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Electrostatic Image Developing Toner and 

Fixing Method q '1ob~f 1-,.). 

~- l ~o ~ UJ t:J 

The present invention relates to a toner for 

develbping anE!lectro~ta~i~_image, used in .an i:1nage 
. . 

formi g process suoh as electrophotography ,. 

elect ostatic recor~ing or magnetic recording, and a 

of fixing- the toner. 

Relat ~ Background ~rt 

I A nwnber of methods as disclosed in U.S. . ' 

Patenf No. 2,297,691, ·J"1>8Dese Patent: Publication lfos. 

42-23910 and No. 43-24748 ·and so forth are 

15 conveltionally known as ele~tro~hotography·. In I . . . 
generk1, copies are obtained by forming an . I - . . 
elect ostatio laten~ image on a.pbo~osensitive member 

l.. by Ut lizing a phOtOCOnductf Ve material I Subsequently 

·' devel ping the latent .image by the use of a toner, and 

20 trans erring the toner image to a transfer medium such 

as paP,er if necessary,_ f911~wed by· fixing by the 

actio1 of· heat, pressure. h~at~and-pressure; or 

solveit vapor. The toner that ~s not tran~ferred to 

and hJ: remained on the photosensitive member is 

25 cleanJ: by various means, and t:hen t:he above process 

is re leat:ed. 

I 
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In recent years, such a copying apparatus is 

not anly used as a copying machine fo~ off ice work to 
:.:·· 

take copies of originals: as commonly done1 .but also 

has ~gan to be use~ ~n t~e field of printers serving 

as o~ki,uts of compute~s-and· in the field of personal 

cony·iLg of private use. = ---· -

. ·--Y I 
I Under such oirc~tances, the apparatus are 

severtlysought to be.ma~~ small-sized, lightweight 

and h ghly reliable~ Copying machines have now been 
. . . 

10 form of more simple components in various respects. 

high performance has become required 

for toners, and copying-machines are no longer 

ered excellent unl~ss an improvement in the 

of tone~s:is achieved. 

15 For example, various method or devi~es have 
. . . 

-eveloped in relation to the step of fixing a 

toner image·'to a sh~t such as paper. A method moat 

co~oTly available at _Pr~sent is the pressure heat 

systeI using a heat roller. 

2Q ThQ pressure heat ~ystem using a heet roller 

is a ethod of carrying out:fixiug by causi~g a toner 

image surface of an image-receiving sheet tQ p~ss the 

surfa e of a heat rol~er ~~cise surface is formed of a 

materlal having r~lea~ability to toner while the 

25 forme~ ~s brough~ into co~tact with the latter under 

appli1ation of a pressl1re •. Since in this method the 

I 
I. 
I 

... .. 
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heat roller comes into contact with·tbe 

the image~~eceiv~ng sheet under 

a pressur~, a very good thermal 

can be"achieved when the toner image is 

s· melt- dhered onto the image....:receiving sheet, so that 

__..,..-- ~ 

10 

fixin can be carried: out rapidly. Thus, this .metho_d ___ _ 
t -----

is vefy effective in ~ high-speed electroph~tograph1o 
-. 

In. this method, however, since the. copyitg machines. 

surfa e of the heat roller comes into contact with the 
I 

toner! image under app~ica1;i?n o~ a pressure·,, part of 

the tfner image may_s~met~m~s a~ere and tr~nsfer to 

the sfrface of the ~i~ing :rolle~, which is re­

~ransterred ta the sul:)sequ.ent itnage-receiving sheet to 

causelan offset pheno~enon, .res~lting in a 

lS cont~ination of the image-receiving sheet. Thus, it 

is co~sidered to be one of essential conditions in the 

heat·lol;er fixing system :that: no toner is adhered to 

the s of the heat ~ix~ng roller. 

Fot* the pw:pose of; not causing the toner to 

20 adher to the surface .of a fixing rol1er, a measure. 

25 

en hitherto ta~en su~b that the roller surfaoe 
; . 

is fo med of a material such as .silicon rubber or a 

fluorlne resin, havi~ an excellent releasabilit:y to 

tonerJ and, in order t~ prevent offset and to prevent 

fati~e of the rolle~ surfa~e~ its surface is further 

cover d with a thin fi1m ~or;m.ed using a fluid having a 
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1· good teleasability as.exemplified by silicone oil. 

Howev~r, this metho~, though effective i9 vlew of the I -
preveition of the offset of toner, requires· a device 

for feeding an anti~offset fluid, and hence has the I . 

5 problfm that the fixing device becomes comp~icated. 
j This is in the opposite direction to the 

deman~ ~or small size:and light weight. In some 
I 

~nstJ1 ces, the silico~e oil is ~vaporated by heat to 

cont inate the inter!or of the machine. Now, based 

. 10 on th! idea that th~ ~luid ~or ~reventing offset 

shoul· be fed from the the inside of a toner without . . 

use ol any appara~u~ for f~ding silicone oil, a 

metho has been proposed i~ which a release agent such 

es a f ow--aolecular p_olyethy.iene ·or a low-molecular 

15 poiyp~opy1ene is added in the toner. Addition of such 

a relfase ·agent in a:·1ar~ :nucy in order to attain 

a sufjic1ent effect ~~Y cause f ~lming to tbe 

photosensitive meDiber ·or·result in a contamination of 

the sJrf ace of a ton~~ c~~ing memb~r such as a 

20 carritr or a sleeve,, ~o tb8t toner imeges may be 

deteriorated to bring about a problem in practical 

use. JThus the rel..,,;,~ age~~ is .added in th9 toner in 

such · small amount that may not cause the 

. deterJoration of to~~r· images, where a releasing oil 

25 is f~ in a little ~ount arid a device by which the 

toner that may cause offset is cleaned using a member 
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such s a web of a wind-up type is used together. 

I However, taking account of the rece·nt demand 

for srall size, light:we~~ht an~ "high reli~ility, it 

is nebessary and preferred to remove such a 

suppltmentary devicEo. Accordingly, no countermeasure 

can bi completely tak~n unless ~he fixing performance 

and anti-offset of the-'"'to:D:er -S'f'e' further improved. It 

is dikficult to achieve the improvement unless binder 

resil for toners are· further improved. . . 

As a technique concerning the improvement of I 
I 

binder resins of tone~s,.Japanese Patent Publication 

lfo. 5~-23354 .• tor example~· prop0ses a toner in which a 

crossflinked polymer is u6ed as· a binder resin. 

Accor~ing to the method d~s?losed therein, the toner 

lS is ef~ective for the improvement in anti-offset and 

wind-I round resistance, but on the other hand an 

incre in the degre$ of ~~oss-linking results in an 

itiore e in the fixing temperature. Hence it is 

diffi~lt to obtain a.toner-having a suffic~ently low 

20 fixini temperature, a:suparior!~y in anti-offset and 

wind~tround resistatj~. 8rid.a sUfficient fi~ing 
perfole. In general, ·in order to improte the 

fixinf ~erformance, ·t~e bi;nder resin must be made to 

. have a low molecular weig~t:to.Iower its softening 

2~ point\ This conflidts with.the measure for the 

i~proyement of anti-offset. Since the bind~r resin is 
I 

I iiiii1ii~1r 
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1 made o have a low softening point, the gla~s 

trans- tion point of ·t~e resin is necessarily lowered 

to br~ng abO\lt an ""ci.sirable phenom...:O,, tblot bloc~ng 
; of tojer occurs during stor~ge. 

5. To cope with this ·_problem, Japanese· Patent 

·- : - App-1·1 a~:ion- Laid-open: No . ."'. 56-15$340· propose's a toner 

weig polymer and a ~igh~molecular weight polymer. 

Thislinder resin ~;acb~eve an improvement in 

10 resp t of fixing performance, but can not still be 

actory in reseot of.anti-offset. It is 
. . 

ult for this toner· to highly sati.sfy the anti-
. . offslt and fixing performance. . 

Japanese Pat..;.t APP1ica~ion Laid-oPen No. ~8-
1~ 20345~·3 proposes a_t:ner containing a binde~ resin 

comp ised of a low-temperature softening resin and a 
. . : . . 

high 1temperature sottening resin. This binder resin 

~o 

can jchieve an impr~~emen~ in respect of fixing 

perf rmance, but oan ~o~ still be sa~isfactory ~n 
. . 

resejt of anti-offset. It is d~fficult for this toner 

to h ghly satisfy the anti-offset and fixing 

perf rmance. 

Japanese Pat~nt :Publicatio~ No. 60~20411 
. I : . . . : 
! prop,ses a process ~°:r ~rp~uoing a resin c~mpo~iti~n 

25 comp,ising a polyme~ ~ith_a low degree of 

po1~erizat~on an~ ~pol~er with a high d~gree of 

I 

- -- ------ - ---
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po11ization. WhE.n. this :i:-esin is used as a binder' 

re;iJ for a toner, th~ re$in tends to achieve an 
I . 

im~rfvement in respec: of' fixing performance, but can 

not still be satisf~ctory in re~ect of anti-offset. 

5 rhlis there is much ~o~m for improvement. 

I In relation:t9 a, to~er containing a binder 

,···. r~si~ comprised of a ~lend !)f a low-molecular weight. 

pol I r and a cross.:..l~nk~d polymer, Japanese Patent 

10 

l~ 

Laid-open No. 5S-86S58, for example, 
. . . 

es a toner comprislng a lQw-molecular weight 

polYl!fr and an insolubl~ infusible high-molecular 

weig~ pclymar as mei~ ~i~ co~nents. According to 

the method disclosed therein, the fixing performance 

and ind.abi1ity te~d.to be-improved. ijowever, it is 
. . 

lt to satisfy ~n a high performance ~oth the 

anti- ffset and the 9*-ino~ility, because t:he weight :. 
I 

e molecular weiObt/riu.mber average mo1eeular ... 
(Mw/Mn) of tlie.'. lo".r~molecul~· weight ~o~ymer is 

11 as no"t more than.-3is and the content of the 

2b insolJ'1'1e infUsible:high~"'."lecular weig~t ~lymer is 

~-as large as from 40 t~ 90 wt.%. Thus, 1t 1~ very 

. diffifult from a praotica~ v~ewpo~nt to g~ve a toner 

\ well satisfying the_ffxi~~ performance (in particula~f 
: in hi h-speed £ixing); the offset resistance BDd the 

ility unless a:fixing assemblv is provided with 

a device for feeding an anti-offset fluid. Moreover, 
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I 
the ~,ner must be heat-kneaded at a temperature far 

bigbet than that in 'u~ual :i~stan~es or heat~eaded at .. 

a higl shear, because'the insoluble infusible high­

moleorlar weight po~~er used in.a larger amount turns 

to ha e a very high ·melt viscosity as a result of the 

heat- ading carried out w~en ~he toner is-prepared. 

As a esult, in the 1itj.s"t"e.ttcQ where it is kneaded at a -.. 

high jemperature, t~e;toner:cb.8racterist1os_ may be 

lower d because of therma~ decomposition of other 

high 

In the instance where it is kneaded a~ a 

the molecules of the binder res.in JDay be 

cut. Thus, ·there is th~ problem that the 

anti-offset.can b~ ~chieved with difficulty. 

Japanese Patent Application Laid-open No. 60-

proposes a ton$r cqmprising a resin composition 

ed by polymerizing ~onomers io the presence of a 

lecular poly(~-met:t:iylstyrene) having a number 

e molecular wai~ht. (MD.J of from 500 to 1,500. 

In particular, "this publication discloses that_ 

~Y.llLU~r average molecular weight (Mn) may 

the ~ange of from 9,000 to 30,000." 

increase in Mn ~or the purpose of ~mproving 

anti f ixi~g p$rformence of the toner and 
·.·. 

the rindability at tP.e t~me 'the toner is prep.ared may·'· 

~5 beco,e more questionable· from 8 Practical viewpoint. 

Hence it is difficult: to_ satisfy in a high'performanoe 

I 
I 
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1 ; both he anti-offset and the grindability. Thus, the ~·' 
:L 

toner having a poor grinda,bility at the time the toner 

is prepared brings elbout a lowering of production 

efficlency, and also coarse toner particles_ tend to 

5 : incluled into the tdner, undesirably resulting in 

be 

lQ 

bl.ack. spots around a toner: -~me.ge. 

Japan~se Patent Application Laid-open No. 56- :·: 

16144 proposes a tone~ containing a binder resin 

ent having at least 9rie maximum value in- eacb 

of a aoleeular·wei~ht of from 103 to 8 x.104 
. . 

molecular wei~hi of :from 105 to 2 x io6 , in the 

lar weight dist~ibution measured by gel 

tion chromatography ·(~PC). The toner, however, 

. is sorght to be fur~h~r 

15 and anti-offset. . 

improved in fixing performance 

Japanese Pate~t Application·Laid-apen No. 63-
. -

2Z366 proposes a ton~r comprising a binder resin i) 

conta ning 10 to 60 wt.~ o"f: :a THF(tetrahydrofuran)­

inso1 le matter, based on the binder resin, ii) 
' . 

20 · a weight ave~age ~olecul~r weich~/n~er 

e molecular weight (Mw/Mn) of S: ~. a peak in the 

of a molecular_"weight of from 2,000 to 10,000 

peak or shoulder in '.tbe region of a molecular 

weigh of from 15,000 .to i·oo,ooo, in the molecular 

2$ weighf distribution measure~ by_GPC of a THF-soluble 

matter, and iii) containing-a component with a 

I 
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lar weight of n9t ~ore than 10,000 i~ an amount . 
m 10 t:o SO % by weight in the binder resin. In ··· 

. . 
th~s instance, the resin can bring about a superiority 

in tt grindability, ~ixing performance, filming or 

melt dhesion resistance to a photosensitive mQmber, : : . 
image· for~ing performance, and anti-offset (in 

part~ar, anti-offset·at the high-temperature side), 

but i sought to achi~ve ~ ~~rther improvement in the . 

anti-

with 

perf 

at a 

simu 

both 

the 

and fixing pe~formance of the toner. In 
i 

lar, it is difficult· for· this resin to cope 
. : . . 

he severe condition that both the fixing 

mance at a low temperature and the anti-offset 

!gh tetnperature' ar·e · r~red to be 

taneously sati$f~ed·. 

In addition. ~t: is very difficult-to achieve 

the properties opncerned with fixing and the 

ility at a high performance. In particular, 
: . ; 

indability required.when· toners are prepared is 
. : . . 

an i ortant factor for the.recent t~end in which 

20 are made to ~ye a.s~aller ~artiole diameter on . 
t of the deman.d

1
for:a;higher qualitv leV'el, 

resolution and higher fine-line reproduction of 

cop~! images- and tb~ impr~vement in the grindability 

is ve. y important from th~ yiewpoin:t of energy since a .. · 

25 very large energy is required in the step ~f grinding. 

The phenomenoh that· toner is melt-~dhered to 
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the i*aer wall of a 'grinding apparatus tends to occur 
I 

in a ~oner having a good fixing performance, therefore 

bringlng about a poor.grin(iing efficiency. In the 

proce4s of copying, t~ere ~s the step of cleaning the 

toner !having remained _on _a: :Rbotosensitive member after. 

transfer. Nowadays, from the viewpoint of making 

' smail-sizeo,: lighi weight and highly 

reli le, it has become c·o~m'on to carry out ·cleaning 

by thE\ use of a blade .<i .. e .. ,· blade cleaning~. As 

l& photoJensitive membe~s have a longer lifetime, 

pboto,ensitive membe~ d...;;.;, are made s1118ll-sized and 

$ySteI are made high-~ee~, the melt-adhesion 

resis 
1 

nee and filming· resis~ance to photosensitive 

: membe~ h$ve been more; strictly required in toners. 

15: In par~ioularr amorphous silicon photosensitive . I . .. . 
memberr having been re¢ently· put into praoti·cal use 

are ve~y highly durabl~, ·and=elso organic I . 
. ' 

'photoc ductive photos~nsiti~e members (OPCs) have 

· longer l i fetibleS. Hf;lnee r th$ pe~formances requil"Gd itJ. .: 

20'toners have become hig~er. 

rn order to make aPi>~atus small-sized, 

;oompon nts must be so designed as to be suoc~ssfully 

:assemb ed. This makes:sma11 the space through whioh 

; the ail flows. 

25: assemb y and an 
~ 

'.toner tj.opper or 

I 

. . 
In a°:ditian:., ·.heat .sources for a fixing 

exposu~e sys~em come very near to a 
. ' 

a clea.Q.er. : As a r·esul t, toner is 
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1 exposed to a high-temperature atmosphere. Hence, no 

5 

toner can any longer be put into practical use unless 

it has l better blocking resistance. 

: I For example, the performances required in 

~oners Lonflict with ea6b ·other in almost all 

propert~es, as in fixin~ pe~formance and blocking 

~esistahce, and.yet it is increasingly sought and 

,studieJ to satisfy all of them in a high performance. 

~o sat~rfactory results~ h~wever, have been obtained. 

10 . As previously: s~atE!~ •. as ·~ method of fixing· a 

~isibl~ image of toner ~o a:r~cording medium, the heat­

iroll f~xing system is' wide.ly ·used, in which a 

~record~ng medium retai~ing thereon a toner visible 

~image lving not been: fixed: i:s h~ated while it is held 
. I 

15 !and ca ried between a heat roller maintained.at a 
! 

;given ·emperature and ~ p~e~~ure roller having an 
i 

i elasti , layer and com.irlg into p:a:-essure contact with 

lthe hett roller~ 
.1 The heat-roli fi~~n;g, however, has the 

-.~: 20 i follow ng problems that sh.oil.id be settled. 
~ • I • 

A waiting time·(a ~ime during which an image- · 

operation is. ·p~ohibi ted) is required: until the 
. . 

roller reacbes'tbe ·given temperature. 

The heating roller .m~st be maintained at a 
i 

2s!proper temperature in Qrde~ to prevent poor fixing 

\caused by the variations of beat-roller temperature$ 
: ·.· 



. ·· ... 
\ 

I 
- 13 

l .that mqv occur when the recording medium is passed or 
I . 

:::a~~n::~:e:fe::::::10:a:::::·o~:h:l::a::~revent 

5 

:rollerJ This makes it necess,ary to make large the:::. 

ibeat c pacity of the heating roller or a~heater ; I : . . 
:element, which requires a ·1arge electric power. 

;(3) ·l After the recoidi~g mediUm has been passed 

over t e heating roller arid discharged, ·the recording 

medium and the toner-bri the· ~ecording-medium are 

10 ;slowly cooled because" of ~ h~gb temperature of the,· 

·:heatin roller and also because of the atmospheric 

;temper ture having bec~me hi~her, resulting in a state 

;in whith· a high adhesidn oi the toner is -intained. 
'.Thus, here may often qccur offset, or paper jam 

lS!caused by the winding of ~ne·recording medilim around 
' 
lthe ro ler. 
I 

It is earnestlj s·ought to realize a fixing 

:method that has solved-sue~ problems, and may require 

; only a short waiting t:ime '~d a low consumption of .. 

2o:electr c power while ·achieving excellent performance 

:of fixlng a toner late~t :image to a recording medium 

:and exlellent anti-offset. ~uch a fixing method 

~great! depends on ton~r 'properties, and one of the 

; import nt properties i~ the iow-temperature fixing . 
25~perfor ance of tone~. 

. . 
As means for p~e~enting occurrence of the 
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l offset phenomenon, the following methods are.known as· 

:previo,sly stated: (i) The method in which the fixing 

,is car·ied out while applying a release agen~ such as 

silico·e oil to the surface of a heating roller-, (ii) 
·~: 

5 .the me bod in which a ~igh-mqlecular weight polymer is 

;used aT a binder res~n:for :t~ner, and (iii) ~be method 

_in whiih a wax having ~el~ase properties is 

incorp 0 rated in a toner. 

· ··· -1-rn·-the method Ci), however, the oil is heated 

10 : to ge~rate a smell, a~d also a device for feeding ,'-the 

ioil be 0 omes ~ecessary ~o bring about the problem that 

.the fi ing device becomes-complicated in structure. 

In the metho~ (ii), a~though the anti-offset 

;of the toner can be fmprov~d, it is difficult.to 

lSiachiev 
~ 

. ~ .. 
. . 

the low-temper~tur~ fixing because of a 

; concur ent rise· of the imeit.ing temperature of the 

toner. 

In respect of the method (iii), Japanese 
I . . 
,Patent Publications fio~ 52-3304, No. 52-3305, No. 57-
. . .. 

