ensdn§Bséye e 7RoAdaT20 60081 63092450@0RaN- but vl
acryl at e80. Onono- n- but yl mal eat 0. 5di vi nyl benzene0. 5Cst yrene78. 53. 8186000147
002670000n- sdAmpples and having a logarithmic scale of molecular

acryl at e20. Onono- n- but yl nal eat el. 0di vi nyl benzene0. 5Dst yrene75. 513. 216500013
1002350000n-4RAght versus count number. The standard polystyrene

acryl at e20. Onmono- n- but yl mal eat e4. 0di vi nyl benzene0. 5Est yr ene69. 531. 814400011
0002860000n-FERA e ct 9F SR ESPADAHABRNCHURY FRALRERELOTO FUFVIy [M5eh ZheO. 51 |

those having molecular weights in the range of about
102 to 107 available from, e.g., Toso K.K. or Showa
) Denko K.K. It is appropriate to use at least 10

standard polystyrene samples. The detector may be an

20 RI (refractive index) detector. For accurate
measurement, it is appropriate to constitute the column
as a combination of several commercially available
polystyrene gel columns. A preferred example thereof
may be a combination of Shodex KF-801, 802, 803, 804,

25 805, 806, 807 and B00OP; or a combination of TSK gel
G1000H (Hygy), G2000H (Hgp), G3000H (Hygy), G4000H (Hgy,),

G5000H (Hyy), G6000H (Hgy), G7000H (Hygp) and TSK



1 6 APR 2002 -11o 5 10 15 Fstyrene72.544.813300092002280000n- but yl

acryl at e20. Onet hacrylic

aci d7. 0di vi nyl benzene0. 5Gst yrene77. 562. 512900071002540000n- but ylI 16 APR 2007
acryl ate20. Oacrylic acid8.0di vinyl benzeneO. 5Ht er epht hal i ¢

anhydri d(30) 12. 85760007500-0Otrinel litic acid(5)dodecenyl succinic

aci (15) pr opoxy- bi sphenol A(50) *1: Ml =68 indication in parentheses is used
only for nmononmers for Binder resin H 20 25 1 6 APR 2002 -111 Table 2: f
Waxes 10 15 20 WaxMaterial elting point (0oC)(a)polyethylene

90(b l yet h 130 | ypr opy] ene wax135(d)styrene-nodified
E@Typﬁo%SFe%ﬁuﬁgé§§f8¥ﬁg?g?giggﬂﬁggFngTﬁﬁﬂiFrgd pol y- 125pr opyl ene wax( f

ffo 7 5(g)Ei T h 80( h) Fi T h
VRI05(1) H ghor al conbhe v BEG T pRREE kB ok abPa28d  Fog tRBACHG02 - 112 Tabl e
3. Ma ti terial spb . i Tat er | i f.fe | .ement D1* 2
(un;sggﬁiLS;Zﬁnféh?sﬁﬁeﬁégéﬁgPQ??§ﬁ?iéaSgrﬁéﬁ?égééﬁ)E?@E?%§ 3199.19(ii)S

0.5/ AL 0.5Si1d886 Wy 2861 | %Q. 18(| 1 -23(v) Zn
L oIS 188 S o e 2o SR B B e S st a8 po o) TSPy Zr 1. oz

10090. 21§ Vi iTHen 0. 2Re *mix PuPEOPSr ki opi 8l eliifecalkenl GrRAL FeliRGHLD Up toO
20 s dissolution of iron. *2: D1 - Nunber-average particle sire. 20 25

of the resinous sample disappears and then further left
standing for more than 12 hours (e.g., 24 hours) at
room temperature. In this instance, a total time of
from the mixing of the sample with THF to the

10 completion of the standing in THF is taken for at least
24 hours (e.g., 24 - 30 hours). Thereafter, the
mixture is caused to pass through a sample treating
filter having a pore size of 0.2 - 0.5 um (e.g.,
"Maishoridisk H-25-5", available from Toso K.K.) to

15 recover the filtrate as a GPC sample. The sample
concentration is adjusted to provide a resin
concentration within the range of 0.5 - 5 mg/ml.

} <THF-insoluble content>
The THF-insoluble content of a binder resin

20 as a toner material or a binder resin in a toner

composition is measured in the following manner.
Ca. 0.5 - 1.0 g of a sample is weighed (at W,

g), placed in a cylindrical filter (e.g., "No. 86R",
available from Toyo Roshi K.K.) and then subjected to

25 extraction with 200 ml of solvent THF in a Soxhlet's

extractor for 10 hours. The solvent is evaporated

from the extract solution to leave a THF-soluble resin



1 6 APR 2002 -113 Exanple 1 Binder resin D Col orant (Magnetic materia
Organic zirconiumconpound 5 Wax (a) (mp. - 90 O Wax (b) (mp. - J@SAQZUUZ
The above ingredients 100 w. parts 1 (i)) 90 " (38) 2" 2" 4 " we
prelimnarily blended by a Henschel m xer and then nelt-kneaded through a
tw n-screw kneadi ng extruder set at 130 C. 10 During the nelt-kneading, the
vi scosity of the kneaded mi xture was gr&bual |y increased, whereby the
formati on of fresh crosslinkage was confirmed. The thus-kneaded product was
cool ed, coarsely crushed by a cutter mll and finely pulverized by a 15

| verizer using a jet air stream_fol]owed by classjfiLcation by a
glljl ;/i - Llizvi s:JCtS’Ir? rhts'lsi"‘fl?lé#h uts 19496 ‘Wfieeﬁo‘é% u’%f?‘écmbo@%:)?ﬂ?:aynagneti c

t havi i.ght - ticl [ f.7.5 T 0 wt.
ner D g S e O A AL L ERA S DA O [ SR B0 1
wder hyd ' ' : . St ' iLi fi wd f
povder, hy IRARAT, 2o o0 PIREHERL CURLLPBFIbog T ne pouder o
specific sugi?q&rg{,e%geg%ﬂ/&@%s’%i@oﬁ chRpdseRf sLrontiumtitanate

fine powder 25 were externally blended to prepare Magnetic toner No. 1.

Magneti G t OrRytd¥mine®@Xtibiiedy P4 TrHF-Sikednubldecontener (ras, of agnetic
toner No. 1 are shown in I" 6 APR 2002 -114 Tabl e 5. I\/agnetl?i Foner No. 1
was eval uat dd ypleiltred camMisCiabd y avai |l abl e el ect rophot ogr aphi ¢ copyi ng
machi ne having a corona charging neans ("NP-6085", 5 nfd. by Canon K K.)
after renodel i nCHR, Lquivppi rg) a= distret Opy g 51 £EW e-Bg par 8d0by coating a

sl eeve substrate with a resinous coating |ayer (phenolic resin: graphite =
3:1 by weight} first Alorermiiie o BHEOHRS ke sconbent heBHE ;g . an
environnent of 10 tenperature of 23 C and hum dity of 5 HRH and then for
conti nuous Y iHFOPSHVRFINRA PIFLAPRNYRIE oRFERACHLOBOTEFEOUARH, i. €.,

on totally 2100,0Q0 sheet The tes s perfornmed while renoving the
cl eani nd we "?edrqu fq&iﬁ'fﬁg gr)oléfsérg.oﬁ'\ﬁ%w$0ner on the 15 devel opi ng sl eeve

was provided wt | negat i tori ectr{c,c ge. As aresult, it was
possi bl e to obt éﬂlhnfalﬂ%hd—efmtvls%f(oﬁ'!’nhge%i h}év?%' a high i mage density and

free fromfog in both@enifAeMs tHdeas LW EPuadr 65 SPAVNLLRakR Table 6 and
7. Separately, a simlar continuous copying test was perfornmed on 25, 000
sheets in amy¥imwl it is appropriate to use a carboxyl group-
containing monomer, examples of which may include:
15 acrylic acid and a- or B-alkyl derivatives, such as
acrylic acid, methacrylic acid, a-ethylacrylic acid,
crotonic acid, cinnamic acid, vinylacetic acid,
} isocrotonic acid and angelic acid; and unsaturated
dicarboxylic acids, such as fumaric acid, maleic-acid,
20 alkenylsuccinic acid, itaconic acid, mesaconic acid,
dimethylmaleic acid, and dimethylfumaric acid,
citraconic acid, and mono-ester derivatives and
anhydrides thereof. Desired polymers may be
synthesized by polymerizing these monomers alone or in
25 mixture for copolymerization with other monomers.
Among these, it is particularly preferred to use mono-

ester derivatives of unsaturated dicarboxylic acids



tenperature/normal humdity environnent. The results are shown in Table 8.
25 The image density was neasured by using a Macbeth densitoneter

(avail abl e from Macbeth Co.) equipped with an SPI filter for neasurdnieAPR 22
a 1 6 APR 2002 -115 reflection density with respect to a circul ar inmage
of 5 Mmin dianeter. The fog was determ ned by neasuring a worst (nmaxinmm
reflection density Ds of a white backgr®dnd 5 region after inmage fornmation
and an average reflection density Dr of a transfer-receiving materi al

(white plain paper) to calculate Ds-Dr as a fog value. A smaller value
represents %kpetter fog suppression.effect . 10 The image quality was

eval uat ed by TopyThgraotE 8 BF190v3tuBation | evel s having i mage

proportions of 5 - 1 9 | hC of .5 _%each to_eval.uate the nunber
of reproducible gradggf%%g%ﬁégléfgﬁgié?géPeﬁﬁ P38 1PESPS80ci bl e gradati on

PV ES 17 aRseterd B W00k dRLLRALR00CAPYLRRORGH LA TRIEE. LheySol | NG

of the fixing nenber was eval uated accor ol 'owm nd standard: A:

No soiling oy tdshdhetgl "REPEEte B mShb8Phys0hbhhBE+N MBRObihA9 nMember. 20
C. Soiling on the fixing nenber was observed but no adverse effect was

observed on nidtea t@gafonddctPE hakéate NERBABaVEG1SALIBdteand of fset was
observed in the resultant inmages. After the 50,000 sheets of continuous

i mage 25 formmiompinenyl thel datd, teopenathy e/ bughrats, dnbypoedbyaC/ 80 %RH)

envi ronment, the copying apparatus was |eft standing in the environnent for
t hree days, fampraes, mdnGbwPRl ?f@mardté sudempnapbenwdr & ufnarade ;agai n to
measure the inage density. In the continuous inmage formation in the nornal
tqnperaturEVQQﬂNWRHﬁ%EY?r%ZQfC9Bk?ﬂ¥ﬂd50éﬁbpﬁﬁhﬁﬁnﬁ?iﬁﬁe suchl B@nt i mages
were evaluated with respect to_the Presence or absence of imge defects due

to soiling JICRIRIGY T 2 ReEPY hFUE6LRAESf oPPBRIMRG ML aRdard. A” No i mage
defeCtslo]1)é%té%§?%&@%f§ét8?sﬁéﬂggt£91anDELQERQEmET%g%te,
monomethyl n-dodecenylglutarate, and monobutyl n-
butenyladipate.

The above-mentioned carboxyl group-containing
monomer may preferably constitute 0.1 - 20 wt. %,

15 particularly 0.2 - 15 wt. %, of the total monomers
providing the binder resin.

A reason why a monomer in the form of a

) dicarboxylic acid monoester is preferred is that an
ester having a lower solubility in aqueous suspension
20 medium and having a high solubility in an organic
solvent or other monomers, in preferred.

In the present invention, the carboxylic acid
group and carboxylic acid ester site can be subjected
to saponification by an alkaline treatment. It is

25 also preferred to convert the carboxylic acid group
and the carboxylic acid ester site into a polar

functional group by reaction with an alkaline cationic



C. Some defect observed in a solid inage.

D: Defects were observed even in

ordinary inmage. Exanples 2 - 14 Magnetic toners Nos. 2 - 14 were pre €r$%
15 according to prescriptions shown in Table 4 otherwise in a S|nlldf APR 2002
manner as in Exanple 1 and evaluated in the sanme manner as in Exanple 1.

The properties of the respective magnetic toners are shown in Table 5, and
the evaluation results are shown in Tath¥s 6 - 8. 20 Conparative Exanples 1
- 4 Magnetic toners Nos. 15 - 18 were prepared in the sane manner as in
Exanpl e 1 except for using the follow ng Organic zinc conpound (172),
Organic iron co ou d (173), Organic alum num conmpound (174) and 25 Organic
chrom um cofi 75) respectively in place of Crganic Zi rconi um

conmpound ( 38), and then eval uate n t.he same_ nner in nple 1. The
Lﬁalsn%ntqrear%%%n 2khsd P

1 6 APR 2002 -117 prestyiptid

toners are
Tables 6 -

tBu (172)

propertie ¢ ihett

Ve magnetic

s Tl SR %%?V‘ﬁé?%@?gfégiﬁéﬁ nat i ng wat er

ol ecul €5 are o diod rcpfntsﬁwvmgaep f&hﬂ BU Bxafdres SF2HieQ 0 ~Z 0--C O

2002 -118 5 NO(Z OON=NONXZ 0 ~ CONH -- Q~C/ [\

10

15

20

25

alkalline earth metals, such as Na, K, Ca, Li, Mg and
Ba; hydroxides of transition metals, such as Zn, Ag,
Pb and Ni; and ammonium hydroxide, alkylammonium
hydroxides, such as pyriminium hydroxide.
Particularly preferred examples may include NaOH and
KOH.

In the present invention, the above-mentioned
saponification need not be effected with respect to
all the carboxylic acid group and carboxylic ester
site of the copolymer, but a part of the carboxylic
groups can be saponified into a polar functional
group.

The alkali for the saponification may be used
in an amount of 0.02 - 5 equivalents to the acid value
of the binder resin. Below 0.02 equivalent, the
saponification is liable to be insufficient to provide
insufficient polar functional groups, thus being
liable to cause insufficient crosslinking thereafter.
On the other hand, in excess of 5 equivalents, the
functional group, such as the carboxylic ester site,
can receive adverse effects, such as hydrolysis and

salt formation.

010 0 tBu GO ~ Fe ~ ~ \O CtBu ( 173)
15 C)tBQStB%ﬁ%éﬂl/mé&'&ﬁ&iudﬂu\hﬁhﬁbiid&w éﬂ7éiké1138 hBHaDs25r

ao

1 6 APR



O-- NHCO O O NOz O N=N O 0 NOZ 10 Conparative Exanples 5 - 8 (175) Magnetic
toners Nos. 19 - 22 were prepared in the sanme manner as in Exanple 8 gx$ﬁ96
for using the above Organic zinc conpound (172), Organic iron conpouh A 02
(173), Organic al um num conmpound (174) and 15 Organi c chrom um conpound
(175), respectively, in place of Oganic zirconium conpound (88), and then
evaluated in the sanme nmanner as in Exdﬁ%*é 1. The prescriptions and
properties of the respective nagnetic toners are shown in Tables 4 and 5,
and the 20 evaluation results are shown in Tables 6 - 8. 25 1 6 APR 2002

-119 Table 4: Toner riptions 10 15 20 25 Magnetic_taon s.Oganic
nmet al conpound (mﬂ.pgﬁfsﬁﬁlﬁﬁhéﬁiiﬁﬁﬁﬁﬁﬁéEﬂﬁ?%) g %t?@gﬁg%eggm

W . parts W . ' . Q

563 2) L1000 S0Ta CE TR aEE S S et TS RGN £t Fecse,

44116( 2) E( 1QQ)d i&id HaPilen éﬁHéEKEQé%ﬁéKDm&%OQé(&léﬂﬁﬁ)%ﬁe
6646(2) G 100) Vi (90) c(3) /] (3) BEx. 7777(2) DX 100)vii (B0)h(2) /1 (4)Ex.

8888( 2) A( 10QHHROMIH I /L (1DFK -ppm. -

99124( 2) D{ 100) vi i 1 (90) b(2) /(A EX. | OL0154( 2) D(100)i i (90) c(6) Ex. I | 11162( 2) E(
100) v(9G) f (3)/ h(5) EX.THe? BAME 2 ) e SO0 ) ar{ D O i Y b D) E¥mposition

| 313167(2) E(100) v( 90) f (3)/ h(5) Ex. | 414133(2) E(100) v(90)f (3)/ h(5) Conp. Ex.
115172( 2) D( tem)tiaiS0)my Bt (bhirided 64aS(1?)ist 0oy e f @03l 2) ha(d) &
317174(2) D(100)i (90)a(2)/c(4)" 418175(2)D( 100)i (90)a(2)/c(4)"
519172( 2) A( BA@SY Jo)as8) Viqrs ) temema iy %Embwé 9@% bt 3%’%%’9) "more
721174(2) A(100)i (90)b(3)/ c(3)* $22175(2) A(100)i (90)b(3)/c(3)  Table 5:
Toner pr opePredenaietIt — ttherba Akt ditecef aFNReP§RF2EPst ri buti onDSC 0 (
) THF- . _
i%so|ubleshﬁﬁR%kuﬁﬁﬂ«3¥gbﬁﬁwﬁﬁqﬁ%b-ﬁ%%%ﬁioh%iR%%ﬂWeﬁ?pggk(&?Sea(mx.$)Ex.
117. 511.9124000128002170000829Q24Ex ., 227. 42. 635700014200289000799114EX.
337. 61. %189 d&b%dﬁg%92ﬁfﬁgﬁiE§ﬁﬁ%?§%€?59 6b%1878b%g50000888138Ex.

777 511 8113000 ISR bR =g 7P AgbE8 68 B H38055 556568 2008
997. 311. 21238Q0 42600267 0B0ASRTAR3EXT + 1971 §1dp3+236§022709R4300008213521

fixability is liable to be lowered.

e

The binder resin used in the present
15 invention may be produced by solution polymerization,
emulsion polymerization or suspension polymerization.
In the emulsion polymerization process, a
} monomer almost insoluble in water is dispersed as
minute particles in an aqueous phase with the aid of
20 an emulsifier and is polymerized by using a water-
soluble polymerization initiator. According to this
method, the control of the reaction temperature is
easy, and the termination reaction velocity is small
because the polymerization phase (an o0il phase of the
25 vinyl monomer possibly containing a polymer therein)
constitute a separate phase from the agqueous phase.

As a result, the polymerization velocity becomes large



...cont. NO1o~-OCN Table 5 (cont.)
Ex.l11il7.825.585600106002450000897839Ex. |12127. 425. 782800105002360000887937E
x. 1 3137. 926. 3796001070D2470000897833ExX. | 4147. 226. 8913001080021800008$74

np. Ex. 1157. 41 2. 81950001270028900078906" 2167.511. 81840001290026700077919"
3177.311.5118000128003480000849126" 4187.613.01690001300024100076901"
5197.20. 121900018900256000671300" 6207-61%0: 122300019000248000691290"
7217.60.122100018800246000681290" 8227. 40. 122400018800251000681300 N N o~ a
-v NOON 1 6 APR 2002 -122 Table 6: Evaluation results in NI/LH (23

oo ot oaiR & FRLsiRs) TG e ¢ FAn GRS o e 88 Ca T L ontipe.
33 40-1 4008 A0 A1 0 50 S o
ggi:gg:i:ggg’ Z}’C%%g s}gj%ﬁ%ﬁ\%%é’l 36'41’1%&&5‘9&9%1%’5% PP111. 42-1. 450. 3-

0. 517 19AABdcBlat 42 i3 & kAR Adis Btada e B 0vdd - 18AABK. 14

Conp. s ch a colE)ﬁ:-an]tl5Ja Qﬁta]r@él%&lﬁr&ﬂ-%égﬁt =and GOthers

2161. 30-1.330.4-1.115-17AC" 3171.33-1.350.5-1.216-17A i C'

4181. 34- 1. 35lurd bk GienddCedsliQl Abrl . 33tk 7 -dr ddibe 473D

6201. 31-1.330.8-1.515-17BD" 7211.30-1.340.6-1. 315-18BD"'

8221. 31- 1. 33hegef oxih- H3GB ‘met3md icap dfe fadkvanyt apadesly 1s6édAPRr2002 - 123

Table 7: Evaluation in HI/HH (30 oC/ 80 oRH) 5
production of a toner binder resin.

l

In the emulsion polymerization, however, the
10 emulsifier added is liable to be incorporated as an
impurity in the polymer produced, and it is necessary
to effect a post-treatment such as salt-precipitation
in order to recover the product polymer at a high
purity. The suspension polymerization is more
15 convenient in this respect.
The suspension polymerization may preferably
be performed by using at most 100 wt. parts,
) preferably 10 - 90 wt. parts, of a monomer (mixture)
per 100 wt. parts of water or an aqueous-medium. The
20 dispersing agent may include polyvinyl alcohol,
partially saponified form of polyvinyl alcohol, and
calcium phosphate, and may preferably be used in an
amount of 0.05 - 1 wt. part per 100 wt. parts of the
aqueous medium. The polymerization temperature may
25 suitably be in the range of 50 - 95 ©C and selected
depending on the polymerization initiator used and the

objective polymer.



10 15 20 25 Magnetic toner No.lnage densityFogl mage qualitySoili ngl mage

density after- standi ngEx. 111.40-1.410.2-0.417-18A1. 35Ex.

221.40-1.420. 3-0.517-18A1. 36Ex. 331.40-1.410.2-0.617-18A1. 35Ex. 16 APR 2002

441. 36- 1. 400. 4-0. 717A1. 30Ex, 551.37-1.400. 3-0.617A1. 31Ex.

661. 34-1. 380. 6-0. 817- 18A1. 28Ex. 771.40-1.420.3-0.717-18A1. 35Ex.

881.32-1.340. 7-0. 916B1. 24Ex. -66-

991. 35-1. 380.5-0. 716- 17A1. 28Ex. | O101. 36- 1. 390. 3-0. 517B1. 27Ex. | |1 111. 41-1. 420
.2-0.3.17-18A1. 36Ex. |2121.40-1.420. 3-0.417- 18A1. 34Ex.

| 3131. 38- 1. 390. 4- 0. 617A1 28Ex. 14141.37-1,390.5-0.617A1. 28Conp. Ex.

1151. 28-1. 380. 2- 1. 215 *196/&1”1 T AR ised kn sthe mEesent. 12"

5201, 26. 1. 330 BN AL Mgp Bt 1y be proadcea i tne presence of

5221 26 1 350 SP IR IRPpl Pruieerchat pelyaeEiarlon sy ¢
E\é?: IUﬁtg' on i NWNA L Zd 60 Y rudBONSidr! PBOEndenshEYERY! Mage quality

Fi xabl etpnerimidiad A | efdidiahdHdesdi hépdMb&1akt ert enp. No. 5000050000500005
0000r ange sheets sheets sheets sheetsO ( C) Ex.

111. 411. 420. 50. 52019 A 285 Xe x aivdl & 1o £ 26h d Op 519PARd 690RrIDEX.

331. 431. 420. 50. 41919A165- 225Ex. 441. 381. 400. 50. 61819A160- 240Ex.

551. 391. 400 PO, e ligAtEEo A0kt 1 $16dr Jddy 370c 50381 9981 66n240Exal

771. 401. 400. 70. 41818A160- 235Ex. 881. 311. 340. 80. 71817B170- 210EX.

091. 341. 380 PRI YSERTGRIGNI? ITEK. 1 TOUs J6av 380, 0. Bed837BLe0-235 . ..cont. | N
| 'a-v NOQN Table 8 cont. S

Ex. || 111. 43f£uwat isnab oy - baoing | 2 1pal vperizat SonsppibAasdng40ex. | 3131.
431. 420, 4~0. 319 0A160- 240Ex | 4141. 421. 440. 50. 32019A160- 240Conp. Ex.

1151, 2749 326 6 ALK 2% POLRH1 G5 19534PH 0. BB 18R 86V 295"

Sl 2en sk Olhb%‘av"%éi*?sl T T hEA S R TR T S 11
(7)31][-) gsjl\-l %2383%1301'%2&'1@179 240i's € @@%@}13&%&"}1é&éézgﬁbéﬁ%ke’\' Cn 1 -,

2,5-dimethyl-2,5-(t-butylperoxy)hexane, 2,5-dimethyl-
2,5-di-(t-butylperoxy)hexine-3, tris(t-butylperoxy)-

15 triazine, 1,1-di-t-butylperoxycyclohexane, 2,2-di-t-
butylperoxybutane, 4,4-di-t-butylperoxyvaleric acid
n-butyl ester, di-t-butylperoxyhexahydroterephthalate,

) di-t-butylperoxyazelate, di-t-butylperoxytrimethyl-
adipate, 2,2-bis-(4,4-di-t-butylperoxycyclohexyl)-

20 propane, 2,2-t-butylperoxyoctane and various polymer
oxides; and polyfunctional polymerization initiators
having both a polymerization-initiating functional
group, such as peroxide group, and a polymerizable
unsaturation group in one molecule, such as diallyl-

25 peroxydicarbonate, t-butylperoxymaleic acid, t-
butylperoxyallylcarbonate, and t-butylperoxyiso-

propylfumarate.



