PRODUCI NG THE SAME 5 BACKGROUND OF THE | NVENTI'ON The present invention
gelates to a toner binder resin for a dry-system devel oper f 1ép Sggz

el ectro- photography, electrostatic printjng, magnetic record g9

toner containing the binder resin and prbkésses 10 for producing the

bi nder resin and the toner. Heretofore, as el ectrophotographic processes, a
| ar ge nunber of processes have been known, including those disclosed in

U.S. Patent No. 2,297,691, anng@@Q@eﬁgsﬁ@t faMEg cation Nos. 23910/ 1967
ang-.24748/ 15 1968 These processes conﬁ??ge the ‘steps of form ng an

ehegirical latent | nageToRER COWLOREING IPRE BENDER REFV alNpy conprising a
phot oconductive material, subse- quently developing the latent image with a
toner, optionally transferPR@gES&&'(bmmamm@rm{Eismgsa onto 20 a
transfer material such as paper and fixing the toner imge by neans of

heat, pressure, .solvent vapor, etc., thereby to obtain a copy. Were the

step for transfer- ring.the toner_image is contained, there is also :
provi ded a §tep_ESKEBQEEBLQ@.IEELEEEE@&BEEEr. 25 : Further sever al

vel in h h \Y; n kn r vi i zi r| nt, i
devel opi ng met hods haveyfigen, knou oL 41 SHAL T 2175k 4 'd ne P ael™0%S,

Bl NDER RESI N FOR TONER, TONER CONTAI Nl NG THE BI NDER RESI N AND PROCESS F%?§Z>\

resin for a dry-system developer fdr use in electro-
photography, electrostatic printing, magnetic recording,
U etc., a toner cdntaining the binder resin and processes
10 for producing the binder resin and the toner.
Heretofore, as electrophotographic processes, a
large number of processes have been known, including
those disclosed in U.S. Patent No. 2,297,691; and
Japanese Patent Publication Nos. 23910/1967 and 24748/
15 1968. These processes comprise the steps of fdrming an
eleétrical latent image on a photosensitive member
generally comprising a photocondudtive material, subse-
quently developing the latent image with a toner,
optionally transferring the resultant toner imacge onto
20 a transfer material such as paper and fixing the toner
image by means of heat, pressure, solvent vapor; etc.,
thereby to 6btain a copy. Where thg step for transfer-
ring the toner image is contained, there is also provided
a step for removing residual toner.
25 Further, several developing methods have been
know for visualizing electrical latent images, such as

the magnetic brush method as disclosed in U.S. Patent



the magnetic brush nethod as disclosed in U S. Patent’ -2- No. 2,874,063,
.cascade devel opi ng nmethod as disclosed in U S. Patent No, 2,618, 552,
.powder cloud nethod as disclosed in U S. Patent No. 2,221,776, and a .
od using an el ectroconductive maghetic toner 5 as distlosed in U S.
Patent No. 3,909, 258. The toner used in THese devel opi ng net hods .

conventionally conprises fine particles each conprising a natural or
synthetic resin and a dye or pignent dispersed therein. For exanple fine

perticles Wiih 1@ 225476e5! 1P OLSEaladvdforthd RGP ned by m oro:

pul verizing an I tré of a |nder resi styrene and’a

col orant di Sper&&?QciBEé&' In @aye PLEInLISKS, a5, @nsom“ erfe RGRRL C toner e
one cont ai n- I Ng partlc es of ‘a magnetlc materla SUC’h as magnetlte 15 In

a system using 316QdChétkedt ¥O-E0IPDOSEE Lie Vel DpeFatentriNg Ure, 281 same, a

~toner with carrier particles such as glass beads or iron pomder s =
ordinarily usedan@ioa méthdédnesingaan cbegtmystarduciiidve nergreti iqriapent | es
are required, whereas nost of the known 20 toners have a nunber of
defects as épraSnéu59b¢é¢@ in U.S. Patent No. 3,909,258.

The toner.used in these developing methods
conventionally comprises fine particles each comprising “
a natural or synthetic resin and a dye or pigment
dispersed therein. For example, fine particles with
10 - a size of the order of 1 t§ 30 p obtained_by micro-
bulverizing an intimate mixture of a binder resin such
as polystyrene and_a co;orant dispersed therein, have
been used as a toner. A magnetic toner is one contain;
ing particles of a-magnétic material such as magnetite.
15 In a system using a so-called two-component deﬁeioper,
a mixture of such a toner with carrier particles such
.as glass beads or iron powder is ordinarily used. |
| For the toner, various physical and chemical
nropertles are required, whereas most of the known
20 toners have a number of defects as explalned herein-
below. Thus, many of the toners readily fusible on
heéting are liable to solidify or agglomerate during
storage or in.a copying machine. Many toners are -
caused to have poor triboelectric characteristics and
25 free-flowability due to temperature change of the
| environment. Further, in3continuous'use of many toners

involving repetitive developrent, the density of the



bel-ow. Thus, many of the toners readily fusible on heating are liable to
solidify or agglonerate during storage or in a copying nmachine. Many t

are - caused to have pqor triboelectric characteristics and 25
free-flowability due to tenperature change of the environnent. Further,
continuous use of many toners involving repetitive devel opnent, the density
of t'he -3- image is changed or the background density increases due to
mutual deterioration of the toner, carrier particles and photosensitive
menber 't hrough collision between the toner particles and carrier particles,
and_5 contact bet iwsaget heschaaged cdesthedadikgphud densittiy d nexebses
Fuyrther, many toners ordinarily cause increase in background density to
résult in so-cal | 88ef ggMuErahheeterioratinnRfedhs G eas@ritierdensity of

hot osens 1 ve. TeRBEFCRLGT n3™S PARERTePTELAR CIRRRR® hEcy s sed i aien
PhenTEn, o “USBglloh 8| Lo ol RORLs oL B MIER A 1BY, St
desirabl e fealgur echhoatt hbeti€¥ROiids@fparticles and the photosensitive
member.l Further, many toners ordinarily cause increase
in background density to result in so-called fogging,
"when it is iﬁtén&ed to increase the density of copied
— images by increasing the amount of toner attached to
10  the photosensitive member having a latent image.
One of these undesirable'phenomena is caused by
fragility of a toner; That a téner is fragile means
that the toner is readily pulverized by a-mechaﬁical
' -power and is a desirable feature from the viewpoint 65
15  the productivity of a toner. However, such a-fragile
kS - toner is readily pulveriied into fine powder even under
” a load applied thereto in a developihg apparatus, there-~
3 by to cause undesirable phenomena such as fogging
~ through contamination of carrier particles, soiling of
20 a developer sleeve, and imperfect éharge controlling
characteristic of the toner particles-ggg se. Thus,
the fragility of a toner significantly affects the life
'0f the developer. 1In order to obviate such deteriora-
tion, it may be conceivable to use a polymer of a high
25 molecular weight as a binder resin for the toner. Use

of such a high-molecular weight polYmef is not desirable

from the viewpoint of economization of energy consumption,



(f; the productivity of a toner. However, such a fragile toner is readily

erized into fine powder even under a |oad applied thereto in a
dev€l opi ng apparatus, there- by tdo cause undesirabl e phenonena such as
f oggi ng through contami nation of ‘carrier particles, soiling of 20 a
devel oper sleeve, and inperfect charge Tontrolling characteristic of the
.-toner particles per se. Thus, the fragility of a toner-significantly
affects the |life of the developer. In order to obviate such deteriora-

tion, it may b i vabl e t I '

vei gh | s b RO T s h Tor FRS i eddndiing o Hea® qud a0l o
wei ' _ i Qi g
ene?gy Egnggﬁ{) #%ﬂgeiog?ﬁﬁ r%bfﬁciﬁmt%ﬂémé‘twﬂgn QRN YPFRA3N Of

to el evation ofegtlkiehtfon (SFPERAISE e e fed okt niat e irfd Xat i on of
I mages is carried out in the final step of the copying process. Further,

order to 5 rege¥g bhichéi ébpeitd ypro¢esss bEentheopasedrdendd a snal |
anount of plasticizer into a toner, but such a proposal has not been

geces_sari | § sucemsséuthbecdifficulty, attdmpainbesn PXIPQFh s ddich as
ecrease in ' ' : : _
small amount of plasticizer into a toner, but such a

proposal has not been necessarily successful because
it is accompanied with broblemsfsuch as decrease in
free-flowébility of the toner and contamination of the
10 carrier particles. On the otherlhand, if a toner is |
too hard, practical production thereof becomes difficult
becausé mechanical pulveriiation becomes impossible.
For the above'reasops,.polystyrene, a styrene-
butyl methacrylate copolyme: or the like of a relatively
15 low molecular wéight of the order of several thousands
hawving aﬁ appropriate hardness or rigidity has hereto-
fore Been used as a binder resin for toner. On the other
hand, improvement_in the reliability of coﬁying machines
has been recently advocated as.a'se;ious demand. Further,
20 the manufactures of copying machines are trying to-
develop and manufacture copying machines of a longer
life in order to minimize a maintenance coét;or to
provide a maintenance-free copier. When the properties
required for a.toner is reviewed under these circum-
25 stances, it has been found that a relatively low-
_ molecular-weight'polystyrene.or styrene-butyl meth-

acrylate copolymer is not sufficient in hardness, and

e

ecause It requires a |larger anmount of "heat due

in

¢
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free-flowability of the toner and contam nation of the 10 «carrier 0
particles. On the other hand, if a toner is too hard, practical product -
thereof becones difficul.t because nechani cal 'pul veri zati on becones -

i npossi bl e. For the-above reasons, polystyrene, a styrene- butyl

met hacryl ate copol ymer or the li ke of alwﬁ%ﬂlvely 15 | ow nol ecul ar

wei ght of the order of several thousands having an appropriate hardness or
rigidity has hereto- fore been used as a binder resin for toner. On the

ot her hand, iﬁproﬁeﬂzgérwl.t@ftﬁ?e BRI L a0 AT DRRRERR

reeently advocate as a serious

CopyF ng machi nes ghestEYisd &P SEYEIHR %d@n‘&f&&tr}’ % ‘ﬁ%y'sﬁgf%ggh@es of

a Ionger life in order to mnimze a rai ntenance cost or to provi

mai nt enance- free £APtkirad¥eri st PP Add et H@AUIIe by flead st BFChokS

revi ewed under these circum 25 stances, it has been found that a
relatively | ow nnd:bbetarw!v\mtgmrepcﬂl;estmmmiMem wdepeeldutfiilk iAgt Reans.
acrylate copolyner is not sufficient in hardness, and -5- a materi al

wi th a hi gher Shar¥eEs sspec i &kra kb, ghe ttHdden mesigl dssadapsedi fiary bi nder

I's not sufficient
resinis f fhg a toner with good fixation characterlstlc, i.e.,

good adhesion thereof to a transfer medium such as

paper through fusion of the binder on heating and

C

pressure-application, whereas it is difficult to
10 obviate the soiling of the heat rollers due to sticking
of the toner onto the rollers, i.e., so-called offset-
ting. For this reason, a measure such as application of
silicone oil has been taken by adding a complicated
‘méchanism, such a measure is not compietely satisfactory
15 for remo?ing offsetting but is disadvantageous from the
points of cost as well as maintenance. Thus, develop-
ment of a toner binder free of such a problem is
urgently desired. Several measﬁres have been further
proéosed, including changing of binder components in
20 various manners, various meahs such as crosslinking and
‘others for adjusting the molecular weight of binder.
- There has also been adopted a measure of incorporating
an additive such as a low-molecular weight polyolefin
or another plasticizer into a toner. The incorporation
25 of such an additive is, however, accompanied with
various problems such as poor dispersibility with the

binder, impairment of free flowability of the toner



/) characteristic for heat fixation by means of hot rollers which are the
st--wi dely adopted fixing neans. 5 WMre specifically, the binder resinis
adapted for giving a toner wi.th good fixation characteristic, i.e., good = =
adhesion thereof to a transfer nédiunisq&ﬁ as paper through fusion of the
bi nder on heating and pressure-application, whereas it is difficult to 10
obviate the soiling of the heat rollers due to sticking of the toner onto
the rollers, i.e., so-called offset- ting. For this reason, a neasure such

~as application ofusdlifpiard lpiaotiesn Jakandl Affdiore a3 t3eRn! haat gd
mechani sm such a neasure is not conpletely satisfactory 15 for renoving .
of fsetting but s5t 1k St agRlitsl Ve tiad hotpdiedrs foundoso Farvwel | as L
mai nt enance. Thus, devel op- nment of a toner binder free of such a problem
is urgently desired. SeAmredpladamd dedeiratsos fimpresenengpofedonencl udi ng

- changi ng of binder conponents in 20 various nmanners, various nmeans such

as crosslinki ngpemtpenanges thy g vad }f addifoivesubas Reic§Ftadn bi nder.