20: 52574,!No. 53-15565_5 ~d .No. : 58-12580, for .example~ 

~disclo e toners comprising·a:styrene resin and a 
: . . . ; : . . . 

~specif c release ageqt. · · . I 
Under existi~g_circWilstances, however, these 

·toners can achieve an improvement particularly in 

2s:regard
1
to the high-tem~eratu~e side.offset phenomenon, 

but little inprovemeJt;in re~pect of the low-tempe~ature 
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I 

I 
1 ·fixinglperformance. When such a release 

·agent is used in a binder having a low-temperature I . 
I 

meltinb properties, it is difficult for the release 

:agent to have the rele~sin~ effect at a low 
: I , 

5 :temperiture, tending to cause a low-temperat~re offset 

-phenom non. This caus~s a ·lowering of fixing 
. I 
;performance, resulting .in·no achievement of low-

~temper~ture fixing periormande. 

, I To prevent the'hig~-~emperature side offset 
; I 

10 ,phenomrnon, methods ~re known in which a high- • . 

,molecular weight polymer ·1s incorporated in a binder 

iresin.I The methods ar~ disclosed, f~r example, in 

~Japaneie Patent Applic~tioris.Lai~-open No. 50-134652, 

~No. 54i114245, No. 56-i61:~4·, :No. 56-158340 artd No. 58-

15~2034531 . 

: Most of the to~e~s ·used in these methods have 
= I . . 
iachievrd an improvemen~ ln 'the high-temperat-µr~ side 

:offset phenomenon, but;are sought to be.further 

:. impr~v!d in respect: of : the· 'low-temperature fixing . ~ I . 
20~perfor~ance. o~ the ·o~her ~and, the low-temperature 

ifixing performance hav~ be~n;acbieved to a certain 
i 

. . . 
;extent in some of these met~ods~ A further . 

:improviment, however, .f.s sou~ht in respect o~ 

'.develo,ment performanoi atj~ blocking resist~nce. 
2s;sUMMARt OF THE INVENTION : 

An object of the present invention is to 

' f. 
l. 

I 
I 
I 
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i 

l providi :n::::: :::~:a:fs:::e:r:::n:~::e:::::e::·to 
I 

;provid~ a toner that c~n be fixed at a low temperature 
: i 
and also has anti-offset in a broad temperature r~gion 

5 :Of frol low temperatures to high temperatures. · z 

Still another object of the present invention 

'is to rovide a toner that may cause no melt-adhesion 

!and fi,ming to a photosensitive member in a high-speed 

'system even after use for a long period of time • 

. A further object ·o~ the present invention,is 
: • .i 

;to profide a toner that has a superior blocking 

:resistbnce and particuiarly can be well used even in a 

~high-tLmperature ~tm~s~h~r~ in a small-sized· machine. · l A still further object of the present 

isl invent"on is to pro~id~ a·~o~er that can be 
~ I . . .. . . 
:continuously produced in ·a:good efficiency because of 

:no mel~-adhesion of a~~ product to the i~er wall 
.of an apparatus in t~e-course of grinding. 

: . I According to the _present invention, there is 

20lprovid~d a toner for:d~vel~p~ng an electrostatic . 

'.image, comprising a binder.resin and a colorant, 
' 

;wherei said binder resin· contains a THF-insoluble 

'.matter in an amount of.less than 10 wt.% based on the 

'.binder resin, and, in the ~o~ecular weight 
~ 

25 distri ution measured by·GPC (gel permeation 

ography) of a·THF~soluble matter, has a weight 
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I 
I 

1 :averag~ molecular weight/number average molecular 
I 

•weight lcMw/Mn) of~ 18, a molecular weight peak MA in 
. j 

:the region of a molecular weight of from 3,000 to 

!20,0ooJ a molecular weight peak MB in the region 9f a 
s . ; I . -

~molecu~ar weight of from 380,000 to 1,000,000, a 

:mo1ecu~ar weight minimum Md.in the region of a 

·molecular weight of from 20 ', 000 to 380, 000, provided 
. I 
'.that MB/MA is in the r~ge of' from 30 to 150, and a 

:molecular weight distri):>ution curve area ratio 

io ; I 3 · h h · ~SA:SB:jd of 1 : O. to ().8 : 0.35 to 0.8 w en t e:aPea 

:of a molecular weight. d_istribution curve of a 
' I . . . : : . 
~molecu~ar weight of fro~ 400 ~o the Md is represented 

;by SA, the a;rea of a mo:lecu~a;r weight distribution 

'.curve if a molecular we~ight: o_f from the Md to 

15 js,ooo,qoo by SB, and th:_~ a.r~a of the ·re.gion defined by 

'.a straight line connect~ng the apex A (apexA) 

icorresJonding to the mo~ecul~r weight peak MA and the 

!apex. BJl(apexB) corres~o~ding ~o the molecular weight 

jpeak M and a molecular_ weigh_t di.stri"bution curve J.:>y 

20!sd. 
' : 

;• ' • • I •. j According to ~n~t~~~ ~spect of the present 

;1nventton, there is provided ~ heat fixing method 
. . I 
:compri$ing; 
; I . . 
= 1 imparting a to~er. im~ge onto a recording 

2s \11ediumj wherein a tone,,; t~a~ 'torliis said toner image 

;comprises a binder resi~ and ~ colorant, wherein said . i 
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1 binder esin contains a THF-insoluble matter in an 

5 

amount f less than 10 wt.% based on the binder resin, 

and, in the molecular we_ight distribution measured by 

GPC (gei permeation chromatography) of a THF-soluble 

~atter, lhas a weight ave~age·molecular weight/number 

average molecular weight: (Mw/Mn) of 2: 18, a molecular 

weight ·eak MA in the region of a molecular weight of 

~rom 3,~00 to 20,000, a molecular weight peak MB in 

' l the reg1on of a molecular weight of from 380,000 to 
:. I . 

10 1, 000, O~O, a molecular weigh:t minimum Md in the r~gion 

of a maleculkr weight of from 20,000 to 380,000, 

provide that MB/MA is in the range of from 30 to 150, 

and a m Iecular weight distr'ibution curve area ratio 

SA: SB: S of 1 : 0. 3 to O. a· . : 0. 35 to O. 8 when the area 

15 of a mo ecular weight ·distribution curve of a . . . . . 

20 

25 

molecul r weight of from 4·00 to the Md is represented 

he area of a molecular weight distribution 

curve o· a molecular we~ght ·of from the Md to 

s,ooO,o~o by se, and t~ B!'ea;of the region defined by 

~ strairht line connecttn~_~he apex A (apexA) 

~orresp nding to the molecu~ar weight peak MA and the 

apex B (apexB) correspo~ding to-the molecular weight 

peak MB and a molecular:weight distribution curve by 

Sd; 

.heat-fixing said ~oner image to said recording 

y means of a heater·element stationarily . . : 
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I 

. I 
supporttd and a pressure member that stands opposite 

to saidlheat element in pressure contact and brings 
i 

~aid re,ording medium into close contact with said 

heater_ Tlement through a film interposed between :them. 

, I . 
BRIEF DESCRIPTION OF THE DRAWINGS 

I Fig. 1 is a schematic illustration of an 

example of a fixing device used for carrying out the 

~ixing rethod of the ~r;sent :nven~ion. 

10 Fig. 2 illustrates a molecular weight 

distrib~tion curve obtained by GPC. 

I Fig. 3 is a sch~matic ·illustration of an 
: I overhea -type flow tester. 

Fig. 4 shows a flow ·tester flow-out curve (a 

15 plunger fall quantity-temperature curve). 

20 

Fig. 5 illustrates a DSC curve for determining 

Tg usin a DSC (differe*tial scanning calorime~er). 

bESCRIPkION OF THE·P~FER~D EMBODIMENTS 

The present inventors made intensive studies 

'.in ord to achieve the: object$ stated above. As a ' 
' 
:result, they have discovered that the objects can be 

~chiel when the binder resin contains a THF-

'.insol le matter in an amount.of ~ess than 10 wt.% and 

25 :also h · a specific· cons ti tut ion in respect of the 

~olecul r weight distribution measu~ed by GPC of a 
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1 THF-so1up1e matter. 

5. 

I 
; 
; 

frhey have also discovered that the effect of 

t~e pres:ent invention be~omes remarkabl.e when the 

toner cdntains a release· agent having a specific ·-
I 

molecul8f'. weight and molecular" weight distribution and 
I - . 

;ls~ ha~ a specific me~tfng point .. 

· 6.-hey have further discovered that the objects 

Can be ~etter achieved'p~Ucuiarly when the binder 

resin i~ prepared by mjx~ng a low-molecular weight 
I . 

10 polymer rnd a high--molecitlar. weight polymer in a 

solvent rnd thereafter_r~movin9 the" solvent. 

jin regard to the beat-'fixing of a toner 

visible image to a recording:medium, they have 
~ : ""' 

~iscoveled that the t9~e~ is.suitable for, besides 

15 conventilonal .heat roll fixing devices, a heat .fixing 
I - -1 • • • 

~ystem Jherein a toner· v·~sibie: image is heat-fixed to 

a recor~ing medium by ine~n~. ~f- a h-eate-r. eleme~t 
~tation+ily supported. a)id a·~ressure .member that 

stands lpposite to said ~eater element in pressure 

20 dont:Bct and brings said ~etoi:-ding i.edi.um into .close 

contact with said heater· element through a film 
. I 
~nterpoled between the~.~ 

The binder resin_ "tha:t :constitutes the above 

~oner c9ntains a THF-i~s~luble matter in an amount of 

25 less t~n 10 wt.%. and'~referably not less than 5 

wt.%, b,sed on the binder resin. A THF-insoluble .-. 
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1 matter contained in an amount more than 10 wt.% can 

5 

contribute an improvement in anti-offset but tends to 

result in a lowering of fixing performance, making ::_it 

difficult to highly satisfy the both. 

The bi"nder ·resin, when its THF-soluble matter 

is measu~ed by GPC, may preferably have a weight 

average molecular weight/number average molecular 

~eight (~w/Mn) of C:: 18, a molecular weight peak MA."fri-­

the region of a molecular weight of from 3,ooo· to 

10 20,000, a molecular weight peak MB in the region of a 

molecular weight of from 380,000 to 1,000,000, a 

moleculaf weight minimum Md in the region of a 
; 

molecula~ weight of from 20,000 to 380,000, provided 

that MB/MA is in the range of from 30 to 150, and a 
; 

15 molecula~ weight distribution curve area ratio 

SA:SB:Sd~ of 1 : 0.3 to 0.8 : -0.35 to o.a when the area 
i 

of a ~ol~cular weight distribution curve of a 
i 

molecular weight of from 400. to the Md is, represent~d 

by SA, the area of a molecular weight distribution 

20 curve of!a molecular weight of from the Md to . 
' 

5,000,00p by SB, and.the are~ of the region defined by 
I 

a straig~t line connecting the apex correspo~ding to 

the molecular weight peak MA and the apex 
' i 

correspohding to the molecular weight peak MB and a 

25 molecular weight distributio~ curve by Sd. It is 

difficult to achieve the objects of the present 

li1i1iii1i w1r 
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I 
i.nventi1n if the above cOndiUons are not satisfied. 

Fig 2 shows the results from a GPC chromatogram. 

' . J1

Tbe average moleeular weight/nuinber averag~ 
~olecul r weight (Mw/Mn). should be-not less than 18, . I 
~refer81lly not less than_ 20,_and more ~referably in 

~he rande of from 25 t~ 60." If the Mw/Mn is less than 

18, the !fixing perform~nbe tends to be improved but 

the ant ·-offset is lowered~····--·-·-- ·. 

binder resin; has one molecular weight peak 

10 and ano molecular we~ght_p~ak (MB and MA) in the . 
~egion If a molecular we:g~t~of from 3,000 to 20,000 

~nd in ~he region of a mplecul~r weight of from 

380,000 to 1,000,000, re~pec~i~ely, and a molecular 

weight inimum in the re~ion:~f a molecular weight of 

15 from 20 I 000 to 380 I ooo', provided that MB/MA is in the . . : . . 

range o from 30 to 150.'. In'. a pre'ferred embodiment, 
: 

~he ~inl'er resin has one m~l~cular weight peak and 

another molecular weight~ peak in the region of a ; . . . ~ . 
1 , I • 

~olecul,r weight of from. s,ooo· to 15,000 and in the 

20 ~egion 4f a molecular weight.· o·t frcim 450,000 to 

9;00 I 0001' respectively I. and a:· molec.ular· weight minimum 

in the egion of a molec~lar weight of from 30,000 to 
l ·. ' 
~00,000 I provided that MB/MA. is in the range of from 

40 to 110. If it has ~he mol~cular weigbt_minim\im 

25 only in the region of the moiecular weight of from 

20,000 o 380,000, the' fixin~ 'performance can·be 
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1 improved; but the anti-offset becomes clearly poor. If 

the molepular weight peak MA is less than 3,000, the 
! 

blocking; resistance becomes poor to tend to cause 
... 

filming br melt-adhesion to a photosensitive member. 
; 

5 On the o~her hand, if the MA is more than 20,000, the 
i 

fixing p~rformance may become poor.· If the molecular 

weight p~ak MB is less than 380,000, the anti-offset 
' ' becomes poor-to t:end·to br:1:ug about a melt-adhered 
! 
I 

product in a device in 'the course of grinding. If ~t 

10 is more than 1,000,000, the fixing performance may 
I 

i 
become poor, and also the grindabil~ty tends to become 

I . 

I 
poor, re~ulting in·a lowering of p~oductivity. 

i . 

The molecular weight.peak ratio MB/MA should 
l . . . 
I . 

be in the range of from 30 tq 150, preferably from 30 
I . . . 
I 
I .. 

15 to 120, ~nd more preferably ~rom 40 to 100. 

~f the MB/MA is less .than 30 or more than 150, 
i 
i 

it becomes difficult to highly satisfy both the fixing 
i . I 

performance and anti-offset. 
I 

' i 
~n the case wh~n two or more molec~lar weight 
I 

20 peaks I 
ar~ present in the region of the molecul~r 

25 

I 
weight of from 3,000 to 20,0~0, the molecular weight 

I 

correspohding to the positio~ of a higher or highest 
! 
; 

peak amo~g the peaks in the GPC chromatogram is 
! 
i 

regardedias the MA . . 
i 
Similarly, in the case when two or more 

I 

! 
moleculat weight peaks are p~esent in the region of ,;: 
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l t~e mole
1 
ular weight of from 380,000 to 1,000,000, the 

mblecula~ weight corresponding to the position of a 
. I 

. I 
higher or highest peak among the peaks in the GPC 

c~romatobram is regarded as the MB. , I 
5 ~n the case when two or more molecular weight 

minimwaslare present in the-region of the molecular 

w~ight: oF from 20,000 to;3sO,OOO, the molecular we~ght 
. : I , 

-----·--c~spopding to the pos~ t.l:on of a lower or lowest - -- -- ---

minimum ong the molecu~ar ~eight minimums in the ~re . 
10 chromate ram is regarded a~ the Md. 

he molecular we~gbt -distr$bution curve area 
' 

r7tio SAtSB:Sd should be ~1 : :0~3 to O.S 0.35. to 0.8, 

pt:'eferab y 1 : 0.3 to (J.7 : 0.4 to 0.7~ and·more . . . 

pi"eferab• y 1 O. 3 to o. 6 :· o. S to o. 7. If the SB is 

15 less thah 0.3, the anti-offset tends to be lowered, 

aid if ik is more than 0.8, the fixing performance and 

aiso thelgrindabilit; te~d ~~become p~or. If the Sd 

i~ less the ·fixing performance and/or the 
.. 

a~ti-off et tend to be lowered, and if it is more than 

20 0~8, the anti-offset tends to become p~or. 

he release agent preferably used in the toner 

of the p esent invention.may :p~eferably have a number 
. I . : 

ayerage molecular weight ;of_ ·not more than 1, 000, a 

w~ight a erage molecular~w~ight of not more than 
! 

25 2~500; a weight average ~ole~u~ar weight/nwnber 

average jolecular we~ght ! (M~fMri.} of not more than 3 .·:: 

----------------

\ 

--- -.c;w..~ 
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i 
I . 

and a m~lting point of from so•c to 12o•c. In a 

I preferred embodiment, the toner contains a release 
; I 
~gent i~ an amount of from 0.1 wt.% to 20 wt.% based 
. I 

, on the cinder resin. In a mor·e preferred embodiment, 

~he re1Jase agent bas a numb~r average molecular 

weight 1f from 400 to 100, a.weight average molecular 

weight f from 500 to 1,500, an Mw/Mn of not more than 
. . 

'"·· i. 5 and a melting point of from 60·· C to 100Ae-.--'fb"'~e---· ---- -~ 

release agent may more p·referahly be contained in aµ 

10 a;mount f from 1 wt.% to' 10 wt .. % b~sed on the binder 

~es in. 

If the release ag~nt used in the toner of the 
! 

present invention does n~t satisfy the above 
. ' - . 

donditi if the:mel~i~g.point is higher than 

15 12o·c,. he fixing performance is adversely affected, 

a'.nd if ~t is lower than 60~C, the anti-offset and the 
i I ·. 
~lockin resistance of t~e toner are adversely 

! ' . alf fecte • If the release agent is. contained in an 

aniount . ore than ·20 wt:%, the ~locking resistance and 

20 
i . . .. 
f~xing rformance tend to ~e adversely affected when 

: he binder resin: use~ in the toner of the 

t~e to~ is left in a h~gh~temperature enviromnent, 

~d if~ is less than.O;l.lf1:.%, the effeCt of 

p~event1tg offset of t9n~r tends to be insufficient. 

25 p~esent invention may ~ref~~~bly be prepared by mixing 
I . ; 

in a solwent a polymer A_ having a weight average ·.· 
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! 
I 

i 
molecula_r weight of from 5,000 to 30,000 and a polymer 

B havin~ a weight average molecular weight of from 

400, 000 ~to 1, 500, 000 and thereafter removing the 
I 

! 

solvent.! It may more preferably b~ prepared by mixing 
I 

i 
5 in a sol!vent a polymer A having a weight average 

molecula~ weight of from 7,000 to 25,000 and a polymer 
i 

B having a weight average mo~ecular weight of from 
i 

450, ooo ~o l, 000, 00-0----ami--niereaf't·e-r removing the 
! 

solvent.! The solvent may be any of those capable pf 
i 
I - ' 

10 dissolving the polymer A and polymer B. It includes, 
! . 
i 

for example, toluene, xylene·· and 2-propanol . 
i 
~n preparing the binder resin used in the 

toner ofl the present invention, the polymer A may 
I : -

preferablly be prepared by solution ·.polymerization or 
I 
! 

15 suspensipn polymerization, and the polymer B by 
i 

suspension polymerization or: emulsion polymerization. 
I 

More preferably the polymer A should be prepared by 
i 
! 

s~lutionj polymeri_zation and the polymer B by 
I 

suspensipn polymerization . 
I 

20 OCn order to prepare a uniformly dispersed 
! 

binder rrsin, the binder re~~n may preferably be 
I 

preparediby mixing the polymers A.and Bin the solvent 
i 
I and ther~after removing the ~olvent. It is difficult 
I . 

to obtaih a binder resin in a uniformly dispersed 
! 
I - . 
i . 

25 state if1prepared by a-method wherein materials are 
! 
i 

heated, hi.el t:ed and mixed using a kneader. Such a < 
! 

I 
! 
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method lakes it difficult to satisfy both the fixing 
. I 

performance and anti-offset as aimed in the present 
. I 
~nventi,n, and tends to cause the formation of a m~lt~ 

;dheredlproduct on a ph~tosensi±ive member or the melt­

~dhesio, of a ground pro.duct t·o the inner wall of a 

device in the course o_f 9, rinding, thus being not 
i I 
~referrid. 

· Jif the -polymer-:-·A·has.:.·-a weight average 

Jolecul r weight of less than·s,ooo, the anti-offset 

10 is loweJed and the grindability at th~ time of the ' 

tufac,ure of toners is: els!> ·lowered. If it has a 

~eight verage molecule~ wei~ht of more than 30,000, 

the fix"ng performance is lowered. 
; 

I 

If the polymer B_ has a we_igbt average 

15 ~olecul r weight of 1e~s; tlia~ 400,000, the 

20 

~rindab"lity tends to beeome:ppor, also undesirably 
' ; 

d,ausing lowering of an~i-offset,· a lowering of 

J1ock~nJ resistance and ~he _fo~mation of a melt~ 
,~ered{I roduct on a p~o~osens~tive me~. If it bas 

~ weigh average molecul~r wei$ht ~f more than 
i : 

1;,soo,00

1

0, the grindabil·ity is· 1-owered. 