1 6 APR 2002 -126 The fi xable tenperature range (C) shown in Table 8 for
Exanples 1 - 14 and Conparative Exanples 1 - 8 was neasured in the
foll owi ng manner. The fixing device of a conmercially available 5 c&p@$ﬁ&mm
machi ne ("NP-6085", nfd. by Canon K K. ) also used in the above Exanpl es was
taken out of the main body and renodeled so as to be able to arbitrarily

set the fixing tenperature and provi de-&7process speed of 500 nmi sec,

t hereby providing an external fixing 10 device. By using the external

fixing device, yetunfixed toner images on plain paper of 80 g/n2 were

subj ected to evaluatiqgn of the fixability. By setting the fixin
tenperatures in the rgﬂﬁggoF%f§§'-pf@ﬁlé%&P%%Mﬂﬁﬁﬁﬁﬁ & exam , fixed
images at the_15.r tive.tenperatures were ru 1 for 5 .reciproca tions
with a lens @Pgaﬁpﬁgggéﬁeﬁ’&n ér%a%Pbaﬁﬂﬁqu%f%Eg%f§ﬁﬁﬂ%ﬁﬁﬁ e the | owest
fixing tenpe LvYi.Ng {an[ _iqage ' I ' er rubhi ng of at
nmost 10 as aE?Fﬁﬁﬁsgﬁﬁffiéf?oSq?gn5§§§??%§9%?ﬁ?%ﬂﬁiégéﬂém bl%nitiation

tenperature badhEabesxdnagabgirbickaliohicii: B t g qther hand, an exter nal

fixing device having a set process speed of 100 nm sec was used to fix
yet-unfiged bErgepeeBxRadich aRapen,ol-vi@ (@, M. gither eby eval uating the
anti-offset characteristic. 25 For the evaluation, the fixing tenperatures
were set by boeyxepetbxyelclobexgdlpropand,empy at-ure range of 190 - 240 C,
and the offset behavior was observed to 1 6 APR 2002 -127 determne a

hi ghest non- bityéperemyeldvicardonatesasure of anti-offset characteristic.
A hi gher highest non-offset tenperature represents a better anti-offset
characteristic. 5 TheT&s&¢e PNFURGTRRAle PO lygteT izatiigmed in an
environment of normal tenperature/normal humdity (23 C 60 HRH). A fixable
t enper at ure FRAGEARRTSIBAYNEOE HECHed® PEPEREHPT Withtd on tenperature and

the hi t -af f set. t ture. A hroader. fixable 10 t
opr osele. anBBPLEPCFLETR. BOLPPFATAL IO d Tidrid Ok n TR SRR AL | on (oot

descri bed ab : syre _ i.t.i.on & er_speci es and
prpcess_speegég aépgnggge%gi??ﬂéb%@ﬂggfﬁg%ﬁz.ﬁégﬁgﬁgﬁge ent of the fixing
initiation 13cLeARarAUr ¢ 300 &g B ghash Mo figpt GEMPYAL LT & This is a
severer eval uation condition, sothat a broader fixable teriperature can be
obt ai ned undaecaabuali thion Rhet@od )t WIITHIY a duter toled sk hbghehel iM ts
of the fixable tenperature range are neasured 20 under identical fixing
condi ti ons (papefuandiphadepsdlymead).athxxand timtdndedo r&sitoC 100 w .
parts Col orant (Magnetic material (i)) 100 "

15 provide a toner binder resin satisfying various

requirements in combination.
Examples of the monofunctional polymerization
] initiator may include: organic peroxides, such as
benzoyl peroxide, 1,1-di(t-butylperoxy)-3,3,5-

20 trimethylcyclohexane, n-butyl-4,4-di(t-butylperoxy)-
valerate, dicumyl peroxide, a,a-bis(t-butylperoxy-
dissopropyl )benzene, t-butylperoxycumene and di-t-
butyl peroxide; and azo and diazo compounds, such as
azobisisobutyronitrile, and diazoaminoazobenzene.

25 The monofunctional polymerization initiator
can be added to the monomer simultaneously with the

above-mentioned polyfunctional polymerization



25 Organic zirconium conpound (39) 2 " Wax (b) (mp. - 130 oC) 2 " Wax (d)
(mp. - 115 C 4 " 1 6 APR 2002 -128 The above ingredients were
prelimnarily blended by a Henschel mixer and then nelt-kneaded t hr dubgAPR2002
tw n-screw kneadi ng extruder set at 130 oC. During the nelt-kneading, the
viscosity of the kneaded 5 m xture was gradually increased, whereby the
formati on of fresh crosslinkage was conf@&med. The thus- kneaded product was
cool ed, coarsely crushed by a cutter mll and finely pulverized by a

pul verizer usi ng a jet air stream foI | owed by 10 cl assi fication by a

mul ti-di 's'on Si fi til n f orma netic
tonelr h:ax: nlg 1t 35&33 I é\'}‘é:r EI‘G‘Ié( IB?ret %é’c%(? c1)f % P59 ‘igggwt .I

t f th t t I fi
B?Idér"hydrﬁsﬁﬁ REE AR, agis” s %Ixﬁieiane% ‘*EEIEPI £e8 ok Pt 0% v
of dineth Is e S)f&eﬂ% t BET
spec: fic gur g?lggqo?%} 5’% vvar% e\%rﬁg#é% dlarg ?/o p?eg%re
Magnet i c tong %ﬁag%ftew%g@%tﬂaﬁnt% mtl?a?tcﬁxmﬁ t@pex% am O her

20 properties of neti C toner No. are shown in Table 10 I\/Iagnetl o

toner No5 23pwagfevatianad By 1ysidid A tceArantitdddoyvai | abl e | aser beam
printer of a contact charging schene using a charging roller ("LBP 25 430",
nfd. by Canon K K ) f@heCabove-+mentirdndgd g omer 00t sheeisitiaspesti vel y,
in an environment of 23 oC5 %H and in an environnment of 30 o/ 80 %RH. The
1 6 APR 2002may2®redegabdy biee uwdeie|ispiary aasve alas0 pPovi deédwhith a
negative triboelectric charge. As a result, it was possible to obtain

hi gh- def i ni t P8R tSTRGEs 1IQ;§)VW?Yg Pawtgh afdde danensT and free fromfog in
both 5 environnents. The evaluation results are shown in Tables 11 and 12.
Further, a sinilar cofi r’rt’i’o@slsﬁ’rlprﬁeﬁf‘g”f%ttw Ao RiRdes HBEiPerforned in

Lt t / I di Th h
Tabl e 137 TOCTRE HAnGEoqaaa e Racks VA7 L dEPby P FR s AL 130 Ecr ot 6 dot s
h I flaig I 70 d i
igc(rg\?\s? >s<I ég ?’go urrnéj)%{?sl1¥’I]1{c'@1 sg‘g)m ng lﬁn%\/\e%ﬁl a\%]l acenf1 dot su?f a\r/(ra?tnlggal I ;

ca. 80 um angclatefialily.ca. 70 dam and by 15 counting the nunber of dots
securely reproduced with an areal reproduction percentage of at |east 60 %
The crosslinking monomer may principally be a

monomer having two or more polymerizable double bonds.

15 Specific examples thereof may include: aromatic
divinyl compounds, such as divinylbenzene and
divinylnaphthalene; diacrylate compounds connected

) with an alkyl chain, such as ethylene glycol
diacrylate, 1,3-butylene glycol diacrylate, 1,4-

20 butanediol diacrylate, 1,5-pentanediol diacrylate,
1,6-hexanediol diacrylate, and neopentyl glycol
diacrylate, and compounds obtained by substituting
methacrylate groups for the acrylate groups in the
above compounds; diacrylate compounds connected with

25 an alkyl chain including an ether bond, such as
diethylene glycol diacrylate, triethylene glycol

diacrylate, tetraethylene glycol diacrylate,



The 100 discrete dots were printed at three points on an A4-size sheet
along a longitudinal center line, i.e., proximty to near end and far end
and a mid 20 point along the center line. The image quality was eval GaARRA00?
by nunber of reproduced dots per 100 dots on an average of the three
points. A larger nunber indicates a higher inmage quality. After the 4000
sheets of continuous inmage 25 formati on®Pn the environment of 30 C/ 80 %RH,
the printer was left standing in the environnment for 3 days, and then

i mges were formed to neasure the inage 1 6 APR 2002 , -130 density. In

t he continuous_printing test in thg environnent of 23 C/5 sRH, the presence
or absence oPOL¥eEhE&eBPJELIEEPL| HGOPsOrPFRI LGN a BRI SSYIER&G 5 opposite

to the fol | o8t HGoL SRRLr 8 eREFREPey 87 BECEIAE e BLYG ] A AIdrtE ot de
was observedBA songolud boBinkd BV SHKEY hrany pBisnge B0 Sotling

observed on_ SoRESNEELS tnl5aEXQIkes G16ups?d MBI L IRb difs 24 - 33

wer e prepare I'ng to prescriptions shown in Table 9 otherwise i in a

sinilar ganngs,asyhAtEXaBRbeuhasakenAediual @d tin o R&aSHE dMAEIMAS N
Exanpl e 15. The properties of 20 the respective nagnetic toners are shown

in Table 10, aandrbhatevagatipoanaeaul eshaire boh@yn suchlal es 11 13.
Conparative Exanples 9 - 12 Magnetic toners Nos. 34 - 37 were prepared in
25 the sane pabgpexyeshiydehrd@pHe, 25 bdsddphyidon xysihegn e mirmrediescr i bed
Organi ¢ zinc conmpound (172), Organic iron conpound (173), Organic alum num
coppound (174yrylate, APR12082ethyleand 40r-gadi-® ic{domvdnaxarpiwenul X-175) ,
respectively, in place of O ganic zirconium conpound (39), and then

eval uat ed i nPrRPaBgAE aRANABLCas anF CRARENE IS bl Bt i ptions and
properties of the respective_ 5 rragneti c toners are _shown in Tables 9 and

10, andPhe 8VRPGALNEA NG BStPeCEYd adfo BT AUPSTANTed A 213 3% par at i ve
Exanples 13 - 16 Magnetic toners Nos. 38 - 41 wer repared in the sane
manner as i n9ERRRSI nzflhgxc?g)ﬁtvef (‘j:lpml?sﬂuﬁ%lst’hé—“% Paelc?{/)ees-e%ersgtrsf%%d Organi ¢

zi nc conpoung. LCc Lran 0 7 i 1 num conpound
(174) and Orgé%g%géﬁFgm%%%lp%g&ﬁg%dnd@’%%%%,d c’ﬁxjéesg%!cc?t“ﬁ/e y,é:itflllp ace of

Organi ¢ zi r cQRindMeoeO MARMAD (G2h)i1aM1¢ tHieh evaldtied, dw, ek SpMe nmanner  as

in Exanple 15. The 15 prescriptions and properties of the respective
magneti c tonepsyEueciionali rroaiidsnkd mnadehtsndudie as
15 pentaerythritol triacrylate, trimethylolethane
triacrylate, trimethylolpropane triacrylate,
tetramethylpropane triacrylate, tetramethylolmethane
) tetracrylate, oligoester acrylate, and compounds
obtained by substituting methacrylate groups for the
20 acrylate groups in the above compounds; triallyl
cyanurate and triallyl trimellitate.

These crosslinking agents may preferably be
used in a proportion of 0.0001 ~ 1 wt. part,
particularly 0.001 - 0.5 wt. parts, per 100 wt. parts

25 of the other vinyl monomer components.

Among the above-mentioned crosslinking

monomers, aromatic divinyl compounds (particularly,



eval uation results are shown in Tables 11 - 13. | Conparative Examples 17 -
20 Magnetic toners Nos. 42 - 45 were prepared in 20 the sane nmanner as in
Exanpl e 23 except for using the above-described Organic zinc conpoupg APR 200
(172), Organic iron conpound (173), Organic al um num conpound (174) and
Organi ¢ chrom um conpound (175), respectively, in place of Oganic

zi rconi um conpound (74), and then 25 evglodated in the sane manner as in
Exanpl e 15. The prescriptions and properties of the respective magnetic
toners are shown in Tables 9 and 10, and the 1 6 APR 2002 -132 eval uation
results are shown in Tables 11 - 13. Table 9: Toner prescriptions 5 10 15
20 25 Magnet@tvinpnébeNaene)gandc diecaly ladep aarpuadparars)Bitreler resin

(W .parts)vagnetic material (w.parts)Wax {w.parts)Ex.

| 52339(2) C( 18d¥h(206RBER) /16(3 )lékngl @214@4@?9&3(1@0@)%@1@)@(@/ h(2) Ex.

| 72589(2) D(100) i i i 100)h{2 )/ j (4) Ex. I82649(2)E(100)|v(lOO)b(2)/|(4)Ex

1 92798( 2) F( 19@%“9(1 ONE( BpXT 63}@@@2@?211(59%110@) C(rm)%&%w dt™3) Ex. 2129141
(2)CX100)V|| 100) e ) EX 2230 100) v 100 Ex. 233174(2) A(100)
i (100) c(6) Ex" Eﬂ@o%% %}ﬁ%f@of@?F? fﬁ )/d%%% '%)A«lOO)viii(loO)b

6) Co 2 100) b(2) / d(4)"

(10%),51%( gxc(%g 35&8%%%%%% 4) D 1(13231721( )2) C(100)i (100) b(2)/ d( 4) "
1237175(2) ©( 100) i ( 100)

143917322;%((100§i/|(||(1 om?’%} f&ﬁ%}%}%ﬁ%&%vmd(loo %IC‘%
1641175(2)C(ﬁ99%ﬁ'bhﬁi0 Gk rizhtd PRI 1lidbn polymerization.
1742172(2) A(100) i ( 100) ¢ 1843173( 2) A(100) | ( 100) c(6) ™
1944174( 2) A( A86pira108) @66)&&@4&5&7@(&&&(&&&)&(1&9) HAYeudr 1520 25 Table

10: Toner properties
variety of polymers including a low-molecular weight

10 polymer can be produced by adopting a high
polymerization temperature providing an accelerated
reaction speed, the reaction control is liable to be
difficult. In contrast thereto, according to the
solution polymerization process, such a low-molecular

15 weight polymer can be produced under moderate
conditions by utilizing the radical chain transfer
function of the solvent and by adjusting the
polymerization initiator amount or reaction
temperature, soc that the solution polymerization

20 process is preferred for formation of a low-molecular
weight component to be contained in the binder resin.
It is also effective to perform the solution
polymerization under an elevated pressure, so as to
suppress the amount of the polymerization initiator to

25 the minimum and suppress the adverse effect of the

residual polymerization initiator.

Examples of the monomer constituting the



Magneti c toner D4Aci dvbl ecul ar wei ght di stri buti onDSC (~C) THF-

i nsol ubl eNo. (um ( rgKOH g) MMVRi nSub- peak<10nai ncont ent peak( % peak(w . % Ex. | 5
236. 52. 734900014500257000831169Ex. | 6246. 41. 61750001630024400075815F6. AMHB-
411.5119000126001640000808418Ex. | B266. 627. 181300101002763000909526Ex. | 9276.
335. 2179008900- 957541Ex. 20286. 711. 41160007400- 85918Ex. 21296. 52. 435800014400
264000847612Ex. 22306. 82. 6361000145002586Q086135141 Ex. 23316. 90. 1209000188002
48000691340Ex. 24326. 10. 121300018700245000681160Ex. 25336. ' 20. 122100018900239
000691350 Y Wi ~i r~ OO0 N Table 10 (cont.) Conp. Ex.

9346. 42. 9164000146002580Q0721154" 10356. 32. 816700014400261000731143"

11366. 42. 9325000242 QA N0EAd] iml Y hel 2DHe 15 2 dXHRAIGH 430 0263000721150
13386. 62. 816900014500258000711354" 14396. 52.917100014500257000?31345"

15406. 42. 83180€6&440027v400080] 32 "1 nTEANE, :3 3. tYIES(00 St3002%9 000731350
17426. 70. 122000018800249000691340" 18436. 80. 120900019000251000681350"

19446. 10. 12168606 Y8$392580606M 360 0-2e43y 130 YEEIE0 OSSN e60 w i w
DNOON 1 6 APR.2002 -136 Table 11: Evaluation results in NI/LH (23 C/'5
HRH) 5 10 159209’2'5‘1’?17’56#(6@@ t Ende e HYRdgE eéhsiR BRI eRjey rene,

goe S, R B0 L2 IS %0 20, S 0N 10
oL 411 440,00 SRENAIGH LD T T 0 007 e 2
0L MRS R, § PR, o
351.29- 1. 3415n1 198719 en%l AL 2501{ ]f.I@nle 9%};@3@@1C .

371.30-1.341.8-2.08 -93 ' 4-2.484-8

391. 26- 1. 33130d2cy1 s@yr@Bel’ ethyi@hiza1l WB4hshthtded fénodbefins,
411.28-1. 321. 5-2. 484-89CC" 17 ~ 421.28-1.311. 4-2.086-89DD" 18
431. 29- 10321 stch. 387 ¥dbllere, 19 ropid ehe?9-bit3A eneh- 2213 88-91 D DI " 20 45

1.31-1.32 1.6-2.0 86-90 D
isobutylene; unsaturated polyenes, such as butadiene;

halogenated vinyls, such as vinyl chloride, vinylidene
chloride, vinyl bromide, and vinyl fluoride; vinyl
esters, such as vinyl acetate, vinyl propionate, and

15 vinyl benzoate; methacrylates, such as methyl
methacrylate, ethyl methacrylate, propyl methacrylate,
n-butyl methacrylate, isobutyl methacrylate, n-octyl
methacrylate, dodecyl methacrylate, 2—ethylhexyl
methacrylate, stearyl methacrylate, phenyl

20 methacrylate, dimethylaminoethyl methacrylate, and
diethylaminoethyl methacrylate; acrylates, such as
methyl acrylate, ethyl acrylate, n-butyl acrylate,
isobutyl acrylate, propyl acrylate, n-octyl acrylate,
dodecyl acrylate, 2-ethylhexyl acrylate, stearyl

25 acrylate, 2-chloroethyl acrylate, and phenyl acrylate,
vinyl ethers, such as vinyl methyl ether, vinyl ethyl

ether, and vinyl isobutyl ether; vinyl ketones, such



Dy *: Soiling of fixing nmenber 1 6 APR 2002 -137 Table 12: Eval uation
results in NT/LH (23 C5 HRH) 10 15 20 25 Magnetic toner No. | mge 16 APR Y0
densi t yFogl mage qual itySoiling*l nage density after- standi ngEx. 02
| 5231. 40- 1. 440. 4- 0. 894- 100A1. 37Ex. 16241.41-1.430. 4-0. 894- 100Al1. 38Ex.

| 7251. 40- 1. 420. 5- 0. 793- 100A1. 37Ex. |8261. 40-1. 420. 6-0. 794- 100A1. 38Ex.

| 9271. 41- 1. 430. 4- 0. 895- 100A1. 38Ex. 20281737-1. 400. 7- 1. 091- 98A1. 34Ex. 21291. 36
-1.400. 8- 0. 990- 98A1. 32Ex. 22301. 34- 1. 371. 0-1. 191- 94B1. 30Ex. 23311. 33- 1. 351. 2-
1.290-94C1. 27Ex. 24321. 32-1. 351. 0- 1. 489- 92B1. 25Ex. 25331. 30- 1. 321. 5- 1. 688-92C
1.23Conp. Ex. 9341.28-1.311.8-2.087-90B -1.18"

10351. 29- 1. 34 . $iRyP836eBiBEl. #6todd 36¢iRB1 1h88¢16katd8e, 9@aBH MEthyl
12371.27-1.311.7-2.187-90C1. 16" 13381. 26-1. 291. 5- 2. 286- 89CL1. 14"

14391. 28- 1. 2dopr@pa8yl ghetiond: N5SUdnyR7compounds?. §85hg388]1 Ni3"

16411. 28-1. 301. 5-2. 286-89C1. 11" 17421.26-1.291. 7-2. 085-89D1. 09 1 6 APR
200Z -138 5 Vipybryprolegs¥ivinvicaygbazgle, 1§svipplingolegsend Nz 30
1.9-2.087-90D1. 08" 20451,29-1.30,1.8-2.187-90D1.07 * Soi ling of fixing
menber 25 BT R ﬁ%rr%%%?%%?roﬁlPﬁlﬂﬁ?RFPPé§€F8® $RAYL1ifn cl mage

B ol Lo er i TRy s, o8 e hlarrer i poi st PEFAVPEAYESRy. R BoA05000050000

g) Bx | 2031 4 ‘gﬁtﬁ%‘b"?ggf%b% ﬁ%§8§€g§§gié5ﬁle42i‘nﬂlﬁ'c'sré’ LoY3FSEATAS 100EX. | 72

51.421.420. 60, dP999A140s 2006 e L HeRT i 8REa4 408 UnEARLARALAD 200 | 9271. 411.
420. 70. 89899A145- 200Ex. 20281, 381. 391. 00. 89796A135- 190

) and the diesters of the above-mentioned dibasic acids.
These vinyl monomers may be used singly or in

10 combination of two or more species.

Among these, a combination of monomers
providing styrene-based copolymers and styrene-
acrylate-based copolymers may be particularly
preferred.

15 It is preferred that the binder resin
contains at least 65 wt. % of styrene polymer or
styrene copolymer so as to exhibit good mixability
with the organic zirconium compound.

The binder resin used in the present

20 invention may be in the form of a mixture of a high-
molecular weight polymer component and a low-molecular
weight polymer component obtained through various
processes, inclusive of: a solution blend process
wherein a high-molecular weight polymer and a low-

25 molecular weight polymer produced separately are

blended in solution, followed by removal of the

solvent; a dry blend process wherein the high- and



...cont. i wi o~ b -0NOGON Table 13 (cont.) r ~, , i i ,

Ex. 21291. 391. 380. 90. 99795A140- 195Ex. 22301. 351. 361. 01. 19595B140- 195Ex. 23311.
361.351. 11. 29492C145- 180Ex. 24321. 331. 341. 21. 09192B145- 180Ex. 25331. 311 ARRM(I%
1.19091C145- 180Conp. Ex. 9341.271. 301. 81. 29288B140- 185"

10351. 281. 291. 51. 69089B140- 185" 11361. 271. 301. 61. 89287B145- 190"
12371.281. 311. 71. 59489C140- 180" |3381. Z3I3-262. 01. 59086C145-1 85"

14391. 221. 251. 42. 18988C145- 185" 15401. 251. Z52. 21. 88885C145-190 ...cont. i O
i o~a NOON Table 13 (coast.) Conp. Ex.|6411.241.26 2.42.08785C145-180"
17421. 241. 25 1.81.59187D145- 180" 18431. 261.27 1.91. 89088D145- 180"

19441. 241. 251 dw#tho88¢82BT4Hei8lt POAyhedE]l a4 Mmellt-6aR881¥IAN HWE80 o~ D N O O
N 1 6 APR 2002 -142 The fixable tenperature range (C) shown in Table 13

f or Exanpl esmégns 25, apdgConpar exitvadEran@ings & twEtwas neasured in the
foll owi ng manner. The fixing device of a commercially available 5 | aser
beam pri nt erPPlYBPrazetions groggseandereir B oy ME&FYIRY e bl e
Exanpl es was taken out of the main body and renodeled so as to be able to
arbitrarily BetYRRE PERPAGCeHenfelatuPy &vdWrich ROL¥iTIEAS Ypekt of 50

i , Thereb i.di, 10 ext | .fixi.ng device. B ' th

et o1 nal® 1 xAPG LY Be Ry B NIAPPES PO THOES D8 A RC PERR Sbr 60 gf 2
bj : [ f fi iJity. et ti he fi xi

ermper atur os LA PARAEGr ol R sl sl T o oh, i e

| mages at 155h390E@8RCEH! LRHRIBICH Yol g duRliEd {011 Ju6gobpr ocat | ons

with a lens cleaning paper unde d7of 4.9 kPa to determne the | owest
fixing tenpepabHi@gdivi AT wateFraRddensiing Wt rafd @fidadPi ng of at nost

10 % as a fixing initiation tenperature. A lower 20 fixing initiation
t enperature padigat edowehelt efthe dry blend process leaves a

10 problem regarding the uniform dispersion and mutual
solubilities, and the two-step polymerization process
makes it difficult to increase the low-molecular
weight component in excess of the high-molecular
weight component while it is advantageous in providing

15 a uniform dispersion. Further, the two-step
polymerization process providing a difficulty that, in
the presence of a low-molecular weight polymer
component, it is difficult to form an adequately high-
molecular weight component and an unnecessary low-

20 molecular weight component is by-produced.
Accordingly, the solution blend process is most
suitable in the present invention. Further, it is
preferred to use a low-molecular weight polymer
component having a prescribed acid value through

25 solution polymerization because of easier setting of
the acid value than in the aqueous system

polymerization.



fixability. On the other hand, the offset behavior was observed to
determ ne a highest non-offset tenperature as a neasure of anti-offset
characteristic. A higher 25 highest non-offset tenperature represen%slﬁ
better anti-offset characteristic. The above eval uations were both!b A 2002
performed in 1 6 APR 2002 i -143 an environnment of normnal
tenperature/normal humdity (23 C 60 oRHi~ A fixable tenperature range was
defined between the fixing initiation tenperature and the highest

non-of fset tenperature. A broader fixable 5 tenperature range represents a
better fixing performance of a toner. Exanple 26 Binder resin H 100 wt.
parts Col orant (coppekt phshalseypnefie¥rdd" toQuerganpolyiesteni wasdampound
(40) 2 " The above ingredients were prelimnarily blended by a Henschel

m xer and t s the thir@edcieshfough RrehpRrsdr cpmResAding Ot SYgdr set at
100 C. During the nelt-kneading, the viscosity of the kneaded 15 m xture
was gradual 13 BREresset, Taptreb§ @ﬁ§°¥bPﬁﬁtP8¥°Uf fresh crosslinkage was

confirmed. The thus-kneade roduct s_cool ed, coarsely crushed by a
cutter nill and fineh@xﬁﬁ?g%giQ dabgngﬁEFGeF?EBgogsFR@%89F€F &Y stream
foll owed by 20 ¢l assifi ion i-division classifier utilizing the
Coanda € fecltncflccjuc?le' élg% Sugﬁ S”HH; 1ef18ngﬁyﬁ8\ii'n ré’p\?éieé]het-average

or m a noh-ragnefTc cyan

particle si of 8. 10 t ; t he o.cyan toner, 1.5 w.
parts of hyéfg%ﬁ%%ic t?tgﬁggﬁ%?%glboaﬂgﬁb?ggﬁéglgg'ZQ'Rydrophobizing 100

w. parts Ofb@@@ﬁé’éfoipralé’cﬁﬁﬂéﬁefbl‘?c_@@‘,"d%&ig'tﬁ?ﬁ%%@ M idea suffuric acid
process with 10 wt. parts of 1sobutyltrinethoxysilane and 10 wt. 1 6 APR
200Z 'i -144 perpeninddrelhyl s6lhegareandihariebgeatit Gagomgt tability of
65 % and a HET specific surface area of 75 n2/g was externally blended to
prepare Cyam+tetieylfb, 3ihefynadioher hidrogenshiedi bagpbénol82A um O her 5
properties of Cyan toner No. 1 are shown in Table 14. Cyan toner No. 1 was
eval uat Kl ackbsehemols ahé ferivarhnyeseserrespnyedeval ke on t est s>

following formula (A):

CHq
H—{OR+§-O4<:>Fé4<:>%0—+RO%§—H (A),
b,
15 wherein R denotes an ethylene or propylene group, x and

v are independently 0 or a positive integer with the
proviso that the average of x+y is in the range of 0 -
10; diols represented by the following formula (B):
H—{OR'%§—04<:>>O-+R'—O}§—H (B),
20
CHq CHqy
wherein R' denotes -CH,CH,;-, -CH,-CH- or —CHZ—L— .
by
x' and y' are independently 0 or a positive integer
25 with the proviso that the average of x'+y' is in the
range of 0 - 10.