There has al so been adopted a nmeasure of incorporating an addhg%xe_such as

a | ow nol ecBl ar Ly t3 R {RRRIYERSIE Ao GRS S BANT ¥PdPortsr . The
ooTporat o0 29 o PLe ST SO et YRS URB
free flovability of {N&MONS. There have been some proposals of
. adjusting the molecular weight of.a binder resin.
These'proposals are not more than those saying that it o
10 is.desired to broaden the molecular weight distribution
by applying crosslinking and do not clarify what a
range of molecular weight distribution is desirable.
The proposals made heretofore refer to a binder resin
having a single peak in the molecular weight distribu-
15 tion and having an average molecular weight in a certain
range, or to a binder resin further defined by a
broadness of the molecular weight distribution in terms
of a dispersion (more specifically, a ratio (Mw/Mn) of
weight-average molecular weight (Mw)/humberfaverage. |
20 moleéular weight (Mn) ohtained by gel permeation chro- |
‘matography (hereinafter; sometimes abbreviated as. "GPC")).
Howéver, none of this category of binder polyﬁers |
satisfies the overall performances, particularly the
overall.fixation performances, including complicated
25 and entangled various characteristics as described

hereinabove required for heat-fixable dry-system



f6-'pomder and the pronotion of toner aggloneration, and a satisfactory
addi tive has not been found so far. As explained herei nabove, inprovene
of toner performances by the use of additives has a certain 5 linmt, an

| nprovenent on the resin conponent mhichjgﬁjiprincipal bi nder conponen
believed to be the nost essential. There have been sone proposal s of

adj usting the nol ecul ar wei ght of a binder resin. These proposals are not
more than those saying that it 10 is desired to broaden the nol ecul ar

wei ght distributiaevéYopepsyi ng crosslinking and do not clarify what a
rapge of nol ecul ar weight distribution is desirable. The proposals nade
heketof ore refer to a bi nBexthess) bimldmgesisisn@laipgals mplebalap! QRelbRE
wei'ght distribu- 15 tion and having an average nol ecul ar weight in a
certain range, ordigtalbitien satisfiing irertedin medatjionashipadhase béehhe
nmol ecul ar wei ght distr%$¥tion in terms of_ a dispersion (nore specifically,

a ratio (Mv M) OPFIRPIFT - av@%g“é‘arﬂﬂ]&yul‘]a"rpa\ﬁ&%ntpa(tmf:/ haddePrader age 20
ToLecu o et 5t AR SREBE Y, 9% AT 8 s, B0 20 e
: methods for improving the fixing characteristics of a
toner by mixing a plurality of binder resins having
different molecular weight ranges. Especially,'Japanese
IKJ; Patent Laid-Open Application No. 82258/1983 concerning
10 my inventioh discloses a binder having three peaks in
the molecular weight distribution, which actually givés
an improvement in the fixing characteristics. However,
a binder resin only comprising three components of
‘different molecular weights does not provide a satis-
15 factory combination of fixability and anti-offset pro-

perty on heat-fixation by means of heat rollers but

still involves some problem in durability.

V' SUMMARY OF THE INVENTION

20 An object of the present invention is to provide
a binder resin for toner free of the above?mentioned
'defects.of thé conventional toners and giving a toner
with excellent physical and chemical properties, a
toner containing the binder fesin-and processes for

25 producing the same. |

Another object of the present invention is to

provide a binder resin for toner suitable for fixation



ver, none of this category of binder polyners satisfies the overal
ormances, particularly the overall fixation performances, including
conplicated 25 'and entangl ed various characteristics,as described .
her ei nabove required for heat-fixable dryzsystem -7- devel opers. :
Further, binder resins having a nol ecul ar”wei ght distribution satisfying
certain rel ationshi ps have been proposed. For exanple, Japanese Patent
Lai d-Open 5 Applications Nos. 16144/1981 and 82258/ 1983 propose mnet hods
for inmproving the hikl leqaeéacaeebﬁéfcgonhatt9@21epyfma<twnaccmur ality
of binder resins having different nol ecul ar wei ght ranges. Especially, S
Japanese Patent thahdngpeneApahient resip. ald2pB6d88Ses ofser pioduding My ﬁq@*
i nvention discloses a binder having three peaks in the nol ecul ar melght
di stri bution, wehehsameually gives an |nprovenent in the fixing

characteristics. However, a binder resin onlg C rising three conponent s
of different ol ecul ar heF§hid SvEshentoRiectdin %bfléesnspt ficthey
conbi nati on _of fixabilit antl-offset 8 8 ert t-fixation by
means of heét rBFpépgtbaﬁven on is to pro e to er 1 er resin

for giving a toner excellent in the overall character-
istics oﬁ hot roller fixation, i.e., combination of
characteristics such as capability of being fixed at
a relatively small amount of heat, substantial freeness i)
10 from offsétting to hot rollers, and capability of
realizing smooth discharge of paper} a toner confaining
the binder resin, and processes for producing the same.
A still another -object of the present invention
is to provide a binder resin capable of giyin§ a toner
15 excellent in impact resistance, free-flowability
without causing'agglomefation and excellent in durabi-
lity, a toner containing the binder resin, and |
processes for producing the éame.
| A further object of'the'present invention is
20 to provide a binder resin for giving a toner less-
sticky ﬁo related members such as a ca:rier, a toner
holding member, a photosensitive member and a cleaning
blade ;nd giving less damage_to the related members, a
toner containing the binder resin, and processes for
25 producing the same.
A still further object of the present invention

is to provide a binder resin for giving a toner capable



still involves sonme problemin durability. SUMVARY OF THE | NVENTI ON 20
An object of the present invention is to provide a binder resin for tgner
free of the above-nentioned defects of the conventional toners and
toner with excellent physical and chem cab_pfroperties, a toner cont
t he binder resin and processes for 25 produci ng the sane. Anot her “obf ect
of the present invention is to provide a binder resin for toner suitable
for fixation -8- by hot rollers, a toner for heot roller fixation con-

tai ning the b|ndﬁrpmeamnin@ndopsaenssgsstablpromaarngma@essﬁwee dEstill

f et her object in this respect of the 5 present invention is to provide a
toger bi nder rediogdimg.giavitoges conteainingl that bindeheresin aand char act er -

i stics on hot roller fixation, i.e., conbination of characteristics such as
capability of b&LAFeSSesd £2r QrPéPSFPGeF9esﬁéWP amount of heat, substanti al
freeness 10 fromoffsetting to.hot .roll and capabi ||t realizing

- snoot h di schar ge of'papgf %FSH&F SSanlﬁ pREher sE44y, L a8l

S found that a binder resin having a molecular weight as

well as a molecular weight distribution which are
further more specified than those of the known binder
.resins is effective for aecomplishing the above objects.
U Particularly, I have found that it is not necessarily
| 10 sufficient for a binder resin to have at least three
peaks or shoulders in its molecular weight'distribution
curve as exemplified in the above-mentioned Japanese
Patent Laid-Open Application No. 82258/1983, and that
it is critical that the binder resin has a sufficient
15 molecular weight distance between the peaks correspond-
ing to the largest and smallest molecuiar weights emong
the at least three peaks or shoulders.
~ Thus, accordlng to one aspect of the present
~ : invention there is provided a binder resin for a toner
20 comprising a polymer having at least three peaks or
shoulders in its chromatogram obtained by gel permeation
chromatography, wherein the at least three-peaks or
shoulders include a peak or shqulder A having the
smallest molecular weight Ma of 2,000 to 80,000, a
25 peak.or shoulder C having the largest molecular weight
Mc satisfying, the relationship of Mc/Ma 2 150, and e

peak or shoulder B having an intermediate molecular



he bi nder resin, and processes for producing the sane. A still another

(Zéabﬁect of the present invention is to provide a binder resin capable of

gi virg a toner 15 excellent in inpact resistance, free-flowability .

wi t hout causi ng aggl omeration and excel |l emo-in durabi- lity, a toner

contai ning the binder resin, and processes for producing the same. A

further object of the present invention is 20 to provide a binder resin

for giving a toner |ess- sticky to related nenbers such as a carrier, a

toner hol di ng nwetight hepWeensdéhsi t Myeandnieér and a cl eani ng bl ade and

giving less damage to the rel ated nenbers, a toner contajqégg t he bi nder .~
resin, and processes foFN@5PreseREULPKEPELRR sEREENOE PTPYLIRT the O ect wh

capable o BPMBFUBkENG PORSFARE | 9hel AcpsodkarePhn ot bR T

qapabre - _ : y St ear ree of” fogging,
e L o S RS aEE, poJepl BEGTRs EoLogE LAY plecs T
having a ”Dkecubérsﬁﬁhgﬁérgsin its chromatogram obtained by gel
| | permeation 6hromatbgraphy, wherein the at least three
peaks or shoulders include a peak or shoulder A having
the smallest molecular weight Ma of 2,000 to 80,000, a
peak or shoulder C having the largest molecular weight ;J
10 Mc satisfying, the relationship of Mc/Ma 2 150, and a
peak or shoulder B having an intermediate molecular
weight between the Mé_and Mc. |
The preéent invention according to-another as-
pect théreof, provides a process for producing the
15 binder resin for a toner as mentioned above, comprising;
subjecting a mixture of a vinyl monomer and a crosslink-
ing monomer to suspension polymerization in an organic
solvent'capable of dissolving the pblymerization
product of the mixture in the presence of a polymeriza-
20 tion initiator having a 10 hour - halfllife temperature
| of 100°C or higher. .
The present invention further provides a process
for.producing the binder reéin for a toner as mentioned
above, comprising: uniformly mixing a polymer having a

3 4

25 weight-average moiecular_weight of 1x10 t018x10_, a

polymer having a weight-average molecular.weight of

5 6

3x10” to 10" and a polymer having a weight¥average



wel | as a nol ecul ar wei ght distribution which are further nore specified Fr
t han those of the known binder résins is effective for acconplishing thes \- '
above objects. Particularly, | have found that it is not necessarily 10
sufficient for a binder resin to have at'.least three peaks or shoul ders\Nun '
its nol ecul ar weight distribution curve as"eXenplified in the

above- nenti oned Japanese Patent Laid-Qpen Application No. 82258/ 1983, and
that it is critical that the binder resin has a sufficient 15 nDIecuIar_

wei ght di st ance bﬁéy@&%&p%gﬁ%ﬂ?_tcﬁfgr%t earb%{ ]it#grgjgtgqpt he | argest and

smakl est nol ecul ar wer ghts a eaks or shoul ders.

Thits, according to one aspgstpfdsddie RIRIANon N\RYI A righ@ie sitd 18 ovi ded a
bi nder resin for a toner 20 conprising a polymer having at |east three

peaks or shoul dersnséthes saspectrailngrenti Olprvicledn griocessNEalri pioducing
chronat ogr aphy, wherein the at |east three peaks or shoul ders include a’
peak or shoul der & terveng whiech ednpsisesd aalltarkngaidiimg b colozad@0and
80, 000, a 25 peak or shoul der C having the |argest nol ecul ar weight M
satisfying, tRe reratabeerpentiongdintey resin afPod ingakher regydtast B

having an i nternedj ate nol ecyl ar, . .
'g mixture, ané‘pulverizing and classifying the cooled

mixture to obtain the toner.
These and other objects, féatures and advantages
N of the present invention will become more apparent upon
.10 a consideration of the following description concluding
with specific examples and comparative éxamples taken

in conjunction with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

15 o The sole figure in the drawing shows a chromato-
gram of gel permeation chromatography of the resin

- obtained in Example 1.

DETAILED DESCRIPTION OF THE INVENTION

20 : Critical featurés of the present invention for
accomplishing the above objects are tﬁat the binder
resin has at le#st_three péaks or shoulders in its
molecular weight distribution curve, that the molecular
weight Ma of a peak or shoulder giving fhe'smallest

25 molecular weight is within the range of 2,000 to 80,006
and that the molecular weight Mc of a peak or shoulder

giving the largest molecular weight and the above
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sing a colorant and a binder resin, the binder resin

ol ymer having at |east three peaks 5 or shoulders inits
bt ai ned by gel perneation chronmat ography, wherein the at
aks or shoulders include a'geak or shoul Aer A having the
ul ar weight Ma of 2,000 to 80,000, a:peak or shoulder C

gest nol ecul ar weight 10 M satisfying, the relationship of
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ti oned above, conprisin ubjecting .a mxture of a vinyl

Presenithinven® i6ANOER! 1kAsEUBAGNSIFORNBOLYERE -REAL 08néd AN
t capabl e of dissolving the polynerization product of the

fe tenmperature of [ERR] or higher. The present invention
e, conpriging: unigormy mxing a polyner having a
A of g§10% t% 8x10&, mo{eculargweightyregion B gf

5 6

3x10' to 10 6

, and molecular weight region C of 3x10

or larger; and, when the heights of the peaks or

‘'shoulders in the three regions are denoted by Ha, Hb |

and Hc, respectively, these values satisfy the propor-

tional relationship of Hé:Hb:Hc =1:0.2.-1.0:.0.1 -

0.6.