· It is difficult ;to a~h-ieve the objects of the 

present invention when· the polymers A and B are each 
' 

used alone as a binder: resin for a toner. The objects 

25 c~n be J.
1

. tter achieved·b~ the method in which the 

pj:>lymer1 A and B are mi"j"d in a solvent and thereaf.for 

-----------------
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. I 
1 the solvent is removed than the method in which they 

are melJed and mixed. Tpe'polymer B makes it possible 

to preftably satisfy thi. mui:ually conflicting 

5 ::::::t:s f:::g8:e:::r:::::~e t::i::ility-at 
t:he time of the manufacture of toners, when the toner I . . . 

i:s prepJred by the metho;:i cif: t~e present inventi~n. 
------·-·-:·-'- --- --- ~he TH~-insol~l~ ~att~r referred to in the ---~--

present invention indi9a~es· -~h~ we.i,ght· proportion o~ a 
.. 

10 pblymer omponent that.has b~cpme insoluble to THF 

or a cross-linked ti. e. , 91 giant molecule polymer 

pblymer)I in a resin comp~sitio~ in·. the toner. The THF-

ipsolubl matter is measure~ 1~ the following way. 
' . . 

toner sam:p1e:1~ weighed in an amount of from 

15 o;. 5 to 11. o g (W1 g) , whi~h i~ then put in a 
' . ' . 

c!y11ndri al filter paper: (fo~ example, No. 86R, 

availab 

e,xtract 

U:sing f 

20 sblubl_e 

fro~ Toyo Rosh~ K.~.) and set on a Soxhlet 
! 

Extraction 1~ c~~ried put for 6 hours 

100 to 200 ml, of THF as a solvent, and the 
.. 

omponent extracted ·by: the use of the solvent 

ated, followed by vacuum drying at 1oo•c for i ... 
several ours. Then the'.THF-soluble resin component 

! 

ir weig!d (W2 g). 

other t n the resin componebt~, such as a magnetic 

The ~e~ght· of ~nsoluble components 

' 
25 material and a pigment.contained in the toner, is 

' 
The THF-~nsoluble matter is.";: 
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determin~d from the following expression. 

THF-inso~uble matter (%) = w1-cw3+w2 )/CW1-w3 ) x 100 

~n the present invention, tbe molecular weight 
I . 

at the pkak and/or shoulder on the chromatogram 

obtaine~ by GPC (gel permeation chromatography) is/are 

measured under the following.conditions. 

J_~1":" __ are~tabHized in a heat chamber 

heated tp 4o•c. To the columns kept at this 

t~mperat~re, THF (tetrahydroturan) as a solvent is 

10 flowed a~ a flow rate of'.1 mi per minute, and from 50 
I 

15 

to 200 µ~of a THF sample solution-of a resin prepared 
- - - . . 

to have sample concentration·of from 0.05 to 0.6 

w:t.% is njected thereinto to make measurement. . : . . In 
. . . 

the molecular weight.of the sample, the 

weight distribution ascribed to the sample 
' . is calcu ated from the relationship between the 

l~garith~ic value of a c~li~ra~ion:curve prepare~ 
u~ing.se~eral kinds of :m~n~~sperse polystyrene 

s~andard samples and the:count number for flow-out 

20 t~me. A the standard polystyrene samples used for 

the preprration of the.calibration curve, it is 

sU.i table to use, for eX.,.p1e_; Samples with molecular 

weights bf 6 x 102 , 2.1 * 103 ,:4 x 103 ~ 1.15 x 104 , 

5~1 x 10~, 1.1 x 105 , 3.~ x·io~. 8.6 x 105 , 2 x 206 

25 ahd 4.48 x 106 , 
. . 

which are a~~iiable from Pressure 
; I 

c;emicallCo. 
-.. 

or Toyo Soda Manufacturing Co., Ltd., and 

- I 

imiiii/1iirlir 
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t:o use 1 least about 10. standard polystyrene samples. 
I 

. I . 
An RI (~efractive index) detector is used as a 
: I . 

de tee to]. . 
Columns may preferably be used in combination 

Of a pl rality of commer~ially ava'ilable polystyrene 
I 

gel coldmns so that the ~egions of molecular weights 

~f from l10~ to 2 x 106 c~n be accurately measured. 

~:::-1~::·o:h::s:~~:f:~1:o:~m:::s:,: lOs, 

10 ~vailabl from Waters Co;.; Sho~ex KF-80M or a 

. c~mbination of KF-802, 803, 80~ and 805, available 

f~om Sho a Denko K.K.; or a combination of TSKgel 

G!lOOOH, f2000H, G2500H, (33000H:, G4000H, GSOOOH, 

G'.6000H, 7000H and GMH, ~vail~le from Toyo Soda 

15 M~nufact ring Co., Ltd. 

n the working e~ples as described later, 

the mo1ebu1ar weight distribution of the binder resin 

if me~sr' ed under the fo~lc>Wing conditions. 

Conditio. for measurement by:Gi?C: 

20 ; A~aratus: LC-GPC~ lSOC- (Wa~ers Co.) 

Co~umn: KFS0~-~807 .(Showdex Co.) 

Co~umn temperature: 28 to 30°C 

~vent: Tetrah~drofuran {THFI 

fhe molecular weight.distribution possessed by 

25 a~ sampll1 is calculated'f~om the relation between a 

lbgarit . ic value, measu~ed Under the above 
' I 
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conditilns, of a calibration curve prepared using a 

iio1vsty~ene standard sample and the number of count 

measured under the above: conditions. 

. JThe SA, SB and Sd of the molecular weight 

distrib tion curve in th~ binder resin used in the ': I , ; . : 

~one.r oj the present invention are determined by 

9a1culajing the weight·r~tio~ Qf a sample cut out from 

a chromatogram obtained by GPC and calculating.the . I . 
~rea ralios thereof. 

10 ! In the working e~SJ'.npie:s as described later, 

the mol cular weight dis:tribut'ion of the release agent 
. . 

red by GPC (gel permea~io~ chromatography) 

under e followlng con<i:.itiop.s;. 

LC-GPc'., 1!;oc; (Waters co.) 
15 lumn: GMH6: (Toyo ~da Manufacturing Co., 

Ltd.),· 60 cm: 

lumn temperature: 14o•c 

lvent: o-dich~orobenzene 

20 a sampl 

The molecular we'.igh·t · ciistribution· possessed by 

is calculated: f~om the relation between a 

J;ogarit 
~ : 

ic value measur~d un~er the above conditions, 
! 

of a ca ibration curve' prepai'e_d using :a polye~hylene 

~tandar sample and the ~umber, of count. 
. . . 

In the present iµvention, the melting point of 
I 

25 ~he rel ase agent is 
; I 

scannin calorimeter DSC~7 (~~uf actured by Perkin: 

. 
measured ~sing a differential . ; 
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I 
I 

Elmer c4.) to determine an endotherDtic peak of the 

s;ample, rhich peak is regarded as a maximum melting 

~eak va:ilue. 

ig. 5 shows an ~xample of the endothermic• 
; 

5 p1~ak in the DSC. 

sbfteni resin and a high~temperature softening ... 

· 11n the toner of the present in:vention, the · 

. Jinder Jasin may p~efera~ly contain iJ two kinds of 

s:vrenef-l,rylate copol Y,.ers ·, a low-i:eiRperatUre ---

t • I 

10 r~sin, d ii) a low-m~i~ing:graft-modified polyolefin 
! 

r~lease gent. 

he low-temperat~re $oftening resin may have 
3 ; . . 4 

f~om 5. x 103 to 2.0 x io4 , .a ratio of Mw to Mn 
; . . . 

a~ Mw ~4 from 5.0 x 10 ~o ~~o·x 10 , and preferably 

15 (~w/Mn) Lf not more than.3~0, a flow-out point (herein 

tie tempirature at whi~h:tbe resin begins to flow out) 

i; a_flor tester, Of f'?'OJill 75~C· to go•c, a softening 

p~int of from ao·c to 11~·c,-and a glass transition 

.Ppint reinafter •Tga);of from 55•c to 1o•c, 

20 y from ss•c tQ 65.;C.. Th~ high-temperature 
• ' ; . . . 5 

sbftenin resin may have:an Mw'.of from 4.0 x 10 to 

1'..5 x 1f, an Mw/Mn of not m~re than 3.0, a flow-out 

pfint ofl from 11o·c to 1eo·c~ a softening point of 

ffom 150[Cf to 230•0, and Tg of-not less than ss·c. 
25 r the Mw of the;1ow-t~mperature softening 

r~sin 11 less than s.o:x,103 , the blocking resistat.ce 

I 

i1ililiUi1Hf 



·-----· ·------- --------------

( ··. 

1 

5 

i 

I 
33 -

I 
o.f the ~oner may be se~iously deteriorated, the 

s'.torage !stability may be dam.aged,. and the phenomenon 

o~ meltt1 dhesion of the ~oner to a photosensitive . 

~ember ay occur at the ~ime ef development to tend to 

~dverse affect fixed.images.· If the Mw is more than 

3~.0 .x 1d4 , it becomes ~ii~fic~lt to achieve the desired 

I;ow-tem 
I 

rature fixing'p~rfo~m~nce, also resulting in 

a,n incr ase in the power'.oeneumption required for the 

fixing f the toner to. a·: recordin$;r medium. W~en tqe 

10 ~/Mn 01 the low-tempe~a~·softenin1r resin is 

c~ntrol~ed to be not m~r'. than: 3 .o·, the low­

t~mpera!re fixing per~o~mance•can be improved. 

; If the flow-out ~o~~t of tpe low-te~perature 
t . • . . 

sbftenia resin in a flow tester is lower than 75•c, : I . ; 
15 t~e blojking resistance ff the; toner may be seriously 

~eteriojated. On the other hand, i·t it is higher than 

go•c, i~ becomes difficult to achieve the low-

20 

; I , 
t;emperatiure fixing perfo~mance· when used in 

~mbinaJion with the hig~-tempi.rature softening resin. 

~ 

1
1If the softening:poi~t of the low-tem~erature 

~ofteni g resin is lower~ than ~o~c, an' excessive melt-
. . 

adhesion of the toner tends to: occur in the step of 

~eat fi~ing even when used in combination with the ; I . 
high-te~perature softe~i?g res~n, tending to bring 

25 about t~e disadvantages that fixed~image surfaces ; I . 
~ecome lossy, toner materi~ls penetrate into or 

' 

.-------·------
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strike through a recording medium such as transfer 
I . 

P;aper, ~nd ima?es are bl~rred because ~f the spread of 

a molted toner. If the softening point is higher than 

~io·c, += becomes diffl+lt. tO achieve the low-- : 

~empera~ure fixing performance, also resulting in an 
. i 

. I : ! . 
.i;ncrease in the power consumption required for the 

I I : . I . . 
fixing 9t the toner to: a, re~or~ing medium. 

luse of .the spe~itic lo~-temperature softening 
I . i ·. 

resin as described above) enSbl~s achievement of a:good : I ~ . . 
10 ~ow-tem~erature fixing:p~rf~rmance. 

·: Ion the other hand,· as a result of intensive 

,tudieslmade by the pri.s~nt in~entors on the offset 

P;henome~on, the low-temperature softening· resin was 
1 I . 

;ound t<'f be preferably, c~nta:i~ed i_n an amount of not 
i I ; ; . = 

15 less than 50 wt.%, more preferably not less than 65 . I : : . , 
wt.%, and most preferably not :1ess than 70 wt.%, based 

qn ~he ~otal weight o.f. t~e binder ·res.in, in order to 

bring oJt the low-temp~~atlir~ :fixing performance : I . . : . . . 
~ttributable to the lo~-temp~r~ture softening.resin ; I ! 

20 crompo.nelt. i ' . : 

· The high-tempera;tur·e,_ s:Of tening resin is sought 
!· . { ;. 

~o prevint the offset p~enrime~on by its addition in a 
: I very small amount. 
' I 

; · i. It has been ma~~ clear that the resin used in 

25 combina ion with the above lo~-temperature softening 
i • ! 

resin for the purpose or prev~nting the offset .·. 

I 
-----------

. This Sheet Has Been. Replaced 
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Phenome~n must be the high-temperature softening 
: I 
; I 

r,esin e:s!tremely different in molecular weight and melt 

~iscosiJy characteristics from the low-temperatur~ 
s~fteni1g resin. 

In the present i~vention, if the Mw of the 

high-teiqperature softening res.in is less than 4. O x 

1~5 , thJ offset phenomenon tends to occur when this 
··- ___ ....... ·- - ·-· ···- ··--· ........... 

r;esin i used in combination with the low-temperature 
: ! 

' . -
softeni g resin in such~ prop~rtion that enables<low-
. . 

10 ~empera;ure fixing. on ~h~: ~trer hand, if it is more 

~ban 1., x 106 , the low-~emperature fixing performance 

~ends tl be damaged. 

! IIf the flow-out ~emperature of tha high-

temperaJure softening re~in·in a flow tester is lower 

15 1f'an ll1·c or the soften~ng po)nt is lower tbBn 150"0, 

the offlet phenomenon tends to occur when this.resin 

~s used in combination· w:i th the low-temperature 

~oftenitjg resin in such a prop:Ortion that enables .. low-. I , 
~empera~ure fixing .. On ~h~ ot~e~ hand, if the flow-
' I . 

20 ~ut temtlerature is higbe):o th~~ 16.0"C or the softening 

J.oint 11 higher than 23°:°C; th'e low-temperature fixing 

perform~nce tends to be 4amaged. 

j !The high...:tempera:tur.e' s·oftening resin may have 
. . 

a Tg of not lower than· S5°C, preferably from 60°C to 

25 ~o·c, aJd more preferab~y ~ro~ 65 to ?O~c. This is ; I : . . . 
4ue to 1he fact that, '."'~n m~terials ere melt-kneaded 

I 
I 
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ih the manufacture of to~ers, polymeric molecular 
i 
I 

chains are cut to decrea$e the·molecular weight of the 

pOlymeri~ component, and:hence; if the Tg is lower 

than 55•c, the melt-adhesion of the toner to a 

5 photosenbitive member te~ds to occur at the time of 
I 

d~velopm~nt. 
I 
i ' : . jhe low-temperature_ softening resin and high-

ttmperat,re softening re71n co~tained ia--t"he binder 

r¢sin ma~ be in a proportion ranging from 50:50 to 
I . 
I 10 sp:lO, Preferably 65:35 to 90:~0, in wt.%. 
I ' ' ~f the amount of'. th~ -l.~>1f-temperature softening 

' I . 
resin isl less than 50 ~t~% and' also the amount of the 

h~gh-.teferature softenifg resin is more than 50 wt.%, 

i~ becomrs difficult to achiev~ the low-temperature 

15.frxing ~rformance. On ~he ot~er band, if the amount 

O;f the l,w-temperature softening resin is more than 90 

w!t-~ an~ the amount of t~e high-temperature softening 
; l 
r~sin isi 

I 
less than 10 wt~%, ~h~ of~set phenomenon 

' ' . I 

t'ends tdl occur to advers~ly af~ect fixed images. 

20 If the amount of· the: low-temperature softening 

r;.esin iJ more than 50 wt'..%; th~ grindability at the 
. I , . 

lime thl' toner is prep~r~d.tends t~ be seriously 

lowered to lower the produc.tio~ efficiency of the 

't-oner. . j 

: I , 
25 lAn additional fe~ture 'in the constitution of 

1'he ton+ of the present' inven'tion is ·that the 

I --
I --------

H 1 iJ iii h l O<ed 
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l?w-temp rature softening resin of the binder resin is 

o~tained~by solution pol~erization, and the high­

t~mperat re softening resin by suspension 
.. 

pplymeriFation, and that.the bo~h 1are mixed in a 

5 s~lvent ~apable of dissolving the· both .• 

: Suspension polymerizat~on and emulsion 

Pk1ymeriLation are avail~l~:in order to obtain the 

h;igh-temLerature softeaiilg-~m ilaving the molecular 

+igbt 4stribution snd 111elt:viscosity characteristics 

10 as descrlri"bed above. In ~he emulsion polymerization, 

h~wever, it is difficult: to. prevent an emulsifying 
. . 

aqent remaining, resulting in a lowering of toner 
i 
c~aracte istics. ; lt is pref erred for the low-temperature 

15 s~fteni resin to be ~ynthesi~ed by solution 

.pPlymer~ation taking a.,;,.,unt ~f its solution mixture 

~th. t:hj high-temperat:u"'." soft:;..,ing resin, carried out 

~fter clpletion of th~ polymerization. 

he mixi~g of the low-temperature softening 

20 r.esin a d the high-temi>eratu~ei sof~eni_ng resin is . 
d.arried out by soiutio~ ~i~ing:.· Other· mixing methods 

dan not achieve uniform mi~t~r~ to adversely affect 

ioner c aracteristics. 

The solution mix~ng inakes it possible to 

25 ~emove J.r.emaining monom~r; when the step of removing 

~he sol ,ent is ta~en. 

----------:--··-¥--
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khe melting characteristics of the binder 
I 

resin cah be measured using an overhead-type flow 

tester aL illustrated in Fig. 3 {Shimadzu Flow Te~l.ter 
C~T-500 kype). In the-first place, about 1.0 g of a 

. I 

s~ple al molded using a pressure molder is extruded 

from a ~zzle 4 of 1 mm in diameter· and 1·mm in length 

up:der apblication of a load of: 20 kgf using a plunger 
I . 

1; at a trmperature ris~n~ rate' of 5.o•ctmin, during 

Wrich t} fall quantity of the; plunger of the flo~: 

10 t~ster i~ measured. 
i I . . 
; rere I When the·: h~ight Of SQ $-shaped Curve in 

the pl~er fall quantitY-te&p9rature curve of the 

~low telter (see the ti.,;. t.J.t~r flow-'out .curve.shown 

ip Fig. 4) is represente~ by "pn, the temperature at a 

' . 
15 point of: h/2 is regarded· as the softening point and 

~he tem~erature at wh1Ci.; the.s~le begins to flow out 

:i;s regaJded as the flow-out ·po:int or t·emperature. 

The Tg is measur~d in ~he following way: 

20 

Eindothe mic peak inter~e'.cts the ri'sing curve is 

Qsing a.DSC curve obtained at ;the time of the second 

~empera~e rise, the ~.,i.p~r&t'ure corresponding to the 

positio~ of the point ~t; whioW, as shown· in Fig. 5, 

~he cen~er line between a b"ase- line ( 1) before the 

~ndotheJlmic peak and a: b'.ase iine ("2} after the 

25 ~egarde as the Tg. 
. . 

The Tg in the present '.invention is measured 
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Jsing a ldifferential scanning calorimeter DSC-1 

(-.iufa+ured by Perkin-Elmer _Co.), at a temperature 

r:ising ~ate of lo•ctmin and according to ASTM (D~~18-
i 

~2). 

The resin compos~tion in the toner of the 

present invention may pr~ferab)y be those obtained by 
: : 
~olymer izing at least on~ kin~ of monomers selec.ted 

irom st 1renes, acrylic S;bids, methacrylic acids and 

derivat ves thereof. 
t. : . .. 

T~ese are preferable in view of 
i 

10 4evelop ent properties· and" triboelectric properties. 
: . . 

As for examples of mon~~ers that can be used, the 

~tyrenef include styreD~·- a~m~thylsty~ene, 
vinylto uene, and cblorqstyre~e. The acrylic acids, 
: i . 

methacr lie acids and d•rivatives.thereof include . . . 
' . . 

15 ~cry lie acid and acryl;ates s'u~h as methyl acrylate, 

ethyl acrylate, propyl_ acrylate, butyl acrylate, octyl 

~crylatL, 2-etbylhexyl Jcrtla~e, n-tetradecyl. 

~crylatt, n-hexadecyl a~ylat~, lauryl acrylate, 

f17clohej1'1 acrylate, di~t~~~~ino~thyl acrylate, and 

20 fimetyl~ino~thyl acryl~te; 'mtt~a~rylic acid and 

~ethacrtlates such as·m~tbyl methacrylate, ethyl 

fethacr late, propyl metbacry}ate, butyl methacrylate, 

~myl me hacrylate, hexyl methacrylate~ 2-ethylhexyl 
I 

kethacr late, octyl met~acrylate, decyl methacrylate, 
! 