Examples of a dibasic acid may include



A comercially available color printer of a 10 contact chargi ng schene
using a charging roller ("LHP2030", nfd. by Canon K K ) was renodelled in
the foll owi ng manner and subjected to continuous printing on 3000 shdehRR W
an environnment of 15 ¢/ 10 %RH and an environnment of 30 C/ 80 %=H,
respectively, to 15 evaluate the resultant inmages wth respect to i mage
density and fog. The toner on the devet®p+ng sl eeve was provided with a
negative triboelectric charge. 1 The toner was subjected to a continuous
printing test on 3000 sheets also in a normal tenperature/ normal 20

hum dity environment. A devel oping sleeve was prepared by polishing an

al umi num cylherrenediqarbexyhigudetdd: afeehr aanghtheligm peidhi ckness to a
deviation fromstrai ghtness of at nost 10 pmand a surface roughness (Rz)
of at 25 nDSEeQPQﬁﬁhQ%%Cs?%é@eaﬂﬁsl§%PhPB¢EF§aﬁF9danén@h§h&ﬁﬁer and | ower
ends t her eof r sked in,a width of 3 pnmeach, Wile the vertically set
sl eeve was a%ﬁ%ﬁ%é%%%oﬁﬁé;lgﬂﬁg ?£¥§{eﬁsﬁFr§7cBﬁEYAHPcéﬁggﬁylécpaint
(conpri sing 5 ) ts_of phenolic resin.precursor, 5 . .parts of
carbon bl acieC i iR §1 GrlETiLe afrife GripRFLecTHL aebagR s o

met hanolg an . Of _LsQpr I C applii to the

out er SLﬁfag%ggf %ﬁ% %?%%éégt%?ggghggasﬁégskggﬂ8%§6§§%30%ﬁ&a? P%qét a
constant spegthylhes €0 €0 Bk PEVEr VREKRBRRT duBEt18dtEdl QLc®inTicn- in a
drying oven for drying and curing to forman el ectroconductive resin
coating on tdeidd, sde@veheiTheaghalir Dgevasnihebwerbbedyw tatardd;at strip for
polishing under a load of 4 kgf to forma coated sleeve with a uniform

t hi ckness ofared emis@constted | @bcaesoryl iyeacidbe sheht necd@ncacticve | ayer had
a thickness 15 of 10 p.mand a surface roughness (Ra) of 0.87 umas an
average at GA@uintmabatcexbidi t eitaapenttc| ahdddaeds ithcRHicTheisl,eeve was
provided with a flange at each end to form a devel opi ng sl eeve. The inage
densi t y*Qas 3RS bynhigdridas p0anicBet hvaEivest Pén thessi-t onet er
(avai |l abl e from Mache he fgaémas measured_as a difference in

h Co.).
reflection density oniﬁni%yéfﬁ BT bE 8nu§emﬁiP81§H¥9§F8uﬁ&cﬁgfﬁipn of a
transfer pa%%ygg&e%léé%f%éggcagg%&hg Eﬁaﬁgéggpggggégggﬁobﬁg rinting as

nmeasur ed by are n-deénsrtonet er TC6DS"
ilable f gl k I : bet t
avall abl € rfﬁﬂéﬁ#%ﬁb &?8@5% 5%%?%88§c§ggéhﬁﬁe¥é e TeREISAH P Detter

f 0g- suppr essi on ect. A Image quality s eval uat ed

in terms of COhpsEPRO0URT BbhbiNatloAd #ifh! @8heMBBBGE ARnitiomead Pl e 15. After
t he 3000 sheets of continuous image 5 formation in the environnment of 30

0oC/ 80 -sRH, dheoipsl nked smasdleft standing in the environnment for 3 days,
and then sone imges were forned to neasure the inmage density. 1 The
reverse side soiling Evamklesi bEnghchapolPhpldsércyedcahod sneasur e of toner
scattering simlarly as in Exanple 15 according to the foll ow ng standard:
A: No reversineglu@esosPrpgtoB; RedePsb-bpdansseticed .wds 4are and slight but

observed. 15 C Slight reverse sidE soiling was observed _on sone sheets. C
Remar kabl e r¥RERPLEARE dePERFPRRYTREL tBhs eV B L3R YShTE toeet s. During the

ot the hal FUBHESTRAGE: BAFY FBR: wis a4 BN Ca e T uge densi ty
I A e e T e e
obser ved. methyl-1,2,4-butanetriol, trimethylolethane,
trimethylolpropane, and 1,3,5-trihydroxybenzene.
Examples of polybasic carboxylic acids may
include: trimellitic acid, pyromellitic acid, 1,2,4-
25 benzentricarboxylic acid, 1,2,5-benzentricarboxylic

acid, 2,5, 7-naphthalenetricarboxylic acid, 1,2,4-

naphthalenetricarboxylic acid, 1,2,4-butanetri-



C. Slight imge density irregularity in halftone 1 6 APR 2002 -147 images
was observed on sone sheets. D Inage density irregularity was observed
over a wide area when occurred. The evaluation results are shown in TatAP&S00?
15 5 - 17. Conparative Exanples 21 - 23 Cyan toners Nos. 2 - 4 were
prepared in the i sanme manner as in Exanple 26 except for using the
above-descri bed Organic zinc conmpound {242) and 10 Organic iron conpound
(173), Organic al um num conmpound (174), respectively, in place of Organic
zi rconi um conpound (40), and then evaluated in the same nanner as in

Exanpl e 26. The properties of the respective cyan toners are shown in Table
14, and t he cazharlon asideshl 2 sodrexantwmi carosybic18cidy7

I ncidental ly, Organic chrom um conpound (175% showed a dense violet color
and was not st @*%&eﬁrwwgﬁm rifidgeht3t@icarkganiréner. 20 25 1
6 APR 2002 -148 Table 14: Cé/an toner properties 10 15 20 an

t oner D4ACi dT Rt = Rt iyt %?%?FI?%’EX‘? e, tetra(methyléne-

11 7864007600 SRFOONIT Aan. o 1SRI00 R0 SOOTORED BT 22382818 0573007500
Eval uat | 5n 1ETHS THIG O TOWRTE [0y Ar T ohet fac| Aado REASI { yFogl mage
alkyl esters; and also tetracarboxylic acids
represented by the formula of:
) HOOCCH-X-CHCOOH
HOOCCH, CH,COOH
10 (wherein X is an alkylene or alkenylene group having 1
- 30 carbon atoms and capable of having one or more
side chains of one or more carbon atoms) and anhydride
and lower alkyl esters thereof.
The polyester may desirably comprise 40 - 60
15 mol.%, preferably 45 - 55 mol. % of alcohol component
and 60 - 40 mol. %, preferably 55 - 45 mol. % of acid

component. The polyfunctional component may be used

in a proportion of 1 - 60 mol. % of the total
components.
20 Such a polyester may be produced through a

known polycondensation process.

When the toner according to the present
invention is formed as a magnetic toner, the toner
contains a powdery magnetic material, examples of

25 which may include: iron oxide, such as magnetite,
hematite and ferrite; metals, such as iron, cobalt and

nickel, and alloys of these metals with another



qual i tyHal ft one :

irregularityEx.2611.62-1.660. 7- 1. 495- 100AConp. Ex. 2121. 60- 1. 610. 9- 1. 890- 98DC
onp. Ex. 2231. 58- 1. 620. 9- 1. 791- 97CConp. Ex. 234l . 60- 1. 640. 8- 1. 694- 99B Tab! FPRIEN
Eval uation results in 30 ¢80 %RH 15 20

Cyanl mageFogl mageBackl maget oner densi t yqual i tysoi | i ngdensi t yNo. aft er st andi ng
Ex. 2611. 57-1. 620. 5- 1. 591- 100A1. 52Conp. BExR2121. 55-1. 590. 7- 2. 188- 98C1. 41Conp.
Ex. 2231. 54- 1. 580. 6- 2. 287- 98D1. 40Conp. Ex. 2341. 56- 1. 600. 8- 1. 789-99B1. 46 25
Table 17: Evaluation in NT/NH (23C/ 60 $RH) Cyanl mage densityFogl nmage !
qual ity I
Fi xabl et oner PAemealtAf tsardnias &l lAMtierdmi taapipAdt erXeap, NoaGOOOB3@AN3000r angesh
eet ssheet ssheet s(C) Ex. 2611. 601. 611. 21. 010097140- 200Conp. Ex. 2121. 581. 571. 61.
49895140- 190&3Rp. BLNFI3 AIEEMOTy),. PEGAGANN0-HiCurip. Fxa@B8#um581. 591. 31. 598
96140-195 0 a -v NOON 1 6 APR 2002 -151 The fixable tenperature range

(C) shown i nCRAGAEM™ 7 MEHO3BLEER| SedeTHnm .Clifami e Bngptes and 23 and

Tabl es 21, 25 _and .29 for Exanples 27 - 29 and Conparative Exar’rl)l es 24 - 34
was neasur ed VPR3PAE™ AR WP TRE e EPARE 1 i MagPRfels ReBEiGiesmercial |y

avai | abl g copyi,n hi "CLC-800", nfd.. Db on K K. ) also used in the
above Exgrrpl @é&&g&%&g@ﬁg&tCO&%a[lﬁ!e Frdl T cf%}lz%’j‘ﬂge’?%rﬁ)del ed so as to be
able to arbitrarily s 1 fi i]{%& { er. € royvi de process
speed of 100 mi sec, ?Ejeer gﬁy?%rtol\ﬁ( |ngerginrgiex"?§e#{nalll?%§n§¥%l%%? e. By using

the external jhiyghRg ofeWiase con@irild X%ef LN ol {TRPES 98, PAI N paper of 80
g/ n2 were subjected to (?\?gl,cuation of thle fixoablili'ty. By setting 15 the

fixing tenpemayneestie) magyheaiige 0ffek? te 20 HGatturer SFephsesef 5 C each,
fixed i mages at the respective tenperatures were rubbed for 5

reci procati opsntatiniag ensidlfearinty (daper, unsterivon pasi @fiedt 9 kPa to
determ ne the |lowest fixing tenperature 20 giving a inmage density | owering
after rébbing of at nddt iB0 pardd calfandingrefidrzdd oro tespeaat ure. A | ower
fixing initiation tenperature indicates a better

magnetic iron oxide containing at least one element

selected from lithium, boron, magnesium, aluminum,

silicon, phosphorus, sulfur, germanium, titanium,

zirconium, tin, lead, zinc, calcium, barium, scandium,

15 vanadium, chromium, manganese, cobalt, copper, nickel,
gallium, indium, silver, palladium, gold, platinum,
tungsten, molybdenum, niobium, osmium, strontium,
yttrium, technetium, ruthenium, rhodium, and bismuth.

It is particularly preferred to contain at least one

20 of lithium, beryllium, boron, magnesium, aluminum,
silicon, phosphorus, germanium, zirconium, tin,
sulfur, calcium, scandium, titanium, wvanadium,
chromium, manganese, cobalt, nickel, copper, zinc and
gallium. It is most preferred to use a magnetic iron

25 oxide containing a different element selected from the

group consisting of magnesium, aluminum, silicon,

rhosphorus and zirconium.



fixability. On the other hand, the offset behavior was 25 observed to
determ ne a highest non-offset tenperature as a neasure of anti-offset
characteristic. A higher highest non-offset tenperature represents #&Sb&RRi78H
1 6 APR 2002 -152 anti-offset characteristic. The above eval uati ons were
both perfornmed in an environment of normal tenperature/normal humdity (23
C/60 HRH). A fixable tenperature range-mgs 5 defined between the fixing
initiation tenperature and the highest non-offset tenperature. A broader
fixabl e tenperature range represents a better fixing performnce of a
toner. Exanple 27 10 Hinder resin H 100 w. parts Col orant
(di met hyl qui nacri doné&udch "a @igdfie werrt releememt oy cbedigtbpd@ceédThe above
ingredients were prelimnarily blended by a Henschel m xer and then
mel t - kneaded ni® tWyeo gty st aiwi nstioirasy &ih el norext oxidéde, set ~a 100 C. During
the nelt-kneading, the viscosity of the kneaded m xture was gradually
i ncreased, WARGQIRPTHET Gseal axigie frhaneel O%TSIT—Mab’éOWa@XégﬁfiPﬁed. The
t hus- kneaded product was cool ed, coarsely 20 crushed by a cutter mll and
finely pul v&ieASR 2% Ik &T L%irﬁgd%‘”f%@e arFeEerRaAR BRI owed by
classifiscationré_%cr?g %Iti-dj vision.cflassifie utilizing the Coanda effect

h A YD (BHSF® RS W 5®%ei ght - aver age particle size

to form’a nétt

25 (D4 ) of 8. 5 -~ l’.{achtha ]@:?ff’&remp efrér‘;é)rtlt trgg}égggspﬁgoﬁgﬁggtea o Wt.

parts of hydrophobic uim ha finé po or fre drop rzirng 100 w .

parts of ¥ ik RRRANL drorl Bd A BAUE NG [hfiecROMIgRoPpnar ed by the

t hermal deconposition process wt parts of n butyltrinethoxysilane

and 5 w. paddpardftidneihyisd Ins@ier 200 ey Hgide NBHhERS! cyettability of 5
70 ~ and a BET specific surface area of 82 n2/g was externally blended to

prepare MaggiiesdraneroiNothd . dibfierdet tonatied. uddexhabtbadrb41848. 5 pm

Ot her properties of Magenta toner No. 1 are shown in Table 18. 10 Magenta
toner Nd. 1 pskhidy teeldtermelgaly veay rhdostect pitatddr geabhki syrédadewas
evaluated in a simlar nmanner as in Exanple 26. The results are shown in
Tabl es 19 - ofl tlmprgnetie Bemprrtdeofparppcles by controlling

the pH or adding a salt of the different element and
controlling the pH, respectively after forming the
magnetic iron oxide particles.

15 The magnetic iron oxide particles containing
such a different element exhibits a good affinity with
and very good dispersibility in the binder resin.
Further, the good dispersibility of the magnetic
material also improves the dispersibility of the

20 organic zirconium compound used in the present
invention, thus allowing full exhibition of the
effect of the organic zirconium compound. Thus, the
magnetic material functions as a dispersion promoting
medium to promote the dispersion of the organic

25 zirconium compound. Further, the magnetic material
adsorbs water to promote the chargeability-imparting

effect of the organic zirconium compound exhibited in



15 Magenta toners Nos. 2 - 4 were prepared in the same manner as in Exanple
27 except for using the above-described Organic zinc conpound (172),

Organic iron compound (173) and Organi ¢ al um num conpound (174), 16 APR 2002
respectively, in place of Organic zirconium 20 conpound (65), and then

eval uated in the sanme manner as in Exanple 27. The properties of the
respective nmagenta toners are shown in-T@bl e 18, and the evaluation results
are shown in Tables 19 - 21. Organic chrom um conpound (175) showed a 25
dense violet color and was not suitable as a charge control agent for a
magent a toner. 1 6 APR 2002 'i -154 Table 18: Magenta toner properties 10
15 20 Magent eoppeerbisa diittheealtar welgtuldisst rihs ieiflddt is

i nsol ubl eNo. (~. un) (mgKOH g) MMVRi nSub- peak10' ' Scont ent peak__

(s) (wt.~)Ex. ZEthIlP@@M@ﬁ?@@e@S%@ﬂp.iB(.mm%W%O- 960Conp. Ex. 2
538. 512. 1565007400- 950Co .2648. 611. 8896007500-965 25 ~ 6 APR 2002
-155 Tabl e 19ing@al F&Eiidn §F}I9t £ fcigl 3WRH 5 10 Magenta toner No. | mage
densi t yFogl mage qualityHal ft one

irregul arityEx. 2711. 652¢ e@@n@tmg@tﬁm&mwww@m &-2.392-96DC

onp. Ex. 2531. 56-, 600 9- % él 97DCO 2641. 60 ..640. 9 l 9 99%Tab| e 20:
Eval uation r88di f’§mi Fagot §OSI!|I?€I9r the

densi t yFOQI Mg& 1 tant toner with a stable chargeability, in
cooperation with a good dispersibility thereof.
) Further, while the toner particle size has been
reduced in recent years, the toner thus obtained
10 according to the present invention may be provided
with an enhanced uniformity of chargeability and
reduced toner agglomeratability, thus providing an
increased image density and improved fog prevention
effect, even at a weight-average particle size of 2.5
15 - 10 ym. The effect is particularly remarkable for a
toner having a weight-average particle size of 2.5 - 6
pm, and a very high-definition image can be produced.
A weight-average particle size of at least 2.5 pm is
preferred in order to obtain a sufficient image
20 density. On the other hand, as the toner particle
size is reduced, the liberation of the zirconium
compound is more liable to occur. However, as the
toner according to the present invention is excellent
in changing uniformity, the toner is less liable to be
25 affected by sleeve soiling with some isolated
zirconium compound.

The above-mentioned different element may



qual i tyBack soilinglmage denhsity after

st andi ngEx. 2711. 59-1. 610. 4- 1. 692- 100Al1. 55Conp. Ex. 2421. 50- 1. 570. 5- 2. 187- 98H1

. 38Conp. Ex. 2531. 51- 1. 550. 6- 2. 488- 97C1. 39Conp. Ex. 2641. 54- 1. 570. 5- 1. 9ok 48®ill |
42 25 Table 21: Evaluation in NT/NH (23C/ 60 $RH) Magneticl mage |
densi tyFogl mage quality :
Fi xabl etonerlnitial Afterinitial Afterlni89al Aftertenp. No. 300030003000r angesh
eet ssheet ssheet s(C) Ex. 2711. 651. 641. 10. 810098140- 200Conp. Ex. 2421. 551. 541. 81
29794140- 190Conp. Ex. 2531. 571. 562. 11. 19893140- 190Conp. Ex. 2641. 581 . 611. 61. 298
95145-195 o, a~ n 0 ~ s aPR Zoos_-157 Exanple 28 Bipder resin H 100 wt.
parts Col or &fe{eFayy BF rentaieed  1pj Yt~ vaP| 8- 17) baged 8ng gani ¢

zi rconium co ounqwéQS 2 " The %ﬁove iq? edi ents wer preihninarily

bl ended by a-MenstPrRIeHPRYIT ahy themAerttkhehtvl ?ﬁ?gﬁgh Bwi n-screw
kneadi ng extruder set at 100 C._Dur. t he |t -kneadi pg, the viscosity of

the kneaded SRt t2 W\%@eg?lé%%wgfgn W 5 BPand” >

%?eased, wheréby‘the formati on of
fresh crosslj ' huse kppeaded u ed,
coarsely chés e yi/\%ﬁc ?ﬁie‘%f‘%?%lggg?l ne?ngt]l ?)ér{ﬂégg 35‘3\5@33?’3 rizer
using a get @is stiegm £0!1guea, by d5 Gltasgifiaat baRikYod B4kictdi vision
classifier utilizing the Coanda effect to forma non-nmagnetic yell ow toner
havi ng a weightriyed ageepanti €1 &mcheei§Dddadted. bnhenfaleih@Otet . parts of
the yellow toner, 1.0 w. part of hydrophobic alum na fine powder formed 20
by hydr ophohdghigvd Ofowd . dpapé s ObiBiter anal unifiarfiine pdwder prepared by
the flame deconposition process with 10 wt. parts of

n-butyl t ri netlhargsabahetrnd Bbewe parws.od, dthet bhbsgki ddberakdomavi ng a
met hanol -wettability of 75 % and a BET specific 25 surface area of 75 nR/g
was externalis bi@hﬁ%dt@obﬁr%§9¢§S¥@PIBQ/Féﬁé? fpsuffiedepdw toner No. 1

exhibited D4 = 8.5 pun. O her properties of Yellow . .
10 chargeability, thus resulting in a lower image density

and an increased fog.

It is preferred that the different element is
distributed so that it is richer in the vicinity of
the surface of the magnetic iron oxide particles. For

15 example, it is preferred that 20 - 100 % of the
different element is present at the surface portion to
be dissolved up to an iron dissolution percentage of

) 20 %. The percentage is preferably 25 - 100 %, more

¢

preferably 30 - 100 %. By increasing the proportion
20 of the presence at the surface portion, the

dispersibility and electrical diffusion effect of the

different element can be improved.

The magnetic material, preferably magnetic

iron oxide particles containing a different element as
25 described above, may preferably have a number-average

particle size of 0.05 - 1.0 pm, further preferably 0.1

~ 0.5 pm. The magnetic material may preferably have a



1 6 APR 2002 -158 toner No. "1 are shown in Table 22. Yellow toner No. 1
exhi bited a negative triboelectric chargeability and was evaluated in a
similar manner as in Exanple 26. The results are 5 shown in Tables ?8 APRAANZ
Conpar ative Exanples 27 - 29 Yellow toners Nos. 2 - 4 were prepared in the
same manner as in Exanple 28 except for using the 1 above-described Organic
zi nc conmpound (172), Organic 10 iron coei®deund (173) and Organi c al um num
conmpound (174), respectively, in place of O ganic zirconium conpound (93),
and then evaluated in the same manner as in Exanple 28. The properties of
the respectiyve yellow toners are shown in Table 22, and the 15 eval uation
resul ts are SHOWAPPR1TdG 8yrigce pyeanofardi ¢ &% d¥iAam depFdund (175) showed
a dense violet color.and was nobh suitable as a charge control agent for a
yel | ow tonerprﬁgeﬁgglyl 6'A§IQ 30ds - 19GeTARINSIAC WA tRK 2bner properti es
10 15 20 Yel

i nsol ubl eNo. %%?ﬁ?%ﬂéfﬁg‘ﬁ% %’/E‘?%&&’%@ d%fﬁté%ﬁéj’;%’éf(m . ~) Ex. 2818. 51
> 9540 511, - 960Conm. 612, 2567007700-

950Comp. Ex. 2838 & LILBToRG0T635 05T 28 ° T RPN SRPGLhI S 23

Eval uatign regdl haghBtie Walt@¥RE15 mkQ WIiPUHIRNHa N0 "BOE, Flepsbh Y Fog! mage

magnetization of 10 - 200 Amz/g, preferably 70 - 100

Amz/kg, a residual magnetization of 1 - 100 Amz/kg,
preferably 2 - 20 Amz/kg, and a coercive force of 1 -
30 kA/m, preferably 2 - 15 kA/m as measured under a
10 magnetic field of 795.8 kA/m. The magnetic material
may be added in 20 - 200 wt. parts per 100 wt. parts
of the binder resin.
The element quantity in the magnetic iron
oxide may be measured by fluorescent X-ray analysis
15 using a fluorescent X-ray analyzer (e.., "SYSTEM
3080", mfd. by Rigaku Denki Kogyo K.K.) according to
JIS KO119 "General Rules for Fluorescent X-ray
Analysis"). Further, the element distribution may be
measured by gradual fractional dissolution of the
20 magnetic iron oxide particles with hydrochloric acid
or hydrofluoric acid and measurement of the element
concentration in the solution at each fractional
dissolution relative to the element concentration in
the complete solution, respectively according to ICP
25 (inductively coupled plasma) emission spectroscopy.
The number-average particle size of the

magnetic material may be measured by taking



qual i tyHal ft one

irregul arityEx.2811. 64-1.680.9-1. 295- 100AConp. Ex. 2721. 58- 1. 621. 1- 2. 193- 98DC
onp. Ex. 2831. 55- 1. 601. 2- 2. 292- 97DConp. Ex. 2941. 59- 1. 661. 0- 1. 892- 99C T4H APRAHN]
Eval uation results in 30 ¢80 HRH 15 20

Yel | o mageFogl mageBackl maget oner densi t yqual i tysoi | i ngdensi t yNo. aft er st andi
ngEx. 2811. 58- 1. 640. 6- 1. 790- 100A1. 52Conp8Ex. 2721. 54- 1. 580. 5- 2. 387- 98B1. 37Com
p. Ex. 2831. 52- 1. 590. ?- 2. 188- 97B1. 36Conp. Ex. 2941. 55- 1. 591. 9- 2. 088-99B1. 41 25
Tabl e 25: Evaluation in NI/NH (23C/ 60 oRH) Yell om mage densityFogl nage

qual ity _

Fi xabl et onerRPE¥PErapPher Phi TPBEAPREELALEFatRErEPEe PRS- 930@030003000r angesh
eetssheetssheetsééiEx,2811 611.621.01.010098140-200C0np"Ex.21%%.521.512.21
19795140- 1906 ELS5583% . 814CET9NgNicE855PRE. RHOCHRFSEX 158411871, 601. 51. 697
96145-195 v,_o~ a p C)g)N 1 g APRhZQOZr-lﬁZ Exanple 2%.Hinder resin H 100
W. parts Cbﬁ%ﬁ%h? ?c%rﬁ%ﬁ Bia ﬁ? hhe EFQSR g ?r@oﬁﬁ@&lé&ﬁﬁbuﬁﬂxT57) 2" 5
The above i i r i oL pal il I el m xer and
(hon el £ - knosgeneghes ] FeBpELIERTEY kn BAGRGCTY. BokRAIE 0 00 ¢

During the ngdicKkiBadi A8reiNCa¥bSsaskhY ofif vhNGcknaadesth fediby W MAS
gradual |y increased, whereby the formation 10 of fresh crosslinkage was

confirnmed. Taevibdstikngadesppeodipt wagneeehedercanseisserisshed by a
cutter mll and finely pulverized by a pulverizer using a jet air stream

foll owed by avassableafrom Dgea Kobib- #i.Ki.9i andelragsi fexdertalutili zi ng the
Coanda effect to forma non-nagnetic black toner having a wei ght-average
particle sizeagmayiof f816ddafm 796.80BAVM. pdihes spectilfd dlsaakfaamer, 1.5 |
wt. parts of hydrophobic titania fine powder forned by hydrophobi zing 100
wt. parts ofareRivelrnesnrret Rargd2onf vad ugswieasyrefatyd Usirslgh t he
sulfuric¢c acid process with 10 wt. parts of i sobutyltrinmethoxysilane and 10

W . parﬁg pf?%?ﬁ%fﬁ?l%PFFéﬁﬁeaéﬁa fetrRg (AARECRLER et EYRYEaRISf 70 s and
3 L Thect{hEoRurbase Fretcg! ko TPLEOIRRRH! RENRLY BUPINEAL O prevere
properties Qﬁof%@cﬁeEHBSK No. 1 are shown in Table 26.
The toner according to the present invention
may preferably have a weight-average particle size of
15 2.5 - 10 ym, more preferably 2.5 - 6 pm, in case of
either a magnetic toner or a non-magnetic toner.
The weight-average particle size and particle
size distribution of a toner may be measured according
to the Coulter counter method, e.g., by using Coulter
20 Multisizer II (available from Coulter Electronics
Inc.) together with an electrolytic solution
comprising a ca. 1 % NaCl aqueous solution which may
be prepared by dissolving a reagent-grade sodium
chloride or commercially available as "ISOTON-II"
25 (from Counter Scientific Japan). For measurement,
intec 10 to 150 ml of the electrolytic solution, 0.1 to

5 ml of a surfactant (preferably an alkyl



1 6 APR 2002 -163 Bl ack toner No. 1 exhibited a negative triboelectric
chargeability and was evaluated in a simlar manner as in Exanple 26. The
results are shown in Tables 27 - 28. 5 Conparative Exanples 30 - 341 Bl ARR00?
toners Nos. 2 - 6 were prepared in the sane manner as in Exanple 29 except
for using the above-described Organic zinc conpound (172), Organic iron
conmpound (173), Organic al um num conpow8®-174), 10 Organic chrom um
conmpound (175) and an organic silicon conmpound (176) show bel ow,
respectively, in place of Organic zirconium conmpound (57), and then

eval uated in the same manner as in Exanple 29. The properties of the
respective bbggicengsaldonie aigddn siad thalilse a@Bledarms ¥ Girpexgant ati on
results are shown in_Tables 27 - 29. tBu Z __tBu O20 0 0 2Na+ ~ Si ~ tBu
tBu tBu tBu 289(£76) 20 Mgsohpr sG0Ple1d4 Palsiad 26 The He8wrRt properti es

10 15 20 Bl ner, D4Aci_ dMol ecul ar, wei ght di stri butionTHF- insol ubl eNo .
~9~n§( gchiﬁgs%%r%ion %f ¥%e—sample inpthe electrolytic solution (

i nSub- peak51Q"." 9 9 Ex. 2918. 511..8684007500- 954Conp. Ex. 3
éggygag§35728%7%ég35%%%%ﬁ%%ggé§%§%éﬁ%§é%5é@ﬁﬁ%ﬂﬁﬁﬁbéﬁtﬁﬁb.Ex.3248.612?67130
07500- 96 ZConq+ Fx.. 4712 760Q- 950 . EX..3448. 07600- 950 25

: PR pEataitct i shat gl dRr LA, i Hig

1 6 APR ZOOZ 10
subjected to measurement of particle size distribution

by using the above-mentioned apparatus. equipped with a
100 pm-aperture. The volume and number of toner
particles having- particle sizes of 2.00 pm or larger
10 are measured for respective channels to calculate a
volume-basis distribution and a number-basis
distribution of the toner. From the volume-basis
distribution, a weight-average particle size (Dyg) of
the toner is calculated by using a central value as a
15 representative for each channel.