15

20

Aﬁong the compbnents of the binder resin
respeétively present in the regions A, B and C, the
component in the region B provides basic properties
of a heat-fixable dry-system developer. The component
in the region A is critical in improving the character-
istic of fixation to a transfer material under heat and
pressure. Further, the component'in the region C
functiQns to remarkably improve the anti-offset property
of a toner against rollers during hot roller fixation

and to improve the peelability or releasability from

‘the rollers of a transfer méterial such as paper after

- fixation, and also plays an essential role in the durabi-

25

lity in successive copying and adaptability to a variety
of environments of a toner.

Furthermore, the ratio Mc/Ma between the



25 wei ght-average nol ecul ar weight of [ERR] to [ERR] , a polyner having a,.. "-
wei ght - average nol ecul ar wei ght of 3x105 106 [ERR] to [ERR] and a

pol ynmer having a wei ght-average 6 nol ecul ar wei ght of [ERR] or large
The present invention, according to still. another aspect thereof, provide
a process.for producing a toner, which compBirses: nelt-kneading a .col orant
and 5 the above-nenti oned blnder resin, cooling the resultant m xture, and
pul veri zing and cl assifying the cooled nmixture to obtain the toner. These
and ot her objects, features and advantages of the Eresent invention wll

begome nore appaﬂgﬂgqﬁiﬁﬁ ¥e 19ht ¥esgd¥Lag Sheopep elnrorhewregiemstription

coﬁcVUdlng wth sp Ies an aratiye exanpl es taken in
conjunction with et 808\?:}5%9 Ay HfgﬂﬁﬁgHaBﬁF‘Ef—’nﬁE@Eﬁl PR NG E DRAV\lv NG
15 The & urLe 5i h o] t a ge
per meati on chronat c%]gra ﬁ\y it %gkr gg?%@" ?g?ﬁ d)éﬁe Eé F% I%"%ﬁﬁ’t D
DESCRI PTI ON OF Tide vaﬁﬂelggaks respectively in the three regions, are

5 .alse very important factors for further improving
' fixability under heat and pressure as well as anti-
offset characteristic during'hot-roller fixation and
satisfying the durebility in successive copying and
gj _ edaptability to various environmente.
10 - The height H used herein of a peak or shoulder
| ,refers to a length of a perpendlcular ro the base line
from each peek or ehoulder'on a chromatbgram'chart of
GPC. For the case of a shoulder, the perpendicular |
from the'point.of flection of the shoulder to the base
15 1line gives the height.
| A proposal for givihg a toner with improved
fixability by mixing a plurality of cemponent'binder
resins having different molecglar weighf ranges has
been known, but satisfectory binder resins have not
20 yet been obtained. More speeifically, the thus provided
binder resin has not fully dissolved the problem ofl
fixing performance or anti-offset characteristlc during
heat flxatlon by means of hot rollers but Stlll involves .
some problem in respect of durability.
25 | The Japanese Patent Laid-Open Application No.
82258/1983 discloses examples of binder resins having

three peaks in the molecular welght dlstrlbutlon, but



rp)labove objects are that the binder resin has at |east .three peaks or
foyt-ders in its nolecul ar weight distribution curve, that the nolecular. .«
wei ght Ma of a peak or shoul der giving thegsmallest 25 ol ecul ar wei ght
Is within the range of 2,000 to 80,000 and that the nol ecul ar wei ght M of
a peak or shoul der giving the |argest nol ecul ar wei ght and the above
-12- nmentioned Ma gives a ratio M/ Ma of 150 or larger. According to a
preferred enbodiaens néttakwpyesswfficiemtifor atbimdst veminfte Have
above-nentioned at |east three peaks or shoulders is present in each 5 of ..
“the three regi ohbresapetiysa nBPEceXarPIRi ghen ctheMa/Mc values RER | ERR g
to [ ERR] , ol ecul ar wei ght, regi on B of v\}-PéERP}% tg’ﬂ%ERR%_ , a}'rﬂd pol ecul ar
wei ght regi on CSBECPERREAVLIFR FesPeghdto vHie PHRITE HREL B2 Peaks or
shoul ders in the three regigons are denot b H -
respectively, tﬁ8§8ev8Fﬁ§g géf?g?§e€hﬁgbﬁg%d¥@g??6naTé$%$§¥i%%% TP

Ha: Ho: He = % : Rpglicétgoh intﬁeolﬁght of the present invention, they

‘!:i; Critical features of the present invention for acconplishing
»
A\

are all within the range of 20 - 90. Thus, £he differ-
ehce béﬁween'the Ma and_Mc'is not sufficient, and a
toner containing the résin can cause off-setting when
ﬁhe hot roller temperature is around 200°C. In con- - ;)'
10 trast thereto, the bindgr resin of the present invention
is charactérized by having an Mc/Ma ratio of 150 or
-.1arger and having a sufficienﬁly large difference
between the'Mé and Mc. As described hereinbefore, the
| Ma value relatés to the fixing performance onto a
.15 transfer méterial'br the minimum fixable temperature
of a toner) and the Mc valué relates to the high-
temperatufe anti-offset characteristic onto_hot rollers
or the off-set initiating temperature of a toner.
Accofdingiy, it is desired to decreaée Ma so as to
20 secure a lower fixing temperature and at ﬁhe_same time
to increase Mc so as not to impair the anti-offset
chafacte:istic, whereby the fixation temperature range
(i.e.,'témpexature rahge applicable.for fixétion) is
énlarged. From this point of view, the Mc/Ma ratio of
25 éo to 90 does.not yet give a wide fixation temperature
.range but resﬁlts in a toner with gonside:able.room

for improvement in various fixation characteristics.



Anmong the conponents of the binder resin respectively present in the
regions A, B and C, the 15 conponent in the region B provides basic
properties of a heat-fixable dry-system devel'oper. The conponent in th
region Ais critical*in inproving the charagder- istic of fixation to a
transfer material under heat and pressure. Further, the conmponent in the
region C 20 functions to remarkably inprove the antl-offset property of a
toner against rollers during hot roller fixation and to inprove the
peelability or relmacahtiasty thewewirh; dlerMeMa adtriansifer soatoar ilalrgeuch
as .paper after fixation, and also plays an essential role in the durabi- 25

lify/in successi velteﬁydl nterewl aidptabsufficiently atids fisdatdon temperas of
a toner. Furthernore, the ratio M/M between the -13- nol ecul ar wei ght

M giving the peaRuFﬂ F%%g?e@?éwﬁwgﬁﬁ@ QQR@rﬁN%ﬁﬁﬂkﬂfkﬁﬁﬁﬂﬂﬁ PRagREiteF —t he
beaks 1 espect | vel YSFHERNE URTRcT LR e ey WRASR, A AP Rsenty ©
Tactors for fyrtheg, gpsoyiag {! %@ﬂéisglw%hf%%umdo%%% B adhole! ! as

anti -
free from offsetting onto hot rollers and capable of

effecting smooth paper discharge from rollers. Further,
the Mc value thus enlarged is also effective in improv-
. (;; ing the durability of a toner.
| 10 The peak in the region A of the binder resin
according.to the invention is a principal factor for
determining the fixability under heat and pressure, in-
other words, the minimum fixable femperature on hot
roller fixation. If the peak has a smaller molecular
15 weight, the fixation témperature can be iowered and it
is desirable in respect of fixability. On the other
hand, such a smaller molecular weight for the peak in
the region A results in poorer anti-offset character-
istic onto rollers and poorer transfer paper-releasabi-
20 lity during fixation. The molecular weight Ma for the
peak in the region A is in the range of 2,000 to 80,000,
 preferably in the range of 2,000 to 40,000, and more
ﬁreferably in the range of 5,000 to 20,000.
The peak in the high molecular weight regioﬁ c
25 is critical to the anti-offset charactefistic and gives
better overall éharacteristics in combination with and ;

in compensation for each other with the peak in the



:a?ility I n successive copying and adaptability to various environnents.
The hei ght H used herein of a peak or shoulder refers to a

| ength of a perpendicular to the base’ line from each peak*or shoul der on a
chromat ogram chart of GPC. For ‘the case -df6-a shoul der, the per pendi cul ar

fromthe point of flection of the shoulder to the base 15 line gives the

“height. A proposal for giving a toner with inproved fixability by mxing a

I f bi n i fferent nol ecular weight
P;ﬁggsl th)altsobego %{a»nonen% I n%?étc 3‘?’55[85?’3?\4’;% %d P PEBERSWARGE  ndt bepteryet
b bt ai ned iscal e g QY. d b|n si.n_has not
Fui 1y di ssol ved THEIAARY sneC pereed® shblSoReRU Ehaga PR E 1 pE Ly "are

CharaCter'St'Chﬁ&ﬁbﬁﬂz@@ahﬁfEﬁﬁﬁﬂﬂaéﬂbn”%@”%hgfbQQEnEQ'b@ﬁ%egqttﬁgill

‘invol ves sone problemin respect of durability apanese

Patent Lai d- Opesomiyopleindat iogn the r@332%s1383nd 8¢l 0pes exasPhesp8kebl nder
resins having three peaks in the nol ecul ar weight distribution, but -14-
the ratio Mc/Ma between molecular weights for the peaks

é§§§sgt characteristic during hot-roller fixation and satisfying the

in-the_respective regions is required to be 150 or
larger and is further preferred to satisfy the follow-
ing relationship:

- -2.5 x 102 X Ma + 5.5 x 106 S Mc s . N

10 -5 x 102 x Ma + 1.5 x 107
It is also fo be noted that the ratios-among the
heights of_the respective peaks in_the regions A, B and
C play an important role in improvinj the problems
encountered with the conventional binder.resins; If the
15 molecular weights Ma, Mb and Mc of the peaks are
referred to as qualitative factors, the heights Ha, Hb
and Hc are quantltative factors, and the balance among
Ha, Hb and Hc has a critical influence on the heat
fixing characteristics and durability of a toner and
20 the easiness of operation such as kneading under heat,
pulverization, etc., for production of a toner.
The ratios among Ha:Hb:Hc are preferably 1 :
0.2 - 1.0 : 0.1 - 0.6 and more preferably 1 : 0.4 - 0.8 :
0.15 - 0.4. Too large Ha relative to Hb results in
25 6ffsetting of a toner onto rollers and poor releasabili-

ty of transfer paper, increase in agglome:atidn

tendency and increaaed liability of deterioration during



exanpl e, when the Ma/Mc val ues are calculated with respect to the binde
resins having three peaks disclosed in the above-nentioned Laid-Qpen 5

it is not al ways sufficient for a binder resin to have three peaks. For i ,

Application in the light of the present invgntion, they are al

range of 20 -

suf ficient,

and a toner containing the resin can cause off-setting when the

90.

Thus, the differ- ence between the Ma and M i s not

hot roller tenperature is around [ERR]. In con- 10 trast thereto, the

bi nder resin of tswcpessive usw ol iortdexchamecttdid 2eth trarygviteg smallt/ Ma

rat.io.of 150 or-larger and having a sufficiently large difference between
thé.WVa and M. AdHaleselabie e dihirgswlds time papr flixebidlisyesft @ theer.
fixing performance ontfo a 15 transfer material or the mninumfixable

tenperature of a IMet2XFdT EEIES F@ Hh FesUlts dme poogh £luddpsrat ur e

anti -of fset char

i i t hat. |1 r, t ff- t initiati
t enmperat ure of aacf%ﬁgeIréér}l\%f:gélrh%r?gﬁ%fr{qotaq%Sf&éé‘isr g’t%(?ad‘z‘e&ree:?gllgflrbgllgg%as to
20 | i x| t ti, to.i M
20 as rot Lo 3 ikt 1009 LATRHEL b HarRle IBENITRY TP nbR 1 LBREIE0C

tenperature rangeldiered tHIRAL ' : ofi Mol ) !
From t hi selgeoi nt of vlﬁev%&tt{]r%@h/?/h%gmﬁ g’t‘eiqgllr%ftfe%rg’a.l ggh;t g%éhgoes

not yet give a wtlee fhxeddwredmiqienal WiFectively pulverized into a

enl ar ged.

%

10

15

20

25

desirable particle size for a toner on a commercial

scale. To the contrary, too small Hc relative to Hb

‘fails to ensure sufficient anti-offset characteristic

and releasability of transfer papér during fixation.