' 
! 

25 ~odecyl methacrylate, l~ury~ methacrylate, cyclohexyl 
! 

~ethacr late, phenyl methacrylate, 2-hydroxyethyl 
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~ethacr~late, 2-hydroxyp~opyl methacrylate, 

~imethylminoethyl met~a~rylate, glyci~yl 

methacr late, and stearyl methacrylate. 
... 

t ~esides the abov~ monomers, other monomers may 
! 

5 h,e used in a small amoun~ so long as the objects of . 

~or ex ple, acryloni tri'le, 2-vinylpyridine, 4-
• 

... 

,he pr~ent invention car be achieved, which include, 

~inylpy~idine, vinylca~~a~ole,_ vinyl methyl e_t_h_e--~-,_--~---~~ 

butadie e, isoprene, ma1·e1c anhydride, maleic acid:, 
' . . - . . . 

10 •aleic cid monoesters, ma1eic acid diesters, and 
! 
~inyl a etate. 

~ 
A cross-linking~g~nt :may be used in the toner 

; of the 
; 

resent invention, and 'a bifunctiorial cross­

agent can be used,· which includes, 
. ; : 

15 ~ivinyl enzene, bis(4-·ac;ry·loxy-; I . . . 
polyethGxyphenyl) propane,. ethylene glycol '. I . ·: 

• ! . j : 

diacrylite, 1,3-butylen~ glycol diacz-rlate, 1,4-

Ltaned ol diacrylate .: i, 5-Pezitanediol diacrylate •. 

hexaned ol diacrylate, ~eopen~yl glycol diacrylate, 

20 ~iethyltne glycol diacrilate, triethylene glycol 

diacrylate, tetraethyle~e ·glycol diacrylate, · 
; I . . 
9iacrylrtes of polyethylene glycol #200, #400 and 

~600, r spectively, dip~opylene glycol diacrylate, 

holyproLylene glycol ~i~cryla~e, poly~ster type 
! ! ' . 

1,6-

25 ~iacryl te (MANDA, avaiiable from Nippon Kayaku Co., 
, 
~td.), nd those in whi9h the: acrylate units of the 
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~ove ac~ylate type cross-linking agents have been 
: I . 
respecti~ely replaced with methacrylate units. 

: ! . . r polyfunctional"cross-linking-agent can also 

be used, which includes ~e~tae~ytb~itol t:riacrylate, 
. I . . 

i!r1met~loletbane triacrYlate, triRethylolpropane 

~ri~ryjate, tetramethyl~1methiln& tetraacrylate, 

qligoester acrylate and methac:rylate thereof, 2,2-
, 

l 
Pihthala 
! 

-t;rially 
i 

diaryl 
! 

1 

thacryloxy, pol y~~hoxypbeuyl ")"p-ropane, di all yl 

cyanhrate, triallyl isocyanur~te, : ; . ~ . 

isocyanurate, t~iallyl trimellitate, and 

hlorendate. 

These cross-link~ng ~g~nts. may preferably be 

riot inc rporated so that! t~~.T~F-i~soluble matter is 

+ntrol~ed ~o ~e less ~ ~o ~-%. In the case when 

15 ~he cr0Js-l1nk1ng agent ~s incorporated, it should be 

used in an amount of les~ thari 1 ~t.%, preferably not 
~ . ~ . . 
I 
~ore thEJ-n O. 5 wt .• %, and ;more: preferably not more than 

d.2 wt.~. 
The binder res:irl used '.in the toner of the 

I 
20 ~resent invention is sy~th~si~ed 'from monomers in the 

~resence or absence of ~he cross-linking agent and 

~lso wilh use of a pol~Jer~z~~ion initiator. 

; jTbe polymeriza;t~on: i~{tiator may include di-t-
• I . . . 

. -1utyl_ ptroxide, benzoyl ;perox~de, lauroyl peroxide, t-

25 ~utyl pyroxylaurate, 2: 1 ~ 1 -az.o~isisobutyronitrile, 1,1-

!is ( t-bttylperoxy l -3 , 3 , 5-tri)ll0thylcycl ohexane, -

I 
I 

.1 
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I ~IWI ~llll l~l lfi llfi . 
l~l-bis(~-~tylpe~xy)cy~l~exane, 1,1-b~(t­
bµtylperbxycarbonyl}cyclohexane, 2,2-bis(t­

ttyl+)octane, n-bu~l-4, <ii-bis_< t-butylperoxy_) 

~alylate, 2,2-bis(t-butylperox'Y)butane, 1,3-bis(t­

b~tylpefxy-isopropyl)bebzene, · 2,S-dimethyl-2,5-di(t­

b'utylpe..Jxy) hexane. 2, s-iumet~l-2·, 5-di ! t-buty lperoxy J 

+xyne-3j, 2, 5-dimetbyl .:.+~i (~e~Oylperoxy) hexane, di­

t,-buty!P,eroxyisophthalat~ t 2 I 2-biS r4 I 4-di-t­

b~tylpelxycyclohexyl )~r~p~ne, i di-t:-bu-tylperoxy-ai 

10 JethylsJccinate, di-t-butylperbxydimethylglutarate, di­

tl-butvideroxyhexahydro~e~e~~~hklate, df-t-butylperoxy-

15 

20 

, : I 

. i . . :! 

akelate, 2,5-diemthyl-~,5-di(t~butylperoxy)hexane, 
I : . ! : . 

diethyl e glycol-bis(t-putylperoxycarbonate), di-t­
i 

qutylpe oxytrimethyladip~te,'t~is(t-butylperoxy) 
! 
; 

, and vinyl trls~t~b~t~lperoxy)silane. 
: : i. 
; 

The above polyme~izatipn initiators ma' be 

~sed ne or by mixture; takfng account of ·the amount, 
I 1 • : ' , 

: ~ 

~be pol merization tempe~ature; and the half-life 

period~ 
! ' 

In the toner use~ in t~e present invention, at 
I · i . : . 
least o e kind of a release.ag~nt having 

i 
a number 

i : ~.: . 
average molecular weight" (Mn) of not ~ore than 
1 3 I : · ; -lo , a ieight aver:ge ;o~e~~l~r weight (Mw) of 

more thJn 2.5 x 10 , an Mw/Mn of not more than 

1.0 x 

not 

3.0, : I : ; . . 
25 ~nd a m,lting point (mp)/ of ~~om 6o•c to i2o·c. 

~elease agent may pref~~ably: be u~ed in amount of·'· from 

The 

' 
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0:.1 to 2.0 wt.%, and preferably· from 1 to 10 wt.%, 
i . 

based oJ the binder resin. 

; releeSe egents.p~eferably used· in the toa:r of 

tre pre~ent jnvention include, for example, paraffin 

wax, a ~ow-molecular wei~ht polyethylene wax, a low­

~oleculJr weight ethylen~-prop~lene copolymer, a low-
~ ~ 

mblecul r weight polypropylene'. wax, and a polyolef in 

··~-@E-
i 

modified With an aromatic vinyl monomer ·Such· 

a'.s styrene and styrene d~rivatives, an ,. 

10 .J,satur~ed fatty acid:o~ an;u!isaturated fatty acid 
; . : . . ' 

e~ter. f these, the graft-modified polyolefin wax is 
i 

p~rticul rly preferred ffom th~ viewpoint of the 
' ! 

advanta es that the lifetime:of developers and of 
' ' 

•achine 
i 
i 

15 a;evelop 
~ 

made 
! 

such as copyi~g:mac~ipes making use of the 
: : 

rs can be elonga~ed ~n~ the machines can be 

ntenance-free. 

~he graf t-modif i~d pol~olef in wax may have an 
. I , . 

~of n~ more than 1.0 x 103 ,: and preferably from 400 

tp 700, n Mw of not mor~ t~~n: 2.5· x 103 , and 
i . " 

20 ~referJly from 700 to 1;, 500, an Mw/Mn of not more 

tpan 3. , and preferabiy~not,m~re than
1 

2.0, and a 

m;elting oint of from 6o:·c to ~2o•c, and preferably 
; 

~ Use of this release.agent makes it.possible to 

25 9arry o~t the heat fixin~ o~:t~e tonei to a recording 

~edium ,nder fixing co~;ttions' of low temperatureEI. 

: I 

I 
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I 
1 without :causing offset, and thus to achieve a lower 

i 
power c~nsumption .. 

' ; 
1Intensive studies made by the present 
' i 

inventorjs have revealed that what is required is a· 
: . 

5 release agent which renders good release properties at 
! . . 
I 

a low te~perature with respect to the low-temperature 
' 

melting ~inder resin which enables the low-temperature 
; . . 

' 
fixing, ~hat the temperature at which the release 

agent rebders release proper.ties correlates with the 
I ··. 

10 melting boint of the re1ease agent, and that a release 
I 

agent ha~ing a lower melting point is more 
i 

l 
advantageous for the low-temperature fixing. When, 

! 
: 

however,! a release agent with a low.meltin~ point is 
I . 

i . 
used, the release agent makes poor the blocking 

l 
i 

15 resistanbe of a toner and has·an ill influence that 

20 

i 
the f ilm~ng of toner to a carrier occurs when the 

i 
I 

product ~s used in two~component type development. 
i 
I 

Accordingly, in the p~esent invention, the release 
l 
I 

agent isjmade to have the molecule~ weight 
i 

distribution which is relatively sharp as described 
l 

i above, sp that the blocking resistance can be 
l 

improvedi, the release agent· can render release 
. l 
properti~s at ·a lower temperature,·and the good 

performa~ce without causing the offset phenomenon can 
; 

25 be obtaihed. 
I 
However, although the low-temperature fix~~g 

. ... 
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1 can be abhieved to a certain extent when the release 

agent with a low melting'.poi~t and binder resin as 

d~scribe~ above are used 1in combination, it is 

~~chnically difficult toldispe~se the release age~~ 
5 t~e mixe~ resin comprised of ·the low-temperature 

sf fteni~ resin and the ~igb-tfi'IDPerature Softening 

resin. An insufficient 4ispersion adversely affects 

tiie deveroping perfo~e of-~oner. . 

Now, the present·inv~n~ors made further 

10 intensiv studies to hav~ di~c~ver~d that the above 
. ! 

can be eliminated·a~d:a good 9evelopment 
I ' 

p~rform ce and furthe~ iow-te~perature fixing 

p~rformahce can be ach~e~eq:~h~n the low-melting 

p~lyolefkn wax is graft-~odif i~d in order to improve 

15 t~e disp~rsion of the ~e~eas~ agent in the binder 
I 

rl!sin as! described above~ 
i . 

resin; in. the toner of the present 

in 

i'.nventi may _preferably
1 be"obtained by mixing the low-

. i . ~ ·. 

re softening.resin" and the high-temperature 
I : ' . . . 
:• I •• ; o : 

20 ~ofteni g resin, and botp the ~esins may preferably be 
j . . :. i . 
~inder nesins comprisi~g: the: same components. 

The low-melting qraft-~odified polyolefin 

~elease agent used in th~ pres~nt invention may 

include a polyo1efin wax! g~aft-modified with an 
' 

25 Jromatic vinyl monomer. such as styren~ and styrene 
' . ; ,. 

derivat ves, or an unsaturated fatty acid or an 
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unsat_urafed fatty acid ester. 
I 
fhe polyolefin wax may_ include polyethylene 

waxes; hbmopolymers of a-olefins such as propylene, 

b~tene, ~-hexene, 1-deceiie; ~nd 4-methyl-1-penten~-; 
cbpolyme~s of two or more kind~ of.a-olefins; and 

"'.polym~s of ethylene.with an:a-olefin. It may 

further include oxides.of poly~lefins. 
I 
lrhe unsaturate(i tatty ac-id ·or unsaturated I . . . . 

f~tty ackd ester us.ed foi sy~thesizing . the graft·-':" 

10 m~difi~polyolefin may_ fnc~d~ methac~ylic acid; 

m~thacryaates such as me~hyl,methacrylate, ethyl 

m~thacr 

' i 
m;ethacr 

! 

: ! 

ate, propyl methacryl~te, n-butyl 
. I 

; 

isobutyl·m~thacryla~e, n~octyl 

1-

~ethacr1jlate, 2-ethylhexrl ~~thacrylate, lauryl 

15 •ethacriilate, stearyl ~e~hacty~ate, dodecyl 

~ethacrJlate, phenyl methacrylate, dimethylaminoethyl ; I : . : . . 
~ethacl'Yilate, diethylainiµoe~hyl methacrylate, 2-

i . I ·: . · 
hydroxy 1thyl methacrylat~, 2,2',2-trifl~oroethyl ; : ; . : . 

~ethacr late, and glycidyl·methacrylate; acrylic acid; . ; : 

i ! j · I 

acrylat methyl~ acryl~te, ethyl acrylate, 20 
; ' ; i . . 

propyl crylate, n-butyl; acryl~te, isobutyl acrylate, 
' i 
~-octyl acrylate, 

' i 
~odecyl acrylate, 

; 

laury1i QC~yl~te I Ste·aryl acrylate I 
: i . : . : 

. i '. 
2-ethylhexy~ acrylate, phenyl 

. . 

,crylat,, 

25 e,.crylat:e1 

JcrylatJ, 

2-chloroet:hyl ~cryl~t:e, 2-hydroxyetbyl . . : . : 

cyclobexyl ac:tjyl~te,: dimethylaminoethyl 

: I 
. I 

diet:hylaminoe~hyl acrylate, 

I 

I 
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l dibutyla~inoethyl acrylate, 2-ethoxy acrylate, and 1,4-

b~taoedirl diacrylate; maleic acid. fumaric acid, 

i~aconici acid, citraconic acid, and unsaturated 

dibasic I Cid esters such' as moµoethyl maleate, di~thyl 
. ' 

5 maleate, monopropyl maleate, dlpropyl maleate, 

maleate, dibutyl mal~ate, di-2-ethylhexyl 

maleate, monoetbyl fumartate, diethyl fumarate, dibutyl 

fbmarate, cif:a.:ethylbexyl f~arate, monoethyl 

i~aco~atr, diethyl it~te; moooetbyl citraconat~. 
10 and diethyl citraconate.· These can be· used alone or 

i~ c~mbibation of two br~mo~e kinds. 

'. khe aromatic vin~1-~6nbmer may include 

s'.tyrene,I o-methylst;rene:, ~:..:methylstyrene; p­

m~thylst~rene, a-methyis~yJ;eiie:, 2 ·, 4-di~ethy lsty~ene, 
15 e:thylsttene, p-o-buty 1sfvrene.' p,-tert-butyl8tyrene. 

i~dodee'Yjlstyrene, p-phenflstyrene, and: p­

chlorost~rene. These ca~ be used alone or in 
I 

cpmbination of two or more kinds .. 
' 

~he polyolefin.cf:ui b~ praft-modified using 

p-

p-

20 conventi nally known m~thods~ : For example, a reaction . . ~ . 

o'.f the olyolefin with. t)ie aromatic vinyl monomer and 
' . 

tpe uns turated fatty ac~d or µnsa~urated fatty acid 

ester w ich are in a mol~en state or dissolved in a 

~lvent ~y be conduct""] by he~ting in the atmosphere 

25 or undeD application· of pressure and i:n the presence 
·.· of a ra ical initiator·. ; A g~a.ft-modi~ied polyolef·in 

! 



.--:·· 
·. 

1 

5 

... ·-· ······-··-----------------

-------- -
---------------

"'."" 48 -

' I 
c~n be thus obtained. The grafting using the aromatic 

v:inyl mobomer and the unsaturated fatty acid or 

uhsatura.~ed fatty acid ester may be caz=ried out using 

bhth at khe same time or;may be carried out using ~hem 
s~parately. 

i 

., 

' 

: .iv inc~: :::::::o~::~d:~ :~h:~::::::o::action 
. -- ----l:::tl d:::::::t:t::iti:::::~:::~ide • 

10 ~obisisobutylonitril~, ~imethylazoisobutyrate, and 
I ' 
~icumyl eroxide. 

' 

proportion.of the gr~fting agent to 
( . . 
~he pol olefin, the form~r may'.prefer~ly-be in an 

tount if from 0.1 part ~Y ..;,ibht to 100 parts by 

15 ~eight, and more preferably frbm 1 part by weight to 
! ' ' r part, by weight, baS"f on:l~O Perts by wei!iht of 

'.he latler. An amount. l:ss tb~n 0.1 part by weight 

°ian no~ bring· about li~t~e effect of grafting, and.an 
i 

~mount iore than 100 par~s by ~eight may result in 

20 ~oss of !advantageous prope~tie~ inher$nt in the 
• I ., 

~ I 
401yole,in. , ; 

i The aromatic vinyl monomer an~ the unsaturated . I ; .. 
fjatty acid or unsaturate~ fatt'.v acid ester may be used 

~refer~ly in a weight ~atio tit from 95:5 to 5,95, and 

25 ,.ore prjferably from 8~:;20: ·to ~20:_80. ;An excessive·.· 

amount for the unsaturat:_-ed ·f~tty acid ·or unsaturated 
i I 
I I 

I 
I 
! 
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10

ril1lmiii1ii1Hr 
fatty ackd ester tends to result in a decrease in the 

I 

releasint effect inherent in the polyqlef in. An 

e~cessiv1 amount for the :aromaiic viny.1 monomer can 
: I 

n~t so mrch bring about ~n imp~ovement in the ~ 

d~spersif ility of the poiyolef~n 10 the toner. 

he graft-modified polyQlef in used in the 

pl:-esent :nvention may pr~fe~Eib~y be added in an amount 

of from 
, I 

.1 part by weigbt to ~O pa~t~~i..ght, and 
! 

more pre· erably from 0 .. 5. part J:?y weight to 10 parts by 
. i ~ 

ased on 100 p~r~s by ~eight of the binder 
I 

releasing 

15 r~sistan1 e of the tone~. i : 
1 

~be graft-modified polyolefin used in the 

present knvention may pr~fer~fy have ~ melt viscosity 

ih the ~nge of from 1 t~ 260 ~ps ·tcen~ipoise) at 

16o•c. melt viscosity;less than·1 cps tends to 

20 . ·1 
blocking of toner. A meit viscosity more 

. . 
t~an 250 cps makes it ha~d for~~he.modified polyolefin 

tb bl~~ from the tone~ ~·~S it ~d for the 

releas1nb effect to be.e*h1b~t~d. In the fixing 

m~thod o~ the present in~entio~, it is.preferred that 

25 in generbl a releasable component having a lower melt . I ~ = I : ; ! 

viscositjY is used when:a:lower~fixing ~emperature.Js 
. I 
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rhe melt viscosity referred to in the present 

ihventioµ is based on a value measured-with a 

d type viscomet~r. 

he toner used in the present invention may 
. .. , . : 

cpntain rt least one kim;l of . a; release agent having a 

m~lting boint of higher than 12o·c so long as used in 

s~ch an Lmount that may·~t- ·ad~rs~ly-af.fect the . I . . : 

f~xing ,erformance of· ~b~ ~olief. _ .. 

10 : lhe toner of theipresent invention may contain 

~ charge! control agent; j eo.nvei.tionally known positive 

o~ nega,ive charge contrfl.a~efts can be used as the 

c~arge 9ontrol agent. T~e c~afge control .agent may 

ipcludejthe following: . ·. 

15 ('.1) .Tb se capable of ~ohtr~~ling the toner to have 

"\"sitivJ charge may incl~d& t~ following materials: 

~igrosi~e, azine dyes co~taini~g a~ alkyl group having 

; to 16 !carbon atoms (ja~ane~e;Pat~nt Publication No. 

42-1627), basic dyes as ~xempllfie~ by C.l. Basic· 
I ' i 

20 ~ellow ~ (C.I .. 41000}, ~·~· B~sfc Yellow 3, C.I. Basic 

Red 1 (d.I.45160), C.I~ ~a~i<:: Red .9 (C.I.42500), C.I. 