The channels used include 13 channels of 2.00
- 2.52 pm; 2.52 - 3.17 pm; 3.17 - 4.00 pm; 4.00 - 5.04
pm; 5.04 - 6.35 yam; 6.35 - 8.00 um; 8.00 - 10.08_um,
10.08 - 12.70 pm; 12.70 - 16.00 pm; 16.00 - 20.20 pm;

20 20.20 - 25.40 um; 25.40 - 32.00 pm: and 32.00 - 40.30
Bm.

Examples of the wax used in the present
invention may include: aliphatic hydrocarbon waxes,
such as low-molecular weight polyethylene, low-

25 molecular weight polypropylene, polyolefin copolymers,
polyolefin waxes, microcrystalline wax, paraffin wax,

and sasol wax; oxidation products of aliphatic



Bl ack toner No.|mage densityFogl mage qualityHal ftone
irregularityEx.2911. 62-1. 680. 7-1. 496- 100AConp. Ex. 3021. 59-1. 620. 8- 2. 393-98C"
3131. 58-1. 600. 9- 2. 492-97C" 3241. 60- 1. 620. 8- 1. 994- 99B" 16 APR?70Z
3351.59-1.631.1-1. 893-99B" 3461.57-1.591.0-1.691-97D Tabl e 28: Eval uation
results in 30 ¢/ 80 oRH 15 20 25

Bl ackl mageFogl mageBackl maget oner densi t ygdal i t ysoi | i ngdensi t yNo. af t er st andi n
CcEx. 2911. 59-1. 630. 6- 1. 791- 100Al1. 51Conp. Ex. 3021. 55- 1. 590. 7- 2. 186- 98D1. 28"
3131.54-1.580. 8-2.287-87D1. 27" 3241.55-1. 600. 7-1. 988- 99C1. 32"

3351. 56-1. 610. 8-2. 090-97B1. 33" 3461.45-1.461.2-2.288-95D1.25 Table 29:

Eval uati on iRWAHPRREPOBCr8RESRHFUCH| askPrAdé zedn Pl yRrddiyiege oty '
Fi xabl etonerlnitial Afterinitial Afiterlinitial Aftertenp. No. 3000 _30003000r anges
heet ssheet sSheRE% (eER1 Y0815 681 Ee. 2BoveOOYegRtabdeCH@FeEk. 30Eh 55| . 542. 11
.2'9795140-190Cq%§dE§.ﬁ}31.541.562.21 59694140Q- 190Conp. Ex. 3241. 561. 542.11. 8
9593140- 195G Y855 18g73%01C8 1 a8885¥a%. 1 d588Rp VX 346L 521. 50°
2.21.69792140- : a, J NOON -167 T |S CLAIMED IS 1. A toner

havi ng a negg’t‘%%b%tr %%ié[ e%?%‘l“qcﬂaf‘ﬁﬁabﬂlf: ?Scbﬁﬁrsf@xﬁg &%t a bi nder
resin which [ al - | Qr.ant and an organic
net al co?rpouér}‘g(,§ @Qa\/\ﬁgr‘g?%’ tﬁ?%%%%nyg;gg{ ggﬁgg’vn%%uﬁ(%%%g%éﬁ:edr gani c

Zi rconi um CERERnL &0 g Si di Lan I : [ j rconi um
and an aronmatic con%bt%aagggrléilggﬁ@'ogggﬁg gﬁhgglg @gﬁibggnsr,&%pg%ltl?d from

the group cassislipladicasenatéstdigl SsudhORR! monkuei®ey eardax yldc acids,
aromati ¢ nonocar boxylic acids, and aromatic pol ycarboxylic acids. 10 2. The
toner accor dimy) ¢asthaiwad; aherpantsalllyobgakieailkCdeiadhsa@ieaind is a
zirconi um conpl ex 15 conprising a coordination with an aromatic diol, an
aromati ¢ hyckrbigkatboxgsteraci such as deemifii¢iedr baxylaubaasiak. 3. The

toner according to Caiml1, wherein said 20 organi c zirconium conpound is a

zi r coni Un cdprEhesapxapphpsi 8f ngha cedbeasrabgentwmely dmcdneiesti c diol, an

aromatic hydroxycarb x¥lic acid or an aromatic carboxylic acid. 25 4. The
t oner accor ﬁ?ﬁjx{%t at 2T vt BPATLS) acdAgansuch pSomedMiddifound is a

zirconiumsalt; 4 6, AFR 200, 54, montanic acid, and long-chain

alkylcarboxylic acid having a further long alkyl
chain; unsaturated aliphatic acids, such as brassidic
15 acid, eleostearic acid and parinaric acid; saturated
alcohols, such as stearyl alcohol, eicosyl alcohol,
behenyl alcohol, carnaubyl alcohol, ceryl alcohol,
melissyl alcohol, and long-chain alkyl alcohols having
a further long alkyl chain; polyhydric alcohols, such
20 as sorbitol; aliphatic acid amides, such as
linoleylamide, oleylamide, and laurylamide; saturated
aliphatic acid bisamides, methylene-bisstearylamide,
ethylene-biscaprylamide, and ethylene-biscaprylamide;
unsaturated aliphatic acid amides, such as ethylene-
25 bisolerylamide, hexamethylene-bisocleylamide, N,N'-
dioleyladipoylamide, and N,N'-dioleylsebacoylamide,

aromatic bisamides, such as m-xylene-bisstearoylamide,



conprising an ionic bonding'with an aromatic carbolic 1 6 APR 2Q2 -168
acid, an aromatic hydroxycarboxylic acid or an aromatic carboxylic acid. 5.
The toner according to Claim1, wherein said 5 organic zirconi um corffodPRI2007
conprises a structure represented by the following formula (1): X (2n-4)~
Ark ZrE--(L)m (2n-4)C1 or (1) n (n-2)C22 10 wherein Ar denotes an aromatic
resi dual group capabl e of having a subsBPtuent of alkyl, aryl, aralkyl,
cycl oal kyl, al kenyl, al koxy, aryloxy, hydroxyl, al koxycarbonyl,

3ryl oxycar bonyl, acyl, acyl oxy, carboxyl, hal ogen, nitro, cyano am no,

am de, or 15 carbanDyI X and_Y inde endentl denotes O or - L
denotes a nedfal- ¥|gthtSPrMé%EPPh§B€6H6Pmlgﬁwnﬁﬂéphﬁq%ﬂa%ﬁ%ﬂa(N

di Cl denot I t f h | ent t al
"o, “ammoni UK Toh o7 ﬁﬁ"@%%ﬁ%ﬁﬁ?iﬁa ge‘z’ma&ﬁg & R0k S on 20 of

a nmetal ion; a nunber n). qf i ds (of
aromatic car‘%oxy?‘lﬂ(‘:1 Sa%? ]s:agﬁ fi(i) g}lmcan gtfader?tlinccal (eoaPro(rgc i f ent from

each ot her 0) t [ ]gﬁgg to or
di fferent fronggac Eeg?hESaCHQ%E@SH 4 gﬁgo%%%%%p Igﬁﬁ{ a ornula
with the5prog1§ghgh§& ﬁ?@?oeaﬂﬁbﬁxwakeQOWHkﬁxv&%&ﬁ %bd%ﬂéygnﬂéhéﬁw'also be
a mxture of conplex conpounds having nutually -169

different n 8s/etdréheoand HtxiULe afclaorrpkaem&alws elasac\éﬂglr&ﬂ ual l'y
different counter ions Cl or/and C2. 6. The toner according to Claima1,
wher ei n sai dpbodugtai betweennalipbatpcundidsmanids o lytstdnict ure represent ed
by the following fornmula (2): L) ( 2n+k-4 )~ Ar ~ Zr~ m(2n+k-4)Cl or Y
(Ak (2) n (akepRoRsC28uth alebehrnAc dendt eongglycemkitder ragsl due group
capabl e of having a substituent of alkyl, aryl, aralkyl, cycloalkyl,

al kenyl , aIHU%?thr9FB%y CRYBPBR{E, h&VRBﬁy@Xﬂg@ﬁﬂl Qéﬁyﬂbiytarbonyl acyl ,

acyl oxy, carbox% hal ogen, nitra, cyano, am no, amde, or 15 carbannyl X
and Y |ﬁ8epéﬁﬁE f??ddEﬁoP@grGBSPatEEECWQQEtGQAGté??aQHQHQ¥ﬂ ligand of

wat er, al cohol, anmo nAa u%kﬁﬁlanln a ygldgs OwaéNKHeS an ani on of
ha!ogen, hydroxyl, carbdXyrats p5§r85n§ S5 e PR HT AY  cyano or

t hi ocyano, ﬁ%P?éélt509§oﬁe%$H bgbkg§ﬂkbc%hf%% éHJféHe”t when k z 2; Cl
denotes a nonovalent cation o ﬁy rogen 1on oval ent netal i on, anmmoni um
ion or alkyl ggTpPhérithenonCérdenatensaudidedl enlgnt Mricitwied Metal ion; nis
1, 2, 3 or 4, mis O, I, 2, 3or 4, kis 1, 2, 3, 4, 5 or 6; nunber (V\/nenn

2 2) of 25 |p@WdSefﬁ)flsabbmf&hhédcDlyb@)&y‘llllemy dm&mbm;cﬁi]&)r Godlight

15 by-products from high-molecular weight polyolefin
polymerization; polyolefins obtained by low-pressure
polymerization in the presence of a catalyst, such as

) Ziegler catalyst or metallocene catalyst; polyolefins
polymerized under irradiation with radiation rays,

20 electromagnetic wave or light; low-molecular weight
polyolefin formed by thermal decomposition of high-
molecular weight polyolefin; paraffin wax,
microcrystalline wax, Fischer-Tropsche wax; synthetic
hydrocarbon waxes obtained according to, e.g., the

25 Synthol process, the Hydrocol process, and the Arge
process; synthetic waxes obtained from mono-carbon

compounds; hydrocarbon waxes having a functional



be identical to or different fromeach other, and a nunmber (when mz 2) of
neutral |igands can be 1 6 APR 2002 -1 ~o0 identical to or di fferent.l ({/rAEIg?UUZ
each other in each conplex or conplex salt of a formula; with the provi

t hat each conplex or conplex salt of a fornula can also be a m xture of
conpl ex conpounds having nutually 5 different n or/and m or a m xture of
conplex salts having nutually differentggounter ions Cl or/and C2. 7. The
toner according to Claim1, wherein said organic zirconi um conpound
conprises a structure 10 represented by the followng forrmula (3), (4)
or-(5: o (2n-4)Q (R 1--~~ ZrF-(H20)m (2n-4)C~r~ (3) On 0 (2n-4)~ CO

(R ~ Zr E- - (@) (SUehl)a3 idrasy O graep 2or 43arip gyl Rytoups Zr ~- - (H20) m
(2n-4)C1 (5) COn 0 20 wherein R denotes a substituent of hydrogen, alkyl,
aryl, aral kfiixtirgsofkya hydxeesrbon| waxyandy| bxgroagaberyvaxacyl oxy,

al koxycar bogell ,, aryl oxycar bonyl, acyl, carboxyl, halogen, nitro, am no or
carbanoyl , FPIREHIF WGP AL 9290 30 Rebht ket udpkgs| PRkadned 25 form
an alicycli aromatic or. heterocyclic ring cap e.of having 1 - simlar

bl 8
R substi t uem¥ I53E PWUrHlS (PFE RIRERS it eﬂt?ﬁ%ﬁo‘?‘oﬂi"?‘?ﬁ?eﬁ??ha 16
APR 2002., -17 . i f h | kal i
%, gk ]stgrrljegﬁ‘j,;’}ﬁ’éf&@u%gf valgol c %%ggage ; %Q{:Rg;@@xlgge; ! geor 4:

met al , anmoni um | anmoni is an in 0

mis 0, 2 orfynmfdy h}sz)i&ff-. | i gands can be identical or different in
each conmpl ex or conplex salt of a forrmula; with the proviso that each

conpl ex or conplex salt¢ 0f #dOrFHe oG PEo A LE XL UhEx0hre@FBLEX conpounds
having mutually different n or/and m or a m xture of conplex salts having

tual |y di fHeariarg <ot ssweMoldcuBar Theighbedi geeobdtngnt o C aim 1,
wherein the 15 20 organi c zirconi um conpound conprises a stricture
repr esent ed dptaired iy oiwvagt fonanud g (the 49PverwdBes &ccOE@dhm ¢d3n+k- 4) ~
(R 1~ Zr (2n+k-4)C1 (6) On ~(Ak OC ~(HO0mM (R 1~ zZr ~(A k (2n+k-4)~
(2n+k-4)Q1_(ggeq§j;w44{iggn($ghyenzfmethod, re-crystallization,
vacuum distillation, supercritical gas extraction or
melt-crystallization; or a purified product obtained
by removing low-molecular weight solid aliphatic acid,
low-molecular weight solid alcohol, low-molecular
15 weight so0lid compound and other impurities.

The wax used in the present invention may
preferably have a melting point of 70 - 140 °C, more
preferably 70 - 120 Oc, in order to provide a good
balance between the fixability and anti-offset

20 characteristic of the resultant toner. Below 70 °C,
the toner is liable to have a lower anti-blocking
property, and above 140 Oc, it becomes difficult to
exhibit the anti-offset property.

In the toner according to the present

25 invention, the wax may be used in an amount of 0.2 -

20 wt. parts, preferably 0.5 - 10 wt. parts, (as a

total amount when two or more species are used in



COn ~( A) k (2n+k-4)~ (2n+k-4)C1 (8) 25 wherein R denotes a substituent
of hydrogen, al kyl, aryl, aral kyl, cycloal kyl, al kenyl, al koxy, aryliﬁyPRZWZ
hydr oxyl , acyl oxy, al koxycarbonyl, aryl oxycarbonyl, 1 6 APR 2002 - ZA
acyl, carboxyl, halogen, nitro, am no or carbanoyl, a plurality (when 1 2
2) of R can be nutually linked to forman alicyclic, aromatic or

het erocyclic ring capable of having 1 -88-simlar R substituent(s); a 5
plurality of R can be identical or different; A denotes an ani on of

hal ogen, hydroxyl, carboxylate, carbonate, nitrate, sulfate, cyano or

t hi ocyano, a plurality of A can be identical or different; Cl denotes a
monoval ent ce@nbinatieydr cpen, 180 kuti nearvsnef atheabipdeomresial kyl
ammonium 1 is an integer of 1 - 8 nis 1, 2, 3 or 4, mis 0, 2 or 4, kis
1, 2, 3, 4, Sor 6; alhenBettingeroind of 8f WpKRgdRESTéRR D AST®IM i cal or
different in_each conpl ex orFégnglex salt of a fornula;, with the proviso

that each cohPpfe%SoF°1% RBAY SPPEBRTYTRoPHUPAMEEA ™ LAt ure of

conpl ex conpounds havin t ual different n,or/an or a m xture of
conpl ex salt%b%%ﬁ?gbon %nk ?d#ﬁ?ewgﬁtogoﬁnFB?rFoﬁg g%cbr/and anions A 20

9. The tener ?fﬁeégéﬂgi£9 SLaim gb§gﬁégkﬂngg)9rganic zi rconi um conpound

conprises a cture represente wng formula (32) or (33):

(Ar-C0O-) nZr ~(4-n) Rl~—rRé H3cNhédbbremddt €6L- QOQa)xln%-’r‘ T2 AL~ (33), 25

wherein Ar denotes an aromatic residue group capabl e of having a

substituent wfepbkiblyabi! pedfalii¥l, bgyakoabkyl highkemduradlkoxy; aryl oxy,
hydr oxyl , 1 6 APR 2002 -173 acyl oxy, al koxycarbonyl, aryl oxycarbonyl,

acyl, carboxyhtehmhdDgreatnihpot eympensation-tgpeddidsesamdmly!; Al
denotes a nonoval ent ani on of hal ogen, hydroxyl, nitrate or carboxylate; A2
denotes 5 a sicamhéng ealonimetieh, a§ssuhf ate"DETA7dge myadd@idiee forom
carbonate; and nis 1, 2, 3 or 4 with the proviso that in case of n z 2 for
each met@l sBerkim-Bloeal Coyperatdenaromatic car boxyl ates and aronatic

hydr oxycar boxyl ates as acid i ons na¥ be identical or 10 different, and that

each metal salt of a FBPHIPASEERMEBTaMAYxPEr BeH Odfele AGROHNS Yavi ng
or gani o zi 1 SBRTUnPE4histha cAnBRIELE APerRberurE e Bt Py the
n'i 24 Gl (e SE helhibd kg EBPTARS Bl BenCull! el ot o
residue group; £8papl enbkeBEVhAE BnsHPRLELYER! a0f Aldetpe Hthrearal kYl , 25
cycl oal kyl, al kenyl, al koxy; aryloxy, hydroxyl, acyl oxy, alkoxycarbonyl,
aryl oxygarbopyisiagykate of 10 °C/min. to take a DSC curve.
The organic zirconium compound used in the

present invention may exhibit further excellent effect

when used in combination with two or more species of

different waxes. The waxes exhibit a plasticizing
20 function and a release function in the toner, which

can be exhibited emphatically by the respective waxes

more effectively than in the case where either one of

the waxes is used alone. More specifically, the toner

is plasticized by one of the waxes and correspondingly
25 the release effect of another wax can be more

effectively exhibited. These effects are promoted

when a binder resin having an acid value is used in




car boxyl, hal ogen, nitro, cyano, am no, am do or 1 6 APR 2002 -174
carbanoyl ; Al denotes a nonoval ent ani on of hal ogen, hydroxyl, nitrate or
carboxyl ate; A2 denotes a dival ent anion of sulfate, hydrogenphosphatief dPR 2007 :
carbonate; and nis 1, 2, 3 or 4 with the proviso that 5 in case of n Z 2
for each netal salt, a plurality (n) of acid ions, i.e., aromatic

carboxyl ates and aromati c hydroxycar boxglgat es may be identical or

different; and that each netal salt of a formula can be a m xture of
different salts having different nunbers of n. 10 11. The toner according
to Claim1, wherein the organic zirconi um conpound conprises a structure
repr esent ed pgmbhsatdébhowi ng formula (36) or (37): COO (R)1~ Zr4+(4 _n)Al_
or (2_n/2)A22_ (36) 15 OHn ~COO _ (R 1~ Zr4+ (O(2-n)Al (37), OOH n
wherein Ar denotes anBgr érat ither dungld ogso@f ddsaaxexd ¢ - haviiy a

substi tuent of alkzl, aryl, aral kyl, cycloal kyl, al kenyl, al koxy; aryl oxy,
hydr oxyl , ac§GR8RyWREIRo*YCaWE¥R PfaP}FB%Wa%hﬂﬂ?uréiﬁlla}r%dP%ﬁ&yW

hal ogen, nitro, cxano, am no, am dqg or carbanoyl; Al denotes a nonoval ent
ani on of hal 5§ERINIEIRPAr GxYRX HEViRCe ol WEHFRHENE BRI Nenot es a

di val ent cani gn.of .sulfate, . hydrogenphosphat.e .or. carbonate: and.n is 1, 2, 3
or '8 it it hEpBGe P 1E St RO RBR SIBOUE Rt AR on, e S G

oLl o2l bt Bh ool SO pesbacdates ANharIE e

hydr oxycar boxyl ates as aci d~i ons, iC

each metal sakhighitd kBeMikbdeade Fub@td ol Xt ure afi didd&s engngal ts having
different nunbers of n. 12. The toner according to Caim?1, conprising

toner partickgficé@bhaiepagationticant bR RiFTdRItifeSIY, addbiipei se@rant and

t he organi c zirconium conpound in an anount of 0.1 - 10 w. parts per 100
Wt . parts of thhembilhdeg pedint. diZfeHemdeoner lccordind®Co Gessn 12, wherein
the 15 organic zirconiumconpound is contained in 0.5 - 5 w. parts per 100
wt. partld of thas BOnd6r itdei Funttiomserarat imoc @ffient teamdiet nbg

conpri si ng toner.garticLes conprising at |east the bh$der resin 20 and the
col orant, an#effédlyr gFRidiLiedeoMEmicoRFEReP ©& /Al 1y ddRd to the toner

particles in an ampunt of 0.01 - 5 w. parts per 100 w. parts, of the
bi nder promotion of the functions due to mutual interaction

cannot be readily exhibited.
In this case, it is preferred that at least
15 ' one of the waxes has a melting point of 70 - 120 °c,
more preferably 70 - 100 °C, so as to readily develop
the function separation effect.
As for the combination of waxes, a wax
relatively rich in branching structure or polar group
20 such as a functional group or a wax modified with a
modifier component rather different from the principal
component preferentially exhibits the plasticizing
function, and a wax having a rather linear structure,
a non-polar, wax free from functional groups or an
25 unmodified straight wax preferentially exhibits the
release function. Examples of such preferred

combinations may include: a combination of a



resin. 25 1 6 APR 2002 -176 15. The toner according to Claim1l, wherein
the binder resin has a carboxyl group or an acid anhydride group. 5 16' The
toner according to Claiml1, wherein the colorant conprises a nagnetiﬁﬁi(f{?ﬁz 2
oxi de. 1~ The toner according to Claim 16, wherein said nagnetic iro @
conprises magnetic iron oxide 10 particles containing 0.05 - 10 wt. o based
on iron elenment of a different el enent-®%her than iron. 18. The toner
according to Claim1l, further containing a wax. 15 19. The toner according
to Caim18, wherein the wax conprises wax A and wax B having nutually
different nelting points. 20 20. The toner according to Claim 19, wherein
the wax A artbmiroligmeB ¢aveorohiyihef ngopoiatingf peivadépadfiyl®@f- 100 C from
each other. 21. The toner according to Caim 18, wherein the 25 wax

conpri ses WS XBRE vRHA [P cCRPFPPS] Be FuPTaFPROUY PEEr BREPESRPAIMt i ons. 16
APR 2002 i -1~~ 22.. The%%oner acgor di ng Lo Cl ai n%ﬁl wherein the wax C and
the wax D alSHRE MY WETER ALIREI TPAY FEPKLENSS 23~ The toner

di to Cl.ajm22 _wherei h C and_th D.h | ti i nt
i fTerenge. GOMOISGHRP OF rSreLrnl o 1Br 20342 IRa EoRERLa488 ding to O ai m
1, wherein t r I - ayer ticle si D - 10 um
2~. The %onegrbela‘%(gloér%ﬁg %??ﬁ%g?a%éfeggg?ﬁgitg%gf %é?ﬁgg&elﬁgcht-aver;ge

particle sizg0f fa® orfedPetMa®band "RylPBEErA6AOLERITLt 0 O aim 17,
wherein the different elenent is an el enent selected fromthe group

consi sting ot iddtidn bof R sEREPLBLEPEcRE RhHNMbRUBL1YOeFamh wakosphor us,
sul fur, germanium titanium zirconium tin, |ead, zinc, calcium barium
Sc)andi um Vvadadli piita £H10Mran ofremgeneseystabalihe @apperm, nickel, gallium

i ndium silver, palladium gold, platinum tungsten, nolybdenum niobium
osm um 25 stompinabhiontofiUhscherhfiropaaher wakeandmpodlyediefin and bi snut h.
1 6 APR20Q@ -17e 27. The toner according to Caim1l17, wherein the

di fferehf elwd®htaicambinakipr a&| peraffiRowREha@ngr oup consisting of:
lithium beryllium boron, magnesium_ alum num silicaon, phosphorus,

ger mani um ZAFCEPFERFERIIIRe WRki uRNdcd EPBRENELEARD O B B vanadi um

chromi um manganese, .cobalt, nickel, copper, zinc _and _galli 2g The toner
according to"TFai cr‘r?'id/‘,afh)ﬁje?e‘ﬂﬁxt h&148 Hggf 8Feﬁlf’n%ﬁ@rﬁ§’ i £8%h el enent
sel ected fr%p&g;g&q &Qgsi sting of: magnesium alum num silicon,

phosphor us zirconfum 29 The toner according to aim1, wherein the 15

bin3er resin containsi@ LRLrahydr ofHeaRak THENbBSAYRIE @t ent . 30. The
toner according to Claim29, wherein the THF-insoluble IS contained in 1 -

70 wt . 150f phera@Pablfdravéeesi axBhumTheatoadsocapeqodi medw C aim 29,
wherein the THF-insol uble content is contained in 5 - 60 w. o of the
bi nder resi nexbbiting a peaktop temperature in a region of 70 -

120 °C, more preferably 70 - 110 ©C, so as to provide

a good balance between the storage stability and

fixability of the resultant toner.