A molecﬁ;ar weight in the region C, i.e., a

. moleéular weight above three million cannot be measurea

'accurately according to the gel permeation chromato-

graphy in the present state. Accordingly;'the molecular
weight values in this region used in the present inven-
tion-have been obtained by extrapolation of a calibra-
tion curve obtained based on sténdard samples in the
molecular weight range of upto around two million wheré
accufate measurement is possible. |

The binder resin fof a toner according to the
present invention having the above mentioned molecular

weight distribution may be prepared :by-synthesis while

~adjusting the ¢onditions therefor. Alternatively, the

binder resin may be prepared by mixing a plurality of

polymers, e.g., a polymer (A) having a peak or shoulder

3 4

in the molecular weight range of 10° to 8x10°, a polymer

within the

h

"y

.
Joleae



aage but results in a toner with consi derable roomfor inprovenent in

g5 )pus fixation characteristics. -15- In contrast therewith, the M/ M

/0 -of 150 or larger gives a toner with a sufficiently w de fixation .
‘tenpera- ture range and show ng good -ovejgll fixation character- istics on

hot roller fixation, which is sufficiently 5 fixable with a relatively

smal | amount of heat, alnost free fromoffsetting onto hot rollers and

capabl e of effecting snooth paper discharge fromrollers. Further, the M

val ue thus enl dBjetavingl aopedkeori shouhdenpinvthengolaculiar seighty of a -
toner. 10 The _peak in thg region A of the binder resin according.

to the inventi 5angs QfpPKART phP fdce oRNfoR BRLEFET nfRY ?ﬁ%1$$x%b9?4¥y'unag§§~

heat and pressure, . in_qther ds, the mninmumifjxable te ratgéire on hot
reller fixatioRF SPPu}aErpéﬁ&gﬁﬁsmgigﬁﬁi%ﬁrwﬁg%%tufi?gi5°gp§§f%ht?rthe
fixation tenper ca o] LE ] LLa ' sp of
fixabil1ty. " OFFHE s hgtr‘_gﬁa%qﬁ{s‘g%%@ggs{’r‘g! #é%gﬁ%#éc%%rﬁ%é%hﬁ%r t he
peak in th§ reﬂhﬂﬁné ESEEBESathBOEHSrpéﬂ_héPEfﬁ?tBCQﬁ&aétEﬁéuiét'C onto -
rollers and poorer fransfer papef-rel easabi - _ :

desirably be as follows with the polymer B as the

base polymer. The mixing weight ratio of the polymer
A/the polymer B is desirably in the range of 5/1 to

| 1/1. The weight ratio of the polymerx .C/the polymer B g;é

10  is desirably in the range of 1:1 to 1/5. If the
pblymer A is too much relative to the polymer B, off-
setting onﬁo rollers occurs and releasability of
transfer paper is deteriorated. To the contrary, if
the polymer is Eoo-little, sufficient fixability of a

15 toner cannot be obtained. If the polymer C is too much
relative to the polymer B, fluidity of a toner on
heating becomes worse and sufficient fixation cannot
be effected. Further, the pulverization becomes noti-
ceably difficult and a particle size adapted for a dry

20 system developer cannot be effectively obtained by
pulverization on a commercial scale. More specifically,
an economically feasible range of productivity cannot
be accomplished by an ordinary pulveriéing means. To
the contrary, if the pdlymer C is too little, suffi-

25 cient releasability or anﬁi-offset characteristic can

not be ensured. The polymers A, B and C need not

necessarily have the same composition but should



20 lity during fixation. The nolecular weight Ma for the peak in the =7,
region Ais in the range of 2,000 .to 80,000, preferably in the range of N -
2,000 to 40,000, and nore preferably in the range of 5,000 to 20, 000. R€§§5
peak in the high nolecular weight region'C_25 is critical to the

anti-of fset characteristic and gives bett&r’Gveral | characteristics in
conbination with and in conpensation for each other with the peak in the

-16- region A as described above. In other words, a better fixability and a

better anti-of f sfesdhaAG @omprliseatBeN RN MEREME hQali he
bal.ance bet ween the conpgients ofetheeregions:A gng %?np%§r£¥ﬁggp%%%pose,'5

théewrati o M/ M keimpesens eeylpactiveght.s for the peaks in the respective
regions is required to be 150 or larger and is further preferred to satisfy
the following relati on§hiepnumdes wf[ ERR| peakdhor ShouidéPs ¢oh¥yiméd [ ERR]
10 . - -5 X [ERR] x Ma + 1.5 x [ERR] It is also to be noted that.
the ratios anpng ithd&h§eichFomasparaphr e§pthei béndenksesint he meyi ons A B
and C play an 1m0 L ate /19y thieeBud had 002 0 hore. 1In the
latter case, it is sufficient for three peaks or
shoulders among them to satisfy the above mentioned
' requirements of the preSent invention.
&J o : | As described hereinbefore, the binder resin of
10 the present invention has a peak"rgspectively in the
three molecular weight regions A, B and C, and the peak |
- molecular weights Ma and Mc satisfy the relationships
‘of Ma = 2,000 - 80,000 and Mc/Ma 2 150. Herein, the
chromatogram giving the molecular weight distribution -
15 is somewhat changed according to a measurement method
adopted. 1In the present invention, the following
method has been adopted for giving a chromatogram and
a molecular weight of a resin, based on wHich the
values for characterizing the inventions have been
20 defined. Of course, other gei permeation ¢hromato—
graphic methods can be adopted for evaluation of a
-resin as far as ﬁhey give substantially equivalent
measurement vaiues.
A chromatograph LC-3A provided with columns
25 HSG 60, HSG 40 and HSG 15 arranged in series (available

- from Shimazu Seisakusho K.K.) is used at an over tem-~

perature of 40°C. While a solvent THF (tetrahydrofuran)



ountered with
nggghts Ma, M and. M of the peaks are referred to as qualitative factors,

hei ght s Ha,

and durability o
kneadi ng under h
rati os anong Ha:

t he conventional binder resins. If the 15 nol ecul ar

Ho and Hc are quantitative factors, and the bal ance anong -
Ha, Ho and Hc has a critical influence_pg.the heat fixing characteris

f a toner and 20 t he easi ness of operation such.as
eat, pulverization, etc., for production of a toner.
Hb: Hc are preferably 1 : 0.2 - 1.0 : 0.1 - 0.6 and no

tics

The
re

preferably 1 js0pdssed.$t0albate loft.1 ThanlAnye. Hindet ad i Fuid Ho results in

of deterioration

too small Ha TBFagtva €enepntratien ¢f Hobrafdkabt|iniested. t 8. Too

25 offsetting of a toner onto rgollers and poor releasabili- ty of —< -
transfer papepressdreasg ?0 kgitmnerQ0 ol teficensymplel $obrteiayedit i abi |ljtﬁb

duri ng -17- successive use of a toner. To the con

~large Hc relative_to Hb results in poor. fluidjt f.a toner on heatin
fails to real P3BPLGf f?kc)"r“éh npls preRRfyd by I’—‘gi'?%%f‘f”?%ea p?ﬂ%% zabi | |
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membrane filter (TM-2P 0.45 um, produced by Toyo Roshi

K.K

.) and is injected one hour after the dissolution.

For the measurement of the molecular weight of

a sample, a calibration curve is prepared by using 6

10 sampleé (Molecular Weights: 2,000,000; 600,000; 233,000;

'50,000; 17,500; and 2,200; prodpced by‘Pressure Chemical

co.

). Among the 6 standard samples,:3-samples {(M.W.:

2,000,000; 233,000 and 17,500) are mixed in equal

proportions and are made into a THF solution at a con-

15 centration of 0.4 g/dl, which is injected in a volume

of
the
2,2

500 ul, 24 hours after the dissolution. Separately,
other 3 standard samples (M.W.: 600,000; 50,000 and

00) and also mixed in equal amounts into a 0.4 g/dl--

THF solution, which is them likewise injected. 1In the

20 Examples and Comparative Examples described herein-

after, the analyzer used was a differential refracto-

meter (RID-2A, produced by Shimazu Seisakusho K.K.).

can

25

The binder resin according to the invention
be prepared in the followina processes.

Ordinary polymerization processes give a -

molecular weight distribution with a single peak.

Accordingly, the following specific processes may

trary,

g and
ty is



desirable particle size for a toner on a comercial scale. To the contrary; "=,
too small Hc relative to Hbo 10 fails to ensure sufficient anti-offge HE
characteristic and releasability of transfer ‘paper during fixation. @ o
mol ecul ar weight in the region C, i.e., a noleécular -weight above three
mllion cannot be neasured accurately acccwggpg to the gel perneation
chrormato- 15 graphy in the present state. ~ Accordingly, the nol ecul ar

wei ght values in this region-used in the present inven- tion-have been
obt ai ned by extrapol ation of a calibra- tion curve obtained based on

standard sanpl es i préferd®] fovd dopiditin VYR Oftd! Prodiclitd Wandel! i On
whexe 20 accurate neasurenent is possible. The binder resin for a toner
according to the presitmtof nttestpresdrayiimgrdrite arbov hoad ipaoedsselsecul ar
wei ght distribution may be prepared by synthesis while adjusting the
condi ti ons theref odncMderhpreeess wherel pajiymesrizadsion rwy ceergedpar ed
by mxing a plurality of golynprs, e.g., a polynmer (A having a peak or
shoul der in the rm‘?‘é%/lﬂ%r tREYHIe r%&%ﬁnqﬁwaﬁ%@mma%ar@ﬁ@ﬁs -18-

(B) having a pgak &Haéﬁ%%“é%ﬁoﬁéktﬁ¥§éﬁ¥é§“@é¥££¥%éﬂg different concen-

trations.of initiators or ch;in transfer agents; and
a process wherein a crosslinking agent is intentionally

: ‘ ) added to a monomer mixture system to be'polymerized..

fA process wherein poiymerization conditions are con-

10 trolled with the use of a crosslinking agent is a
particularly preferred for thé=purpose of obtaining
the resin of the present inveﬁtion. |

"While these proéessés can be précticed by
solution polymerization, suspension polymerization,

15 emulsion polymerization, etc., the solution pblymeriza-
tion process is especially preferred for the reason
that the molecular weight distribution can be controlled

.{/; ' . more easily? As another method, the résin'having the

desired molecular weight distribution cah be obtained
20 by mixing at a molecular levella plurality of resins
including a resin of a relatively low molecular weight
and a resin of a high molecular weight. More specifi-
cally, this is accomplisﬁed by a process wherein a
plurality of resins of different molecular weights are
25 ~dissolved in a solvent and, after sufficient mixing,
the solvent is removed or-by a process of melting such-

a plurality of resins under heating and blending the



ome 6 range of 3x10 to 10, and a polymer (C) having a peak or shoul der
he mol ecul

ar weight range of [ERR] or larger. Wien a plurality of

po-ymers are mixed, the 5 mixing ratios among the polymers A, B and C
shoul d desirably be as follows with tthe polymer B as the base polyner. .The

m xi ng wei ght
range of 5/1 t
is desirably i

ratio of the polynmer Althe2delyner B is desirably in the

o 1/1. The weight ratio of the polyner.:C/the polyner B 10

n the range of 1:1 to 1/5. If the polymer Ais too much

relative to the fol mer B, off- setting onto rollers -occurs and

rel easability

B
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of a toner on
effected. Furt
particle size

_obt ai ned by pu

econom calgy f

ordinary pulverizing nmeans. To the contrary, if the polynmer Cis too
little, suffi-a&@Sordingnto reiegnedsdnt yirorersnion off st fdldiowat.eri stic can

10

A mixture_of vinyl monomers containing a cross-
linking monomer is subjected'to_solution poiymerizaﬁion
in the presence of an organic solvent capable of
dissolving the copolymer of the vinyl'monomer-mixture
and a polymerization initiator_having'a 10 hour-half

life temperature, i.e., a temperature giving a half

_1life of 10 hours, of 100°C or higher. The solution

15

20

25

polymerizatioq is carried out at a temperature of 0 -
40°C higher than the 10 hour-half life temperature.
Thus, a ﬁinyl copolymér haviné_the molecular weight
distribution according to the invention is obtained.

The binder resin of the invention can be consti-
tuted by various components as far as they can consti-
tute a toner resin and they can giﬁe the above mentioned

molecular weight distribution. Especially, vinyl

monomers are preferred to give vinyl copolymers.

Examples of the vinyl monomers applicable to
the present invention include: 'styrene and its deriva-
tives such as styrene, a-methylstyrene, and p-chloro-
étyrene; monocarboxylic acids and their derivatives

such as acrylic acid, methyl acrylate, ethyl acrylate,

@@@f?&hé%n a3 l" dhe Opo Lyt £58 96e! ORefe Cannot be effectively

verization on a connercial scale. Mre specifically, an

easi bl e A aRESEf red Osktisdd s {Sor FhrdudEPAETHdshed by an

&;;



not be ensured. The pol ymers A, B and C need not necessarily have the sanef

conposition but should - -19- desirably conprise the sane nononer as el“/f-

Rrinci pal conponent, respectively. The nunber of the peaks or shoul d o

~contained in the chromatograph of the binder ‘resin is not 5 necessar I
three but may be four or nore. In the |atd%r case, it is sufficient

t hree peaks or shoul ders anong themto satisfy the above nenti oned

requi renents of the present invention. As -descri bed herei nbefore, the

“ bi nd i f th t t I th
Chy e molecul ar WBFEh ST EEIhR: Aol BrdRt e SREVIakPar vl ghi s

d M t f h Q0 ERR
g/gB@nHerm f]a ![fle ﬁ%mﬁé&%ﬁ% iy%ﬁtg%t%%ngl CS'I ar mv‘?/e%?l ht Rg?ggrlygi%@ok 15]
i's somewhat changegl, ACkrOFKH Y, 163, dRAReE aderygdmetA-t he

present invention, the follomnng met ho has been adopted for giving a
chr omat ogr am anda@ryia €€ 1l sdr ysrgitr idfe ,a ands iatrlaxddeqn ddehebokieival ues

for characterizing the inventions have been
5 acids having a double bond and their derivatives such
as maleic acid, monobutyl maieate, dibgtyl maleate,
monomethyl maleate and dimethyl maleate; vinyl esters
such as vinyl_chlbride, vinyl acetate, and'vinyl
' KJ benzoate; vinyl ketones such as vinyl methyl ketone

10 and vinyl ethyl ketone; and vinyl ethers such as viﬁyl
methyl eﬁher, vinyl ethyi ether and vinyl isobutyl
ether. Theee vinyl monomers are used alone or in a
mixture. The binder resin of the invention'may pre-
ferably be constituted by a styrene copolymer.