Jasic vJolet 1 (C.I.42~3k)> ~-~· Basic Violet 3 

{c. I.42155), c. I. Basic ~j_o'l"t 10 ,(C. I.. 45110). c. I. 

iasic Violet 14 IC. I. 4~ 5~0 i, G;. I. Basic Blue 1 

25 ~C.I.42125) I C.I. Basi? ~lue: 3; (C_.I.51005), c.1. Basic 

f!lue 5 r· I. 42140). C. I.; BaSiC: Blue 1 (C. I.42595).; 

I 
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1 . C~I. Bas~c Blue 9 (C.I.52015), C.I. Basic Blue 24 
. I 

Cf.I.520~0), C.I. Basic Blue 25 (C.I.52025), C.I. 
; I . . 

B~sic Blµe 26 (C.I.44025), C~I~ Basic Green 1 

ch.I.420~0) and C.r. B~s~c Gre~n 4 (C.I.42000), l~e 
5 p~gmentslof these basic Qyes (laking agents are 

e~emplifLied by tungstopbospho~ic acid, 

m~lybdophosphoric acid, ~u~gst~molybdophospboric aoid, ' . I . : . . 
~annio-ari-d, !auric acid, gall~c acid, ferricyanides, 

ahd ferrbcyanides), C.I.iSolvebt black:3 (C.I.2615q), 

10 B~a Ye~low G (C. I .116a~J, • c. ~. Mordant Black 11. 

C~I. Pigment Black 1, be?zoy~m~thyl-hexadecylammonium 
' I . I ; 

c~loride decyl-trimethylammon!um chlo~ide, dialkyltin 
. . 

. . i . ; . 
such as dibutylti:n a~d dioctyltin, metal· 

salts of higher fatty acids, inorganic"fine powders 
• . J. : : 
l • I i ; ; . · 

15 such as inc oxide, metal complexes of:EDTA or 

a~etylacttone, and poli~ine:rfsins ~has vinyl 

1>91ymerslcontaining an-~ino 'g~oup and'condensed. 
·1 ; . 

P?lymers containing an.ai;a.i~o :9~oup. Nigrosine, metals 
l 

salts of 
I 

higher fatty ac~ds, :a~d v;nyl.polymers 
! ~ : . . . . . . . 

20 containi g an amino group are particularly preferred 

ftom the I viewpoint of di~per~:iJili ty. , 

{t) Thate capable of co,ftrol1ing the toner to have. 

n~gative1charge may inql~d~ the following materials: 

Mital co~pounds of mon~o ~Y~~, as disclosed in 

2 5 J+paneselPatent PubHc<!t~Oiis. 'Nq. 41-2015 3, No. 4 2-

2l596, NI. 44-6397 and No. ·45-26478, nitramines and 

~ 
l 
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I 
salts t~ereof, as disclo~ed in Japanese Patent 

~pplicaJion Laid-open No:. 50-1'33338, dyes or pigments 

~uch as le. I .14645, metal~conta·ining co~pounds formed 
; I . . .. 

J:)y the union of Zn, Al, po, er· or Fe with salicylic 

Jcid, nJphthoic acid or bica~b~xylic acid, as 

~isclos~d in Japanese Pa~eiit.P\lblications Ho. 55-

~2'752, ~o. 58-41508, No. 1 58-73:84 and No. 59-7384, 

~ulfona~ed copper phthalpcyani~e pigments, styrene 

d11gome1s into which a:~~tro'firoup or halogen has been 

10 introd~c.ed, and chlori~aked ~a~affins. Metal­

~ontain~ng compounds of ~on~~z~ dyes, and metal­

~n1:ain1ng compounds of ~alicyiic Seid, alkylsalicylic 

~cid, n~phthoic acid o~ ~ic~rbbxyl_ic acid are 

darticu1larly preferred. f~om. 'th~ viewpoint of 
:i = . .- ! 
i : . 

15 ~ispers"bility. : 
• ! i . i . j 

l The toner of th~ pr~se~t invention may also be 

dptionallly incorporated ~ith additives. to obtain good 

+sUltsJ

1 

The additives' ~y: .foc;lu~ l~ricants such as 

leflon, 'zinc stearate ~'d po~lin~lid~ne fluoride '·(in 

20 1arti~uJar, polyvinyl~~~ne.: -~,1.lori~e. iS: preferred); 

abrasives such as cerium ox1de., silicon carbide and 

Jtrontijm titanate (in; pkrt.icJ~ar, st~ontium titanate 
I i : ; · ~- ; · ; ls prefJrred); fluidit~-rr~~i~ing ~gents such as 

d.olloid l silica and aluminum oxide (in particular, 
2s ! I : ; · ·. ; 

lydroph,bic colloidal ~ijlica· it prefe~red); anti-

4aking jgents; and condU:ctivity-pr.oviding agents such 

, I 
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as carhop black, zinc oxide, antimony oxide and tin 

oxide. rt is also possi~le to.use as a developability 

improve a small amount.of white fine~particles and 
., 

black fi e particles h~ving the po~arity opposite'''·to 

the e polarity of the toner. 
; 

he toner of the~prese~t ihven~ion may also be 
: ; 

wse in t e form of a I . mix~ure with.carrier powder, when 
. i : 

used as ~ two-component type ·d~veloper·. In this 

ihstance, the toner and ~he cairier"po~der may be 
j . . . t .·• 

10 mixed in such a ratio th~t giv~s a:ton~r concentr~tion 

of from .1 to 50 wt.%~ ~refer~ly:fro~ o.5 to 10 
.; . i . : 

more preferably from'.3 to 5 wt.%. 

· s the carrier·pbwder ~sable i~ the present 

i~ventioL, it is possib1f t9.~ id.own;ma~erials. 
15 Tpey inc~ude, for example, pow~ers having magnetic 

p~opertiLs, such as iron;~et, f~rri~e powder and 

nickle pbwder, glass beads, and.glass beads whose . ' . . 

l ~- : . ~ 
sµrfaces have been treated with a resin such as a i . . ; i 

fluorine resin or a siliqorie'r~sin~ 
1 I . . : i 

20 . rhe toner of tbe!present invention may further 
. I . ~ • I 

c~ntain k ma~etic material. ~.o j that it, can be used as 

aimagnet~c toner. In ttils :1n'si~ce th~ magnetic 

..i.teriallserves as a col~ring ~gent atotbe same time. 

T:e magnttic material ,;,,Jt6inacl. in the' toner may 

25 include ~ron oxides such;as maqnetite,:hematite and 
~ I ; . . 

ffrrite, I or compounds of 'divalent ·metals with iro~:: 
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m tals such as iron, cobalt 

o~ any of these m~tals ~ith 
and nickel, or 

any of metals such 
' -

a~ alumi um, cobalt, copper, l~ad, magnesium, tin,. 

imony, beryll~uin, bismuth, cadm1um,•calcium, 
. ! 

5 manganes I selenium, tit~D~UJD,· tungsten and Vanadium, 

~d miX~re of any of ~h~se. : 

: khese ferromagne~ic ma~erials may preferably 

b~ thosJ having an avera&e:par~icle-diameter of from 

0'.1 µm tb 2 µm, and mo~eipr~fe~ably fr~m 0.1 µm to:"0.5 

lO ~· SpICr~cal mat~rials: are p:U~lar~y preferred. 

T~e magilj tic material may be contained 1n the magnetic 

trner ill an amount of fr~m~aJ;>o~t 20 to: 200 parts by 

~eight sed on 100 pa~t~ by weight of~ the resin 

~on..:l~ and.particui~ly Pr~ferably; from 40 to 180 

15 1f""ts bJtweight based on; 1oo·parts by ~eight of the 

r.esin c ponent. 
'.~ ) . : l : I , 
· be.toner of the;prese~t i~ven~ion may also 

. . i . ; 

! • opt1ona ly . 
As 

! 

contain a c~l~ran~.; 
i . ! 

the colorant ~s~d·i~ 
~ i 

the toper of the 

20 ~resent invention, a pigkent·or a. dye may be used. 
. t \ : 

i ~ : ; . ' . ~ 

T;he pi~ent may include parpon: black, Aniline. Black, 

Jcetyrerle black, Napht~l~Yelio~, Hanza Yellow, 
: . ~ : 

Rhodami 
' 

: • • s ; 

Lake, Alizarin~ L~e,. red iron oxide, 
' . 

~hthalo yanine Blue an~ ~n~~hthrene Bl~e. 
! . . . . . 

The pigment 

25 ~s used in such an amoun~ t~~t~ is necessary and . 
! 

sufficient for maintainipg' "the' optical density of·;: 
; 
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f1xed im~ges, and should.be added preferably in an 

~ount or from 0.1 part by weight to 20 parts by 

w~ight, end more preferably from 2 to 1·0 parts by 

w~ight,-~ased on 100 parts by ~eight of the resin. 

j ~he dye may include azo dyes, anthraquinone 

i : . 

d~es, xahthene.dyes and ~ethin~ dyes. :The dye should 

.b~ added preferably in a~ ~durit of from 0.1 part by 

w~igbt tr 20 parts by wetglit,: and more: preferably from 

0~3 part by weight to 3 parts by weight, based on 100 

10 p~rts byj weight of the r~sin.; : 

15 

20 

25 

! I , . . . 
: '!rhe toner.according·to the pre~ent invention 

f~r developing an elect'"4sta~i6 latent image may be 

p~epared by a method C<?Dlpris~ng thoroughly mixing the 
j ~ . : : 

resin composition according.to'.tbe present ~nvention, : I . i . ; · : 
t~e relerse agent and th$ charge contr9l agent 

ohtional~y together withitlie :·m~gnetic material, the 

p~gment ~r dye as a colo~ing·SOent end:oth&r additives 

bt meanslof a mixing mac~ine ·s~ch as a' ball mill, 
' . ~ . : . 
i . . i . . . ~ 

thereaft r melting and.kneading the mixture by the use 
~ i ~ 

o~ a hea kneading machilie :such as a heating roll, a 
i 
i 

kneader 
i 
I 

cbmpatib 
! 
' 

ran extruder s~ th~t:resins are mutually 
' . .. 

lized and the p~g~erit'.or dye is dispersed and 

d~ssolver therein, and·cooling)the:resulting product 

t~ effecbt solidification) foll9"red by ¢rushing, 

pµlveriz tion and then s~rict classification to give a 
! : . . . 

t?ner wi h an average pa~ticle;diameter of from 3 µm 
i ; ·----

i11iii11i iii 
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i 
l to 20 µJ. 

I 
~he present invention also relates to a method 

o~ heat-kixing a toner visible· image, wherein the · 

.mkthod cbmprises heat-fi~ing the toner. image form~~ 
5 u~ing th~ toner "having t~e chatacteristic features as 

. . . 

d~scribe above, to a re~ording medium by means of a 
! 

! i 

ement stationarily supported ~nd a pressure ' . 

m~mber t at stands oppos~te to; said he~ter element in 

"p~essurel contact and bri,",ge Said recorCUng medium µito 

10 c~ose cortact with said ~eat~rielement'.through a film 

i~terposrd between t-hem. ; 
I · l , ; . 
ig. 1 illustrates ·tbe'oonstruction of the 

• I : 

fixing d used in th~ ~r~s~nt ~nve~tion. The 
! . : ~ 

thod of the. PJ'.e;e~t. ·1+vention: is by no means 
. ' . .. . 

15 limited nly to the me~hQd .eMbc?died in· it . 
. ; 

fn the fixing ~eyi~e.s*own in ~ig. 1, a heater . I , ·; . , 
. . • i ! 

element 11 has a smaller'heat qapacity.than 

cbnve~tilnal heat roll~, ~and :has a linear heating 

p~rt. ·Tie heating par~ ~a~·pr~ferably\be made to have 

20 a~maxim~ temperature ~f Jt~o~ ~oo·~ to:aoo·c. 
I . . . , '. . , 
A film 15 is interposed-between the beater 

element ti 1 and a press~rJ . ~em~~r 18, a~d may 

p~eferab 1 y comprise a ~eJt~~~~~stan~ s~eet of from 1 

t~ 100 µi in thickness. ;H~a~-~esistant sheets tliat 

25 ctn be ~ed therefor '"'!Yiinclute sheete of polymers 

h~ving htgh heat-resistance, SUch as polyester, PE'!'; 
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i 

(polyet±lene terephthalate}, PFA (a tetrafluoro-

e~hylene perfluoroalkyl ~inyl 9ther copolymer), PTFI! 

(polytet· af luoroethylene), polyimide and polyamid~.' 

sheets o~ metals such as'.alumi~um, and laminate sheets 

ctmprisebt of a metal she+t:and'a polymer sheet. 

; n a preferred c~nstitution of the film, these 
; : 

• . i . . ' 
h~at-res stant sheets have a release layer and/or a 

1hw-resi.Ltance layer. l 
i . ~he numeral 11 ·d~notes1a iow heat capacitance 

10 l~near hLater element ~titiona~ily supported in the 

f~xing dLvice. An e~pie :the~eof comprises an 

a~umina Lubstrate 12 o~ i.o-~iin thickness, 19 mm in 
~ I . ; : : ! ' 

15 

20 

w~dth an~ 240 mm in lorigf tud~nal length and a 
• • • • I . • 

r~sistanbe material 13_c~ateJ ~hereon to have a width 

o~ 1.0 ~. which is eiec~rifie~ from the both ends in 

t~e longktudinal directi~n.· .T~e elect~icity is 

abplied Lnder variatio~s'.of ~u~se widths of the pulses 

c~rrespohding with the ·dJsi~r~d l temperatures and en,ergy 
t • • i . ! . ~ 

e~ission quantities whic~.~re ~ontroll~d by a 
' i 
i 

t~mperat 

: .. 
re sensor 14, !id t·~e pulse-like waveform with 

;· 

al period of 20 msec of :DC fOQV~ 'l;'be p~lse widths 
i ·. ; 

r~nge approximat·e1y from :o.,5 .msec to 5 ·msec. In 

c~ntact ii th the heater ~!~men~ 11 the :-energy and 
1 l . ; i . . . i : 

t~mperat re of which hav~ been'controlled in this way, 
. , i 

; ~ . : ! 
25 al fixing film 15 moves ·i~ ~h~ qirection of the arrow 

I 
s~own in the drawing. 

l 
f . 
t 

Art ~xamJ1e of this fixing f:ilm 
; 

! 

-----
Tb.is Sh~t Has Been Replacet\: 

. 11\\lHll~ Ill\ I 1\1 . 
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. 
~nclude~ an endless film'comprjsed of a heat-resistant 

sheet o~ 20 µm thick (co~prising, for example, 

P.olyimi e, polyetherimide, PES·, or PFA) and a release 

i!aver ( mprising a fluorine r~sin such as PTF! or PFA 
; 

to wbicj a conductive ma.terial' is added) coated at 

l~st o~ the ~ide coming!into bont&ct With the image 

tp have~ thickness of.10 µm. :In general,·the total 

trickneJ~ of the film mat pref~rably b~ less than 100 

µr, and ore preferably less:than 40 µm. The _fil~ is 
i 

10 moved i the direction of the arrow in a wrinkle-free . 
s'.tate 
I between, 
; 

j 

' h;aving 
l 
l 

15 gpod rel 

the action of t~e dri~e of 1 and tension 
i . r 

a drive roller is and a follower roller 17. 

he numeral 18.denotes:a pressure· roller 
' . 

its surface an;e1astfc layer of rubber with 

ase properties ~s e~e~plified:by silicone 
. ; : : . 

i . . ' . : . rJber. j This pressure :r;l~eI' ~s press~d against ·the 

h~ater eaement at a totai pressure·of • to 20 kg 

through kbe film interpo~ed. be~ween them and is 
. i ~ : 

rptated pressure co~t+ct ~i~h the f~lm. Toner 20 

20 hkving been fixed on;a 'tra~sfe~ring medium 19 is 
' 

l~d to fixing zone.bt mean~ of an ~nlet guide 21. 
i . A; fixed ·mage is thus obtained.by the heating 
l 

dl:!scribe 
I • 
I 

. ~ 

25 ah 
. i . 

i 
endless 

1 

! 

above. 
• f 

' 
be above has been described w~th reference to 

! 
. j . 

in which·tJ?.e ~fixing film' comprises an 

elt. A sheet-f~edi~g;shaft and a wind-ub 
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I 
s:haft mJy also be used, and the fixing film may not be 

~nd1ess.r 
: ~he image forming apparatus includes an 

. . 
apparat that forms an~mage ~Y the use of a toner, 

5 by copyin~ machines, p~inters, and 

10 

' l 
f;acsimil apparatus, to which the pres~nt fixing 

device an be applied. 

: ~en the tempera:ure, d~tected ~Y the 

4emperaJure sensor 14 ~n; t~e :· l~w heat ;capacitance _. 

linear tieater element ;11, is. T11, th~ sll;rface 

~mpera~re T2 of the fi~m.15 ~pposed !to the 

resistance material 13 is about 10 to '3o·c lower than 

~1 . Thll surface tempe~a~ur~. T~.of th~ film on the 

~rt at hich the film,l~ 1S:p~eled fr~ the toner-

15 f.ixed f ce is a temperature subst~nti~lly equal to the : I . ; 
~ove t~mperature T2 • 

' lsui table as meth~ds of; ele'ctri:fying the heater . : 

~lement according.to sue~~ te~peratu~e control system 
; 

~re the 
' 

: : ! . 
pulse width modu;lation;· sys:tem, the frequency 

on system, the 11,,c ph~s'.e control system, etc. 20 
j 

nlodulat 
I 

25 

iiii1iii1iriirnf 
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The present invention will be described below 
! 

in great~r detail by giving synthesis examples and 
I 

i 
working examples. The "part(s)" in the synthesis :: 

l 

examples; and working examples refers to "part(s) by . . 
5 weight".! 

' 
Synthesis Example l . . : 
I 

;En a reaction vessel; 200 parts of cumene was 
i 

put:, and(tll~---t-e-;..perature was raised to the reflux 
I 

temperat~re. A mixture of 100 parts of styrene 
; 

10 monomer hnd 6 parts of di-tert-butyl peroxide was 
I 

dropwise!added thereto at 135•c in 4 hours. Under 
i . 
I further ~eflux of cumene c1•s·c to 1ss•c), the 
i . 

solution; polymerization was completed and then the 
i 

cumene was removed. The polys~yrene thus obtained was 
I 
i 

15 soluble ~n THF, and had a weight average molecular 
! 

weight o~ 7,800, a molecular weight peak (MA) of 7,200 
j 

and a.T~ of a7•c. This is designated as polymer A~l 
I 

of the bhnder resin fpr the toner of the present 
I 

inventio~. 
! 
I 

20 ~ynthesis Examples 2'to 5 
! 
: 
~sing the monomer compositions, polymerization 
j 

initiat~rs and solvents as shown in Table 1, the 
I 

i . 
soiutio~ polymerization was carried out in the same 

I 
j 
i 

manner ~s in Synthesis Example 1 to give polymers A-2 

25 to A~S ~f the binder resin for the toner of the 
i ·.-

' present 'invention. 

)• 

I 
I 

1 
' 



____ .,.. -

#' ••• 

; 

5 

10 

15 

20 

Pol 
; 

s!vnthesi!s 
; 
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! 

A-4 
i 

;s A-5 

i Pplymer 
I 
~-2 

!A-3 
~ 

~-4 

25 ?A-5 
i 
j 
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Table 1 

Syntheses of Polymers A 

' 
Monomer compo~ition 

: 

er arts> Solvent 

Example: 

Styrene . (851 Xylene 

Butyl acrylate. (15~ 

Styrene cao:> Xylene 
: ; 

acryiate 
' Butyl (20J 

Styrene ('1'1~ Toluene 

2-Ethylbexyl: 
acryia~e <?3) 

i 
Styrene <eo» Tolu~ne 

i 

2-EthylbeXyl ~ 
acryla~e c20:1 

' 

. i . : ! ; 
Table~ 1: (Coh.t 'd= 

. ! 

. ~ 
Weight average; 

molecular weigbt 
11,000. 

17,000 

21,000· 

24,000 

. ! 

·Molecular weight 
! ! 

p~ak 

9,200: 

15:,600; 

19·, 200; 
. . 