20 The toner according to the present invention
can contain a colorant comprising any suitable pigment
or dye. For example, suitable examples of the pigment
may include: carbon black, aniline black, Naphthol
Yellow, Hansa Yellow, Rhodamine Lake, Alizarin Lake,

25 red iron oxide, Phthalocyanine Blue, and Indanthrene

Blue. Such a pigment may be used in an amount

necessary to provide a required optical density of



1 6 APR 2002 -179 32. The toner according to C aim 30, wherein the binder
resin has an acid value of 1 - 70 ngKOH g. 33. The toner according to Caim
30, wherein the 5 binder resin has an acid value of 1 - 50 ngKOH g. ﬁﬁ-APW?{EZ
toner according to Caim 30, wherein the binder resin has an acid value o

2 - 40 ngKOH/ g. 10 35" The toner according to Caim1, wherein~the binder
resin conprises a styrene-acryl copol ym#-resin and contains a THF-sol ubl e
content having a nol ecul ar wei ght distribution on gel perneation

chromat ography (GPC) chronat ogram showi ng at |east one peak in a 15

nol ecul ar wej ght regi on of 3000 -. 50,000 and at | east gne geak in
nol ecul ar weiigiRd g8y &F - Gt 1 Qakt™ 1%95 wizg, Pal*ﬁ"éstoﬁ’i’é?f‘éﬁé LY ﬂgzto daim

35, wherein t bi nder re5|n has a, ol ecul ar wei ght 20

o onCer Banre 0 Gar 65 e 1 B ot SRR 10 R STHASE YRRZRei 2t he

bi nder resi hras B alln eakol n a ec“t‘JI ar, welllgé e,pfa ang of 5000 - 20, 000.
25 3% The toner ccordﬁ P10 ai vx‘ﬁére?n fie" bi ©r 8&Fn conprises a

styrene-acryd,.cqnal §§5 I‘[ir%ef%cg?ﬁfﬁg&?ﬁn r(];@ % conh2h0fed

THF- sol ubl e ‘content havin ar wei ght ution on gel

permeat i on Gy B9 Pt r(@’ sChﬁle@ﬂQ%ﬁ%éhé)&‘ﬁQ& ﬁﬁ beast gpe peak in a
nol ecul ar wei ght region of 3000 - 50,000 and at | east one peak in a

nol ecul ar weightpdegd Orped f@tab BAsH . 305. 1t$9wt.Thpafe§¢rpaﬁcmodl wg.to Caim
38, wherein the binder resin has a main peak in a nol ecul ar wei ght region
of 5000 - 3@as dib @ik Hiwdévnmsssiecording to C aim 38, wherein the

bi nder resin has a main peak in a nol ecul ar wei ght regi on of 5000 - 20, 000.
15 41~ The toner accomitie ter&entm invemerenn theibi pdeferesfntoonprises a
poI yester resin and contains a THF-sol ubl e content having a nol ecul ar

wei ght di st keI bh 3d reyeanient ine oﬂ%‘t"é@?apﬁyg(@%}n@hr omat ogr am
show ng at | east one peak in a nolecular 20 weig %I on_of 3000 - 50, 000

42. The Qon@o%r PRI LG AL dGHer BRGER t B2 %5113? def1PBiPA has a gl ass
transition pOI (,Tq). of 453 A oner ccordin tro Claim1,
whorel n ¢he Bihdert FRuM RIS gradion rafarfieh BERR PoRpte: 50
fluorinated carbon.
For example, silica powder, alumina powder or
titanium oxide powder may preferably be in such a fine
15 particulate form as to be attached as fine particles
onto the surface of the toner particles. More
specifically, such an inorganic fine powder may
) preferably have a number-average particle size of 5 -
100 nm, more preferably 5 - 50 nm, and a specific
20 surface area of at least 30 mz/g, particularly 60 -
400 mz/g, as base powder, and a specific surface area
of at least 20 m2/g, particularly 40 - 300 mz/g, as
surface-treated powder, respectively as measured by
the BET method according to nitrogen adsorption.
25 Such inorganic fine powder may be added in
0.03 - 5 wt. parts per 100 wt. parts of toner

particles so as to provide an adequate surface



1 6 APR 2002 -181 70 C. 44. ‘The toner according to Caim 18, wherein the

wax has a nelting point of 70 - 140 C. 5 45. The toner according to Claim

18, wherein the wax has a nelting point of 70 - 120 C. 46. The tonefg APR20D?
according to Claim18, wherein the 10 wax is contained in 0.2 - 20 wt. |
parts per 100 w~. parts of the binder resin. 47. The toner according to
Claim 18, wherein the wax is contained-91-0.5 - 10 w. parts per 100 w. 15
parts of the binder resin. 48. The toner according to Caim20, wherein at

| east one of the waxes A and B has a nelting point of 70 - 120 C. 20 4~ The
toner according to Claim 20, wherein at |east one of the waxes A and B has
a mel ting poFRVesRIROTAteR0 C. 25 5~ The toner according to O aim 18,
wherein the toner exhibits a maxi num heat-absorption peak in a tenperature
region of 70 - 120 C ORej £8opg@ni€atine; PowaAesR AR PrefREablos fA3e on
curve. 51. The tqner according to C.aim18  wherein the toner. exhibits a
nmaxi num heat -"“ab‘é’gfﬁ?ihf?ﬁlﬁég}? ?’ﬁ At lﬁgﬁ&eggﬂ trre UG I er?%’l-y 1@ conits
DSC heat abso Lon.-gugve.. 52. e I rdj t.Q [ m wherein the
magneti c | ro%eéi‘??dg%i %’cérl?t gl‘aﬁ}eg%’ io%o%t-h%%%g \(/%Jﬁe&gcpaa{)%tlg%' pé@"‘ﬁoo wt. parts

f the bisnd bRob2 34t - ' ' Inth
oot 1 9ChybEBbRona s T A0% 3 Ol 0 1Y U dBon MhELE! 0 | he

colorant is a"non-nagnetiC colforant "and 1s contalne 20 wt. parts
per 100 wt. Bgkht)Ohalprliradanhi1id dgpirl seta A MBIl deitdayeh@pi ng an

el ectrostatic image, conprising the steps of: formng a |ayer of a

nmono- conponegurdavel-epeatitgC agenitS| RGich 3N SiAdldnE Comeodid Ve
triboelectric charge in a regul ated thickness on a devel opercarryi ng nenber
by a devel opendybirclneddicegel atiilon means, and devel oping an el ectrostatic
i mge on an 25 el ectrostatic imge-bearing nmenber di sposed opposite to the
devel oper-carryi ng neffioar exiampliehe irtorice eprormaniatey etopesecarri ed on the
devel oper - carryi ng ~ 6 APR 2002 , -183 nenber; wherein the toner

conpri séd at SPi&ﬁ* £opPddeg RSOt WRXATHES & aicR arye Hrciudeipo ny

KOH/ g~ a col oran nd an Qrgani c netal compound,. and the organic netal
corrpgund is Qﬁﬁgﬁﬁiﬁpé‘yfil& Sumsé‘&?p&fndﬂg'lﬁitﬁwls(?ﬂﬁetah%’éﬁgfﬁ’&?ion or/ and

a bonding of _zi.rconi ym and an.aromatic.c und a ligand or/and an acid
source sel ecfcéamle%g%liteljfg'odﬁygdﬂ‘a@&nﬁ'ﬁfibﬁ%%%ralr%%?’&y%ﬁgg?g?’ aromatic

hydr oxycar bo [ Ind Sy tyi : | A i d aromatic

p)cl)l yca)r/boxyl ?%h‘ggll%gldq%&l%r%%t %c()é(;fm;{%glgé i ng dtrgl %?%%ﬁg wherein the

devel oper - capnYynd i RERSN cHABYdsSOSrR S Ustdid ehy Bdis 1 48808, | ayer
cont ai ning an el ectroconductive substance 15 fornmed on the substrate. 56.

The met Had aeteydipheniyq dGlchldrodi Mdiey eiverdidifldimethylchlorosilane,

vinyltriethoxysilane, y-methacryloxypropyltrimethoxy-
silane, vinyltriacetoxysilane, divinylchlorosilane,
and dimethylchlorosilane.
The toner according to the present invention
20 can also be blended with a carrier to provide a two-
component developer. The carrier particles may
preferably have a resistivity of 106 - 1010 ohm.cm by
controlling the surface roughness and the amount of
coating resin.
25 The carrier barticles may be coated with a
resin, examples of which may include: styrene-acrylate

copolymer, styrene-methacrylate copolymer, acrylate



nono- conponent devel oper conprises a nmagnetic toner having a negative
triboelectric charge. 20 The nethod according to Caimb54, wherein the
nmono- conponent devel oper conprises a non-magneti c toner having a nebatAPRE00?
triboelectric charge. 25 59° The nethod according to Cl aim54, wherein the
toner i s a toner according to any one of Clains 2 - 53. 1 6 APR 2002 -
184 59. The toner accot~~~irig to C a+8212 ( wherein the binder resin has
an acid value of 1-70 ngKOH g_ 60. The toner according to Claim1l., wherein
the binder resin has an acid value of 1-5~ ngKOH g. 61. The toner according
to Caim1, wherein the binder resin has an acid value of 2-90 ngKOH g.
CAA T ALG. Aepolyme pe, Am@thaary hatal gopoymenss. Al lAICOReAUEsin AU

CA&H AY A @A{.AU .A AS Ay. AH .Ay,E .ALLA A A e Ayl AL Ay. A& . Al. A5. A
_AL. AH . A+ .pluoripgzcentaining resin, polyamide resin, ionomer

A{@A. 2. Ah. Ah’, A{E. AU2. A& AA@ AS. Ai\g._ AA. A+. AD. A+2. AU AA. A A+. Al . AL. A+&. Ay.
AC. A. Ah. A+. eI pPalyphenylape xguhlida Reginaopnd mixtugesipisc

. AR9. A9. A AH. AQ A5 AM Al AV. A>. AQ A[L. ACL. Af . A'D. A} . Ay . Ayyl
CA{. A& AA. AAFTARYC . AA . AUSMA. ~9AA. L. AL. A{A. h S{A.

U. A5. A>. §>9. ACL. A+. Ah éﬁ%cé{i’éfi@cgggxéér}i%EEéfA Yy Rdtprise a

.A+L. Ae. AHL. A5. A A .
magnetic material, examples of which may include: iron

oxides, such as ferrite, iron-excessive ferrite,
magnetite, and ¥-iron oxide; metals such as iron
cobalt or nickel, and alloys of these metals.

10 Further, the magnetic material may contain an element,
such as iron, cobalt, nickel, aluminum, copper, lead,
magnesium, tin, zinc, antimony, beryllium, bismuth,
calcium, manganese, selenium, titanium, tungsten, or
vanadium.

15 To the toner according to the present
invention, it is also possible to add various
additives in order to impart various properties.

) Examples of such additives are as follows:

(1) Abrasive: metal oxides (strontium titanate,
20 cerium oxide, aluminum oxide, magnesium oxide,
chromium oxide, etc.), nitrides (silicon nitride,
etc.), carbide (silicon carbide, etc.), metal salts
(calcium sulfate, barium sulfate, calcium carbonate,
etc.), etc.
25 (2) Lubricants: powder of fluorine-containing
resin (polyvinylidene fluoride, polytetrafluoro-

ethylene, etc.), aliphatic acid metal salts (zinc



A rl.AXL.A° .ALE .Al A A .A .AY

Al A sRh. A9y. A". Al [. A[. An. Af n. A+. Ah. A5. A95. AV9. A +. AU . A A, . AY9. A+, *

ol 8 AR oo
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9 is rotated in a direction of arrow A to convey a

layer of the toner 10 to a developing region D where

10 the developing sleeve 14 and the photosensitive drum 7
oppose each other. In case where the toner 10 is a
magnetic toner, a magnet 11 is disposed within the
developing sleeve so as to magnetically attract and
hold the magnetic toner 10 on the developing sleeve,

15 whereby the toner-is subjected to friction with the
developing sleeve 11 to acquire a triboelectric charge
sufficient for developing an electrostatic image on

) the photosensitive drum 7.
In order to regulate the layer thickneés of

20 the magnetic toner 10, a regulating magnetic blade 8
comprising a ferromagnetic metal is hung down from the
hopper 9 to confront the developing sleeve 14 with a
gap of ca. 200 - 300 ym from the surface of the
developing sleeve 14. Lines of magnetic induction

25 from a magnetic pole N; of the magnet 11 are

concentrated to the blade 8, whereby a thin layer of

the toner 10 is formed on the developing sleeve 14,
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electrostatic image is developed with such a thin
layer of toner, i.e., a non-contact type developing
apparatus. However, the developing method according
15 to the present invention is also applicable to a
developing apparatus wherein the toner layer thickness
is larger than the minimum gap between the developing
sleeve 14 and the photosensitive drum 7 at the
developing region, i.e., a contact-type developing
20 apparatus.
Hereinbelow, further description of a non-
contact type developing apparatus will be made.
Referring again to Figure 1, the developing
sleeve 14 is supplied with a developing bias voltage
25 from a power supply 15 so as to cause a jumping of a
toner 10 (as a mono-component developer) carried on

the developing sleeve 14. In case where the
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()- also possible to apply an alternating bias voltage to
the developing sleeve 14, thereby forming a vibrating
field of which the voltage polarity alternates with
time at the developing region. In this case, it is
preferred that the developing sleeve 4 is supplied

15 with an alternating bias voltage superposed with a DC
voltage component equal to the above-mentioned
difference between the image region potential and the

) background region potential.
Further, in the case of so-called normal

20 development scheme wherein a toner is attached to a
higher potential region of an electrostatic image
having such a higher-potential region and a lower
potential region, a toner charged to a polarity
opposite to that of the electrostatic image is used.

25 On the other hand, in the case of the reversal

development scheme wherein a toner is attached to a

lower-potential region of an electrostatic image, a
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toner 10 and the developing sleeve 14 to a polarity
appropriate for developing an electrostatic image on
the photosensitive drum 7.

In a developing apparatus shown in Figure 2,
an elastic plate 17 comprising a material having a
rubber elasticity, such as urethane rubber or silicone
rubber, or a material having a metal elasticity, such
as phosphor bronze or stainless steel, is used as a
member for regulating the layer thickness of toner 10
on a developing sleeve 14, and the elastic plate 17 is
pressed against the developing sleeve 14. In such a
developing apparatus, a further thin toner layer can
be formed on the developing sleeve 14. The other
structure of the developing apparatus shown in Figure
2 is basically identical to that of the apparatus
shown in Figure 1, and identical numerals in Figure 2
represent identical members as in Figure 1.

In the developing apparatus of Figure 2, the
toner is applied by rubbing with the elastic plate 17
onto the developing sleeve 14 to form a toner layer
thereon, so that the toner can be provided with a

larger triboelectric charge and thus results in a
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resinous coating layer coating the substrate surface.

An example of such a structure is illustrated in
Figure 3 which is a partial sectional view of the

10 sleeve. Referring to Figure 3, a cylindrical
substrate 6 is coated with a resinous coating layer 1
which may comprise a binder resin 4 and optionally an
electroconductive substance 2, a filler 3, a solid
lubricant 5, etc., as desired. 1In case where the

15 electrocoaductive substance 2 is contained, the resin
coating layer 1 becomes electroconductive. This is
effective for preventing excessive charge of the
toner. 1In case where the filler 3 is contained, the
wearing of the resin coating layer 1 may be .

20 suppressed, and the toner charge can be suitably
controlled by the charge-imparting ability of the
filler. Further, in the case where the solid
lubricant 5 is contained, the releasability between
the toner and the sleeve can be improved, thereby

25 preventing melt-sticking of the toner onto the sleeve.

In the case of incorporating an

electroconductive substance in a resin coating layer,
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inferior developing performance.

The resinous coating layer may preferably

have a surface roughness Ra in the range of 0.2 - 3.5

am in terms of JIS cennte-line-average roughness. If

Ra is below 0.2 pm, the toner charge in proximity to

the sleeve is liable to be excessive,

so that the

toner is rather firmly held by the sleeve due to an

image force and accordingly a fresh toner portion

cannot be charged by the sleeve,

developing performance.

thereby lowering the

If Ra exceeds 3.5 ym, the

toner coating amount on the sleeve is liable to be

excessive, so that the toner cannot be sufficiently

charged but is ununiformly charged, thereby causing a

lowering and irregularity of image density.

The resinous coating layer 1 may comprise

materials as follows.

Referring to Figure 3,

electroconductive substance 2 may include:

examples of the

powder of

metals, such as aluminum, copper, nickel and silver;

powder of metal oxides,

oxide and tin oxide;

and carbon homologues,

such as antimony oxide, indium

such as
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electroconductivity and is suitably used because it
imparts an electroconductivity when incorporated in a

5 polymeric material at a fairly arbitrarily controlled
level by controlling the addition amount thereof. The
carbon black may preferably have a number-average
particle size of 0.001 - 1.0 pm, more preferably 0.01
- 0.8 mym. In excess of 1 pm, it becomes difficult to

10 control the volume resistivity of the resinous coating
layer.

The electroconductive substance may
preferably be added in 0.1 - 300 wt. parts, more
preferably 1 - 100 wt. parts, per 100 wt. parts of the

15 binder resin constituting the resinous coating layer.
The filler 3 may comprise a negative or
positive charge control agent for toners. Examples of
| other materials constituting the filler 3 may include:
inorganic compounds, such as aluminum, asbestos, glass
20 fiber, calcium carbonate, magnesium carbonate, barium
carbonate, barium sulfate, silica and calcium
silicate; phenolic resin, epoxy resin, melamine resin,
silicone resin, polymethyl methacrylate, methacrylate
copolymers such as styrene/n-butylmethacrylate/silane
25 terpolymer, styrene-butadiene copolymer, poly-
caprolactone; nitrogen-containing compounds, such as

polycaprolactam, polyvinylpyridine, and polyamide;
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ethylene, polytetrafluorocalkoxyethylene, fluorinated
ethylene-propylene-tetrafluorocethylene copolymer, and
trifluorochlorocethylene~-vinyl chloride copolymer;
polycarbonate, and polyester. Among these, silica and
alumina are preferred because of their hardness and
toner chargeability controlling effect.

Such fillers may preferably be used in 0.1 -
500 wt. part, more preferably 1 - 200 wt. parts, per
100 wt. parts of the binder resin.

The solid lubricant 5 may comprise, e.g.,
molybdenum disulfide, boron nitride, graphite,
fluorinated graphite, silver-niobium selenide,
calcium chloride-graphite, or talc. Among these,
graphite may preferably be used because it has
electroconductivity in addition to lubricity and may
exhibit a function of reducing a portion of toner
having an excessive charge to provide a level of
charge suitable for development.

The solid lubricant may preferably be added
in 0.1 - 300 wt. parts, more preferably 1 - 150 wt.
parts, per 100 wt. parts of the binder resin.

The binder resin 4 used for constituting the
resinous coating layer 1 optionally together with such

electroconductive substance 2, filler 3 or/and solid
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polyester resin, polycarbonate resin, polyolefin

resin, silicone resin, fluorine-containing resin,

5 styrene resin or acrylic resin. It is particularly
preferred to use a thermosetting or photocurable
resin.

The developing sleeve may be provided with

further preferable performances by surface treatment

10 thereof as by abrasion or polishing for surface
smoothing so as to expose the electroconductive
substance 2, filler 3 or/and solid lubricant 5 to the
sleeve surface at an appropriate level, or/and to
smooth the surface for providing a surface with a

15 uniform unevenness. This is particularly effective
for suppressing longitudinal streaks appearing in
solid black or halftone images or quickly providing a

| sufficient image density at the startup of image

formation, particularly in a high temperature/hiéh

20 humidity environment. The abrasion or polishing
treatment may be performed by using an abrasion or
polishing stripe of felt or abrasive particle-attached
strip for finishing the sleeve surface to a uniform
unevenness, whereby the toner coating amount on the

25 sleeve can be uniformized, thereby allowing only toner
particles subjected to triboelectrification with the

sleeve to be conveyed to the developing region. This
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is assumed to be the mechanism for the improved
performances.
After the surface-smoothing treatment, the
coating layer may preferably retain a surface
5 roughness Ra (according to JIS B0601l) in the range of
0.2 - 3.5 pm, more preferably 0.3 - 2.5 pm, for the
same reason as described above.
The cylindrical substrate 6 may preferably
comprise a cylinder of a non-magnetic metal or a
10 resin. For example, a non-magnetic cylindrical tube,
such as that of stainless steel, aluminum or copper.
Such a cylindrical tube may be produced through
drawing or extrusion, preferably followed by cutting
or polishing for improving the size accuracy to a
15 prescribed size accuracy. The cylindrical tube may
preferably have a straight allowance of at most 30 pm,
more preferably at most 20 jpam. The tube may be
| subjected to sand blasting or abrasion for provide a
rough surface with an appropriate degree of surface
20 unevenness. The blasting may be performed by using
abrasive particles which may be definitely shaped or
indefinitely shaped.
Now, an example of image forming method to
which the developing method according to the present
25 invention is applicable, will be described with

reference to Figure 4, which illustrates an image

forming apparatus including a contact charging means
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Referring to Figure 4, a rotating drum-type
photosensitive member 801 comprising a photoconductor
layer 80la and an electroconductive substrate 80lb is
rotated at a prescribed peripheral speed (process

10 speed) in a clockwise direction as shown on the
drawing. A charging roller 802 comprising an
electroconductive elastic layer 802a and a core metal
802b is supplied with a bias voltage V2 from a
charging bias voltage supply 803. The charging roller

15 802 is pressed against the photosensitive member 801
and is rotated following the rotation of the
photosensitive member 801.

J Based on the bias voltage applied to the
charging roller 802, the surface of the photosenéitive

20 member 801 is charged to a prescribed voltage of a
prescribed polarity. Then, the charged photosensitive
member 801 is exposed to image light 804 to form an
electrostatic image thereon, which is then visualized
as a toner image by a developing means 805. The

25 developing means 805 includes a developing sleeve
which is supplied with a bias voltage V1 from a

developing bias voltage supply 813.
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onto the photosensitive member 801) comprising an
electroconductive elastic layer 806a and a core metal
806b. The toner image transferred onto the transfer-
10 receiving material 808 is then fixed onto the
transfer-receiving material 808 under application of
heat and pressure by a heat-pressure fixing means 811
comprising a heating roller 8lla and a pressure roller
811b. The surface of the photosensitive member 801 is
15 subjected to cleaning for removel of attached soiling
substance, such as transfer residual toner by a
cleaning device 809 having an elastic cleaning blade
] abutted against the photosensitive member 801 in a
counter direction, and then charge-removed by a '
20 charge-removing exposure means 810, to be used for a
subsequent cycle of image formation.

While the charging roller 802 has been
described as a contact charging means in the above
embodiment, the primary charging means can also

25 comprise another contact charging means, such as a
charging blade or a charging brush, or alternatively a

non-contact corona charging means. However, the
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5 another contact transfer means, such as a transfer
blade or a transfer belt, or alternatively a non-
contact corona transfer means. The contact transfer
means is less liable to cause the occurrence of ozone.
Hereinbelow, the present invention will be
10 described more specifically with reference to
Examples, to which the present invention should not be
however construed to be limited.
Table 1 below shows some examples of resins,
Table 2 shows some waxes and Table 3 shows magnetic
15 materials, respectively used in Examples described
hereinafter.
Regarding Table 1, styrene-~based resins
) (Binder resins A-G) were prepared by solution
polymerization, and polyester resin (Binder resiﬁ H)
20 was prepared by dehydro-polycondensation.
Regarding Table 3, Magnetic materials (i) -
(v) were prepared as magnetite particles by adding
salts of prescribed elements to be internally
copresent, followed by pH control, more specifically
25 by adding a silicate salt for Magnetic material (i), a

silicate salt and an aluminum salt for Magnetic

material (ii), a phosphate salt for Magnetic material
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for Magnetic material (v), a phosphate salt to form

5 nuclei of magnetite particles followed by addition of
a silicate salt and pH control for Magnetic material
(vi); no particular salt for Magnetic material (viii),
and, after forming magnetic material (viii) as nuclei,
adding a zirconium salt followed by pH control to

10 precipitate zirconia for Magnetic material (vii).

15

20

25



10' 0% 110% & ()-s!a * 1 10%08& ()-s!q {* ! 109N ()-s* 110% o0& ()-s!