15 Such a vinyl copolymer giving the above men-
tioned éhromatogram is preferred to constitute 60 % by
weight or more, particularly 70 % by weight or more 6f
the toner binder resin.

Selection of initiators, solvents and reaction
20 cohditons is important for obtaining the objective
resin of the.invention. Examples of the appliéable
.initiators'include organic peroxides such as, 1,1-(t-
butylperoxy)-3,3,5—trimethylcyclohexane, n-butyl-4,4-
di-(t-butylperoxy)valerate, dicumyi peroxide, a,a'-

25 bis(t-butylperoxydiisopropyl)benzene, t-butylperoxy-

cumene and di-t-butylperoxide; and azo and diezo

compounds such as diazoaminoazobenzene. Particularly



20 defined. O course, other gel perneation chromato- graphic nethods
be adopted for evaluation of a resin as far as they give substantially
val ent measurenent val ues. A chronatograph LC-3A provided with colums -

2 HSG. 60, HSG 40 and HSG 15 arranged in series (available from Shi nazu

Sei sakusho K K. ) is used at an over tem-pe+rature of [ERR]. Wiile a sol vent

THF (tetrahydrofuran) -20-. is passed at a rate of--1.7 mM/mn. under. a

fluid pressure of 90 [ERR], 500 [ERR] of a sanple solution in- THF at a

concentration of 0.4 g/dl is injected. The sanple solution is prepared by

di ssol ving a sanpeéub Cl?é%l%flPP#YWB%#EP%kERH*ﬁ}%#ﬁ¥QRﬁlﬁﬁQmﬁhFﬁﬁbugh a _-.

[ nj ected one hobF T%”e?zpaﬁ LTt L it B 2 1
T e Skl ce B0 SRR PR S PP SH 21 9 8 20

and 2, 200; prod b res @ &0. ) 1n AW nggr d -
sanmples, 3 sanp g%l\kyv\?&%g&%ogsoo fg%"ooo and 17, 5%0 af’?l.‘rczitmxed i n equal

S polymerization temperature is preferably selected at

a temperature higher than the 10 hour-~half life tem- .
perature by 0 - 40°C and accordingly a solvent adapted
-to the temperature is preferably selected.
Generally, the molecular weight Ma decreases,

10 as the amount of the initiator increases, as ehe
concentration of the-monemer in the reaction system is -
decreased relative to the solvent, and as the reactibn_
.time is prolonged. Further, as the concentration of
the crosslinkin§ monomer inCreases;'ﬁhe molecular weight

15 Mc increases and the height Hc increases.

The cepolymer should preferably be_croselinked
to seme extent to give better anti-offset characteris-
tic. There are various methods of causing some degree i\)
of crosslinking. Fof example, the above mentioned

20 method of effecting copolymerization in the presence
of a crosslinking monomer to obtein-a‘vinyl copolymer
is an effective method.

The crosslinking monomer_may chiefly be
compounds heVing two or more polymerizable double bonds.

25  Examples of such compounds include: aromatic divinyl
compounds such as divinylbenzene and divinylnaphthalene;

carboxilic acid esters having two double bonds such as



pFoportions and are made into a THF solution-at a con- 15 centration of
0.4 g/dl, which is injected in a volune of 500 [ERR], 24 hours after the

di,ssolution. Separately, the other 3 standard sanples (MW: 600, 000; S

50, 000 and 2, 200) .and al so m xed in equal. anbunts into a 0.4 g/dl ----
solution, which is themlikew se injected. -25R the 20 Exanpl es and
Conpar ati ve Exanpl es descri bed herein- after, the analyzer used was a
differential refracto- neter (R D 2A, produced by Shimazu Sei sakusho K K.).
The binder resin according to the invention--- can be prepared in the
fol | 6wi ng processethylgne glycol d@nerméﬂyepoeyhﬁleeeingFQldtﬁmﬁés-g|ve a-
moliecul ar wei ght distribution mnth a Si ng e peak. Accordin [
fol | owing speci f i 8°F¥3&8ze8Nfiay - -bugin QFBEeﬁéﬂ?ﬁh%%rﬁﬁb 1aﬁ#?iﬁﬁher to

d t he bind f th t | ud
B o7 ocess whor o oBBRPHEAS, SECBn SeCGAFPY SRR BOEGY STER BT orent

RS ity e ey g com gpaa T o
wherein a crossli Bshing2@RReel 8ri Rb2A! ¥OAFL! Yroups. Among these,
| | divinylbenzene is particularly useful.
Such a crosslinking monomer should preferably
be contained in 0.2 to 5'parts by weight, particularly
0.8 to 2.5 parts by weight, in 100 parts by weight of
10 the vinyl monomer mixture.
The binder resin of the invention should pre-
ferably have a softening point according to the ring
 and ball test of the order of 100 to 150°C, while it
varies to-some-extent depending on the monomers and
15 composition thereof. The glass transition temperature
may preferably be in the range'of'40 to 80°C,'andf
" more preferably, 50 to 60°C. If the softening point
is beiow 100°C, the toner causes filming to soil the
photosensitive member or readily deteriorates during -
- 20 succeésive copying. If it exceeds 150°C, fixation |
efficiency is lowered due to increase in fixable tem-
perature, and the pulverization efficiency is also .
decreased. If the glass transition temperature is
lower than 40°C, thermal agglomeration'or cakihg of
25 the toner can readily occur during storage of the
toner, so that agglomeration trouble can occur also

in a copying machine. To ﬁhe contrary, if the glass



yneri zation conditions are con- 10 trolled with the use of a
osslinking agent is a particuldrly preferred for the purpose of obtaining . -
the resin of the present invention. Vhile these processes can be practiced
by sol ution pol ymerization, suspension pdfynerization, 15 enul si on
pol yneri zation, etc., the solution polyneriza- tion process is especially
preferred for the reason that the nol ecul ar wei ght distribution can be
control |l ed nore easily. anot her. net hod, .t he.Lesin, hayvin he_desired
nol ecul ar meig&?ﬁﬁ%ﬁﬁgqﬁﬁﬁﬁﬂP%f Y5& 86?5?&8d§908'-B?en¥§FggEé¥a *R/BI ecul ar
| evel ‘a plurali Qf s ' IAeludi a resin of a relatively |ow nol ecutag
wei ght and a ré%;%lf#@:)ﬁéngzyh%oﬁlseg)ﬁﬁg? ‘weight. More specifi- cally, this
_is acconplished by a prpeepindes ¢eBia BfUkRL bre@bnteshieneiofi Eheneat
nol ecul ar "wei ghts are 25 di ssolved in a solvent and, after sufficient
m Xi ng, the solpaBedadbliehaved apr ML .a (medtedndek)miht ithe sHfifeaopl urality

of resins under heating and bl ending-the -22- nelted resins. In order to
~acconpl i sh & he OolgSedtcs Sofunder the conditions of 125°C and 2160 g and

@- to a nmononmer nixture systemto be polynerized. A process wherein
d

more preferably in the range of 1.2 to 4. An M.I. of
below 0.5 leads to increase in fixation temperature and
decrease in fixation efficiency 6f the toner. If the
M.I. is larger than 5, offsetting.onﬁo rollers readily v/
10 occurs during high temperature fixation. |
The sdfténipg point (S.P.) of the ring and
ball method is based on the values obtained-ac¢ording
to JIS K 2531 and the melt index (M.I.) accdrding to
JIS K 7210. The glass transition temperature (Tqg) is
15 based on the values obtained by means of a differential .
thermal analyzer DTA-30M .(available from Shimazu
Seisakusho K.K.) under the conditions of a temperature
raising rate of 15°C/min. and a sample weight of 10 to T
15 mg. |
20 The toner for a developer of the invention can
. contain other resinous compounas in addition to the
above mentioned binder resin according to the inventién
in a proportion less than the latter. Examples of
such resinous compounds include silicone resin, poly-
25  ester, polyurethane, polyamide, epoxy resin, poly-
vinylbutyral, rosin, modified rosin, terpehe resin,

aliphatic or alicyclic hydrocarbon resin, aromatic



»

the present invention, it is preferred to obtain a resin having the
ultimately objective nol ecul ar weight distribution in the polynerizati g
stage. 5 A preferred process for producing the resin accordidg
the present ‘invention is as follows. A mxture of vinyl nononers contlai®
a cross- linking mononer is subjected to s&8T#ti-on polymerization in tP
presence of an organic sol vent capable of 10 di ssol ving the copol yner of
the vinyl nonomer mixture and a polymerization initiator -having a 10
hour-half life tenperajure, i.e., t enperatyure giyvi.ng a_half life of 10
hours, of [ERR] oPeRTOHEIR SRt iR Shem AR B ACdRAFREG Bt at a
temperature of 0O wan? 40C hi gher than the 10 hour-half life tenperature.
Thus, a vinyl copd?yner havi ng the nol ecul ar wei ght distribution according
~to the invention is obtaiwish alh@didide) tddr i¥f JgridRucev¥gNkhgheEds be
consti- tuted by various conponents as far as they can consti- 20 tute a
toner resin and tpeyticlesiame tdontalined nentihenabne.ec rther maghgbic

di stribution. Especially, vinyl nmononers are preferred to give vinyl

copol ymers. Exanpastisilesanay g anmadania lapiiiichalshewsomagaepissehy

i nvention include; styrene and its deriva- 25 _ tives such as styrene,

a- met hyl styrene, HRPIE Q¥ dvichs hf aRenetdtddderox BampiesdefafiChnei r
derivatives

materials include metals such as iron, manganese,

nickel; cobalt and chromium, magnetite, hematite,

{ a0
4. Lemn

various ferrites, manganese alloys, and other ferro-
10 magnetic alloys. The magnetic particles may be
obtained by rendering these materials into fine parti-
cles having an average particle size of about 0.05 to
5 u, more preferably 0.1 to 2 y. A magnetic toner |
should preferably coﬁtain such.magnetic particles in
15 a proportion of 1.5 to 70 %, particularly 25 to 45 %

of the total toner weight.

- The toner of the present invention can further contain

<

one or more other colorants, a charge controller agent,

or a flowability improver. Examples of such materials

20 :include carbon black, iron black, graphite, nigrosine,
metal complexes of poﬂoazo dyes, Hansa Yellowé
Beﬁziéine Yellow, Quinacfidéne.anq_Qaribus-iake .

._pigmeﬁts. | .. | _ | _ _
. A flowapiligf imbr&yer'such_as hydrqphobiq'

25 colloidal silica may be externally mixed with the toner
,pa;tidles; The flowability improver may be added in

an amount of 0.05"to S_Qt,%, prefefabiy 0:1 to 2 wt.%,



as acrylic acid, nethyl acrylate, ethyl acrylate, -23- butyl

| at e, dodecyl acrylate, octyl acrylate, phenyl acrylate, methacrylic
acrd,.nmethyl nethacrylate, ethyl nethacrylate, butyl nethacrylate, octyl
met h-- acrylate, acrylonitrile, and acryl ani de; dicarboxylic 5 acids having
a doubl e bond and their derivatives such~2&-mal ei ¢ aci d, nonobutyl naleate,
di butyl nmal eate, nononethyl naleate and di nethyl nal eate; vinyl esters such
as vinyl chloride, vinyl acetate, and vinyl benzoate; vinyl ketones such as
vinyl nmethyl ketgne 10 and vinyl ethyl ketone; and vinyl ethers such as
vi nyl net hyl et?lgr?h?/i'iﬁ/‘]‘e’ét hyl ether and vinyl isobutyl ‘ether. These vi nﬁfi ,_

oYz

nononers are used al onem?é t‘iﬁ%}’e%r %2%&5 ed Tﬂeonpi&dﬁe aﬂo‘axﬁé ?%eq;tlt&eed nvent i

;
may pre- ferably be constl a Styrene copol yner. Such a

vinyl. copol ymery gi ¥ Aord din A0RYEhdBIe B A0eh SR AT @Mdraiyeef erred to
constitute 60 % by weight or nore, particularly 70 % by wei ght™ or nore of

the toner bindegor€sdIeSedpait pre®d. | Nid ivigiSy e Mt aiyl o aad on 20
conditons is inportant for obtaining the objective
E - 5 applied in a developing apparatus and is very seldom
deteriorated due to crushing during durability test.
Oon the other hand, it is desirable to add a small
amount .of an olefinic homopolymer or copolymer having
a melt viscosity at 140°C of 10 to 106'cps, more