22·, 300; 
I 

Polymlzn. 
initiator 

Benzoyl 
peroxide 

Benzoyl 

peroxide 

Benzoyl 
peroxide 

Benzoyl 
peroxide 

Tg 

s4•_c 
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1 ~ynthesis Example 6 
I . . 
Fn a reaction ve~sel~ ~00 parts of deaerated 

w~ter inj which 0.1 part ~f .a:p~rtially.-saponified .·: 

pfoouct: Ff polyvinyl al~h.;l ''+" d.i.asoived was put:·~~ 
5 .and thej the monomer composition as shbwn in Table 2 

wrs adde~ thereto. to make ~i> :.al suspens~on. The 

s~spensi~n was heate~ to: a~·~ ~n a nitrogen 

~tmosphe~e. The suspension wa~ mainta~ned at that 

t~mperatbre for 24 ho~ts: Jn~ ihen pol~erization was 

lO cbmpleteb. After the ~e~otionimixture~was cooled to 

room te±erature, sph~ri~al ~o~yme~ pa~ticles produced 

a~s a re . lt of the polYm.~riz~t~on were; filtered, and 
i 

t~en washed.w~th.wa~er,· followed by 
1 • : • 
I ; 

~ehydration and drying't~ giveJpolymer'.B-1 of the 
! i i 

15 binder esin for the toner of ~he present invention. 
: ~ : ; : 

20 

i . ' 
T;he pol. er had a weightJave~age molec~lar wei~ht of 

. : . : 
• } • • I ~ • 

a molecular w~ipbt pe~k of 433,000 and a Tg 

Jonomer ~omposition 
$tyrene 

Jethyl Jethacrylate 

~ut.yl a lrylate 
j 

. i . i 
·Table. 2: . . 

' ' ; 

Mixing pro ortion 

.'Z2 parts 

.10 parts 

:1a parts 

25 ~enzoyl peroxide 
i 

0.22 part 

This Sheet Has Been Replaced 

11111111111111111111111 ! . . . 
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~nthesis Examples 7 to 10 
I 

, I . 
. Using the monome~ compositions and 

4lynaer+a1:1on 1n1Uat.;rS as sbown in TSble 3, the: 

sµspens1pn polymerization was ¢arried out in the same 
: I 

1 t . : 
manner a$ in .synthesis Example:6 to give polymers B-2 

l I . . ; 
t9 B-5 o~ the binder ~esin for,the_toner of the 

piesent lnvention. 
! f 
i i I 

'l'able a 
i I 

I 
Synthese~ of .P6l~ers B 

I Monomer 

. Polker 

j 

coniposit~on 
' ' t 

(parts) 
. i 

l I 
srnthesit Example: 

7 B- Styrene cs3> 
l I . I 

~ 
' 

! 

B-l 
l 
I 
I 

a-i 
I 

! 
' I 

Butyl acry~ate ·c~?) 

Styrene 

Butyl acrylat_e :< ~5) 
• ! 

Styrene · 1 (~7) 
2-Ethylh~x~l . ; 

acry~at_e ( ~3) 
' 

~olymerization 

:initiator 

Benzoyl peroxide 

~enzoyl peroxide 

~,1'-azobis 
(cyclohexane...:1-
carboni trile) I 

B-5 Styrene 
i 

: ·.(~O) 20 10 Benzoyl peroxide 
' i 

' 

25 

I 

I 
I 

. I 
I 

. ! 

Butyl acrylate (lO) . . ' '; •• I 

Divinylben~ene :to.02) 
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Polymer 
l 
~-2 

B-3 
~ 
i 
B-4 
! 
I 

B-5 
i 
; 
l 

' 

. 
' i 
I 
I 

MW/Mn, 
."! 

I 

o:f the 
I 

21, B-3, 
I 
! 
~ 
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Table·3 (Coi:it'd) 

Weight average Molecular weight ... 

molecular weight peak Tg 

603,000 583,00~ 54•c 

821,000 804,000 s'l·c 

956,000 928,000 ss·c 

.I 
'151,000 . . 692,00~ so·c 

I 

Lhe weight ave~.,ge·...;1~cular weight (Mw), 

f~ow-out point, .s9f~en1~g point and Tg of each 

ahove polymers A-i, A-2:, A-3, A-4, ·A-5, B-1, B-
l 

-4 and B-5 are sho~ fn Table: 4 below. 
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5 

10 

15 

! . 
i 

Polymer 

; 

A-1 
i· 
A-2 
j 
A.-3 
I 

! 
~-4 
; 
I 

~-5 
. i 
B-1 
j 

i 
B-2 
i 
I • J3-3 
i 
B-4 
; 
l 
B-5 

7,800 

11,000 

f 17,000 

I 21,000 

I 24,000 

~52,000 
~03,000 
~2'1,000 
rss.ooo 

rSl,000 

Mw/Mn 

2.4 

2.4 

2.2 

2.3 

2.2 

2.6 

2.5 

2.3 

2.1 

2.6 

- 65 -

Table 61 

Flow7out 
~ 

point 

< ·cj 
! 
I 

a$ 
I 

as 
; 

ai 
. I 

at 
i 

90 
' 

116 
i 

.. ~ 
122 

! 
' . 13$. 

. ! 
13* 

! . 
12'1 

softening 
point 

c·c> 
105 

102 

105 

106 

110 

161 

1'13 

184 

182 

180 

. j 

omQarative Synt~esis Exam le 1 

Tg. 

c·c> 
67 

62 

62 

57~ 

64 

5'1 

64 

67 

66 

60 

f = 

comparative poiynier A-6 was prepared in the I . . . ~ . . : . . . ~ 
20 s~me manner as in Examp1$ 1 ~x¢ept that the monomer 

cbmposit.kon as shown in ~ab!~ ~ was used. This binder 

r~sin hab a weight ave~a~e :mol~cular weight of 4,300, 

al~olecu~ar weight peak ~f ·4,2$0 and a;Tg of 54°C. 
. I ! 

I 
25 

1iiifi~f 
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10 

I 

~arative SJ[lltfieSiB Example 2 
I : 

t 
comparative polymer $-6 was prepared in the 

Sfl!De man er as in Synt~sls ·E~ple-6 e*cept that the 

mbnomer bomposition as :s~own i~ Table ~ was used. 

· T~is binber resin had a feight average.molecUlar 

w~ight ok 217,000, a mol.cular weight peak of 198,000 

15 aha a Tg of 59•c. 

20 

25 

Mbno~er bomposition 

S~yrene l 
B~tyl ac ylate 

+vinylb~nzene 
Benzoyl beroxide 

l I 

I 
• j • 

:Table :6 
. 
~ . 

. ! 

i 

~ . 

Mixing proportion 

82 parts 

18 parts 

0.2 part 

0.5 pat-t 

! 
1 reparation ex~~les: o~ the bihder resin 

tordiT to the prese~tiinv.i.n~ion wil~ be described. 

l i 

I 
!· 

-.: .... 

I 

i 
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P,reparation 
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Example 1 
i . . I 

1;0 200 parts of ~1e·ne/ 68 parts- of polymer ... A-
~L 

' . 
1 ~and 32 parts of polyme~ B~4-~ere ·add~d with 

~ . . 

s~irring4 Next, the mix~ure ~~s h~ate~.to about &o•c 

ti complttely dissolve t~e Poiiimer~ A-i and B-4 added. 

After tae stirring was dontintied for about ·2 hours, 
l . I · l : 1 . 

t~e xyle,e was removed. :The resulting'product is 
i ~ . ! 

i 
designat d as "binder resin 1 -fQr the toner of the 

! l ~ . 

i 10 p:resent: nvention. 
i . 

· · i . I 
Preparation Example's ·2 : to 10 at;id Comparative 
I . .:. i 1 
~inder Resin Preparation Examples 1 to 3 
I I .. I . 

~inder resins·2 ~o 10 lor_the ione~·of the 

p;esent knvention and co~parat~ve binder resins 1 to 3 

15 wlre obtlined in the ~amJ ~azm~r as in=Preparation I I ; . 

20 

25 

! ~ ; ! : . I 

Efample except that th~ po~y~ers as $hown in Table t 
' I I ; wrre use I 
I ! 
i i . 

! .. . : ~. 
; 
I 
I 

i 
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I Table 7 
1 I· , . 
;Pre~arltion of Binder. ~esins~and Comparative Binder 

!Res1ns1 

I 
:;::::a:it·::n~21a 

! n 3 
i 

i . 
' . ! 

i 
' n 

n 

ft 

n 

11 

11 . 
l 

4 

6 

1 

8 

9 

10 

. 
Polymer .A 

A-2 

A-~ 

A-~ 

.A-5 
' 

A-2 

~-, 
I 

A-~. 

' 
·66!parts 

721parts 

~-5 !parts 
I 

6slpar~s 
: i . 

60jparts 

6s!parts 
j. 

"lOlparts 

.sojp~ts 
' l 
65ipa~ts 

i 

:Polymer B 

:B-5 34 parts 

B-4 28 parts 

'B-3 45 parts 

'B-4 32 par:t·s 

'.B-4 40 parts 

:a·-3 35 parts 

:B-3 30 part 

:B-2 40 parts 

;13-3 35 par1:s 

15 cbmp. bi 
! 

der resin 1 
i 

.ioo parts .o part 

20 

25 

II 

n 

' . j 

i 
~gents 

; 
i 

describ 
I 

I • I 
! 
; 
; 

! 
I 

I 
! 
j 

11 2 Co~P-. $0 : .. 
par-t;s ; Comp. 70 parts 

n A-$ ; B-"t 
. . I 

n 3 , . ·oi art ; B-2 100 arts 
.! . . ! • 
~ . i , .. i . 
1 • • : 

ote: Comp.= Combarative 
i ~ 

? • 

! 
. i . 

omposi ti on and phys.ica1 ptooperties of release 
; 

sed in Examples ~nd Gokpar~tiv~ Examples 
; . f 

showh 1n·T8b1e· a. 

I 
I. 
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Table 8 

.... 
0 "" 

..., 

~t compo- :- Merl~ 
nent/wax · ing 

Release agent Wax Graft component wt. ratio Mw Mn · Mw/Mn point 
{weight ratio) 

Graft-modified wax A PE Styrene(l)/ 1/100 
dibutyl fumarate(l) 

Graft-modified wax B PE Styrene 25/100 
Graft-modified wax·c PE Dibutyl ·fumarate . 30/100 
Graft-modified wax D PB-1 Styrene(3)/ 5/100 

. · · ·· · .. · · · · ·· · · · ·.dibutyl · niale.ate ( 1 r · · .. · · · 

1,900 

820 
810 
750 

880 

530 
550 
500 

2.2 

1. 5 
1. 5 
1. 5 

95 

91 
101 

81 

······- ................ Jo G'r"a"f'f.;;iilod"f!iea··wair-E-·'"'"l>"EW ... ···"S'tyreneTl rr· ....... _ .......... ··-· .. "4'0"/1'0"0" .. · ... ·-· ... ":g·a·o·- . ·5·30-.... --·1. s· ·10s· .. 

· · . dibutyl maleate ( 1) 
. ···Graft-modified wax ... F PE-*· .... Styrene(1) / · .......... · . . .1.5/100. 1,650 ... 750 2.2 

........................................ --· .. -····- ................................. _ ... ·····-·--····- ... · .dibu.t.y..l .. malea.te.(.1.}. ..... · ..................................... ··---· .......................................... . 
Graft-modified wax G· PW Styrene(l)/ 18/100 · 800 500 

diethyl maleate(l). 
·araft..;mod.ff ied wax H · PE. o-Methylstyrene ( 1') I ·.. 101100. '1, 200 . 500 

dibutyl maleate(l) 
.. .. · .. .. Gra·ft""'mod'lf ied wa2t .. ·r---· :pp ...... ·Styrene ( L·5·)I··.. ........ ...... .. .. 8/100· · ·2·,000· ... 850 

·....:i 

-=--"' -{/) 

!!!!!!!! =­
- CD ===~ 

-if -Cl.I 
~ 

iiiiiiiii g 
~.g ---!» -C'l • (1> 

Q. 

dii)Utyl maleate(l) 
Graft-modified wax J PE Styrene(l)/ . 10/100 800 530 

dibutyl aorylate(2) 
wa,t 1 PP - - 4,900 1,300 

Wax 2 PE - - 1,150 560 
wax 3 PE - - 5,200 1,310 

;.Wax 4 PE Styrene(l)/ 10/ 100 " l,500 450 
· dib'utyl acrylate ( 1) 

. ,·; 

PE: Polyethylene, PB: Polybutene,- Pw-: Paraffin wax, PP: -Polypropylene 
* trade name: Sazol Wax H2 

1.6 

2.4 

2.4 

1. 5 

3.8 
2.1 
3.8 
·~, 3 

115 

82 

112 

117 . 

93 

135 
109 
128 

78 

en 
tO 

I 
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5 

; 

B~nder sin 1 
I 

1 

Magneti material ' . 
I 

- 70 

~egativ charge control agent 
l 

Graf t-m dified polyethylene wak A 
: i 

100 parts 

60 pat':.tS 

2 parts 

3 parts 

The· above mate~i~ls ~e~e premixed using~ 
I 

,ensche~ mixer, and thenl kne~d~d for to minutes using 

~ twin- oll mill heateci ~o 1so!•·c. The kneaded product 

~as lef 1:0 cool, and th~n'.cr$hed with a cutter mill. 
1 I : ~ . 1 

10 Thereafter the crushed product: was finely pulverized 

~Y mean~ of a fine grii>.'¥ng miill making use of a jet 

1tream, 'followed by cl~~iff?~tion usfng ~ air 

;lassif Jer to give a ~l,ck· f i~e powde~ (a magnetic 

~oner) ith a volume av~rage. P,article'diameter of 11.2 
. ' 

15 -pm. 

part. of 
i 
I 

to give . 
f3urface 

20 
i 
~oner 1 

I 
it he 
~ 
t 

unit ho • I 
I 

kg/hr 
! 

25 ~ood. 
i 
prindi 

.· ! 

I .. 
Based on 100 pa~ts: of :the magri.etic toner, 0.4 

fine colloidal ~il·id~ !powder ~a& dry-blended . : : 

a toner having <3ollo·idal silica on the . : . . 
; . 

of toner partiqles.· lThis is: designated as . 
of the present 1nve~tion. 

. i . i 

Grindability ~f!ton~r~·can 
~ : :. ! 

be.represented by 
. : . I 

of the·tOner'that can ~e pulverized per ; .. 
' 

In the case:of th~ toner ~, it was 16 

an air press~r~ of si.6 kg/cm~, and found very 
i ; • • I ;. 

o melt-adhesion1 or the like occurred in the 

This Sheet H:as Bc:x."Jl Replaced 

111111~ 1111111• m1 mm · , 



(,.·:. 

l 

5 

~ 71 

' 
Blocking resistance was examined on the basis 

i I 
o~ the drgree of agglomeration'observed when about 10 

i I . -
gi of toner was put in a polyet~ylene glass of lOO~i'_cc 

a~ leftltO stand at so·? for ~ day. the degree of 

arglome,_.tion was meas~r~d ~~t~ Powder: Tester 

manufact,~red by ~osokawa:Microh Corporation. A 

J,roduct 
1
1ef t at room t~m~e~a~u~e and the product left 

; I .. 
at so·c !for a day show~dl s:wt.~ and ·12; wt.%, 

Jesp~ct"vely, which we~~ s¢>~tkntially the same 
? 

10 i values, 
; 

the diffe~~nbe· {~G) was only 3 %. From . . I . I . 

~hese f 
i 

l 
I . . ; 

blocking occurred. . 
! ~ I i i 

· f jFixing perfor~4ce ,: ~~ti~ffset, wind-around 

*esista-ce, and.image p1foper"ties or durability were 

!I" • : ~ 

it was confi~med that substantially no 
. 1 

; I · · . ·. i 
15 7xaminet using a modifi~d machine·of a copier·NP-6650, 

Tanufaclured by Canon Inc .i. 
i The preset temp.ratur~ of its:fixing device 

i : ... 
tras dro ped by s•c, at which the tests were carried 
i : j 
out. 1 

1. .~.· i . i 

20 In particular~ ~s ·to the anti~offset, the 
: . : : . . ; ~ . . 

fleanint mechanism fo~·fhe ~ifing rol~er was detached 

from thl copying mach~nT ~µ~ ~he·evalfation was made 

by cou1ing, as copy durability, the number of copy 

~beets [t which an i..as? Was ~tained or the fixing 

25 irol.ler r·aS COO'taminat~di. 

As to the fixinQ ~~~fprmance) fixed ima~s 
; 

' 

----------------
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I 

l I 
were rul)bed 10 times with lens· cleaning paper nnusper" 

I 

(;trademJrk= ozu Paper co:., ·Ltd.) under application of 
: I 

~ load df about 100 g, and anY: peeling of the fix~d 
; . . . ::.. 

1mages 1as indicated by ~h~ r~te {%) of decrease in 
5 reflect~on density. Th9. fixed image for evaluation 

I 

Jas the! 200th sheet ·when cop'i~s were continuously 
. ' ~ 1 

iaken oJ 200 sheets. ~ 
l I . . ; 

! : . . . ! . : 

jAs to the wind-~rou11:d;resistarice, entirely 
: I . . ! . 

~olid biack images were 1produc:!ed on three sheets, /:and· 
I. : 1 . 

~ ~ 

10· the state of traces left on images when the sheets are 
~ i . '. . . : ' 
yeeled fith peel claws ~f -t~elfixing toller was 

~xamine~ to judge the.d~gr.ee ~o which:the peeling 
· I i . 
~elied pn the claws. 

'. !As a result, in;respe6t of th~ fixing 
I . ! : 

15 berform~, the rate'al deCrkase:was'3 % snd it was 

~ound very good. The:a~t1~cif~se~ was~so good that no 

~tain al contamination *as ~e~n on imkges or the 
i I , ; , . i 
~oller ~ven when copiesiwere taken on;so,ooo sheets. 

~he wi~-around resista~ce:w~~~al~o f~und very good 

20 ~lthoug~ traces made J;>yjtne c~aws·wer~ slightly left . . . . . 
; ? rn the images. '. i ; : ;: ; . : ! 

Running· tests were carried ou~ on about 10,000 
i . . ' 
: . . ! 

!Sheets 11 USing an image Yti th 1 an image-area percentage ! I : ; . : . 

iof abo,1t 5 %. As a reshH:, i~ages w~re reproduced ln 

25 la good 'state. Al thou~~ t~e:_ ~ea-.ldhe.sion end fil~ing 
to the photosensitive: J8ember :Were slightly seen, ·'the I i ! . 

I 
I 
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l qopied ~mages were not a'.ffect~d at all. 

' !The toner had.a THF-irjsoluble matter of 4 

it.%, aj Mw/Mn accordin~ to GPC of the THF-soluble 

~atter, lof 38.2,. a mole4'1lar. ~eight p'.ak MA of 7,700, 

5 ~ molecular weight peak :MB of i765,0001 an MB/MA of 99, 

~nd a mJlecul.ar weight distri~ution curve area ratio 

~A:SB:SJ of 1:0.36:0.60.i · ; 

Binder l:::p~e 2 
. --~---- ---=o parts 

10 ~agnetiJ material ; 80 ·parts 

. ~ositivi charge control ;agent: 2 parts 

~raft-m~dif ied wax B · 4 parts 
i I ! 
i lThe above mater~al.S _...I.re premixed~sing a 

15 t~::::to:~x~:l~:a:::tt~:~:.fo:h:o~:~::sp:::::t 
-~ lefl to cool, ana·tte~ or~bed with a cutter mill. 
Thereaffer the crushe4 pr~duc~ was f ipely pulverized 

~Y mean~ of a fine grfn~i~g m~ll maki~g use of a jet 

furrenti followed by cl~Sififation u~iog an air 
20 plassifker to give a bl~ck f i~e powder (a magnetic 

! I . , ' ' . 

particle'. diameter of 8.7 loner) rith a volume ~v: .. ;rage 

pm. 
. ,I . ,; . J •. 

1 Based on 100 pa~ts ofi the magnetic toner, 0.4 

~rt 01 fine colloidal ~iliCa;powder was dry-blended 
25 jto give; a toner having coll9idal sili~a on the 

lsurfacJs of toner partihles:. This is: designated .as 
l 
~ 



..... ,, 
r• ..• .. __ .;· 

1 

s 

10 

15 

i 
- '14 -

. I 
toner 2 lof the present ~nvention. 

, !Grindability of ·the toner was 5.8 kg/hr at an 

~ir preJsure of 5.6 'l:!;i1C..2 , arid found 0very good. Ho 

melt-adJesion or the .like occurred in the grinding 
! I 
l 
mill. 