*21109%77& ()-s!' L f M 10%0s08& () - 678EGLSth@ 10' 0*!'t ?F 10%e& ()- F

109%C0& () - & 10% 0& ()-!S ]10%0z0& ()-']10% c& ()- 10' 10'dfhrz} ok & ARR 2002

' $109%00& ()-!8' $10% _ & ()-!L= L 10%0s0& ()--!p L

109 () - - @AL0% 0& () - y[ 10% o& () - XVAF@ 10! " $10°/@o&' ()-14 '$10%/ [/

& ()-1>M $10%0e0&’ ()- 2p' $10% & ()-' MEE0%0& ()-! @ $10% () - uss .
109109% +& ()-m ! 09109%& () m 1 0910%KK&' ()-m ,-10% & ()-' nl0% & ()- 1000 1000 |
100068bj wzwU6uS4 |
1010% t & ()-! k10%CCE () -! " 10%8&& () ;! 100/‘ & é%% 9109& ()-m ! 910% ;& ()-m |
zwU3uS4 10! p0410% & ()- !, 10% DY L R TEFLNS 100008 () - ! '
940% 1{1& ()-! 9A0%& ()- aBus4

10 PO4IL SO ) BB & () SRR s S10% & a4
10° L$810% &({T> " $410% &) $0@Py WobE10H—1L0% ToTecuiar weloht  |THr
Monomers wt.parts* Acid fo-memmqgmmmmm e insoluble
(mol.%) value Mw Main |Sub- content
> peak |peak (wt.%)
A |styrene 79.5 0.1 | 229000 | 19200 {278000 0
n-butyl acrylate 20.0
j divinylbenzene 0.5
10 B |styrene 79.0 1.7 | 207000 | 16800 |245000 0
n-butyl acrylate 80.0
mono-n-butylmaleate 0.5
divinylbenzene 0.5
C |styrene 78.5 3.8 186000 | 14700 |267000 0
o n-butyl acrylate 20.0
monc-n-butylmaleate 1.0
divinylbenzene 0.5
)
D ([styrene 75.5 13.2| 165000 13100- 235000 0 ,
20 n-butyl acrylate 20.0
mono-n-butylmaleate 4.0
divinylbenzene 0.5
E |styrene 69.5 31.8| 144000| 11000 | 286000 0
. n-butyl acrylate 20.0
mono-n-butylmaleate| 10.0
divinylbenzene 0.5




& ()-11) @10%5& ()-11q @10% ~ & ()-1!]" S10%5& ()-! CHS10%00& () -

| 0S10%rY& () - PZi | { Y8bC 10! ! 3p0.10%q & ()-! >(#109%5& ()- V' (#10% Ec, & (4-
10968 ()-1 10% & ()-!H 10%555&'()-|~_: 10! ! 15 APR 7002
| OM 10%& ()-!-10%v& ()-' &10%VE ()-F 105 105

105510968 ()-!0. 10965& ()-*9wU3~_= 10! M 10%e& ()-!!P

"M 109 ()-1!M10% i & ()-!!CFM 109%& ()~110-M 109%/W& ()-!!8

M 109& ()-! 9CNVel xWb~_= 10! !u, ! 109& () -

LU 1109%& ()-! xM 109 ()-!!M 10%& ()-! VM 109%& ()-!! @1 10%J U & ()-!}oPl

110% & ()-F(10% & ()- 10 10 10 |!4M 1d%
& ()-!4M 109411 4M-109MNE () -z X601 11 L10% & {(—1E310%e—()—1a3
SYL0%iu& ()1 RS SYEOELS & 01103 yy 5| 4a.s [133000 | 9200 | 228000 0
n-butyl acrylate 20.0
methacrylic acid 7.0
5 divinylbenzene 0.5
G | styrene 77.5 62.5 129000 | 7100 254000 0
n-butyl acrylate 20.0
] acrylic acid 8.0
divinylbenzene 0.5
10
H | terephthalic anhydride (30) 12.8 | 576000 7500 - 0
trimellitic acid (5)
dodecenylsuccinic acid (15)
propoxy-bisphenol A (50)
15 .
%1: Mol. % indication in parentheses is used only for monomers
for Binder resin H.
)
20
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sY10%&' ()-,s10% & ()-*/ FIMW6oP1
1,100 & ()-!'10110% /& ()-!S'10%\ & ()-!!10%& ()-!UL10%®\ O\ & () - 16 APR 20D
1 L10% (& ()- Mvdhp~wU3oP1
1!+, 0109%®E?E& ()-1t,010%\ & ()-!",010%& ()-!,)10% u-u& ()-!,)10%\& ()-!,)1
0% () - dEoP1
1!+, 01096210% & () - $F+10% & () - $#10eH-& () - $10% & ()-$10% & ()-$ 10% & ()-bC
1!+, 010, 10% o0& () - #10% 0& ()-f10% o0& ()- " 10% o0& ()- 10\ 10\
10\ 9610% & ()-}[9bC 1!+ L10%0& ()-9!' @y10%&' ()-!" y10%8& ()-! @
y109%6* & ()-y10% o0& ()-&610% o0& () - (4<VWU3bC !
11 @10%0& ()-9! L10%& ()-9! U L10%a%r & :( Wated 10%&' () - 9! HIOL10%o0& ()-9!IL1
0% NMpME () - 9V~ bo| w3bC

- movB8&—() =M - mnoz&' O-M-n10%"' & ()-MK-ml0% uru& ()-M1}-nlQ% o0& ()-M
tL109%& () -9} ~2bC 1| $10% 0& () - $y10% o0& () - &S210% o0& ()}
+t 10% 0& () WoXmLove: () - MAESTFi@Ye e 9& () - MIYNC 11° 10' HMedthng
10' h' ] 10% hg&' () - $3410% o0& () $) 10% o0& ()-$! 10% o0& () - f EB%*G&‘(FJdEYNC 1

-10% & () -, FO%-E—(I—HE0% S y—F10%-8- ()& 10%-4-()—MEGY-&- 0> WUGYNC

1 @0% & () \!'I17 0/ fBI 0%t#& ()- '~J &1OQ%& ()L !
£10% a’ aé&'( ap. LO@E&@WQ ly-10% & ()-1[A L'|[z1098°()-1
L' 210% ()- | (b)z106 *QJJl%e(t)nyl%rle @z&/& () - 130
(c) polypropylene wax 135
(d) styrene-modified polypropylene wax 115
(e) maleic anhydride-modified poly- 125
propylene wax
10
() paraffin wax 75
(g) Fischer-Tropsche wax 80
(h) Fischer-Tropsche wax 105
(i) Higher alcohol wax 95
(i) Carnauba wax 85
15 . :
)
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Il @O0%dtd& ()- dEYNC 1!y-1L$y10% & ()-L$ 10% & ()-)10% & () -
y, &10% & ()-sml0% & ()- SS310% & ()-&bC 1! yF 6 0
1090 () -- 109K ()-' @MLOWE ()- 10° 10° 10°&610% & ()-L$ +10% & () - OB
11yy, 109%VE ()-109%VE ()- , @ 109%VE ()-L@LO%VE ()- : 109%VE ()-: 109%VE () - (_aBbC
11y, "1 109VE ()-!,)-#1096KX& ()-, L' 10%vE ()-Y
VA 0%WVE () - #1008 () -, F: 1098 ()-" FGH VxnbC 1!y’ 10%& ()- 10M 10M
10MB9&L0%VE. () - SS10%VE () - &610%VE () - @ 109%VE () - MV[ V941} [ 9mbC
111f (O $109FF& ()-!x 109& ()- ! 109& ()- 109%VE ()- @ (
109%a& ()- @ 109%VE ()-:wi [MC 1!!f( $10% 10 10
10 n. 1 109& ()-!.!10%& () TebSE0%:! &Magrieisi S IOMBA)aTEMC 111 (Y
31098 () - @ Y109V () - 10%v& () - @LO%WE ()-t- 109 ()-' mLO%WE ()- ! TY] a?MC
1111\ @#109%& () - @A0%E ()-S 109 ()- !dS 109%& ()-
@ 10%VE () - S&L0%VE ()-]2faVK@1!!f! 10M 10M

() - 6100ME

10MaB10%VE' ) - @410V () =1 f2GLO0%VKE () -1 @ #1009 s K@
@ (iadhet e 1) - GIPHE D (Fanans () - TA0E )bi*ﬂ‘lém()‘“
material (1am)
’ species:content Superficial *
(wt. %) percentage
(1) si 2.0 Si 31% 0.19
1 (ii) Si 0.5/A1 0.5 Si 18%/Al1 95% 0.21
(iii) P 0.5 P 22% 0.18
10 (iv) Mg 1.5 Mg 27% 0.23
(v) Zn 1.0/81 1.5 Si 37%/Zn 56% 0.20
(vi) P 0.2/81 1.0 Si 33%/P 17% 0.19
(vii) Zr 1.0 Zr 100% 0.21
(viii) - - 0.22
15 )
%1: A proportion of different element detected up
| to 20 % dissolution of iron.
*2: D1l = Number-average particle size.
20
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10 10![.!109%& ()-!-.1100KK&" ()-!+MLO%ME ()-! VY$10%=& ()- ! Y$10%=& ()-
109% & ()-,F 10% & ()-y10% & ()-s10% & ()--10% & () - mlov

#(Y UV7@ 11!

10*' Xz[ <7@ 1! S %\/[LO(V&' ()-s!10% ;& ()-!s! 10%AA& ()-1Vig
109& ()-!#109%& ()-, 10% & ()- X! LaB7@

1! f 34MLO% &
*S10% & () - !
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9 $10%|&'() OXYZ[ hmadl3- 111 (" S

109%IU& () - SS109%VE ()-'1109%VE& ()- 10 10°

10" y9Z10% &
11111 10%8!

()-'46I 10900& () - 4k3, 8r "7~ =

109B& () - Sr

1! 10M710%vE

1 -, 1109 *10%VvE&: &$1Q9 I | vOaVLOYVVE,
M#l ME 1! 10|\/I73(/)zl %% )‘(%iri O 0-) }8&‘\/&t()pa Y 0-

09 & ()-119L rts

1710081 10% & () 8%%6%79 et gy o0

L0308 ) 110% & 4148 4 flopl aBNEGb M, 10X ) 8 100 ()

£ 10% & ()-! ' #1008 &' % 109 oaB7="11

10° S910% & () - @W&N6 4§ ) (9830% 896) OLF410% ~ & () -fy210% & (1) - S010% & () - DK
= 111 10 ! u&@LOYANNE () - &@L0% & () - @0% & ()-"-10% & ()-' @1L0% & () -

10" DsA<K= 1!'1 10440siBP%ee&p()=-195'20% & ()-- 4 "

Y10% & ()-y10% & ()-S910% & ()-!{&@L0%& () -

010% & ()--S 10% & ()THe +4ADSY& {hgtERBEAOL( ¢&re) pirelimikrd'll) - 1\ uj _

10!, 109%v& () -
1su@ded (by Le1Bengchipl | i 2e10ehBALhEn@wWEL-@rheaded

919%&'()-y
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10: 10: 10:

through a twin-screw kneading extruder set at 130 ©c.
During the melt-kneading, the viscosity of the kneaded
mixture was gradually increased, whereby the formation
of fresh crosslinkage was confirmed.

The thus-kneaded product was cooled, coarsely
crushed by a cutter mill and finely pulverized by a
pulverizer using a jet air stream, followed by
classification by a multi-division classifier
utilizing the Coanda effect to form a magnetic toner
having a weight-average particle size (D4) of 7.5 jnm.
To 100 wt. parts of the magnetic tomner, 1.0 wt. bart
of hydrophobic silica fine powder hydrophobized with
20 wt. % based on starting silica fine powder of
hexamethyldisilazane and having a methanol-wettability
of 65 % and a BET specific surface area of 260 m2/g
and 3.0 wt. parts of strontium titanate fine powder
were externally blended to prepare Magnetic toner
No. 1. Magnetic toner No. 1 exhibited D4 = 7.5 pm.

Other properties of Magnetic toner No. 1 are shown in

“"QlaBK= 111 10! f2-10%]& ()-



111 10! f109%VE ()- 109%VE () - S&LO%VE () - SF

109V& () - Sy109%v& () - S109%VE ()-3@zaBj _@1!1

10! S10%VE' () - SLO%VE' () - SMLOVE: () -!' 10%&' ()-' 10%VE' () - SLO%VE () -\ aBj § @RI
10!, 1098VE ()-f* 109VE ()-!) & 109& ()- S| Y40%VE () - #! 109%VE () - S310%VE () - Mbgh
i jwxnbC 1!1° 10! &MLO%VE ()- 10M 10M

10M/9109%VE () -y7Z10%VE () - 6109VE (}14- 109V& ()- W )aaBmbC 1!1

10! f Z109V& ()- L@ 109V& ()-! L@ 109K Kk & () -

1090VE () - y@LO%VE () - @ 109%VE () - 16j zX9nbC 111

910988 ()-"19109& ()- ! n! 109& ()-!!10%/N& ()-! @L10%WNE () - nf 109V ()-j BsdEm
bC 1!'1 9S. ML (3:-109& ()- +109%E& ()- @ 109V& ()-S ' MLOWVE ()-f %

109%v& () -sDv \= 111 ' 10%V& ()-_10M 10M 10MS910%VE: ()-S810%VE& ()-!Y4
gmlbi,éégom%sr%? Fotand? ditoat 115V a8hpetey B0 W

oo () 1y ORIy 25 TN 13 1R ot oRhtdatmnte) BRARRT 111
10 ()- @ SO )nd Bng 100 Ln P ASIERL) n@HAOREL5OBRABE () - AvknbC
10M@ @L0SAVB! g . 90&ndn R0V fdr QARIHEL (hy $BEERBGiDDIng a

S&10%VE' () - 9310%WK' ()-fL10%V& ()-S
developing sleeve prepared by coating a sleeve
substrate with a resinous coating layer (phenoclic
) resin:graphite = 3:1 by weight) first for continuous

copying on 50,000 sheets in an environment of

10 temperature of 23 ©C and humidity of 5 $RH and then
for continuous copying on 50,000 sheets in an
environment of 30 ©C/80 %RH, i.e., on totally 100,000
sheets. The test was performed while removing the
cleaning web for the fixing roller. The toner on the

15 developing sleeve was provided with a negative
triboelectric charge.

As a result, it was possible to obtain high-
definition images having a high image density and free
from fog in both environments. The results are.shown

20 in Table 6 and 7.

Separately, a similar continuous copying test
was performed on 25,000 sheets in a normal
temperature/normal humidity environment. The results
are shown in Table 8.

25 The image density was measured by using a
Macbeth densitometer (available from Macbeth Co.)

equipped with an SPI filter for measurement of a

|



109%VE' () - 109%V&' ()-fz109%&' ()-9KdEMHC 1!1 # 10%V&' ()-S! 10%&' () -

109V&' () - S&f 10%V&' () - SF10%VE' () - f 10%v& () - CaBmbC 1!1
f.109v&' ()-, 109%v& ()-f+: 10%& ()-!,)"109%& () - 16 APR 2007
“F10%VE' () - SY¥910%V&' () - CzdEnbC 1!1

' 1098 () -f810%VE ()-&610%V&' ()-fFA410%E& ()-fy2: 10K ()- 010%E ()-0~ @
111 F 10% & ()-,2z10% & ()--10% & (J+1520M 10M

10M 910%V&' ()-!y' 10%& ()-0c6a?~ @1!1 !a

109&' ()-,z10% & ()-,:10% & ()-L10% & ()-!L109X@X@ ()-, 10% & ()-0cdB~_@
111 1HT#10%& ()-@10% & ()-@10% & ()-1 910% & ()-@10% & () - @

10% & ()-9l = lgptign density with respect to a circular image of
!!SO&lO%&'(%-nS. 10% & ()-,10% & ()-S+10% & ()-@  $10% & ()- @ L10% & () - =ux
nbC 111 11 1998Beip)digpetey- 10:fof 10% & ()-' X10% v& ()-sf810% & () - 96
10% & ()-:0dEnbC 111 11 C 10% & ()-@®L10% 0&' ()-,Y 10% 0& ()- @10% o0& ()-|
10% 0& ()--10% o0& ()-TFhe ERBC"2F19FERTHINES bY- MEPSIIvRER Y WITBI0% 0&' () -

EORRIT T TR e e )

5 region after image formation and an average reflection

density Dr of a transfer-receiving material (white
plain paper) to calculate Ds-Dr as a fog value. A

) smaller value represents a better fog suppression
effect.

10 The image quality was evaluated by copying
dot images of 20 gradation levels having image
proportions of 5 - 100 % at increments of 5 % each to
evaluate the number of reproducible gradation levels.
A larger number of reproducible gradation levels

15 represents a higher definition copying performance.

The soiling of the fixing member was

evaluated according to the following standard:

A: No soiling on the fixing member.
B: Slight soiling on the fixing member.
20 C: Soiling on the fixing member was observed but

no adverse effect was observed on the images.
D: The fixing member was soiled, and offset was
observed in the resultant images.
After the 50,000 sheets of continuous image
25 formation in the high temperature/high humidity (30
Oc/80 %RH) environment, the copying apparatus was left

standing in the environment for three days, and then



110% o0& ()-@0% 0& ()-)~f dE:/ 10'0 10' 0S910% 0&' ()-S710% o0& () - 6-

10% o0& ()- @s10% *& ()-, 10% 0& ()- @10% o& ()-"NxY:/ 10" o, MLO% &1(3 afR 700
10% & ()-,!1 10% & ()-,'10% & ()-10% & ()-'10% & ()- 10' oNBxdE:/

10' 0, , &ML0% & () - @910% & ()-y10% & ()-|

10% & ()-,10% & ()-,:10% & ()-x$}[9:/ 10'0!Y410% & ()-!oV 10%& ()-!V
10%v& ()-1 %40% & ()-!!110% & ()-@80% & ()-, ?@\BOTh@ 10' o!! 9-

10%J& ()-@10% & ()-'m0% & ()- 10" 10" 10°S9 10% & ()-S810% & ()-6*<}[9b@
10' o! Y&$10%>&' () - g'XY&$10%&'() g! Y&$10%&' ()-g 10% & ()-T!~ 109%& ()-T9-
10% & ()-@~NrS1 !, $sS 10%@ @& ()-f10% & ()-'10% & ()- 10 10 10!o. -

10%&' ()-!.- SR J(lyag@zaqagi fmrrg;@@g%l&' tp-measure the image
'10%&'()-|Ls|10%wv&()-l[sllo%\&'()-|s|10%)0&'() 1sS

109EE& () - w3AABLEL: 10088 ()-ty-109%Vv&' ()- 10\\ 10\\ 10\\! MHf

10\ & ()-!WH 10%\ & )-l+f 109 V6ndEoP1 . 10% 10%V&' () -

109%V&’ () - 10%V&' () - 109 Re ‘i‘b@wéé%lb@a&e formagdpppin the

normal temperature/low humidity (23 °C/5 %RH)
5 environment, the resultant images were evaluated with
respect to the presence or absence of image defects

due to soiling of the wire according to the following

) standard.
A: No image defects.
10 B Some defect observed in a halftone image.
C: Some defect observed in a solid image.
D Defects were observed even in ordinary image.

Examples 2 - 14

Magnetic toners Nos. 2 - 14 were prepared
15 according to prescriptions shown in Table 4 otherwise
in a similar manner as in Example 1 and evaluated in
the same manner as in Example 1. The properties of
the respective magnetic toners are shown in Table 5,
and the evaluation results are shown in Tables 6 - 8.

20 Comparative Examples 1 - 4

Magnetic toners Nos. 15 - 18 were prepared in
the same manner as in Example 1 except for using the
following Organic zinc compound (172), Organic iron
compound (173), Organic aluminum compound (174) and

25 Organic chromium compound (175), respectively, in
place of Organic zirconium compound (38), and then

evaluated in the same manner as in Example 1. The



10994.09%VE’ () - #1098 ()-! 109 ()- 109%VE' () - &10%VE' () - YI0%/E () - k20aBoP1
10&86109%VE’ ()-. 109K () -, GLOYVE' ()-*10%& ()-!,) 16 APR 2002
109%>& ()- ' 109 ()-Oanpuj @ 1' mL0% & ()- 10M 10M 10MD

109%VE ()-! @10% ()-1 ' 109& ()-1 810%& ()-!YdB @

119$10%\ & ()-3' 10% & () - 10%&'()-‘]? 10% & ()-10% & ()-S 10% & () - Y~dE] _@
11s' 10% & ()-9%40% & ()-#10% & ()-11hd%n & ()- 10% & ()- 10% & ()-Cx*aBj @
1210% & ()- 010% & ()-. SL0% & ()-- 1004 & ()- +10% & ()-!,)! 104\ & ()-* XmbC
1s' LmLO%VE ()- 10\ 10\ 10\910% & () |
810% & ()-L6910% &. ()~ 4: 10%.& BhC II10%& LLO9ME: () -

| 109%v& () - Ly I&M‘Lg“f’nslﬁﬂ)ﬁ&"%) f&%f?él tiye |

%?%O%W%9%8%§Z% Q)%ﬁwgl%@&g (%%% s%ﬁ&%& (—3(&; gﬁ%m& ()-

%= ! M10%yE) ubtYBROYEsLh thl 21" M o & rSaLAL (¢ -F ¢.OM 10M
In the following formulae (172) - (175),

5 coordinating water molecules are omitted from showing.

( o tBu Yz2-
thy C- O\Z/Oj:'@\ 2H’ (172)
’ o-—" ~o0 c tBu
L tBu O /
10 -
/ \ -
o, /°
O/ \0 C tBu| (173)
\ 7/
15
( 0 tBu w -
O/ \O C tBu (174)
20 \ tBu O /

25
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0%ME ()-uuV4d 11" $10% . & ()-plO%v ()- @L10%E ()- ' yl0%& ()- 10 10
10! VI + 1 10% ()-u{l xY7uv4 111 Q& !10% ()- Y+109%& ()-![Y" 10%& () -
IY"109%6f& ()- ~$10%H& ()-! $109%& ()- MIV7 !ly :10%E& ()-vy
109V& () - SL- 109V& ()-'!109M & () - 3-1B-10 10! R& ! 109& ()- M a?uV7
1110, $10900& ()-!, $10965& () - L10%VE () -yl 109%VE ()-& 109%VE ()-y$109M & () -
K NA2uV7 11 - 1008 () - +109%VE () - ! %B10900& ()-! F"! 1090WE () - yf
1098&! () -" 1090 () - AraBuV7 11y8y1090/& ()-4 109 () !4
109 1 & () - 210%V& ()-1109%V& ()-,/109% -' \ bC 117 RIQUE ()-

0

1090VE () -, 91 109%VE () -NOPIVE ()- 10M
CONH
<O |

48 apk o

(175)

10

15

Comparative Examples 5 - 8

Magnetic toners Nos.

19 - 22 were prepared in

the same manner as in Example 8 except for using the

above Organic zinc compound (172),

compound (173),

Organic chromium compound (175),

Organic iron

respectively,

in

Organic aluminum compound (174) and

pPlace of Organic zirconium compound (88), and then

evaluated in the same manner as in Example 1. The
prescriptions and properties of the respective
magnetic toners are shown in Tables 4 and 5, and the

20 evaluation results are shown in Tables 6 - 8.