10 preferably 10? to 105

‘cps, in order to prevent abra-
sion of or damage to the surface of a photosensitive
member, a cleaning member, the surface of a developing
sleeve, carrier particles, etc. When such an additive -

is externally added to the toner particles, a weight
15 ratio thereof to the toner can vary to change develop—
ing characteristics during repetitive use; For this
reason, the additive is preferably incorporated in the
toner. If the olefinic polymer is contained in the §;)
developer powder iﬁ a proportion of 0.5 to 5'wt.%, the

20 .di5persibility and compatibility of pigment or magnetic
particles with respect to the toner are improved, and
good effects for the surface of a photosensitive
member, a cleaning member, etc., are attained. Examples
of the olefinic homopolymer or copolymer used for this

'25 purpose include polyethylene, polypropylene, ethylene-
‘propylene copolymer,.ethylene-vinyl acetate cbpolymer,

ethylene-ethyl acrylate copolymer and ionomer resin



resin of the invention. Exanples of the applicable initiators include S
organi ¢ peroxi des such as, 1,1-(t- butyl peroxy)-3,3,5-trinethylcycl ohexane, " .
n-butyl -4, 4- di-(t-butyl peroxy)val erate, dicunmyl peroxide, a,a - 25 - '
bi s(t-butyl peroxydi i sopropyl)benzene, t-butyl peroxy- cunene and

di -t - but yl peroxi de; and azo and di azo conpo&fds such as

di azoam noazobenzene. Particularly -24- useful class of polynerization
initiators are those having a 10 hour-half life téenperature of 100C or

above as nentioneégd_herei nbef ore, ecially, di-t- butyl peroxide is
ofTect ve In thi BaViBFaACBOTYRENELGas, Bepd At TarEREhpurian Bn & inSrdcanl y

I"eef ed _ hi h he 10, hour - hal f, lif
by 0 - CLERR and Bop8tiErL Y Eheh (el NEagOLIREE Hi0d1d eredeiin B o T

preferably sel ect gdnt&enesd! hy1 .4 hsr"pbesy! r%ﬂ@fe%ﬂfcﬁrd&?&t S.4 B as

the anpbunt of the initiator i1Increases, as the cohcentration o e nononer
in the reaction spet@nvEsoUeeiganéionst abhvesi o the solvent, and as the

reaction tine is prolonged. Further, as the concentration of the
‘crosslinking Bononer increaseselt heiswbeities hevegleen measured accord-
ing to the Brookfield method and with a Brookfield:
Qiscometer provided with an adaptor for a small amount
~ sample. |
\J_ - An electrophdtographic process using the toner
10 of the present invention will be explained hereinbelow.
There are various methods for developing
electric latent images with a toner, such as the
- magnetic brush method as mentioned above, the cascade
method, the poﬁder cloud method, a method wherein an
15 electroconductive magnetic toner is used as disclosed
in U.S. Patent No. 3,909,258, and a method wherein a
~high resistivity magnetic toner is used as disclosed
" in Japanese Patent Laid-Open Application No. 31136/
' 1978. A developer obtained by using the resin of the
20 present invention is also suitable for a developing
method using a so-called one-component developer con-
téining magnetic particles.
. 'In a step of transferring a developed image
ﬁo a part to be transfer-printed, various systéﬁs méy
25 Dbe adopted such as the corona transfer sy#tem, the

bias transfer system, an electrostatic transfer system

such as a system using an electroconductive roller,



15 M increases and the height Hc increases. The copol ynmer shoul d
erably be crosslinked to sone extent to give better anti-offset
:acteris- tic. There are various nethods of causing sone degree of

crasslinking. For exanple, the above -nentioned 20 nmet hod of effecting

copol ymeri zation in the presence of a ct¥¥slinking nononer to obtain a

vinyl copolynmer is an effective nmethod. The crosslinki ng nononer nay

chiefly be conpounds having two or nore pol ynerizabl e doubl e bonds. 25

i vi ny| benzendAhch ARUR T AT REEEtosd 114 2% FHRE (SR A g t o o
dimet b acryl ate. and ISR EAR & o e R R A R Y uer
as divinylaniljng,; di midylafdhGhay be/i Fithoved bflecd b tidd leatiiidgpne; and
conmpounds 5 aving three "or nore vinyl groups. Anopng these,
di vi nyl benzenesy st ol el @ty UsAish .c Teeaiing cspstsdm nki ng nononer shoul d
preferably be contained in 0.2 to 5 parts by weight, particularly
5 Powder image on a transfer-printed member
should-be fixed, for e#ample by the heat fixing method,
the solvent fixing method, the flash fixing method,
or the laminate fixing method. In order to fully
exhibit the characteristics of the toner according to
10  the invention, the hot roller fixing method is prefer-
ably adopted. _ | .
' As described in detail.hereinabove,.according
to the present invention, thére'is provided'a resin for
a toner having at least three peaks 6r shoulders in its
15 .molecular weight distribution curve and a specific
molecular weight difference between two peaks or
shouldérs-respectively giving the largest and smallest
molecular weights. By using the toner, there is.
further obtained a toner which is. particularly excellent
20 in harmonization of fixability, anti-offset character-
istic and dﬁrability3
The present invention will be described more
specifically hereinbelow by referring to the exahples
and comparative ex;mples, wherein "parts"” means "parts

25 by weight".



0.8 to 2.5 parts by weight, in 100 parts by weight of 10 the vinyl nononer ‘
m xture. The binder resin of the invention should pre- ferably have a SR
sefteni ng point according to the ring and ball test of the order of 100 tex -
[ERR], while it varies to some extent dependi ng on the nonomers and 15 ‘}
conposition thereof. The glass transition tgnperature may preferably be

the range of 40 to [ERR], . and, nore preferably, 50 to [ERR]. If the

softening point- is below [ERR], the toner causes filmng to soil the

phot osensitive ne readily deteriorates during 20 successi ve

cogy?ng. If-it eEQEh 26 RR], fixation efficiency i's | owered due to

incﬁéése in fixable tem gpekatyee, and the pulverhmﬂiéuhigfgﬁiency Is al so
decreased. If the glass transitron tenperature is |lo 0C, thernal

aggl onerati on or caki ngtgkteRé the toner can readi lg1pcgureaysd Ags)st or age
of the toner, so that aggloneration trouble can occur also in a copying

machi ne. To the contranyButyltaerylate -26- transt41on tByfermtnts)
exceeds 80C, the heat fixation efficiency beconmes worse.
5. Monobutyl maleate 36 g (6 parts)
Divinylbenzene 8.4 g (1.4 parts)
Di-t-butyl peroxide 6.0 g (1.0 parts)

Into a 2 liter-4-neck round-bottom blask
NI provided with a thermometer, a nitrogenrintroducﬁory
10 tube, a stirrer and a Qater-cooled Dimroth condenser,
420 g of kylene was charged and heated to thé reflux
temperature of xylene on an oil bath provided with
a heater. 1Into Fhe xXylene under reflux was added the
above mixture dropwise in 3 hours and 20 minutes.
15 After the dropwiée addition, polymerization was
.conducted for 4 hours. Then, the éolvent was removed
by ordinary reduced-pressure distillation to récover a-
polymerization product.
The copolymer thus obtained had a chfomatogram
20 according to gel permeation chromatography as shown in
the attached drawing and had peaks at molecular weights
of 13,000; 870,000; and 4,500,000, indicating an Mc/Ma
of 346 and Ha/Hb/Hc or 1/0.5/0.2. The polymer obtained
alSo‘had a Tg of 57°C and M.I. of.2.3.
25 Example 2
Polymerization was conducted in the same manner

as in Example 1 except that the n-butyl acryléte was



index) in the range of 5 0.25 to 5 under the conditions of 125C and

"g-and nore preferably in the range of 1.2 to 4. An MI. of below 0.5 .
| eads to increase in fixation tenperature and -decrease in fixation
efficiency of the toner. If the MI. is3barger than 5, offsetting onto
rollers readily 10 occurs during high tenperature fixation. The softening
point (S.P.) of the ring and ball nethod is based on the val ues obtai.ned
according to JIS X 2531 and the nelt index (MI1.) according to JIS K 7210.
The gl ass traneiglaced eyperathydheXgl asry3atebapddtba fhdlowhiangs obt ai ned-
by nmeans of - a differential thernmal analyzer DTA-30M (avail abl e fronlshinaigr_
Sei sakusho K. mixtyr¢ewash&se€dnditions of a tenperature raising rate of
15C/ min. and a sanple weight of 10 to 15 ng. 20 _ . The toner for a
devel oper of the invedX&RI&n contain other resi R888L:5¥pounds in addition
to the above nentigped binder resin according tqg.the i,p¢ent| Lh a
proportion |ess th&T¥FES atter. Exanpl es of sugﬁgrgs#2§02 P%%ﬁ%ﬂnds

i ncl ude s@ i cone rﬁgé%hﬁ%Wé&glggcrxggkgr, polyyﬁgbhanqq7polyamid§, epoxy
, rosin, [

égggfinder resin of the present invention should preferably have an M.

resin, poly- vinylbutyr S ied rosin, terpene resin, -aliphatic

or alicyclic hydroggmeuthaskaledtamatic 36 g (6 no)
Divinylbenzene 8.4 g (1.4 o)
Di-t-butyl peroxide 6.0 g (1.0 ")

The properties of the copolymer obtained are
10  summarized in Table 1B appearing hereinafter.

Examples 3 - 7, Cogparative Examples 1 - 3

The compositions of monomer mixtures and
polymerization conditions of_these examples are
summafized in the following Table 1A and the results
15 in Table 1B, £ogether with those of Examples 1 and 2.
The operatioﬁ procedure of these examples was éubstan-

tially the same as that of Example 1 explained above.



-27- petroleumresin, chlorinated paraffin, and paraffin wax. Wen a

magnetic toner is produced, nagnetic particles are contained in the toner’.- .-~

The magnetic 5 particles may be a material which shows magnetism by itsehf
or which is magnetizable. Exanples of such naterials include netals

i ron, manganese, nickel, cobalt and chrom-ggy+ magnetite, hematite, V@
ferrites, manganese alloys, and other ferro- 10 magnetic alloys. The
magnetic particles may be obtained by rendering these materials into fine
parti- cles having an average particle size of about 0.05 to 5 [ERR], unore

preferably 0.1{to 2 [|[ERR]. |A magneti ¢ tonér shul d prefefably,.coftai ngsuch
magpetic partigleg in 13 % (propgrtiop of 1.5,10 70 Yo paftigutarlly 259to 45
% of the total |toger ng tl. ¥he¢ tengr of |the& present=inyenkidn ¢an further
contain one or{noee dt heri dol orgnts, ja charge :ontr?ller ageﬁ%, or a -
flowabi ity inprover.{ Exangl es ¢f su¢h majerials 20jincl pde carbgn bl ack,
iron bl ack, graphigte,| nigyqgsine] nmetal conIexes of [nonopzo dy€s,| Hansa
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Benzi di ne Yel | ow, Quinacridone and various |ake pignents. A flowability
ver such as hydrophobic 25 col loidal silica may be externally m xed
éofhe toner particles. The flomablllty i nprover may be added in an

) of O05to5 w.% preferably O1 to 2 w.% of the toner. The
toner produced fromthe above nmentioned.pinder resin, magnetic particles
col orant, charge controller agent, etc., Is highly resistant to a load 5

applied .in a devel opi ng apparatus and is very seldom deteriorated due to

crushing during dycability test. On the other hand, it is desirable to add
-a small anount of [an oledini c|honopol yner or copol yner having a nelt -y
viscosity at [ERR]| of 80 th[ERR] cps, nore 10 preferably [ERR] to [EQRB?
cps, in order to pgregdht |afal sion of or damage to the surface of a
phot osensi tive nerber & alcl eafi ng menber, the surface of a devel oping
sl eeve, carrier pdrticles. etg¢. \Wen such an additive is external | y added
to the toner partijcl esy wei ght 15 = ratio thereof to the toner can vary
to change devel op-| i ndg charactleristics during repetitive use. For this
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reason, -the additive is preferably incorporated in the toner. If the _
ol efinic polyner is contained in the devel oper powder in a proportion of { « &~
0.5to 5 w.% the 20 di spersibility and conpatibi]ity:of pignent or il
magnetic particles with respect to the toner are |nproved and good effec @é;
for the surface of a photosensitive nenber35-a cl eani ng nmenber, etc., are

attai ned. Exanples of the ol efinic honopol ynmer or copol yner used for this

25 pur pose include pol yet hyl ene, pol ypropyl ene, ethyl ene- propyl éne

copol ymer, ethyl ene-vinyl acetate copol yner, ethylene-ethyl acrylate-

copol ymer and ionomer resin -29- having a pol yethyl ene base structure.
Whénoan: ol efinic copolyner is used, the copolyner should preferably contain

50 nol.%or nore, nore preferably 60 nol.% or nore of ol efin nononer units.