Blocking resistance weis examined on the basis 

c)f the degree of agglomera'tiorl observed when about 10 

g of-~ler--was- ]JU't-·irr- a ·poive~hyl~ne ~lass of 100 cc 
~ . ~ . ~ : 
~nd lef to stand at 50~C ·for !a day. ;A product le.ft 

day sho ed 17 wt • % and 21 wt:.%, respect i·vel y, which 
~ ; i 

~ere s stantially the ~ame·v~lues, and the d~fference 
~AG) wai only 4 %. Fro~ the~~ facts it was confirmed 

~hat suLstantially no·biociki~ occurred. 
' .· i 

• 4 • ~ 

Fixing performance, anti-offset, wind-around 
. . ! . ~ ~ 

~esistafce, and image'p*oP.erties or dttrability were 

1 The preset te~p~r~t~r~· of its~fixing device 
l : ! 

~xamine~ using a modifi~d:~~c~ine.of ~copier NP-4835, 

~anu~actured by Canon 'I*c.' . . 

20 ras dro ped by lQ•C, at:w~iGhlthe tests were carried 
l 

put. 
i . . . ~ 

1 In particular, ~s t~-~he anti~offset, the 

~leanin mechanism for the f i~ing roller was detached 

rrom t~ copying mechin~ and ~he eval:"'tion was made 

25 ry cou,~ing, as copy ~ural?iii~y, the number of copy 

rheets It which an imSg~ was rtained Or the ~ixing~-·~~~~-
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i 
I . . 

roller was contaminated. 

~he fixing perfo~mance and the wind-around 
! i 
r~sista!6e were also.evaluated in the same manner as 

ip Examp,le 1 . ·· 

i ~s a result, in respec~ of the' fixing 

p~rfor~abce, the rate of'.decre~se was 6 % and it was 

t}>und vej..v good. The imh-offi.et '9aS 1>0 good that no 

s~tain oJ contamination· was seeh on images or the 

1oller ±en when copies ~ere t~k.en on ;l ,000 sheets._,_ 

T;he win -around resistanbe was~ als~ f~~nd very.good· 

~lthoug~ traces made by the claws were slightly left 

1n the teges. ' : . . ' . ' 
· Running tests ~e~e·carried ~ut on about 30,000 

~heets, using an image;~ith a~ ima'.ge-~rea percentage 

15 dt abou~ 5 %. As a re~~t~ i~ges we~e reproduced in 

J good Jltate. No mei't~~~h~s~dn nor f~lming to the 

Jhotose sitive member ~~ seen. 
! .. 

j The toner 2 ha~ ~ THFlinsolub~e matter of 2 
i : ; ; . I . 

~t.%, an Mw/Mn according to GPC of the THF-soluble 

20 ttter,lof 24.7, a mol~ler:+ight pj~ MA of 14,000, 

~ molec·lar weight peak;MB of ;sso,ooo;. an MB/MA of 

fa.&, afd a molecular :"~ight: Jistribu~ion curve area 

tatio St:SB:Sd of l:0 .• 0:0.59J : ! 
1 

'!Example 3 

25 Using the ton~r;2 pre~ared inlExample 2, 
' l ! 
*nfixed images were obtained ~Y means :of a modified: 
' i 
i 
! 
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. I 
ihachine j of a copier FC-5, manufactured· by- ·Canon Inc. 

; IA test for fixi~g the unfixed.images was 

tarried, out using the·e:ternal fixing.device as shown 

in Fig.• 1, comprising a:pressure member that stands 

~ppositL to a heater ellmen~ in press~e contact and 
I I · : 
~rings r recording medium int~ close contact with the 

ieater!' lement throug~ a filmlinterpo~ed between them. 

Psed a a material of the fixing film· 15 was an ; I , . 
lendles, film comprising!a polrimide f~lm coated w~th 

10 la release layer with a thickness .of 10 µm to wh~ch a 
1 I . i : · . . ; 
ifluorine resin and a conducti~e mater

1

ial were added. 

!A sili,jone rubber was'~ed a~ the pr~ssure roller 18, 
I . 

I • ~ r 

jand thr· fixing was ca~~ied out wi'th a nip of 3 . 5 mm, 

;under total pressur~ '.ot: ·a· ~g between .th~ heater 

15 ! i I . 

11 and the pressure r;oller 16, and at a 
·i . . 

speed of 50 mm/sec.: ;The film was moved in the 
• 1 . - ; 

• I 
. j . I . : 

arro~ii~ a wrinkle~free state by the 
~ : . 

directr-on 

1 • I f iactionlo 

of the 

the d,rive of j ~nd ~ension ~etween, the dr.ive 
! . . 

: roller 16 and the folldw~r ··roller 11. l .· j . . : 

20l · The heater eie•ent-1i was co~prised of a low 

lheat J.p~citance line.J heat~r &lemelt, to which 

j enerJ was.pulsewise applied: and temperature control 
a • • : • 

i was c ried out. The ~esistance-mat~rial of the ; . . . . . 
~ heate . 
I 
I 

25j Tempe 
! 

i 
! 
i 

element 11 had k ~owe~ consum~tion of 150 w . 
. . . ~ 

atures were so'c~ntr~lled as tb be the same as, 

f. 
i-
i 
I 

~ 

than ~he· fixing ass~mbly {preset. 
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~ixing 
1
emperature: 180;C) of:tbe FC-5 modified 

•achiner at which the tests were carried out. As a 

fesult,,t:he fixing perf+rmance was 2 %-in terms o! the 

rate of, decrease without stain and co~tamination on 

ix.th th~ image and the fixing'. film ev~n after 3,000 

pheet r 1 nning, and foun~ goodt In addition, the 

~ . ' ' : time was 3 seco~ds or!less, and the power 
: ' . 

. I ; 

ion was signifigantly: lower.- than that-i-a- &-

! ; i 
heat-ro ler fixing syst~m. i ~ 

10 ! Example 4 
l 1 ! 
binder ~esin 8 , ; 
I 

.. 
100 parts 

i 
parbon lack 1 4 parts 

I . ' ! 

Positi charge control:agent 1 

! i : J 
2 parts 

i i 
~raft- dif ied wax A · 

I J 
5 parts 

~ ~ . i ~ 
15 i Using the above!materials, a toner was 

i . i ~ ~ i . : 
prepar in the same m~n~r a~ in·Ex~ple 2. This 
I ·• l · : : l 
;toner d colloidal silica were mixed: in amounts of 
I . : i ; i . 
jlOO pa and 0.4 part,~ respeptively.: The resulting 
. . i . ; . 

~oner ~ designated ~ ~oner r of th~ present 

20 !inventjn. In iron p~ef_ 'wi~h a' pariticle size of 200 

jmesh-pass and 300 mesh-pn, th~ ,toner ~ was mixed in an 

!amount of about 10 wt~.J to ~i~e a de~eloper. Only the 

!toner 

t 
25 iin 

1 
js.6 
! 
' 

ter 

. f 
replenished. : 

1 . ! 
The grindabilf t~ of tpis toner was 15.2 kg/hr 

' : I · · i 
the throughpu~ u~der ~n ~ir pressure of 

l : . ., . 

and was fouhd;ver~ good. There also 
I : • i 

. ~ 

1iiiiif1r·· 
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l I 
Occurr~ no melt-adheS16n to the interior of the 

frindi,, mill. The bio?king ~esistance was evaluated 

as AG= 5, and was found not· problema~ic at_all. 

: I Image properties an~ ~ixing performance were 

jevalua,ed using.a modified Ma~hine of: a copier FC-3, 

jmanufa~tured by Canon_ I~c~ :A; a res~lt, images were 

ireprodJced in a good state, a):ld stabl'e images were 

iobtainjd even· after· 1·;·0;00; .she~t running. In addition, 

lno melJ-adhesion nor t~lming ito the photosensitive 
~ . : ; 
I I ' ; . 

10 jdrum 1s seen. . ; 

i. 1 The preset temperatu~e of the fixing assembly 

lwas drlpped ·by 2o·c and a~solthe cle~ing mechanism 

\_,, delacbed from t~ ~~"f'iassE!mblY"• under the state r . ' I · 

of whirh the above r~n;in:s w;s carried out. As a 

15 result the fixing performance was al:;lout 5 % in terms 
I _; . i . 

of thelrate of decre~s~, ~~~lwas fou7d good. The anti-

offset. and the wind-around resistance were also found 
• I • o 

I 

! 
good. : : . . i 

. . ~ . I 

The present to*er-~a~ a THF-insoluble mat'ter 
: ! ; : i . 

-20 of 1.8 wt.%~ an Mw/Mn ~cqord~ng to GPC of the THF-
. • . . ! 
' f . ~ 

matter, of 29,;a.m~lfcular weight peak MA of 
; .. i 

a molecular weight p~ak MB of 170,000, an 
• ! I : 

. ~ . . 1 . . : 
MB/MA f 43, and a m?l~cular;weight distribution curve 

• I 
, : . I 

area tio SA:SB:Sd of; 1~0~4~:0.38. 
I 

25 . ! 
! Examples 5 to 8 

.. i . 

Toners 4 to 7 bf thelpresent'. invention were 
. ! . 
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I 
: I 

1 obtaine~ in the same ma~ner as in Example 1 except 
. I . . 

ih~~ t~e binder resin:wfs replaced with the binder 

:resins ~s shown in Fig. ~ 9. . ... 
; , 
: I 

i Examples 9 to 11 

5 , I Toners 8 to 10 bf.the1present: invention were 

;obtainJd in the same ma~.: rter:a~ in· Exakple 2 except 
• I 
; I 

!that tHe binder resin· and· release agent were replaced 
! I . : 

iwi th tJose as shown in· ~ig.: 9~. 
; j Results of th~ rval~:~iOD m~e OD the toners 

.10 !of Exa ,ples 5 to 11 aref, shown· in ·Tabl'.e 10. 
I 

: . ! I 
I Comparative Exampie·: 1'. 

i •a ~ 
Comparative toner: l= was 

• I 

; 

obta~ned in the same . ~ .I : • 

1manneri1 as in Example ~ ;ex~ep~ th~t c~mparative binder 

iresin was used which~conta~ned ·100 ;parts of polymer 

15 j A-2 on y as the bind~r lresi~) '. 

l I In the case of '.tliis:· ~omparat~ve toner, fine 

)toner iarticles were ·f~rlll:ed ~n a lar~e quantity when 

lit ~aslpulverized un~e~ a:n :alr press~re of 5.6 kg/cm2 , 

lresultkng in a broad·p~rticl~ size distribution. Thus 

20jthe prLductivity was:clearly!inferio~. 
i . I : ; : . : . : l l·using the FC~SJm~diffed·m~chine, the fixing 

jperfor ance, anti-offs~t~ wind-around resistance, and 

j image broperties or du~abi~i~y were ~~amined in the 

i same mbnner as in Exrimb1e · 2. ! 
2si IL. As a result,·i~ ~esp~ct of the anti-offset, 

! Stain nd contamioatio~ were~respectfvely occurred OD 
I 

I 
I 
I 

r--.. _ 

liiiiiif 
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'both tje images and the' rolle~ when copies were taken 
. I 
,on 20 1heets. In resp<>ft of ~he wind-around 

~resist,nce, traces mad~ by th~ peel ~laws were clearly 

:1eft on the images. In'. some ;instances, no paper·;:·.-was 
;- I l I 

;discha,ged from the fi~ing as,sembly. 

, I The present t~~~ ha~ a THF-insoluble matter 

;of 0 wt.%, an Mw/Mn ap~ording to GPC :of the THF~ : I ! I 

;solubll matter, of 2. '1,; aild' ~ molecular weight pealt MA __ _ 
;Of 8,9 iO. : !· .. : ! 

10 I Comparative Example. z and 3 
i. . : i . 
I . I i . i I I Com~arative·t~,ers ~rd 3 w~re obtained in 

the same manner as in Example 2 except that the binder 
I i i · 

resinsland release ag~~ts we~e chang~d to those shown 

in Tab e 9. Results o~ the Jvaluatidn made thereon 

15 az;"e sh!wn in Table 10 .• : 

I : 

20 

25 

f. 
I 
~-

.. I 



N 
UI 

N 
0 

/'""•'.'. 

..., 
UI 

.......................... ·--·-· ---··· ................... ~···--· .................. - ......................... _ .... -............................ _, ..................... -~ ....... ··- ... ·-· ..................... _ ........ .,. ... -.... -........... -............ . 

..... 
0 

V1 

. ............... " -...................................................... -·-.. . .. 

I-' 

·------- --·-····--·---T.a.b.J..e_9 _____ ·--·--.. -·-----·--·--··---- -··-··-···------------

• ,,.. ...... _¥, .. ,;! 

Binder 
resin 

Example: 
5 4 

6 10.'. 

THF-in­
soluble 
matter Mw/M1'1_ MA MB MB/MA SA: SS:Scf ___ Rel~ase _agent 

1. 3 

1 •. 6. 

31 

20 

10,000 310,000 31 

13,000 667,000 . 51 

1:0.43:0.59 Graft-modified wax C 

1:0.37:0.56 Graft-modified wax D 

............................ -7' ............. 9~- .......... · · ·· ·2 .. : .. cf ·· ............... 2.5 ....... ., · ... :rs-; aero·-· .... s·oe· ;"00-0 .. ···· · ·32-: ..... - .... ·-1·:·0·;·4·1 .. :·0 .. .-·3 9 ........ Gra.f.t,.,.modi f.ied . wax .. E 

----..-.,...-. I 
;i ) - ... I -~ .. == Ci.l ~. t:r- . 

.. n I ........_n 
-i.I 
-=· 1 -Ill =o:i =n -g I - ..... 
~i ==&;" -., 

a 

8 .. 5 .. · · Q .•. 5 . . . 29. . 16,-000. '170,000.. ~3 .. : ... · 1:o·.-43:0.48 ... Graft-modified wax F 

9 ...... 7 ......... -...... ·-·1-·. ·a·-·-·-· .. ·--- ·45--·· ........... ·5 .. ;·5·00·· ... ·a·ai; ()'00 ............ i.fif ........ - .. ·1-:<>": ·3·a-:--o·~ .. 5·5· ...... "Graf·t::::moai· f ied ... wax 'G · · 

10 3 .... -L5 

...... 1'1""'" 5" ........ 1 .• 0 

Comparative Example: 
2 Cp-2- 12 

3 Cp-3 1.0 

26 1s~ooo· ·770;000 ·s1 · 1: 0 i·30: 0. 60 

22 ........ 21,.00.0 ..... 76.o.,ooo ...... 3.6 ...... J .. :0.35:~~-~o 

16 4,100 

2.4 

180, 000. 

5~0,000 

44 1:0.83:0.47 

, .. :. Cp: Comparative-bind~r resin 

Graft-modified.wax H 

Graft-modified wax I 

Wax 1 

Wax 2 

CJ) 
~ 

.I 
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:Table; 10 

Results of Evaluati6n on Toners o! the Invention 

I 
• 

I 
Girind-
ability 
I 

£xamp1,, 
1 5 Good 

6 Good 

7 
1 

Good 

8 Good 

g. Good 

10 Good 

' and Comparatf ve Toner . 
Block-
ing •· i 

resist.,;. !Fixing 
ance ~ p~rform-
{ AG) '.ance 

4 % 

4 % 

5 % 

3 % 

-1 

4 

3 

5 

% 

% 

% 

% 

3 % 3· % 

; 
: 
! 
• 
' 

4 % ~ t; 
. . ' 

Anti­
. offset 

Goop 

Goo~ 
: 

Good 

Goo'd 
I 

Goo;d 

Godd 

Melt­
adhesion and 
filming to 
photosensi­
tive member 

Same as Ex.1 

Same a~ Ex.1 

Same as Ex.1 

Same as Ex.1 

Not at all 

Not occurred 

15 ! 11 1· Good 
icompar tive Example: 

4 % 
.. ! 

2 % l Godd Not occurred 

. I t 

2 I ·Poor 4 % 15 % : Poor Occurred 

3 !Inferior 4 % 50-% ! Podr Not occurred 

: ! 

Preparation of ~re$in !11 .. i . ; . 
In a reaction vessel~ 200 paJ;'"ts of xylene was i . . 

temperat~e was~raised to the reflux ;put, a+d the 
~ I : i = ! . 
j temperjture. .A mixt~r, of. :9l parts 

I monomer. 10 parts of b•rY'.1 · ·ac:rylate 

2s: I 

of styrene 

monomer and 7 



1 

5 

parts oj di-tert-butyl Per::1de was mixed ther~~~~~i~i~ 
i : ' 

the solution polymerization was completed in 6 hours 
: I 
. I 
! I ' under reflux of xylene. : 

l !The styrene-butJl acrylate copolymer 

~hereinifter "St-BA copJl~er~) thus obtained had the 

~hysica} prope;ties as ~bown-~n the column of "Low-

femperature soft~ning :r,sirin ~n •Resin 11" in Table 

1. 1 : i . . . ' - . 
i I 

! jon the other ha~d,' s2;parts of styrene 

10 ~onomer~ 18 parts of ~u~yl acJylate monomer, 0.3 part 
I I ; . : 
; i . i 

·pf polYfinyl alcohol~ 2~0 :Par~s of deaerated water and 

0.11 pabt of benzoyl peroxide;were mixed and 
~ I . c I 

~uspendbdly dispersed~ :The ·resulting, suspension was 

beated Lnd maintained.ai 7s·c for 24 ~ours in a 

15 h1trogeb atmosphere, ~n1 ~hen the·pol¥merization was 

~le~ to give a big~-teDip?rature ~oftening resin 
I r : I 

20 

25 

~s sho'"f on "Resin 11• ~n:Table 11. 

l · ! A dried product~of this high-temperature 

~oftentg resin was i~t~c~ in the: resin solutiOn 
i . I . . I : 
iormed hen the solutio~ polyi:nerization for the above 

~ow-tierattire softe~ij,g·resln.wa!' ci,,.pleted, and 

Lade ta completely diss~l~e ih a solv~nt. ~hereafter 
kne so~t was_remov~dt ~s~n 11 ~thus prepared. 

1 Preparation of ):S$ins!·12 to 15 and comparative 

resins 4 to 6: 
: i . 1 . ; 

Resins 12 to 15'· artd. cbmparatilve resins 4 to 6, 
. I i 

f·. 
I 
i . 
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l as sho in Table 11, were· respectively synthesized 
; 

and pre·ared according to the procedure for resin 11. 

Example 12 
: i 

After 100 par~s '.of· th~ resin 11, 'IO parts:.: of a 
' 

5 iiiagneti~ material, 2 patts: of ia positive charge 

~ontrollagent and 4 ~ar~s 6t ~aft-moJified 
1 I : 1 2 2 
rolyethTlene wax .J {Mn: is·;~ ·X !10.; Mw~ 8.0 x 10 ; 

¥w/Mn: i.s; melting point: 93~C) in which styrene and 
! I = ; ; ' . ; butyl asrylates were used as graft components, the 

10 k1xturelwas melt-kneadeJ usinJ a twin~screw extruder. 

~ knetded product ....s:cooleJ and then pulverized by 

t:8~:1:lc~i::t~:~am.Bn~~:~l:a:::::lf::1:::: :vblack 
~ine po~der (a magnetic~t~neri wi~h a~volume average 

15 karticlb diamete·r of ~u~ $.~ µm. B~ed on 100 parts 

ff the ~Gsulting magnetfc.tcin~r, 0.6 ~t of 

~ydrophbbic colloidal s~lica powder was added·and 

~lendeJ to give toner'.Al havi~g hydrophobic colloidal 

b111ca rn the surfaces bt tci.J.r parti~les. 
20 

J lUnfixed images 9t:t~i~ toner i were obtained 

~sing a modified ma~hin~, ~a:c~pi~r NP~l215 
le manufai tured by Canon in~~') ~rom which the fixing 

~ssembl~ was detached. ic~mmebcially ~vailable copy 

baper, ~anon New Dry Pabe~ (5~ g/m2 : Ceµion Sales Inc.) 

25 ~ us~ as a recording: ~iuj.. . , 

: 1 A tests for fix~ng th~ unfixed images was 
. l ' . 