25
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3: 10%v&’ () - S810%V& () - BvaBbC

|1 S1090v& () -f109%VE ()-!"10%& ()-f&}Q

11 940%VE ()-#&LO%VE () - f
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I'16S10%V& ()-5S, & 10%v& ()-' nLO%WE' () -

10008 ()-f 1098V ()-

109VE () -f 10%VE () -

10M 10M 10M

' ()-fF10%WE' ()-9SS 10%v& ()- @dEbC

o

"109 (-1 @

11§0: 109VE () -f/109%VE () - & 109%VE () -f F+10%vE () -
>(1096& () - Yy' 109 ()-6a/ 012dYNC !!
: 10%0VE () - y@BLO0%VE' () - sS610%VEab)e WA1088MET (presd1 O98dEne) - 2?7DCpdEYNC !
S10% & ()-SF10% & ()-"f 10% & ()- @0% & ()-s&L0% & () - (J10% & () - Tt aBYNC

10M 10M 10My

Magnetic | Organic metal] Binder Magnetic Wax
toner compound resin material
Nos. (wt.parts) (wt.parts) |[{(wt.parts) | (wt.parts)
Ex. 1 1 38(2) D(100) 1(90) a(2)/c(4)
Ex. 2 2 63(2) C(100) ii(90) a(3)/b(3)
Ex. 3 3 83(2) B(100) i1i(90) d(4)/h(2)
Ex. 4 4 116(2) E(100) iv(90) e(3)/g(3)
Ex. 5 5 130(2) F(100) v(90) £(4)/h(2)
Ex. 6 6 46(2) G(100) vi(90) c(3)/3(3)
Ex. 7 7 77(2) D(100) vii(90) h(2)/i(4)
Ex. 8 8 88(2) A(100) i(90) b(3)/c(3)
Ex. 9 9 124(2) D(100) viii(90) b(2)/£(4)
Ex.10 10 154(2) D(100) 1i(90) c(6)
Ex.11 11 162(2) E(100) v(90) £(3)/h(5)
Ex.12 12 144(2) E(100) v(90) £(3)/h(5)
Ex.13 13 167(2) E(100) v(90) £(3)/h(5)
Ex.14 14 133(2) E(100) v(90) £(3)/h(5)
com. |||
Ex. 1 15 172(2) D(100) i(90) a{2)/c(4)
"2 16 173(2) D(100) i(90) a(2)/c(4)
"3 17 174(2) D(100) i(90) a(2)/c(4)
"4 18 175(2) D(100) i(90) a(2)/c(4)
"5 19 172(2) A(100) i(90) b(3)/c(3)
"6 20 173(2) A(100) i(90) b(3)/c(3)
"7 21 174(2) A(100) i(90) b(3)/c(3)
" 8 22 175(2) A(100) i(90) b(3)/c(3)
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10%\&'()-———>I>>\,’-}BL 10: F+109A & () -1 ) - #1_00\\&'(\- ' 1094 &' (.-
940% & () - &kz10% &Mapnetino] &1p9gs>7)l] BosqE; /|lmage’ | Soiling” | Image
10: & 6:1 109 & () - 416REE Y9~ p19SRRIYY -| 0410% & @)’aﬁi‘eﬁ/& & () - & defect
10% & () - ?7?; @@ 105 $TOWIUE - 8-10%-&—(—20%-&(—3—26\10\
Ex. 1 1 1.41-1.44| 0.4-0.6 | 17-19 A A
5 Ex. 2 2 1.42-1.45} 0.3-0.7 17-19 A B
Ex. 3 3 1.40-1.46| 0.4-0.6 | 17-19 A B
Ex. 4 4 1.38-1.41] 0.5-0.8 | 17-18 A A
Ex. 5 5 1.37-1.42| 0.5-0.7 | 17-18 A A
Ex. 6 6 1.35-1.39} 0.6-0.8 17-19 A A
10 |Ex. 7 7 1.40-1.45| 0.4-0.8 | 17-19 A B
Ex. 8 8 1.33-1.34| 0.6-0.9 | 16-18 B B
Ex. 9 9 1.36-1.39| 0.4-0.8 | 16-18 A A
Ex.10 10 1.36-1.38( 0.5-0.8 17-18 B A
Ex.1l1 11 1.42-1.45| 0.3-0.5 17-19 A A
15 Ex.12 12 1.42-1.44( 0.4-0.5 17-19 A A
Ex.13 13 1.38-1.41] 0.5-0.7 | 17-18 A A
Ex.14 14 1.37-1.40| 0.5-0.6 17-18 A A
! comp. | T [
Ex. 1 15 1.32-1.34| 0.5-1.0| 15-17 A c
"2 16 1.30-1.33( 0.4-1.1 15-17 A C
2 "3 17 1.33-1.35| 0.5-1.2| 16-17 A c
"4 18 1.34-1.35| 0.4-1.0] 16-17 B C
"5 19 1.30-1.32| 0.7-1.2 15-17 B D
"6 20 1.31-1.33] 0.8-1.5| 15-17 B D
"7 21 1.30-1.34| 0.6-1.3| 15-18 B D
2 "o 22 1.31-1.33] 0.8-1.2| 15-18 c D

*: Soiling of fixing member
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109%& ()- 9, 109V ()- KNuNNNOCOOanY 1 y'S/ 109 () -- |
10%VE () - SY+- 10N " 109! %@ ) 0 9/&' () - C00) P\ PPPPPdYNC
1y 10M 10M 10M 3:T 7() Ff"Sé.“LEbg g?\@b ¢Pa0 k)
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s10% & ()-f{10% & E‘ﬁ;ggﬁ—ﬁg@ Y@a L Rj ﬁ?e%BYN 1 01ling d“‘a by
10% & ()--10% & ()-P1B% X0 1) - PeRIho% () - S9s105W8: ¥'5Y density
Y10% & () - RRRLSASSSAEYNC !lyf' 10% & (|)- 940% & ()- #1006 & () - :
standing
5 |Ex. 1 1 1.40-1.41 |0.2-0.4 | 17-18 A 1.35
Ex. 2 2 1.40-1.42 [0.3-0.5 | 17-18 A 1.36
Ex. 3 3 1.40-1.41 |0.2-0.6 | 17-18 A 1.35
, Ex. 4 4 1.36-1.40 |0.4-0.7 | 17 A 1.30
Ex. 5 5 1.37-1.40 |0.3-0.6| 17 A 1.31
10 |Ex. 6 6 1.34-1.38 |0.6-0.8 | 17-18 A 1.28
Ex. 7 7 1.40-1.42 |0.3-0.7 | 17-18 A 1.35
Ex. 8 8 1.32-1.34 [0.7-0.9| 16 B 1.24
Ex. 9 9 1.35-1.38 |0.5-0.7| 16-17 A 1.28
Ex.10 10 1.36-1.39 | 0.3-0.5| 17 B 1.27
15 |Ex.11 11 1.41-1.42 | 0.2-0.3| .17-18 A 1.36
Ex.12 12 1.40-1.42 | 0.3-0.4| 17-18 A 1.34
Ex.13 13 1.38-1.39 | 0.4-0.6| 17 A 1.28
}
Ex.l4 14 1.37-1.39 | 0.5-0.6| 17 A 1.28
Comp.
Ex. 1 15 1.28-1.38] 0.2-1.2| 15-16 A 1.14
20
"2 16 1.29-1.32] 0.3-1.4| 15-16 A 1.12
"3 17 1.27-1.34] 0.5-1.6| 15 A 1.15
"oq 18 1.29-1.33| 0.4-1.4| 15 B 1.11
"5 29 1.28-1.33| 0.5-1.5| 15-16 B 1.06
, "6 20 1.27-1.32| 0.6-1.6] 15-16 B 1.03
5
"7 21 1.28-1.33( 0.5-1.7] 15-16 B 1.07
" g 22 1.29-1.32| 0.6-1.5| 15-16 c 1.05

*: Soiling of fixihg member
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' k10% 0& ()-!a0 k10%o0& ()- 10\ 10\-1Z8-~ 10% & ()- @B@0% & ()-L 6-
10% & ()-ttt(u[uveva?_@ !$10%0& ()-G 10%0& ()-9Z10% o& () -1
ML0% 0& ()-10% & ()--10% 0& () - 6vgvvv+wowwdE_ @ ! 9#@

10% 0& ()-!10% 0& ()-&10% 0& () - F- 10% 0& () - 9f o _
10% 0& () - 10% o0& () - Thlwd k¥ sxfgBRETatyperange (°C) shown in

2 ALY B i85 e e o .7
04 & g! 00 0 +
101 08 4 bl SR A B stk Lok 1))

Lot atona 1) -?L}l%i/&q?’géﬁ m%?&wmfs?la%%ew.laliamae)lﬁbi& LOPWE?)

10!, 109% ()e LS
1 T ()co‘%‘( G SN MO0 3 16008 0y - Y. G¥AGR XK. also

“T109& () - S {n) - Thd O365SES Bz Tmg Y6 Qv - taﬁ&% Sut) o£18nk0mhqak
FA?2uVv40! 1 10% & () -Y 3+10% & () -!' fn>#109%&' () -! a>#10%& ()-(Y010% & () -
T110% %& () -EDdpldnd $tddode(ed, 6% 98t 6) beydB¥e ofo( arbit@arily set
| the fixing temperature and provide a process speed of
500 mm/sec, thereby providing an external fixing
10 device. By using the external fixing device, yet-
unfixed toner images on plain paper of 80 g/m2 were
subjected to evaluation of the fixability. By setting
the fixing temperatures in the range of 150 - 200 °¢
at increments of 5 °cC each, fixed images at the
15 respective temperatures were rubbed for 5 reciproca-
tions with a lens cleaning paper under a load of 4.9
kPa to determine the lowest fixing temperature giving
an image density lowering after rubbing of at most 10
% as a fixing initiation temperature. A lower fixing
20 initiation temperature indicates a better fixability.
On the other hand, an external fixing device
having a set process speed of 100 mm/sec was used to
fix yet-unfixed images on plain paper of 60 g/mz,
thereby evaluating the anti-offset characteristic.
25 For the evaluation, the fixing temperatures were set
by increments of 5 ©C each in a temperature range of

190 - 240 °C, and the offset behavior was observed to
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between the measurement of the fixing initiation

15 temperature and the highest non-offset temperature.
This is a severer evaluation condition, so that a
broader fixable temperature can be obtained under
actual fixing conditions where the toner and higher
limits of the fixable temperature range are measured

20 under identical fixing conditions (paper and process
speed).

Example 15

Binder resin C 100 wt.parts
Colorant (Magnetic material (i)) 100 "
25 Organic zirconium compound (39) 2 "

Wax (b) (m.p. 130 °c) 2 "

Wax (d) (m.p. 115 °c¢) 4 "
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externally blended to prepare Magnetic toner No. 23.

Magnetic toner No. 23 exhibited D4 = 6.5 pm. Other
20 properties of Magnetic toner No. 23 are shown in Table
10.
Magnetic toner No. 23 was evaluated by using
a commercially available laser beam printer of a
contact charging scheme using a charging roller ("LBP-
25 430", mfd. by Canon K.K.) for continuous printing on
4,000 sheets, respectively, in an environment of 23

Oc/5 %RH and in an environment of 30 Oc/80 %RH. The
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vertically ca. 80 pm and laterally ca. 70 pm and by

15 counting the number of dots securely reproduced with
an areal reproduction percentage of at least 60 %.
The 100 discrete dots were printed at three points on
an A4-size sheet along a longitudinal center line,
i.e., proximity to near end and far end and a mid

20 point along the center line. The image quality was
evaluated by number of reproduced dots per 100 dots on
an average of the three points. A larger number
indicates a higher image quality.

After the 4000 sheets of continuous image

25 formation in the environment of 30 ©C/80 %RH, the

printer was left standing in the environment for 3

days, and then images were formed to measure the image
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density.

In the continuous printing test in the
environment of 23 OC/5 %RH, the presence or absence of
reverse side soiling (soiling on a side of paper

5 opposite to the image forming side) due to toner

scattering was evaluated according to the following

standard:
| A: No reverse side soiling.
B: Reverse side soiling was rare and slight but

10 observed.
C: Slight reverse side soiling was observed on
some sheets.
C: Remarkable reverse side soiling was observed
on some sheets.

15 Examples 16 - 25

Magnetic toners Nos. 24 - 33 were prepared
according to prescriptions shown in Table 9 otherwise
in a similar manner as in Example 15 and evaluated in
the same manner as in Example 15. The properties of

20 the respective magnetic toners are shown in Table 10,
and the evaluation results are shown in Tables 11 -
13.

Comparative Examples 9 - 12

Magnetic toners Nos. 34 - 37 were prepared in
25 the same manner as in Example 15 except for using the
above-described Organic zinc compound (172), Organic

iron compound (173), Organic aluminum compound (174)
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and Organic’ chromium compound (175), respectively, in
place of Organic zirconium compound (39), and then
evaluated in the same manner as in Example 15. The
prescriptions and properties of the respective

3 magnetic toners are shown in Tables 9 and 10, and the

evaluation results are shown in Tables 11 - 13.

Comparative Examples 13 - 16

Magnetic toners Nos. 38 - 41 were prepared in

the same manner as in Example 22 except for using the

10 above-described Organic zinc compound (172), Organic
iron compound (173), Organic aluminum compound (174)
and Organic chromium compound (175), respectively, in
place of Organic zirconium compound (51), and then
evaluated in the same manner as in Example 15. The

15 prescriptions and properties of the respective
magnetic toners are shown in Tables 9 and 10, and the
evaluation results are shown in Tables 11 - 13.

J Comparative Examples 17 - 20

Magnetic toners Nos. 42 - 45 were prepared in
20 the same manner as in Example 23 except for using the
above-described Organic zinc compound (172), Organic
iron compound (173), Organic aluminum compound (174)
and Organic chromium compound (175), respectively, in
place of Organic zirconium compound (74), and then
25 evaluated in the same manner as in Example 15. The
prescriptions and properties of the respective

magnetic toners are shown in Tables 9 and 10, and the
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The fixable temperature range (~C) shown in
Table 13 for Examples 15 - 25 and Comparative Examples
9 - 20 was measured in the following manner.
The fixing device of a commercially available
5 laser beam printer ("LBP-430", mfd. by Canon K.K.)
also used in the above Examples was taken out of the
main body and remodeled so as to be able to
arbitrarily set the fixing temperature and provide a
process speed of 50 mm/sec, thereby providing an
10 external fixing device. By using the external fixing
device, yet-unfixed toner images on plain paper of 80

2 were subjected to evaluation of the fixability.

g/m
By setting the fixing temperatures in the range of 120
- 200 °C at increments of 5 °C each, fixed images at

15 the respective temperatures were rubbed for 5
reciprocations with a lens cleaning paper under a load
of 4.9 kPa to determine the lowest fixing temperature

) giving a image density lowering after rubbing of at

most 10 % as a fixing initiation temperature. A lower

20 fixing initiation temperature indicates a better
fixability.

On the other hand, the offset behavior was
observed to determine a highest non-offset temperature
as a measure of anti-offset characteristic. A higher

25 highest non-offset temperature represents a better

anti-offset characteristic.

The above evaluations were both performed in
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(23 °Cc/60 $RH). A fixable temperature range was
defined between the fixing initiation temperature and
the highest non-offset temperature. A broader fixable
temperature range represents a better fixing
performance of a toner.

Example 26

Binder resin H 100 wt.parts
Colorant (copper phthalocyanine) 4 "
Organic zirconium compound (40) 2 "

The above ingredients were preliminarily
blended by a Henschel mixer and then melt-kneaded
through a twin-screw kneading extruder set at 100 °cC.
During the melt-kneading, the viscosity of the kneaded
mixture was gradually increased, whereby the formation
of fresh crosslinkage was confirmed.

The thus-kneaded product was cooled, coarsely
crushed by a cutter mill and finely pulverized by a
pulverizer using a jet air stream, followed by
classification by a multi-division classifier
utilizing the Coanda effect to form a non-magnetic
cyan toner having a weight-average particle size (D4)
of 8.5 ymm. To 100 wt. parts of the cyan toner, 1.5
wt. parts of hydrophobic titania fine powder formed by
hydrophobizing 100 wt. parts of anatase-form titania
fine powder prepared by the suffuric acid process with

10 wt. parts of isobutyltrimethoxysilane and 10 wt.
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parts of dimethylsilicone and having a methanol-
wettability of 65 % and a BET specific surface area of
75 m2/g was externally blended to prepare Cyan toner
No. 1. Cyan toner No. 1 exhibited D4 = 8.5 nm. Other
5 properties of Cyan toner No. 1 are shown in Table 14.
Cyan toner No. 1 was evaluated according to
the following test.
<Image evaluation tests>
A commercially available color printer of a
10 contact charging scheme using a charging roller ("LBP-
2030", mfd. by Canon K.K.) was remodelled in the
following manner and subjected to continuous printing
on 3000 sheets in an environment of 15 ©C/10 %RH and
an environment of 30 °C/80 %RH, respectively, to
15 evaluate the resultant images with respect to image
density and fog. The toner on the developing sleeve
was provided with a negative triboelectric charge.
} The toner was subjected to a continuous printing test
on 3000 sheets also in a normal temperature/normal
20 humidity environment.
A developing sleeve was prepared by polishing
an aluminum cylinder of 16 mm in outer diameter and
0.8 mm in thickness to a deviation from straightness
of at most 10 pmm and a surface roughness (Rz) of at
25 most 4 pm. The sleeve was set vertically and the

upper and lower ends thereof were masked in a width of

3 mm each. While the vertically set sleeve was
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rotated at a constant speed, a paint (comprising 125
wt. parts of phenolic resin precursor, 5 wt. parts of
carbon black, 45 wt. parts of crystalline graphite, 41
wt. parts of methanol and 284 wt. parts of isopropyl

5 alcohol) was applied onto the outer surface of the
sleeve through a spray gun moved downwardly at a
constant speed. The coated sleeve was heated at 160
Oc for 20 min. in a drying oven for drying and curing
to form an electroconductive resin coating on the

10 sleeve. The coating was then rubbed with a flat strip
for polishing under a load of 4 kgf to form a coated
sleeve with a uniform thickness of electroconductive
resin layer.

The electroconductive layer had a thickness

15 of 10 mm and a surface roughness (Ra) of 0.87 pm as an
average at 6 points and exhibited a pencil hardness of
2H. The sleeve was provided with a flange at each end

) to form a developing sleeve.
The image density was measured by using a

20 Macbeth reflection densitometer (available from
Macbeth Co.). The fog was measured as a difference in
reflection density on an average between a white
background portion of a transfer paper after printing
and the transfer paper before printing as measured by

25 a reflection densitometer ("Reflectometer Model TC-
6DS", available from Tokyo Denshoku K.K.). A smaller

value represents a better fog-suppression effect.
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The image quality was evaluated in terms of
dot reproducibility in a similar manner as in Example
15.

After the 3000 sheets of continuous image
formation in the environment of 30 ©C/80 %RH, the
printer was left standing in the environment for 3
days, and then some images were formed to measure the
image density.

The reverse side soiling (back soiling) was
observed as a measure of toner scattering similarly as

in Example 15 according to the following standard:

A: No reverse side soiling.

B: Reverse side soiling was rare and slight but
observed.

C: Slight reverse side soiling was observed on

some sheets.
C: Remarkable reverse side soiling was observed
on some sheets.

During the continuous image formation in the
environment of 23 ©C/5 %RH, whether or not the
halftone image portion was accompanied with image
density irregularities was evaluated according to the
following standard.

A: No irregularity.
B: Image density irregularity was rare and

slight but observed.

C: Slight image density irregularity in halftone
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images was observed on some sheets.
D: Image density irreqularity was observed over
a wide area when occurred.

The evaluation results are shown in Tables 15
- 17.

Comparative Examples 21 - 23

Cyan toners Nos. 2 ~ 4 were prepared in the
same manner as in Example 26 except for using the
above-described Organic zinc compound (172) and
Organic iron compound (173), Organic aluminum compound
(174), respectively, in place of Organic zirconium
compound (40), and then evaluated in the same manner
as in Example 26. The properties of the respective
cyan toners are shown in Table 14, and the evaluation
results are shown in Tables 15 - 17.

Incidentally, Organic chromium compound (175)
showed a dense violet color and was not suitable as a

charge control agent for a cyan toner.
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Table 14: Cyan toner properties
Cyan D4 Acid Molecular weight distribution | THF-
toner - insoluble
No. (pm) |(mgKOH/g) [ Mw Main | Sub-peak | ¢ content
peak (%) (wt.%)
Ex.26 1 8.5 11.7 86400 7600 - 95 4
Comp.
Ex.21 2 8.4 12.1 58200 7400 - 96 0
Comp.
Ex.22 3 B.6 12.0 57900 7500 - 96 0
Comp.
Ex.23 4 8.5 11.6 98500 7600 - 95 6
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Table 15: Evaluation results in 15 °C/10%RH
Cyan toner Image Fog Image Halftone
No. density quality irregularity
5 Ex.26 1 1.62-1.66 0.7-1.4 95-100 A
Comp.
Ex.21 2 1.60-1.61 0.9-1.8 90-98 D
Comp.
Ex.22 3 1.58-1.62 0.9-1.7 91-97 C
Comp.
Ex.23 4 1.60-1.64 0.8-1.6 94-99 B
10
Table 16: Evaluation results in 30 °C/80 3%RH
15 Cyan Image Fog Image Back Image
toner density quality soiling| density
No. after
standing
“ Ex.26 1 1.57-1.62 | 0.5-1.5 | 91-100 A 1.52
Comp.
Ex.21 2 1.55~1.59 0.7-2.1 B8-98 C 1.41
20
Comp.
Ex.22 3 1.54-1.58 0.6-2.2 B7-98 D 1.40
Comp.
Ex.23 4 1.56-1.60 0.8-1.7 89-99 B 1.46

25
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25 (D4) of 8.5 mm. To 100 wt. parts of the magenta

toner, 1.5 wt. parts of hydrophobic alumina fine

powder formed by hydrophobizing 100 wt. parts of T-
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C() - Vit st evakuakion Wf@&@& @Fe( SPEPHER (I)able;ﬂaug%ov/«g%}()

y' y1099&' ()-10&10&10&( yl |:-1Q0%R& . #######aAv Y #10%R& g) H-

H100&& ()-H #1098 ( PFERPLG SHFOR\ ComRpung (5;)/ (Showed

Zf\;{ﬁ%&?f” ﬁgﬁ%@ﬁ%@“& %}@3;%%% %%L@ig‘%ﬁqﬁ(gw #10%&3%3} H 5V0G #

#109R&' H- % H +$. $8$@CHI $N$_?vUA4
#109%& #(12)0/&&‘:%‘%# %&«E& ’(%Or %&#&"%%9@% #(1230/&& ()-H #10%&& ()V
#109&& () - H NSOBVSYSCSkSr SNN. vUs #109&&' () - H #109&& () - H #10%&& () - H

#1098&' () - H




#109%&&' () - H 5VOG #r $t $y$z$$$snmvt vU4 #10%R&' () - H #109%&R&' () - H
#10%R&' () - H 5VWOG #& #10%R&' () -H #10%&R& () - H $$$3$$$1 - vU4 #10%&&T()-g&§Mﬁﬁ .
# #109%&R& ()-H #10%&& ()-H #109%&&' ()-H #109%&& () - H $$$5$$$ ?vA #i 02 i
#109%&R&' ()-H #109%&k& ()-H #10%&& ()-H #109%&& ()-H #109%&&' () - H
#109%R&' () - H $3$3$$SNN. v4 #109%R& () - H #109%&k&' () -H #10%&R& () -H
#109%R&' () -H #10%R& () - H- 5VWOG #$3$$Wd@svvi vU4 #109%R& () - H #109%&R& () - H
#10%R& () - H 5WOG #& #10%&R& () -H #10%&R& () - H Y8R846t%6% % - vUA4
#109%&R&' () - H 5W0G # #109%&&' ()-H #10%&& ()-H #109%R& ()-H i
#10%&R&' () - H *% W% Y%EYEA % ?vd #109& #109%&& () - H !
Table 18: Magenta toner properties

Magenta} D4 Acid Molecular weight distribution | THF-
toner - insoluble
No. (pm)| (mgKOH/g)| Mw Main | Sub-peak | <10 | content
peak (%) (wt.%)
5
Ex.27 1 8.5 11.6 84400 | 7700 - 95 3
Comp.
Ex.24 2 8.4 12.0 57800 { 7500 - 96 0
| Comp .
Ex.25 3 8.5 12.1 56500 | 7400 - 95 0
10 Comp.
Ex.26 4 8.6 11.8 89600 | 7500 - 96 5
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#109R& ()-H #109R& ()-H #109&R& ()-H #10%&& ()- H
#1098&' () - H LOSIW/% YOmomN. vU4 #1098 ()-H #1098& ()-H #10%&& () -
#1098& ()-H #109%8& ()- H 5VOG #n% %% % %886M vU4 #1098 ()-H #10%
#1098&' () - H 5V0G #& #1098& ()-H #109%&&' () - H Y90080M4 - vU4 #10%R&' () - H 5V0G
# #109R& ()-H #109R& ()-H #109R& ()-H #109R& () - H YB880E86 2vU4 #10%&
#1098&' ()-H #109&&' ()-H #109&&' ()}ibb- #109&&' () - H #109&&' () - H
#1098&' () - H YBBBBBOMN. vU4 #109%8& ()-H #109%8& ()-H #10%&& ()- H

#1098& ()-H #10%&& ()- H 5VOG #9B8888MBY U4 #1098& ()-H #109%&& ()- H H
#10%8& () - H 5VOG #& #10%8& (

10

15

20

25

) - H
Table 19: Evaluation results in 15 ©C/10%RH
Magenta Image Fog Image Halftone
toner No. density quality irregularity
Ex.27 1 1.65-1.69 0.8-1.3 96-100
Comp.
Ex.24 2 1.58-1.62 0.7-2.3 92-96
Comp.
Ex.25 3 1.56-1.60 0.9-2.2 91-97
Comp.
Ex.26 4 1.60-1.64 0.9-1.9 94-99
Table 20: Evaluation results in 30 °C/80 %RH
Magenta|  Image Fog Image Back Image
toner density quality soiling | density
No. after
standing
Ex.27 1 1.59-1.61 0.4-1.6 92-100 A 1.55
Comp.
Ex.24 2 1.50-1.57 0.5-2.1 87-98 B 1.38
Comp.
Ex.25 3 1.51-1.55 0.6-2.4 88-97 C 1.39
Comp.
Ex.26 4 1.54-1.57 0.5-1.9 89-99 B 1.42
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#109R& ()-H #10%R& ()- H 5VOG #E&R&&&&&MM VU4 #109R& ()-H #109&& () - H
#1098&' () - H 5V0G #& #1098& ()-H #10%&8& () - H &8&&&&&I - vU4 #10%&& () - H 5V0G

# #1008 ()-H #10988& ()-H #109%& ()-H #109%R& ()-H&& ' """ _2vUA #10§Gppoim |
#1098&' ()-H #109R&' ()-H #109R& ()-H #109%R& ()-H #109%&& () - H
#1098&' ()-H'"'1'+ 3'9' nN.vU4 #10%R& ()-H #10%R& ()-H #10%&& ()- H

#1098& ()-H #10%&& ()-H 5V0G #9' ;'@%-F 1'S mvvUs #109%&& () - H
#1098& ()-H #10%8& ()- H 5VG #& #109%8& () - H

#109%&R& ()-H S ['a c'h'i'"j'I.vU4 #10%& ()-H 5VWOG # #10%&k&' () - H
#109R&' () - H-. #1098& () -H #109&& ()-H | k' I'mz' """ vU4 fy#10% & ()-
fflo%&'()-gv’—‘éﬂ%éﬁ)- F110% & ()- f' 10% &&' ()-' 10&10&10& ' ' "' " 2vUA4
fy 110% & ()- Jﬁy%@é%(gésin H 100 wt.parts

Colorant (disazo pigment
(C.I. Pigment Yellow 17)) 3 "
5 Organic zirconium compound (93) 2 "

The above ingredients were preliminarily
blended by a Henschel mixer and then melt-kneaded
through a twin-screw kneading extruder set at 100 °cC.
During the melt-kneading, the viscosity of the kneaded

10 mixture was gradually increased, whereby the formation
of fresh crosslinkage was confirmed.