5 ' The nelt viscosities have been neasured accord- ing to the
&oowleldrmt'wiaPﬂM-H%a—aqwkhﬁﬁﬂlfﬁca.*ﬂL“Lm“ ed—w-t-h—ap—adapt or
for a small andunt safplg. |Ag, e eg}rbppptbg&@pﬁi% 0Gesh 33|ng'tﬁk ttoner
10 of the prgsentuinventiionswjl |- be exp alﬂeP er i nbe] ow.
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t , such as the magnetic brush nethod as nentioned above, the cascade

d, the powder clioud nethod, a nethod wherein an 15 el ectroconductive
magnetic toner is used as dlsclosed irn U S. Patent No. 3,909, 258, and a
met hod wherein a high resistivity nmagneti3é-toner is used as disclosed in
Japanese Patent Laid-Open Application No. 31136/ 1978. A devel oper obtai ned
by using the resin of the 20 present invention is also suitable for a

devel opi ng nmet hod usi ng a so-call ed one-conponent devel oper con- taining
‘magnetic part|éEE§EﬂE&_§_sLéﬂ4nE2EEEEéEéEEEEé_EE&EEEEaﬁeg image to a parL:r

ThEEe are various nethods for developing electric latent imges with a

to be t fer-printed ' t. dopt ed h th 4

corona transfer system® efﬁé%‘é%%s%ﬁéﬁg? e @aessn%eﬁﬁxﬁpsifgét 289 r ansfer
t h t d

System using o CHBATRETVICLRG.AR GRRe! FOCRICKIveX PRkatheg by dR110¢ @

phot osensi ti ve goayal %xuaguhabua&ahawr o@azsohzfmteegvxgdsﬁxwhhﬁnbkﬁde
cl eaning systemor the fur "brush cl eaning system_ _
: 5 following Table 2A.

More specifically, in_each'exemble, a plurality
of polymers were respectively dissolvedlin'toluehe and
the ;esultaﬁt solutions were uniformly mixed so as to
effec£ mixing at molecular level. Then, the solvent

10 toluene was fembved by reduced-pressure;distillation
to leave a resin mixture.

- The measured properties of the resultant resin

mixtures are shown in Table 2B.



&

5 Powder image on a transfer-printed nenber should be fixed, for..
exanpl e by the heat fixing nmethod, the solvent fixing nmethod, the flash . :
fixing method, or the lam nate fixing method. In order to fully exhj t e
characteristics of the toner according to 10 ° the invention, the

roller fixing nethod is prefer- ably adoptgg7_As described in detai

her ei-nabove, according to the present invention, there is provided a resin
for a toner having at |east three peaks or shoulders in its 15 nmol ecul ar
wei ght distribution curve and a specific nol ecul ar wei ght difference
between two peaks or shoul ders respectively giving the |argest and small est
nmokgeul ar wei ghts. By using the toner, there is further obtained a toner
which is particularly excellent 20 in harnoni zation of fixability, .
anti-offset character- istic and durability. The present invention wgll be
described nore specifically hereinbelow by referring to the exanpl es@and
conparati ve exanples, wherein "parts" neans "parts 25 by weight". < -31
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Exarrpl e 1 Mxture Quantity Styrene
TA\g (69 parts) n-Butyl acrylate, 141 g (23.5 parts) 5
butyI mal eat e N 36 g (6 parts) D vinyl benzene
4’9 (1.4 parts) Di-t-butyl peroxide 6.0 g (1.0 parts) Into a
2 liter-4-neck round-bottom bl ask providgg-with a thernoneter, a
ni trogen-introductory 10 tube, a stirrer and a water-cooled Dinroth
condenser, 420 g of xylene was charged and heated to the reflux tenperature
. of xylene on an oil bath provided with a heater. Into the xyl ene under
reflux was added the above m xture dropwise in 3 hours and 20 m nutes. 15 _,
After the dropw se addition, polynerization was conducted for 4 hours. \:57
Then, the solvent was renoved by ordinary reduced-pressure distillation to
recover a polynerization product. The copol ymer thus obtained had a
chr omat ogr am 20 according to gel perneation chromatography as shown in
the attached draw ng and had peaks at nol ecul ar wei ghts of 13,000; 870, 000;
and 4, 500, 000, indicating an-M/Ma of 346 and Ha/Ho/Hc or 1/0.5/0.2. The

pol ymer obt ai ngd—atse—had a Tg of [ERR} and MI. of 2.3. 25 Exanple 2
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Pol yneri zation was conducted in the sane manner as in Exanple 1 except that

the n-butyl acrylate was -32- replaced by 2-ethyl hexyl acrylate t he! .. .
follow ng mxture was used. ‘M xture _ . +Quantity e -
435 g (75.7 parts) 5 2- Et hyl hexyl -acryl ate 102 g (

Monobut yl nal eat e : 36 g ( 6 Dyl benzene — 8.4 ¢
(1.4 Di-t-butyl peroxide 6.0 g (1.0 The properties of the

copol ymer obtained are 10 sumari zed in Table | B appearing hereinafter.
Exanples 3 - 7, Conparative Exanples 1 - 3 The conpositions of nononer
'm xt-ures and pol ynerization conditions of these exanples are summarized in

thzg'&f-"OIIoangT g IA gqnd the resurtsi 15 (1 rapre 1B, together with
t hose of Exanpl ¢s=1 amd|2.— Tthe«_)ptgradi bnepr pcedut exof | t hese exanpl es was
substan- tially ﬁm; sang as f{hai §f nEXe? e{ 1~expl a ned above. :
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Les 4 - 5 Resins according to the present invention and conparative
| NS:-wer e respectlvely Qbtained by uni- formy mxing a plurality of
polyners as shown in the 5 follomnng Tabl e 2A. More speC|f|caIIy, i n each
exanple, a plurality of polymers were rggpectively dissolved in toluene and _
the resultant sol utions were unlforn1y m xed so as to

&iégp[ERR] -34- [ERR] -35- [ERR] -36- Exanples 8 - 11, Conparative
re

4

Example 12

One hundred parts of the resin of Example 1 e
having been crushed into sizes_éassing through a mask
of 2 mm in opening was blended with 65 parts of

5 magnetic particles (Maqneﬁite EPT 1000 produced by
Toda Kbgyc K.X.), 2-par£s of a metal complex dye (E-81
produced by Orient.Kagaku K.X.) as a charge controller
agent, and 4.parts of 16w;molecu1ar weight polypropy-
lene (Viscol 660P producea'by Sanyo Kasei Kogyo K.K.)

10 by means of a Henschel mixer, and kneaded on a roll
mil under melting.

After cooling, the mixtu;e_was coarsely crushed
by means of a hammer mil and then pulverizeé by means
of an ultrasonic jet pulverizer. The product was then

15 classified by a wind power classifier to collect parti-
cles with sizes'in the range of 5 - 35 u. With 100
parts of the particles thus collected, 0.4 part of
hydrophdbic colloidal silica powder was mixed to give ' L_)
a toner, which w&s then used for image formation.

20 For the imagé formation, a commercially
available plain paper cépier (NP-SOORE produced by
Canon K.K. and the resultant toner image was fixed on
a prescribed cépy paper by means of hot rollers of
standard épecification;

25 The copied image obtained was gbod without fog
in the initial stage of a successive copying test and

also was sufficiently good even after 20,000 sheets of



&ffect mixing at mol ecul ar level. Then, the sol vent 10

t ol uene was -

measured properties of the resultant resin mxtures,are .shown i'n Tab

"renoved by reduced pressure.distillation to | eave a resin m xture. Th@'\!

737- [ERR| -38- [ERR| -39- [ERR] - -40 - Exanple 12

~41-

~. a running test. After the test, no damage nor fusion

- sticking of the toner was observed at the photosensi~

tive drum, the cleaning unit and the developing sleeve.

The toner showed an excellent fixability which

5 | was of no problem even in 50,000 sheets of a.running

test, in which no jamming was caused by wrapping of

paper onto rollers in the Stage of paper discharge.

Thus, the toner was satisfactory as a whole. Further,

in a start-up and continuous copying test in the

10 environment of 10°C, no trouble was caused by insuffi-

cient fixability. On the other hand, undesirable

offsetting did not occur even when a part of hot

fixation rollers reached a temperature of above 200°C.

Example 13

15 Example 12 was repeated except that 100 parts

of the resin of Exampie'3 was used, whereby similarly

good results were obtained as in Example 12.

L/ ' Examples 14 - 17, Comparative Examples 7 - 10

Example 12 was repeated ekcept that the resin

20 was replaced as shown in the following Table 3A. The

results are shown in Table 3B together with those of

'Examples 12 and 13.

25



ndred parts of the resin of Exanple 1 having been crushed |nto si zes
Yy through a mask of 2 nmin opening was bl ended with 65 parts of 5
may c particles (Magnetite EPT 1000 produced by Toda Kogyo K K.), 2
parts~of a metal conplex dye (E—81 produced by Orient Kagaku K K') as a
charge control |l er agent, and 4 parts of -B@w nol ecul ar wei ght pol ypropy-

| ene (Vi scol 660P produced by Sanyo Kasei Kogyo K. K.) 10 by neans of a
Henschel m xer, and kneaded on a roll ml| under nelting. After cooling, the
m xture was coarsely crushed by neans of a hammer nil and then pul veri zed
by neans of an ultrasonic jet pulverizer. The product was then 15
classified by a wind power classifier to collect parti- cles with sizes |rb
the range of 5 - 35 [ERR]. W:th 100 parts of the particles thus col | 8ct ed,
0.4 part of hydrophobic colloidal silica powder was mxed to give a Boner,

which was then used for image for ITB.tIOI’l 20 : For the image ~
formation, a g . avattabte—ptaimpager—Tcyprer (NI-TWUD‘RIﬂprod-uced
by Canon K. K ul tart toner irage Was filxed qn a grescni bed copy
paper by neans Wlil ers [of stlandarld spgcifiqation. 25 The
copi ed i mage b_g dlvgs good wi t Howt flog in t=he |i rfi tijal* stlade ﬁbf a
successive co mn%& tgnd. _
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al so was sufficiently good even after 20,000 sheets of -4 1 - a running
test. After the test, no damage nor fusion sticking of the toner was
observed at the photosen5| tive drum the cleaning,unit and the developlng
sl eeve. The toner showed an excel | ent fixability which 5 was of ng
probl em even in 50,000 sheets of & runni rg3test, in which no janmi Bx
caused by wrapping of paper onto rollers in the stage of paper disck P
Thus, the toner was satisfactory as a whole. Further, in a start-up and
continuous copying test in the 10 environnent of [ERR] no trouble was
caused by insuffi- cient fixability. On the other hand, undesirable
otigettlng di d not occur even when a part of hot flxatlon rollers reached a
tenperature of above 200C. Exanple 13 15 Exanpl e 12 was repeated
except that 100 parts of the resin of Exanple 3 was used, whereby simlarly
good results were gbtarmeg—as— n Exanple 12. Exanples 14 -. 17, Conparative
Exanples 7 - 10 Ex;nplﬁ 1P was repeated except that the resin 20 was

repl aced as shown i ol l opi ng Table 3A. The

>
660-P
4pa§

E-81
2 parts

ETP-1000
65 parts
1]

Table 3A'(cont.).

6

Example 4 (100 parts)
(

Comparative

11

Comparative
Example 10
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CLAI M5 1. A binder resin for a toner conprising a polyner having at |east
three peaks or shoulders in its chro- matogram obtained by gel perneation
. ¢chromat ography, 5 wherein said at |east three peaks or. shoul der i ncltude ~
.a peak or shoul der A having the snallest: nol ecul ar wei ght Ma of 0to,,-
80, 000, a peak or shoul der C having the |-asgest” nol ecul ar wei gh S
satisfying, the relationship of Mc/Ma [ERR] 150, and a peak or s der 10

B having an internedi ate nol ecul ar wei ght between said Ma and M. 2. A
bi nder resin according to claim1l, wherein said peak or shoulder B has a
mol-ecul ar weight Mo of [ERR] to [ERR]. 15 3. A bi nder resin
acggrding to claim1 or claim2, whergin said peak or shoulder C has a
nol ecul ar wei ght of 3x106 or |arger. M. A binder resin according to any
preceding claimwherein said peaks o shoulders A, B and C have 20
hei ghts Ha, Hb gnd -Hc, respectiyely, satksfying the proportional
rel ationship of JHa:db:jHc off 1 : 0.2 -Ul.g 'w0.1 - 0.6.
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-47- 5. A binder resin according to any preceding claim wherein the

nol ecul ar wei ghts Ma and M satisfy the foIIomﬁng_LeLaLLQnsth——PERR} 5 6.

der resin accordi.ng to any precedin

* Ma is 2,000 to 40,000. 7. A bT ng@r reS| n al: I“'ﬂ“m‘“mm

gdi ng cl ai ein said polymer is a vinyl po A
bi nder resin agééggﬁﬁg to any of clains 1 to 6, which conprlses a m xture
of a plurality of polynmers, said plurality of polyners in conbination
giving said at |least three peaks in the chromatogram 9. A bi nder resin
according to any pregedi ng $2ngka %smef@rnaseéﬂeﬁoédrﬁpﬁém?aa%ww
of 0.25 to 5. 10. A binder resin according to any preceding aim erei
sai d pol yner hapa#ingf heniegspothteef péaks d00shouldd¥y . iR0its chrdd. A
bi nder resin according to any preceding claim wherein said polyner has a
- glass transiti omapogramobbtadnedObyogé ERpermeation chromatography,

5 wherein said at least three peaks'or shoulders include

a peak or shoulder A having the smallest molécular

‘'weight Ma of 2,000 to 80,000, a peak or shoulder C

havihg the largest'molécular weight Mc satisfying,

the relationship of Mc/Ma 2 150, and a peak or shoulder U
10 B having an intermediate molecﬁlar weight between said.