The thus-kneaded product was cooled, coarsely
crushed by a cutter mill and finely pulverized by a
pulverizer using a jet air stream, followed by

15 classification by a multi-division classifier
utilizing the Coanda effect to form a non-magnetic
yellow toner having a weight-average particle size
(D4) of 8.5 nmm. To 100 wt. parts of the yellow toner,
1.0 wt. part of hydrophobic alumina fine powder formed

20 by hydrophobizing 100 wt. parts of &-form alumina
fine powder prepared by the flame decomposition
process with 10 wt. parts of n-butyltrimethoxysilane
and 5 wt. parts of dimethylsilicone and having a
methanol-wettability of 75 $ and a BET specific

25 surface area of 75 m2/g was externally blended to
prepare Yellow toner No. 1. Yellow toner No. 1

exhibited D4 = 8.5 pm. Other properties of Yellow
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S<M' Fxxx L x gk px 24" 10908 10%OH& () -' ' 10%OH& () -' ' 10%OHE& () - 10%[)#&' ()-'"10
UWOH& ()15 1méylbﬁ*¥ésﬁ5ts*arﬁ[Sﬁﬂwmm/@#Tab}&ﬁO%B&—( )25 109%& () -2)
Y. @0%& ()-' 10%H& ()-' G $<Mt' 2*DFL* MFN* OF " * n*t * vUSYOHHS' 109%& (0)-
10%4& ()-s 10%4& () - 19ug8ripschroniyg cpmpound (175) showed a
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) HS 109418 (c}e elﬁ@/a:g‘e't: celer*aw'io\y@go s Syada, %e) a char
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++ ?2vUS%OHHs' 10%1& () - Hs' 10%41& () - Hs' 109%4&' () - 109%& () - 109%&' () - Hs' 10
YA& () - +++++$+W 2vUSYOHHS' 10%48& () - &
d"o' Hs' 10%4& ()-Hs' 10%& ()-Hs' 10%4& () - $+' +, +1+5+9+<+ ?vUS%DHHs' 10%4& ()-H
s' 10%1& ()-Hs' 109%& ()-Hs' 10%4& () - Hs' 10%& () Hs' 10%4& () - <+?+A+] +J+P+W
vUS%OHHS' 10%1&' () - ¢
d"o' Hs' 10%& ()-Hs' 10%& () - Hs' 10%1& () - P+Q+rR+S+T+U+V+WHt X<5%#Hs' 10%1& () -
Hs' 10%& () -Hs' 10%& () -Hs' 10%1& () -sHs' 10%4& ()-Hs' 10%& () -Hs' 10%&' () - W
X+Y+Z+ +c+" @ X<5%0#Hs' 10%4& () - Hs' 10%1& () - ¢
d 0' Hs' 1%%1&' ()-Hs' 10%& () - c+h+mtq+u+x+{ +_ ?<5%0#Hs' 10%& () - Hs' 10%& () - Hs
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?<5%#Hs' 10%1& () -Hs' 10%& () -G
d"o' Hs' 10%#& () -Hs' 10%&' () - +++++++ ?2<50HHs' 10%#& () - Hs' 10%4& () - Hs' 10%4&'
()-Hs'10%1& ()-Hs' 10%&' ()-Hs' 10%4& () - ++++++W ;
?<5%¢Hs' 10%1& () -Hs' 10%1& () -G
d"o' Hs' 10%#&' () - Hs' 10%4&' () - +++++++_?2<5%0kHs' 10%4&' () - Hs' 10%4& () - Hs' 10%4 &
()-Hs' 109%4& ()-Hs' 10%4& ()-Hs' 10%4& () - ++++++W]
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d" o' Hs' 1094& () - Hs' 10%4& ()« +++++++ ?2<5UOHHS' 10948 () - Hs' 10%4& () - Hs' 109%4&
()-Hs' 1094& ()-Hs' 10%4& ()-Hs' 10%4& ()-++, ,,, W

2<5UOHs' 10%4& () - Hs' 10%& () - G{ 16 APRIOD |
d" o' Hs' 10%&' ()-Hs' 10%& ()-,,,,!,$, ', ?<5%0#Hs' 1094& ()-Hs' L0%& () AR 1%,
48' ()-Hs' 10%1&' ()-Hs' 10%&' ()-Hs' 10%& ()-',),1,2,7,:, W ;

2<5UOHHs' 10%48& () - Hs' 10%4& ()-G  -159-

d" o' Hs' 10%4& ()-Hs' 10%& ()-:,?2, D, H L, O R _?<5%0¢Hs' 10%& () - Hs' 10%4& () - Hs

' 109%4& () - Hs' 109%4& () - Hs' 109%4& ()-Hs' 10%4& ()-R T,\,],b, e, W ;

2<5UOfHs' 10%4&' () - Hs' 10%4& () -

d" o' Hs' 10%4& () - Hs' 10%4& () - e, Tabdes2dw, zYelloR<Bas@tHprdeomged ) - Hs' 109%4& () - Hs

' 109%48& () - Hs' 10%4&' ()-Hs' 10%4&' ()-Hs' 109%4& ()-},,,,,, W ; 2<5%H
L- $t 10%4& ()___)_I:IS_J[CL/&&'( -G "' Hs' 1 ZA&_(_)_J:IS_LO_ZA&' O, | obUA%y
F mlo%ic4ud ()-104H1048104 =( [10%4& ()|- =( 10%4& ( gﬂ 10%4&' () -
L109%& () -lg, ..., .|, YetenyOP4 |s'Adduc4leigqulal wedg 0%}@&&@1{@% THF-
s' 10%ic4u& |()- . §' 19%icqu& S)- _ s' 10%cdu& ()~ s' 10%icAug £) 4 insoluble
s' 10%icAu () -, |, N0, £ [ s(maoaley) - | Maim qogitbripgsk)) <107 | content
S| 10%ic4ug ()~ AoG N - S|10GAUE () |. S 1op@RAug ()- ., [, (3 xga (WE-D)
s’ 10%Ic4u& (55" 10% 5§ 10%te 4tr&— TS H0%rc A& (S H0%He A& .
Ex.28 1 8.5 | 11.7 76200 | 7600 - 95 4
Comp.
Ex.27 2 8.5 | 11.9 54600 | 7700 - 96 0
! Comp.
EX.28 3 8.6 | 12.2 56700 7700 - 95 0
10 Comp.
Ex.29 4 8.5 | 11.6 72600 7600 - 95 7
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AOG N, ,,,,, X<4.

. s"10%ucdu& () -
s' 10%uc4u& () -

AoG'n' ----1-)- X<4. s'10%. s'10%uedgds (). s' 10%ucdu& () -
Table 23: Evaluation results in 15 ©C/10%RH
Yellow Image Fog Image Halftone
toner density quality irregularity
No.
5
Ex.28 1 1.64-1.68 0.9-1.2 95-100 A
Conmp.
Ex.27 2 1.58-1.62 1.1-2.1 93-~98 D
\ Comp.
Ex.28 3 1.55-1.60 1.2-2.2 92-97 D
Comp.
10 Ex.29 4 1.59-1.66 1.0-1.8 92-99 C
Table 24: Evaluation results in 30 °C/80 %RH
15
Yellow Image Fog Image Back Image
toner density quality soiling| density
No. after
standing
)
Ex.28 1 1.58-1.64 0.6-1.7 90-100 A 1.52
’ Comp.
20 Ex.27 2 1.54-1.58 0.5-2.3 87-98 B 1.37
Comp.
Ex.28 3 1.52-1.59 0.7-2.1 88-97 B 1.36
Comp.
Ex.29 4 1.55-1.59 1.9-2.0 88-99 B 1.41
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Example 29

Binder resin H 100 wt.parts
Colorant (carbon black) 4 "
Organic zirconium compound (57) 2 "

The above ingredients were preliminarily
blended by a Henschel mixer and then melt-kneaded
through a twin-screw kneading extruder set at 100 °cC.
During the melt-kneading, the viscosity of the kneaded
mixture was gradually increased, whereby the formation
of fresh crosslinkage was confirmed.

The thus-kneaded product was cooled, coarsely
crushed by a cutter mill and finely pulverized by a
prulverizer using a jet air stream, followed by
classification by a multi-division classifier
utilizing the Coanda effect to form a non-magnetic
black toner having a weight-average particle size (D4)
of 8.5 pym. To 100 wt. parts of the black toner, 1.5
wt. parts of hydrophobic titania fine powder formed by
hydrophobizing 100 wt. parts of rutile-form titania
fine powder prepared through the sulfuric acid process
with 10 wt. parts of isobutyltrimethoxysilane and 10
wt. parts of dimethylsilicone and having a methanol-
wettability of 70 % and a BET specific surface area of
59 mz/g was externally blended to prepare Black toner
No. 1. Black toner No. 1 exhibited D4 = 8.5 jpm.

Other properties of Black toner No. 1 are shown in

Table 26.
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similar manner as in Example 26. The results are

shown in Tables 27 - 28.

5 Comparative Examples 30 - 34

Black toners Nos. 2 - 6 were prepared in the
same manner as in Example 29 except for using the
above-described Organic zinc compound (172), Organic
iron compound (173), Organic aluminum compound (174),

10 Organic chromium compound (175) and an organic silicon
compound (176) show below, respectively, in place of
Organic zirconium compound (57), and then evaluated in
the same manner as in Example 29. The properties of
the respective black toners are shown in Table 26, and

15 the evaluvation results are shown in Tables 27 - 29.

( tBu ) 2-
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Table 26: Black toner properties

Black D4 Acid Molecular weight distribution | THF-
toner - inscluble
No. (pm) {(mgKOH/g)| Mw Main |Sub-peak | <10° | content
peak (%) (wt.%)
5
Ex.29 1 8.5 11.8 68400 | 7500 - 95 4
Comp.
Ex.30 2 8.5 12.0 57400 | 7400 - 95 0
‘ Comp.
Ex.31 3 8.4 12.0 59800 | 7400 - 96 0
10 Comp.
Ex.32 4 8.6 11.6 71300 7500 - 96 7
Comp.
Ex.33 3 8.4 12.1 57400 7600 - 95 0
Comp.
Ex.34 4 8.5 12.2 58500 7600 - 95 0
15
)
20

25
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O-Hia Tabll[27: Evaluation results in 15 9C/10%RH i

Black Image Fog Image Halftone
toner density quality irregularity
No
5
Ex.29 1 1.62-1.68 0.7-1.4 96-100 A
_________ F----------—---------+--------~r-----------~-----------—
Comp.
Ex.30 2 1.59-1.62 0.8-2.3 93-98 C
" 31 3 1.58-1.60 0.9-2.4 92-97 C
" 32 4 1.60-1.62 0.8-1.9 94-99 B
10 " 33 5 1.59-1.63 1.1-1.8 93-99 B
" 34 6 1.57-1.59 1.0-1.6 91-97 D
Table 28: Evaluation results in 30 oC/80 %RH
15
1 -+
Black Image Fog Image Back Image
toner density quality soiling| density
] No. after
standing
Ex.29 1 1.59-1.63 0.6-1.7 91-100 A 1.51
P R s e ettt S L DLt el ettt et e adatate
Comp
Ex.30 2 1.55-1.59 0.7-2.1 86-98 D 1.28
" 31 3 1.54-1.58 0.8-2.2 B7-87 D 1.27
" 32 4 1.55-1.60 0.7-1.9 88-99 C 1.32
" 33 5 1.56-1.61 0.8-2.0 90-97 B 1.33
25 " 34 6 1.45-1.46 1.2-2.2 88-95 D 1.25
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acid, an aromatic hydroxycarboxylic acid or an

aromatic carboxylic acid.

5. The toner according to Claim 1, wherein said
5 organic zirconium compound comprises a structure

represented by the following formula (1):

X (2n-4)©
Ar Zre (L), (2n-4)c1® or
Ny 20 (1)
n (n-2)C2
10 wherein Ar denotes an aromatic residual group capable

of having a substituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy, aryloxy, hydroxyl,
alkoxycarbonyl, aryloxycarbonyl , acyl, acyloxy,
carboxyl, halogen, nitro, cyano, amino, amide, or

15 carbamoyl; X and Y independently denotes O or -CO-O-:
L denotes a neutral ligand of water, alcohol, ammonia,
alkylamine or pyridine; Cl denotes a monovaleqt
cation of hydrogen ion, monovalent metal ion, ammonium
ion or alkylammonium ion; C2 denotes a divalent cation

20 of a metal ion; n is 2, 3 or 4; m is 0, 2 or 4; a
number (n) of ligands (of aromatic carboxylic acids
and diols) can be identical to or different from each
other, and a number (m > 0) of neutral ligands can be
identical to or different from each other in each

25 complex or complex salt of a formula; with the proviso
that each complex or complex salt of a formula can

also be a mixture of complex compounds having mutually
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different n or/and m, or a mixture of complex salts

having mutually different counter ions Cl or/and C2.

6. The toner according to Claim 1, wherein said
organic zirconium compound comprises a structure
represented by the following formula (2):

2n+k-4)0
XN AMn ( <)

Ar Z
Sy )

n (n+k/2-2)C2%®

(2n+k—4)Cl® or

(2)
wherein Ar denotes an aromatic residue group capable
of having a substituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy, arvloxy, hydroxyl,
alkoxycarbonyl, aryloxycarbonyl, acyl, acyloxy,
carboxyl, halogen, nitro, cyano, amino, amide, or
carbamoyl; X and Y independently denotes O or -C0-0-;
L. denotes a neutral ligand of water, alcohol, ammonia,
alkylamine or pyridine; A denotes an anion of‘halogen,
hydroxyl, carboxylate, carbonate, nitrate, sulfate,
cyano or thiocyano, a plurality of A can be identical
or different when k 2 2; Cl denotes a monovalent
cation of hydrogen ion, monovalent metal ion, ammonium
ion or alkylammonium ion; C2 denotes a divalent cation
of a metal ion; n is 1, 2, 3 or 4; mis O, 1, 2, 3 or
4; k is 1, 2, 3, 4, 5 or 6; number (when n > 2) of
ligands (of aromatic carboxylic acids and diols) can
be identical to or different from each other, and a

number (when m > 2) of neutral ligands can be
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identical to or different from each other in each

1 #10%'[& ()-1lccccceccj N20 #10 #10%9!'[& ()-1 #10%!'[& ()-1
1 #10%'[& ()-1 #10%!'[& ()-11Ao#ccccccdN. O #
1A0# #10%!'[& ()-1 #10%!'[& ()-1 #10%9!'[& ()-1
lddd dddd_?0 # #10% #10%'[& ()-1 #10%'[& ()-1
1 #10%'[& ()-1
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complex or complex salt of a formula; with the proviso

that each complex or complex salt of a formula can

also be a mixture of complex compounds having mutually

different n or/and m, or a mixture of complex salts

having mutually different counter ions Cl or/and C2.

7. The toner according to Claim 1, wherein said
organic zirconium compound comprises a structure

represented by the following formula (3), (4) or ~(5):

0 |(20-4)©
(R)l—@:[ Zre (H.0)p (2n-4)c1®  (3)
O/n

c‘) 1(2n-4)@

I
-0

(R)l—@i }Zrc——(HZO)m (2n-4)c1?®  (4)
0 n /
0 T(2n-4)°

Il

c-0
((R)l—@ Zr«—(H,0) (2n-4)c1® (5)
-0‘mn

|

Q

o

wherein R denotes a substituent of hydrogen, alkyl,
aryl, aralkyl, cycloalkyl, alkenyl, alkoxy, aryloxy,
hydroxyl, acyloxy, alkoxycarbonyl, aryloxycarbonyl,
acyl, carboxyl, halogen, nitro, amino or carbamoyl, a
plurality (when 1 > 2) of R can be mutually linked to
form an alicyclic, aromatic or heterocyclic ring
capable of having 1 - 8 similar R substituent(s); a

plurality of R can be identical or different; Cl
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denotes a monovalent cation of hydrogen, alkaline

metal, ammonium or alkylammonium; 1 is an integer of 1

~ 8; nis 2, 3 or 4; m is 0, 2 or 4; a number (n) of
ligands can be identical or different in each complex
or complex salt of a formula; with the proviso that
each complex or complex salt of a formula can be a
mixture of complex compounds having mutually different
n or/and m, or a mixture of complex salts having
mutually different counter ions C1.

8. The toner according to Claim 1, wherein the
organic zirconium compound comprises a structure

represented by the following formula (6),

’

(7) or (8):

0 (H,0)  [(2n+k-4)©

(R)l—@ j>z#/ " (2n+k-4)c1®  (6)
o TN(R)

\

[ ﬁ T(2n+k—4)@
C- «— (Hy0)

(R)1@ Zr (2n+k-4)c1®  (7)
07 /n  T>(A)y

\ /

. (l? Y(2n+k-4)©
C-0 ~ (HyO)

(R)l-@ Zr " (2n+k-4)c1®  (8)
c-0Tn  T(R)y

\ !

wherein R denotes a substituent of hydrogen, alkyl,

aryl, aralkyl, cycloalkyl, alkenyl, alkoxy, aryloxy,

hydroxyl, acyloxy, alkoxycarbonyl, aryloxycarbonyl,
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acyl, carboxyl, halogen, nitro, amino or carbamoyl, a
plurality (when 1 > 2) of R can be mutually linked to
form an alicyclic, aromatic or heterocyclic ring
capable of having 1 - 8 similar R substituent(s); a
Plurality of R can be identical or different; A
denotes an anion of halogen, hydroxyl, carboxylate,
carbonate, nitrate, sulfate, cyano or thiocvano, a
plurality of A can be identical or different; C1l
denotes a monovalent cation of hydrogen, alkaline
metal, ammonium or alkylammonium; 1 is an integer of 1
-8, nis l, 2, 3 0or 4; m is 0, 2 or 4; k is 1, 2, 3,
4, 5 or 6; a number (when n 2 2) of ligands can be
identical or different in each complex or complex salt
of a formula; with the proviso that each complex or
complex salt of a formula can be a mixture of complex
compounds having mutually different n or/and m, or a
mixture of complex salts having mutually different

counter ions Cl or/and anions A.

9. The toner according to Claim 1, wherein the
organic zirconium compound comprises a structure

represented by the following formula (32) or (33):

(ar-c007) jZr *¥(4-0)a,© or (2-n/2)a,% (32)
~-Co0™ ) Zr4® -
(Ar-co0™ ), Zr*®(0) (2-n)a,@ (33),

wherein Ar denotes an aromatic residue group capable
of having a substituent of alkyl, aryl, aralkyl,

cycloalkyl, alkenyl, alkoxy; aryloxy, hydroxyl,

1 6 APR 2002
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acyloxy, alkoxycarbonyl, aryloxycarbonyl, acyl,
carboxyl, halogen, nitro, cyano, amino, amido or
carbamoyl; A; denotes a monovalent anion of
halogen, hydroxyl, nitrate or carboxylate; A2 denotes
5 a divalent anion, such as sulfate, hydrogenphosphate
or carbonate; and n is 1, 2, 3 or 4 with the proviso
that in case of n > 2 for each metal salt, a plurality
(n) of aromatic carboxylates and aromatic
hydroxycarboxylates as acid ions may be identical or
10 different, and that each metal salt of a formula can
be a mixture of different salts having different

numbers of n.

10. The toner according to Claim 1, wherein the
15 organic zirconium compound comprises a structure

represented by the following formula (34) or (35):

Co0™
(R)l"@ 2r4® (4-n)a,© or (2-n/2)a,2°  (34)
n
20 coo~
(R)l-@/ zr*® (0) (2-n)a;° (35),
n

wherein Ar denotes an aromatic residue group capable
of having a substituent of alkyl, aryl, aralkyl,

25 cycloalkyl, alkenyl, alkoxy; aryloxy, hydroxyl,
acyloxy, alkoxycarbonyl, aryloxycarbonyl, acyl,

carboxyl, halogen, nitro, cyano, amino, amido or
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102;

carbamoyl; A; denotes a monovalent anion of halogen,
hydroxyl, nitrate or carboxylate; A5 denotes a
divalent anion of sulfate, hydrogenphosphate or
carbonate; and n is 1, 2, 3 or 4 with the proviso that
5 in case of n 2 2 for each metal salt, a plurality (n)
of acid ions, i.e., aromatic carboxylates and aromatic
hydroxycarboxylates may be identical or different; and
that each metal salt of a formula can be a mixture of

different salts having different numbers of n.

10
11. The toner according to Claim 1, wherein the
organic zirconium compound comprises a structure
represented by the following formula (36) or (37):
CO0™ 4 5-
(R)f{%iﬂz Zr +(4—n)A1_ or (2-n/2)A, (36)
15 OH
n
CO00~ 44 _
(R)p@: zrt* (0)(2-n)A; (37),
OH
n

wherein Ar denotes an aromatic residue group capable
20 of having a substituent of alkyl, aryl, aralkyl,
cycloalkyl, alkenyl, alkoxy; aryloxy, hydroxyl,
acyloxy, alkoxycarbonyl, aryloxycarbonyl, acyl,
carboxyl, halogen, nitro, cyano, amino, amido or
carbamoyl; A, denotes a monovalent anion of halogen,
25 hydroxyl, nitrate or carboxylate; A, denotes a
divalent anion of sulfate, hydrogenphosphate or

carbonate; and n is 1, 2, 3 or 4 with the proviso that
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1S. The toner according to Claim 1, wherein the
binder resin has a carboxyl group or an acid anhydride
group.

16. The toner according to Claim 1, wherein the

colorant comprises a magnetic iron oxide.

17. The toner according to Claim 16, wherein said
magnetic iron oxide comprises magnetic iron oxide
particles containing 0.05 - 10 wt. % based on iron

element of a different element other than iron.

18. The toner according to Claim 1, further

containing a wax.

19. The toner according to Claim 18, wherein the
wax comprises wax A and wax B having mutually

different melting points.

20. The toner according to Claim 19, wherein the
wax A and the wax B have a melting point difference of

10 - 100 ©C from each other.

21. The toner according to Claim 18, wherein the
wax comprises wax C and wax D comprising mutually

different compositions.
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22. The toner according to Claim 21, wherein the
wax C and the wax D also have mutually different

melting points.

5 23. The toner according to Claim 22, wherein the
wax C and the wax D have a melting point difference of

10 - 100 ©°C from each other.

24. The toner according to Claim 1, wherein the
10 toner has a weight-average particle size of 2.5 - 10

pm.

25. The toner according to Claim 1, wherein the
toner has a weight-average particle size of 2.5 - 6

15 Bnm.

26. The toner according to Claim 17, where@n the
different element is an element selected from the
group consisting of lithium, boron, magnesium,

20 aluminum, silicon, phosphorus, sulfur, germanium,
titanium, zirconium, tin, lead, zinc, calcium, barium,
scandium, vanadium, chromium, manganese, cobalt,
copper, nickel, gallium, indium, silver, palladium,
gold, platinum, tungsten, molybdenum, niobium, osmium,

25 strontium, yttrium, technetium, ruthenium, rhodium,

and bismuth.
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27. The toner according to Claim 17, wherein the
different element i an element selected from the group
consisting of: lithium, beryllium, boron, magnesium,
aluminum, silicon, phosphorus, germanium, zirconium,

5 tin, sulfur, calcium, scandium, titanium, wvanadium,

chromium, manganese, cobalt, nickel, copper, zinc and

gallium.
28.  The toner according to Claim 17, wherein the
10 different element is an element selected from the

group consisting of: magnesium, aluminum, silicon,

phosphorus and zirconium.

29. The toner according to Claim 1, wherein the
15 binder resin contains a tetrahydrofuran (THF)-

insoluble content.

30. The toner according to Claim 29, wherein the
THF-insoluble is contained in 1 - 70 wt. % of the
20 binder resin.
31 The toner according to Claim 29, wherein the

THF-insoluble content is contained in 5 - 60 wt. % of
the binder resin.

25
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32. The toner according to Claim 30, wherein the
binder resin has an acid value of 1 - 70 mgKOH/g.
33. The toner according to Claim 30, wherein the
5 binder resin has an acid value of 1 - 50 mgKOH/g.
34. The toner according to Claim 30, wherein the
binder resin has an acid value of 2 - 40 mgKOH/g.
10 35. The toner according to Claim 1, wherein -the

binder resin comprises a styrene-acryl copolymer resin
and contains a THF-soluble content having a molecular
waeight distribution on gel permeation chromatography
(GPC) chromatogram showing at least one peak in a

15 molecular weight region of 3000 - 50,000 and at least

one peak in a molecular weight region of at least 105.

36. The toner according to Claim 35, wherein the
binder resin has a main peak in a molecular weight

20 region of 5000 - 30,000.

37. The toner according to Claim 35, wherein the
binder resin has a main peak in a molecular weight
region of 5000 - 20,000.

25
38. The toner according to Claim 30, wherein the

binder resin comprises a styrene-acryl copolymer resin
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54. A method for developing an electrostatic
image, comprising the steps of:
forming a layer of a mono-component developer
20 comprising a toner having a negative triboelectric
charge in a regulated thickness on a developer-
carrying member by a developer thickness-regulation
means, and
developing an electrostatic image on an
25 electrostatic image-bearing member disposed opposite

to the developer-carrying member with the mono-

component developer carried on the developer-carrying
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56. The method according to Claim 54, wherein the
mono-component developer comprises a magnetic toner

having a negative triboelectric charge.

20
57. The method according to Claim 54, wherein the
mono-component developer comprises a non-magnetic
toner having a negative triboelectric charge.
25 58. The method according to Claim 54, wherein the

toner is a toner according to any one of Claims2-53.



Y H#$UR' () *+,-./0123456789: ; N
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
" #$UR' ()*+,-./0123456789: ; N 1 6 APR 2002
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ]| ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
" #$UR' ()*+,-./0123456789: ; N
<=>? @ABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
" #$UR' ()*+,-./0123456789: ; N _
<=>? @\BCDEFGH JKLNNOPQQSTU\/W(YZ[\]A_"a}éédSEng I mopar st uvwxyz{|}~6Ti nes
New RomanAri al Courier New'h Root EntryWr cunmen
I"#B9& ()*+,-./0123456789: ; N
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~
n 0 1 * = . . . - . .
Lﬁ&&?éﬁ'ﬁﬁﬁzm%%%%mﬁﬁﬁ\‘ R eder ghrL Kl mhone et Uy z{ | } ~
| #é;%&- ()*b#nde/mfﬁé%m: an acid] value of S%-70 mgxcg(}g.
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

| HSYE () *+, - 0123456789 . . .
<=>7 @\BCDEFG—ﬁOG KL 7308, R STGRT R mBSEREPuT iRy (|} ~

" #$9R' () pindd 23456 138 an acid value of 1-50 mgKOH/g.
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~
" #$9R ()*+,-./0123456789: ; ) ] '

<=>7? @GA\BCDEFGHL3 KL MBEQHSTREWNREA I s Fed &1 1gHim 1 mvdsaednukhey z{ | } ~
P HEUE () BHmad D430 MY jan acid value of 2-40 mgKOH/g.
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgrst uvwyz{|}~
I"#$9R ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~