Ma and Mc.

2. A binder resin according to claim_1, wherein
said peak or shoulder B has a moiecular weight Mb of

3x105 to 1x106,

15 3. A binder resin according to claim 1 or claim
2, wherein said peak or_shoulde; C has a molecular weight

of 3x106 or larger;. _ N

4. A binder resin according fo any preceding
claim, wherein said peaks or shoulders A} B and C have
20 heights Ha, Hb_and He, respectiveiy, satiszing.the
proportional relationship of Ha:Hb:Hc of.1 : 0.2 - 1.0 :
0.1 - 0.6. |



- 48 - ‘12. A binder resin according to claim?7, conprising at |east 6096by
wei ght of said vinyl polyner. 13. A bi nder +es+ﬂ—aeeeed+ng—%e—€l
conprising at |east 70% by weight of said vinyl A bi n n
substantially as described herein with r &Fr ‘enc mﬂﬁ“ﬂﬂ"&mﬂ s
11. 10 15. A binder. resin substantiafly a eference 4

to the drawi ng. 16. A toner conposition conpri-sing a colorant and a bi nder

resin accordi'ng to anysprecgdbggdgkafggi&Saég A APN égynyygééayﬂ
according to claim16, .wherein the col orant c%%prldges magneti c partgl cl es.

18.-- A toner cena®fl,tReredfiCOhdi R@let¢@lat!vightsl Ma 2hd MOHAYITRY
1.2% to 70% by weight of the nagnetic particles. 19. A toner -
conposi ti on accor thegfotlowang télatiomshilB: conprising 0.5%to 5% by wei ght
of an olefinic 25 pol ymer. 20. A toner conposition according to claim 19,
wherein the ol efinic polynmer conprises an ol efinic honopol yner or copol yner
having a nmelt viscosity at 140_C of 40 to : 6 $ v <

-2.5 x 10" x Ma + 5.5 x 10° = Mc =

5 -5.0 x 102 x Ma + 1.5 x 107.

6. A binder resih according to any preceding

N claim, wherein the molecular weight Ma is 2,000 to 40,000.

7. A binder resin according to any preceding

claim, wherein said polymer is a vinyl polymer.

10 - 8. A binder resin according to any of claims 1
to 6, which comprises a mixture of a plurality of polymers,
said plurality of polymers in combination giving said

at least three peaks in the chromatogram.

L _ 9. A binder resin according to any preceding
15 claim, wherein said polymer has a melt index of 0.25 to

5,

" 10. A binder resin according to any preceding
claim, wherein said polymer has a softening point of

£from 100 to 150°C.

20 .11, A binder resin according to any preceding

claim, ‘wherein said polymer has a glass transition
pojn+ of from 40 to 80 c.



30 106 cbs 21. A toner conposition, substanrra++y~a§_desgLL9§Q wth
reference to any of Exanples 12 to 17. A prﬂiﬁg} for producing a

tresin according to claiml, conpr|5|ng ’wulﬂ of a =
nononer and a crossllnklng monomer to solut| in an

o c solvent capable 5 of dissolving the polynerlzatlon prioddct. of the
m xture in the presence of a polyneri-z#&8 om initiator having a 10 hour-half

\INlhfe termergt l{Bonf ko%firfaeﬁﬂ:%% a%%ortﬁi %S%IQQEIOVm eambelsL?gnhEZf

erein sai Vi.ny onme C ro oup consisting o

styrene, [ERR]- 3Rk 5%"3%! é‘ﬁ:l 5’? ?ﬁ"%el’fé‘ ?c 5c| d, nethyl ~-

acrylate, ethyl acrylate, butyl acryl ate, dodecyl acrylate octyl acrylate;ﬁw'

Egenylb ?clryl a{ﬁ,wﬂet h@Pr)ﬂﬂrtﬁe&C&%ﬁi@Téaﬂotﬁﬁh ttbybataam F.QhYEoﬁpli:Elaifc}w ate,
uty a nme e,. ACr, nitrile acrylam de

mal ei ¢ aci d, %o)ﬁt E;“Jrra'?I?%at :ili%y>‘l’farin'5i¢1a(§§1 i¥’¥3’n8@%¥ﬁ'yF ‘mal eat e,

di net hyl naleate V|nyI chlorlde V|nyI acetate, vinyl -benzoate, vinyl

met hyl ketone, vyl mtdiyddectr@adn \suuétamhwlyeralserde\sbmbeao heetelilyll

ether, vinyl i S%W'reeéet}%rncea% P HEe B8O to 11.

10 15. A binder resin substantially as described with
reference to the drawing.

16. A toner composition comprising a colorant and a et
binder resin according to any preceding claim.
15 ' _ _
17. A toner composifion according to claim 16, wherein.
 the colerant comprises magnetic particles.

18. A toner composition according to claim 17,
3 20 comprising 1.5% +to 70% by weight of the magnetic
particles.

19. & toner composition.according to claim 16, 17 or
18 comprising 0.5% to 5% by weight of an olefinic
25 polymer. :

20. A toner composition.according to claim 19, wherein
the olefinic polymer comprises an olefinic homopolymer

or copolymer having a melt Viscosity at 140°c of 10 to

6

39 10" cps.

21. A ‘toner composition,-substantially as.described
with reference to any of Examples 12 to 17.




24. A process according to claim22 or claim23, wherein said crosslinking

25. A process ,gggg?gl ESVE[ ggalgl_)Sl of cf\gfqgr Zgo‘[g,mlmunuélnﬂmltgmrbl e

nononer IS a co

crosslinking no
di vi nyl benzene,
_ glycol dinethac
di vi nyl et her,
2. A process
pol yneri zati on
14X t-butyl per
n- butyl - 4, 4-di -
(t-butyl peroxyd

butyl per oxi sle, a¥dadis8s2eThgo_RELEBIGHEriddtioR PFrOGESE SE CEHdimikduxeany of

clains 22 to 20
at a tenperatur
pol ymeri zati on

\_,9'
15
. 20
25 .

Sav

noner is a conpound selected from*thé gtoup congi sting

di vi nyl napht hal ene, ethylene glycol diacrylate, 5 et yléﬁéi

ryl at22. 1, & pFosReqi §prdpredngingr | hiedey xesif ani | i ne,

di vinyl sulfid ,_divingL sul fone, and a m xture thereof. 10

diRg £8 Snstils leI SPABT251pg: 25SURPRFEIRT &L xture
I nd tiat, [ I d.f h | St f
S S oRongE! Sl HORHhEEBpetRs BSRLEL T O
(&69H£¥$£erg%%%y%?E?EQESn QhCHﬂ%%r %ﬁ?é'&@ivéﬁ%*ﬂag 2

i- 15 | SO enzene, t tyl peroxycunene, di- t-

26 wherein said solution polynerization irs carried out
@anhitgbepreBancehef1Q polymépizatiér iripriedtireaviing e
initiator by 0 - [ERR].

10 hour-half life temperature of 100°C or higher.

23. A process according to claim 22, wherein said
vinyl monomer is sélected from the group consisting of
styrene, °<-methylstyréne, p~chlorostyrene, acfylic
acid,_methyl'acrylate, ethyl'aerylate, butyl acryiate,
dodecjl acrylate, octyl acrylate, phenyl acrylate,

methacrylic acid, methyl methacrylate, ethyl methaerylate,

butyl methacrylate, octyl meghéerylaté, acr?lonitrile,

acrylamide, maleic aeid, mon@butyl maleate, dibutyl

maleate, mondmethyl maleate,tdimethyl-maleate, vinyl

' chioride, vinyl acetate, vinyl benzoaté, vinyl methyl

ketone, vinyi éthYl ketone, y1ny1 methyl ether, vinyl
ethyl ethgri_vijyl;isobﬁtylxgther, and -a mixture thereof.

24. A process according to élaim.iZ or claim 23,
wherein saidtdrOSSIinking honqmer is a compound having

two or more polymerizable double bonds.

O



25 "28. A process for producing a binder resin for__ar—t—eﬁef——-ccm'pr‘r’s‘ng

uni formy m xing a polyner having a wei ght average nol e
1x 10 8x104, a polynmer having a wei 8At=average m)l HE@‘ [ERR] P
t ¢ 'R] and a pol yner having a wei ght-average nol ec I R] or

r

| & , to forma polyner 5. m-xture having at |east three peaks or
shoulders in its chromatogram obtai ned by gel permeat.ion chronmato- graphy,
wherein said at | eas?5t hrePHRIBES @C%Qﬁd;}%r@ iany @fe cdad@gk 23r teh lfll:der A

havi ng the smal | est nol ecul ar weight Ma of 2,000 to 80, 000, 3 peak or 10
shoul der C haw"ﬂ&”cerfé‘l ﬁr‘%ﬁﬂ]g‘d’cﬁ’é’rg \M"@fﬂe%%eﬁ ?F‘FPHQ t he i

“relationship of 4\%@ Oetq%g)gﬁ?a CD%(}% sh%'lgc%er é_nyAgthgngn {,f _

e
i nternedi ate I’T'DSI sal rocess$

according to CI% yréﬁrn\ggq{tﬁ{ﬂet,{ée 13n 3[5 gﬂg;cotlh%lggl ?ng._é is carried out

by m xing the I'n sol uti the solvent is evapo- rated

off fromthe r%%ﬂgtmie s;qu'&noralmeﬂnar&ytlcatreecqver~btuitan|aalmn.reamexhune 30.
A process far producing a toner, conprising: 20 mel t - kneadi ng a
bi nder resin acoglditegy ﬁdumnylanlllne, divinyl ether, divinyl sulfide,

divinyl sulfone, and a mixture thereof.

19 26, A process_according'to any of claims 22 to
| 25, wherein said polymeriietion initiator is Selected
from the group consisting of 1 1-(t-butylperoxy)-
3,3 S—trimethyl-—cyclohexane, n-butyl -4 ,4-di- (t-butylperoxy)
valerate, dicumyl peroxide, o, -_bn.s(t-buty]_._p_eroxyd:.-
15 iseprepyl)-benzene, tfbutylperoxycumene, di-t-

butylperoxide, and diazoaminoazobenzene.

. 27. A prof::ce_ss ‘according to any of claims 22 to
20 - 26.yherein sa;d solution polymerization is earried'
eut at a teﬁpeiature higher then the'TO'hour-helf
. life temperature of the polymerlzation 1n1t1ator byl

0 - 40°C¢

.25 ! 28. A process for producing a. binder res:.n for a

'toner, comprlsing uniformly mixing a polymer hav1ng a



Bf claims 1 to 15 and a col or ant,

cooling the resultant mxture, and

pul veri zing and €l assifying the cooled m xture to obtain said toner.

;02- 31.

horei n i th Feforonce 1o any of "Suam oot to IR Hlﬂlﬁlllﬂlla?o‘r’e“ 3

produci ng a toner substantially as desc% ,bed her*ei i wkt
of Exanples 12 to 17. '

5
A
10
15
/
N2
20

r €f er'ence t ¢

weight—average moleoular weight of 1x103 to 8x104, a
polymer haviné a weight-average molecular weight of
3x105 to 106 and a polymer having a wgight-average
molecular weight of 3x1(_)6 or larger, to form a polymer
mixture having at least three peaks or shoulders in
its chromatogram obtained by gel éermeation chromato-
graphy, wherein said af least three beaks or shoulders
include a peak or shoulder A having the smallest
molecular weight Ma of 2,000 to 80,000, a peak or
shoulder C having the largest moleculér weight Mc
satisfying, the relationship of Mc/Ma 2 150, and a
peak or shoulder B having an intermediate molecular

weight between said Ma and Mc.

29.. A process according to claim 28, wherein the
mixing of the polymers is carried out by mixing the
polymers each in solution, and the solvent is evapo-

rated off from the resultant solution mixture to

‘recover the polymer mixture.

30. A procesé for producing a tonef, comprising:
melt-kneading a binder resin according to any
of claims 1 to 15and a colora'.nt,.
cooling the resultant mixture, and
pulverizing and classifying the cocled mixture

to obtain said toner.

3
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'ﬁl. 'A. process for producing a binder resin
substantially as described herein with reference. to

any bf Examples 1 to ll.'

32. A process for producing a toner éubstantially
as described herein with reference to any of Examples .

12 to 17.
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