~ : 

11im1nr 
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1 qarried out using a temperatur~-variable heat roller 
I ' 

5 

external fixing assembly comp~ising an upper roller 

~ompris~ of Teflon and ~ l~r rolle~ comprised of 

silicone rubber, under· donditi:ons of ~ nip of 4 m~, a 

~ressurl between the upi;!er· .an~ lower ~ollers, of 0.4 

~g/cm il linear pressurJ apd· a proces~ speed of 45 
' 

~m/s.ec, and with tempe:rJ.ture" dontrol at intervals of 
~ . : . . 1 · C wi ti. in the temperat~re· ra~9:e of f~om l 00 • c to 

·2so·c The fixed image~ t~us !obtaine~ were rubbed 

10 tith ~+ cleaning pape~ ··0~er• • (trJdeinark; OZU ' 

paper Co., Ltd.) under ei.PPlication of:a load of 50 
! 2 I : : l : i 
¥/cm, and the temperature at:which t&e rate of 
~ . ; . . . i : 

hecreas in image den~i~y "b~f4re and ~fter the rubbing 
! ; . ! i 
; ; ":. ! : . 

jrlas not more than 7 %:was regarded as;a fixing 
i . ~ : . l . ~ 

15 ~tarting temperature. As tq ~nti~off~et tests, the 

~ixed i~ages and the ~oil~r~ +ere·obs~rved to make 

~va1uatron. . . \ ; 

j 1 As a result, th$ fixi*g starting temperature 
i I : 
~as as ~ow as 12o·c and'.a"nqn~offset ~egion was seen 

20 -~t 110 o 21s•c, show~nb ~~~tlthe:lowLtemperature. 
I ~ . ~ . I 

fixing tad been achieVe?· •. Thr t~ner i.1so showed a 

;good b~ocking resista~c~ .. 7h~ blocking resistance was· 

rvaluajea on samples ~b~ain~d! after tOners were left 

:in a 5l'C dry contain~r,_ fc;>r 3~ days. 

· 25 i Results of the ~vf;liµa~ion are. shown in Table 

13. 
; I 

I 
I 
t 
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Examples 13 to 16 

I Toners B to E were pr$pared using resins 12 to 

15 I . i : ' resrective y, 
' shown 1in.Tab1e·11 in the same manner - . 

..... as in Example 12. 

ierformbnce. 

Evaluationiwas;mad~ on their ~ixing 

. 
to 16, 
l 

are 
1 
; 

~ 

' ; 

The resulting·tqn~rs 4re noted as Examples 13 . . 
e"spectively, an~ the i;oesui ts ef the evaluation 

n in Table 13! : 
i 

Comparative Exad.ples 4 to 6 
. ~ i ; · .. 

10 Toners F to H w~re pr~par~d u~ing comparative 

~sins~ to 6, respectiteiy~ SboWn in;Tab:le 11 in the 
.~ame mahner as in Exaiitpie · 12. Ev~lua~ion was made on 
l . k ; 
fheir 1·x1ng perform~. . , 

is kxemp1~T:et:e::1::~~t::::Yrr:n:o:~ ~~:::s::t:~ 
l.-1ua+on are shown fni T.diieJ 13 .. 

bxampl 
! 

20 ~ax) m . 

result 
' 

25 !Exampl 
i 
?nodif i 

!. 

j ; . . 

Comparative Exainple·7; 
. i ... i 

Toner I was ·pre~ared f n the s~e manner as in 

13 except that ·a part~ of· wax~ 3 (polyethylene 
; i . j : i 

lting at 12s·c·was·usea a~. thel release agent. 
! . ~ i 

: ; : i . 
ion was made o~ ~ts fi~ing per~ormance. 

: I . . ' 

obtained are sh~~ ·~n!Table 1~. 
. : i • 
. i i ~ 

Comparative Example 8; 
; . ; 

Toner J was prebared kn 
~ 

the s'ame manner as in 
! . 

12 except that 3 parts of: waxl 4 (graft-
; ' 

polyethylene ~) ·ob~ained by subjectinQ 
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l 
: I 
polyethylene wax (Mn: 4~5 x 1~2; Mw: 1.5 x 103; Mw/Mn: 

r-3) tol the same graft modification as in Example 1 
was usei:i as the release_: agent~ Evalu~tion was made on 

~ts fix~_ng performance. 

~able 1~. 
I I 
; . As will be 

i 

Results obtained are shown in 

5 

evid~nt from Table'13, the toners 

O•. f Exampi les 12 16 h · h" d d l to aye ·ac feve go~ ow-
! i ; ! 

~empera~ure f~xing perfQrman.ce~ apti-bffset, blocking . ' : l I · : 
pesistance and developi~g per~ormancer However, with 

10 kegard ~o the toner of bompar~tive Example 4, though 
' I 

15 

20 

25 

rchieva~le of low-temperature I f"ixing rerforma_nce I it 

~hows j poor anti-offSet. With regarB to the toner of 

~ompar'five Example 5, ~t shots a po+ low-temperature 

jtixing berformance. 
1 

' I In respect of t~e tonfr of Co~parative Example 

r; no IL-temperature fixing Performalice is achieved. 

lrn respect of the ton~rj o·i ·coiparativ~ Example 7, 

khe~e eke problems in·t~e·l~w~tempera~ure fixing 

Lerfor~nce and devel~ping pe~formanc~. '. F° I , I · I I • : ' '. I I-n respect of· t~e. ton~r of Co~parative Example 

~, it ~as achieved the iow-te~peraturb fixing 

lperforJance b~t shows. a~ poor ~-locking! resistance. : I ·, i . . ; 
• 1 From the forego;ing, ~ ijt has bean made clear 
! I I ; 

jthat t~ toners for d!>v~.1oPin~ elect+static images 

laccord~ng to the pres~n~ invehtion haye superior low­

~emper~ure fixing perffrmancr and ....,~i-offset, Blld 

I I ~~-~~--~~~~~-
I 

' 
l 
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i 
i 
I 

have th~ composition that does not adversely affect 
I 

l 
the blocking resistance and developing performance. 

I 
!Example 17 
! 
!unfixed images were obtained using as a toner 
I . 
i 

5 the toner A as used in Exa~ple 12. 
I 
!A test for fixing th~. unfixed images was 
l 

carriedlout using the external fixing device as shown 
I 

in -F±g-;-rl, provided with a pressure member that stands I . : 
opposit~ to a heater element. in pressure contact and 

I .· ! •, 

10 brings a recording medium into close contact with the 
i 

heater ~lament through a film interposed between them. I . 
I 

Used asj~ material of the fixing film 15 was an 
I 

endlesslfilm comprising a polyimide film coated with 

a release layer with a thickness of 10 µm to which a 
I 

15 fluorin$ resin and a conductive material were added. 
I . 

A silicbne rubber was used as the.pressure roller 18, 
l 

and thelfixing was carried out with a nip of 3.5_mm 
I 

and at j process spee_d of 45. mm/sec. The film was 

moved in the direction of the arrow in a wrinkle-free 
. I 

20 state by the action of the drive of, and tension 

I ·betweenr the drive roller 16 and the follower· roller 

11. I 
I 

! The heater element ll was·comprised of a low 
; 

heat capacitance linear heater element, to which 

25 I . 
energy was pulsewise applied and temperature control 

I 
I 

was carried out. Temperatures were controlled in the 

--·----------
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same m4ner as in Example 12, i.e. , at interva-Is of 

s·c wit~in the range of :from 100.to 2jo·c. 

i !As a result, th~ fixi~g starting temperature 

~as as low as 12o·c and!a non~offset ~egion was seen 

!t 105 to 215°C, showinJ that ;the low~temperature. 
I . ~ 

~ixing ?ad been achieveq. Th~ toner also showed a 

~ood wi d-around resistance.· 

: Table 12 shows. ~hysic~l prope~ties of the 

Tinder 

1

esins 11 to 15 ~nd co~parativ~ binder resi~s 4 

10 to 6. 

15 

25 
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Low-temperj_t\fl'_f! __ sq ft l!_n!n~-reEnn 
Com­
poa i­
ti on/ 
amount 
fwt :%) 

Mw Mw/Mn ( 1) 

·c 
(2) Tg 

·c ·c 

Table 11 

MW 

Resin: 
ll St-BA 1.lx104 2.4 85 103 58 St-BA 9.5xl05 

Mw/Mn ( 1) ( 2) Tg 

··c ·c ·c 
2.6 131 184 69.5 

-· ____ . . iz: .. : s.Hif.----~ '-~~;:11~ .. : ?~~ ... :. 8(_~ ;_~i. ---~r: . ~ .s:f ~f.-- .. . 9 '. s_~~~~ ~ __ 2 : ~: ~ -~ 3 ~ . . ~~4: .. 69 . s 
· 1·3 ... · st--BA .. · 1·~ sx104· ·. ·:· 2·.-5 ···" .. 86 .. 104 ·58 · · · St.;.BA · 6. 4x105 2. 4 122 172 65. 5 

. . :. . (70)· . . "4 .. . .. · . . . . . ... (.30) .. . .... ·5 . . . . . . 
-··········-- · -·-·· ··14 .. ··-·-.... St·-2·EHA .. ·1-.-·i-xl 0·--~ .. ·- .. 2·v·5·-·······8·6···-···-l.04---·····5.9-............ S:t::-:2EHA ........... 7 •. 3xl.O. ; ......... 2 ..... 3. .... _ .. l 2.1... . .lS..Q. .. ($ 7 • 0 

('15) {25) . . ........ .. 

15 St-BA . 6. 5.XlO~. .. 2. ~ 84 101 57 S·t-BA-DVB 1. Oxl0·6 
(80) . . . '(20) . . 

2.5 135 193 '10.~ 

' .... : ................ GQmP..! ... 1'-~-~~!.;." .... ~~-~-~-~= .. -3 -·· 5' . 
4 St-BA 6.5x10 ....... 2·;·2-·-··-·a'i··-""·i-0·1·-·· .. ··57····--·s·t-BA··---·--....... 3.~-e·xlO·" ···2"";"5·--·· ...... 1-01- "•147 ..... 5.5 ... . 

__ ..... ____ ., __ .~ •... 
~ 

. ' ::i4 
~~· 

·~ -(1: ____ .. (p 

-:-;·;: -·I» _.,, 
_o:i 
=~ ~µ 

~ ----n 
-->Q 
LL CT &'° 
-1"1 

0 
~ 

. ( 70) ( 30) ! . 
5 St-BA 6.5x103 2.2· 84 101 57 . St-BA 3.6x10B 

(55) (45) 
6 St-BA 2.5xl04 2.3 92 115 58 St-BA 

(90) {10) 

( lT:-:-Frow::out polnf-;- (2 >= .. soffenlng point 
.St: S1;yrene, DVB: Divinylbanzene 
BA: Butyl acrylate 
2EHA: 2-Ethylhexyl acrylate 
Comp.: Comparative 

2.5 101 14'1 

9.5x105 2.5 131 184 

65 

69.5 

I 

ID 
0 
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Binder THF-insoluble 
resin matter 

11 0.9 

12.. . ... 1. 2 .. 

Mw/Mn MA MB MB/MA SA:SB:Sd 

28 8.0 x 103 6.3 x 105 · 78.8 1:0.35:0.48 

3 5 .. 30 ... 4 .• 5 x .1 .. 0 . .. 6~3 x.1.0 14.0. . ... ~.:0.40:0.55 
' 

13 1.3 
. .. .... •.... .. ·- .. . .......• ~-·-· .... ·-·······4·· ··-· ····-"········- .......... 5 ... , .. ····· ........... -··· .~ .. ·. .......... ..... .. ..... . ... . 

24 1.1 x 10 4.8 x 10 43.6 1:0.39:0.40 
. . 3 . . ·5 

· 14 ·· ·· LO····· · 26 ·· · 8.Q:··x -10 ·· 5.1 x 10 63;8 , :1:0.34:0.45 
• • """""""" • •••• - •••·••• ••·•--••••••-·••·•••• •• ••••••••••••-•••••• •••• h•-•• ••••••·••• •••••••••• •••-·-"-"'"' •••••• ••••••-•••"••••-••••••-•ooU••••• •-•••••••3· •·•-••••••·••••••••••••- • ••••• -••••'5'"•••••• '·••••••·•·••••• ••••••-• • •••- ••••• 0-•••• ••••• -· ••• • """"" • "''"""" • • • •••• 

. 15 ·2.0 38 4.5 x 10 6.7 x 10 148.9 1:0.31:0.60 
. . . 

Comp. binder resin: 3 5 . 
4 0.9 27 4.5 x 10 2.9 x 10 64.4 1:0.40:0.38 ........ ······ ........ ········ ............................ ·- ······ ....................... ·-. -··- ............. ·········-······ 3 ····-·· ...................... ·······5· ........ ······ ............ ·······. ····· ......... -·· ..... . 
5 1.1 20 4.5 x 10 2.9 x 10 64.4 1:0.11:0.36 

_g 
-Cl> 
-C/.) 
!!!!!!!!!! g­
!!!!!!!! (11 -----::i:: -I» 
-Cl> 

=a:i 
=a -= iiiiiiiii :;g 
=.a ---1» -n a. 

6 0. 'Z 

Comp.: Comparative 

25 
·4 

2 .1 x. 10 6.3 x 105 30 1:0.22:0.3'1 

: ; ~ 

l.O 
~ 

... I 
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; T6Qle; 13 

Evaluation 9n Fixing Performance 
~ 

I 

I 
1
sxamplJ: 

; 12, Tdner A 

; 13, Tiner ·e 

Fixing. 
start--
ing 
temp. 
< •c) 

Non-
p f~set: 
itemp~ 
I range 

120 
: i . . 
. 1;10-215: 

. ! 

115 lci0-215~ 
i ! 

125 1~0-2101 

Fixing 
temp. 
range 

95 

100 

85 

Block­
ing 
resist­
ance 
cso·c, 

3 days) 

A 

A 

A 14, T9ner C 
io I 

1 
15, T9ner D 120 

I ; : .. : 

: t 

1~0~21si 95 A 

A 

15 

20 

25 

110 .I 16, Tjner E 

lcompar tive Example: 

l 4, T Iner F 

5, T G 

6, T H 

7, T ner I 

8, Tiner J 

Exampl,: 

17 Tl°er A 

115 

140 

150 

140 

115 

120 

BC: Poor 

: : 
ip51-210'. 

! I . . ' 
: ! 

. i . i 
: 1h.0~15s! 

: iks~·210; 
. ~ . : 
: i'40.:...21s! . ' . : 

' 

i 

100 
I ! 

·55 

-70 

ioo 

·95 

or'. p~opl~mat ic 
I . : 

1 ~ 
! 

A 

A 

A 

A 

BC 

A 

D~:y-el­
oping 
per­
form­
a nee 

A 

A 

-· 
A· 

A 

A 

A 

A 

BC 

A 

:---···· 
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. 
I!' i 

As described above, the prese~t· invention can 

'.achiev1 a low cost in t~e operation oif copying 

rachin1s ~nd yet can prfvide ~00~: ima~~s, because of 

'.the suger1or low-temper!iture ~ixing performance a·jld . I . . • , ' I . I • 

5 ~developing performanc~ bf · :the, toner. ~ 
l I A toner for deyelopi~g an el~ct.rostatic image, . I . . . . : 
~comprises a binder res~n and ·a color~nt. Such binder 

l~esin Jontains a THF"."":ijso:lubte matte~ in an amount of 

-··!1~~-s·-·tfa,; 10 wt.% baseJ o~ ·the bindeJ resin,· and, in ; . I . ; . . 
10 ,_the motecul.ar weight ·dJst:ri:b~tion me~sured by GPC: (gel 

; permeation chromatography) ·of a THF-~oluble matter, . I ! , . - i 
·~, 'o i • i I " ! ' 
!has a weight average·molecular weight/number average 
i I . I . . ' i 

l•olecutar weight (MwiMf) .Of~ 18'. a tolecular Height 

ipeak M in the region 6f ·a:melecular;weight of from 
l l i ; . 

15 l 3,000 ~o 20,000, a m~l~ctll~rjwe~ght beak MB in the 

iregionlof a iiolecula~ ie~gntiof fromj380,QOO to 
I I . . . . ; I 

· 1,000·,ooo, ~ molecul~r~ w~igh~ minim~ Md in the region 

of a mblecular weigh~ bt:f;oL 20,oool to 380,000, 

' provi1Ld that MB/MA isl in-~+ range ~f from 30 ti;) 150, 

20 and a olecular weight'.d~strfbution ~rve area ratio 
i i 

SA:SB:~d of 1 0~3 ~oj o~~ :I 0.35 t~ 0.8. 
I . 

25 I 
.i . 

. 
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bLAIMs:I 
I 

I 
i 1. A toner for:devel~ping an electrostatic 

bomprising a binder re~in and a colorant, 
I 

' 
;l.mage, 
t 
wherei~ said binder resin contains a TffF-insoluble : I . . 
ratter ~nan amount Of feSS·tran ~0 W~.% based.<?n· the 

pinder lt-esin, and, in the.molecular weight 

~istribLtion measured: by GPC. ~(gel per~eation 
i 1· ' : ; . . . 
phromatpgraphy} of a THF-soluple matter, has a weight 
! i . i . 

kverage molecular weight/riumb~t?-.av.e,r.age.m0leGUlar 
i ·_ - . ~ ~ . . 

10 ~eight (Mw/Mn) of~ 18,ia,mol~cular weight peak~ in . ~ . : ~ . ; 

1 1 
I 

~he regdon of a molecular.weight of from 3,000 to 
i . ~ ~ 

~0,000, a molecular wei~h~ pe~k MB in; the region of a 

~olecul r weight of fro1n 380, poo to l ·, ooo, ooo, a 
I I 

roleculfr weight mini~~ Md i~ the repion of a 

15 moleculbr weight of f~o~ ~0,000 to 38~,000, provided 

khat "1'MA is in the r..hg~ af!from 30' to 150, and a 

~ol~culrr weight distri~uti~n,curye a;ea ratio 

rA:SB:sr of 1 : 0.3 to ?·8 : p.35 to 0.8 when the area 

bf a mo~ecular weight"distribhtion cu~ve of a 

20 ~oleculb~r weight of f~ot 49~ to ~he ~ is represeii.ted 

by SA, he area of a mo~ecula~ weight' distribution 
i i i 
• I 

burve 01 a molecular we~ght o~ from the Md to I , = . . . 

f ,000,0 0 by SB, and th? ar·ea! of: the ~egion defined by 

b strai ht line conneot~ng. th~ apex A: corresponding to 
I ; j 

25 ~he mol, cular weight pe~k:MA ~nd ~be apex B 

~orrespbnding to the mo~ecu~a~ weighti peak MB and a 
I 

i ' 
I ' 

l 
I . 

i 
; 
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Lolecullr weight distri_bution curve by Sd. 
; I 
' I . I 

'. 12. A toner for
0

develOping an.electrostatic 

~mage according to Claim 1, wherein said binder resin 

hontainl the THF-insol~le ma~ter in an amount of .not 

lore thLn 5 % by weight~.· ' 
! I 
! • I . . 

·: 13. A toner for;de~eldping an.electrostatic 

. tmage alcording to Cl~i~ 1:, -w~9rei.ii said binder resin 

10 ~as an ~w/Mn of not les~ than !20. · :: 
I I 

; 4. A toner f~rldevelqping an·e1ectrostatic 

image a cording to Cl~iJ 1'., :wJerein said binder resin 

~s an ~/Mn of from zs!to ~o · 

15 i I . 
i I I.• i 15. A toner. f~r lde&~_l1ping an; electrostatic 

f11age arcording to Cleiii l,_w~e~in s~id ~inder resin 

bas am lecular weight peak Ml! .in.the:region of a 
I · I 

i ' ' i . I . I 

ipolecul r weight of fro1t;1 5:,C)OO to·15,QOO, a molecu.lar 

20 leight eak MB in the =rJgi;~~- Jf a :mol~cular weight, of 
i ' I • ; . ; i ! 
from ,000 to 900,000i a moiecular weight minimum Md 
i . . j . 
I . i . ' I . . . • ;::0:::

0

1egion.of a mo:e,ular ieight 01from30,000 to 

25 I Is. A toner forld!!>Vellpi.,g an!electrostatic 

lmage abcording to Clai~ 1:, .wJerein s~id binder resin I I ; 

! 
I 
I 

.. i 
I 
i 

--- ·----------··-· 
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~as an ~B/MA of from 30;to 120. 

I 
i 
17. A toner 

' '. 

for:developing an electrostatic 
i I 
image ac:::cording 

~as an Ls/MA of 

' 

1 ; 
to Claim 1, wherein 

~ ! 

from 40 !to 1:0~. 

I 
i 
I 

said binder resin 

l 
~mage 

. J : 

for ~deve:loping an :electrostatic 
• . I 

I a. A toner 

a!cording 
I 

. ; ' I . ; 
to Cl~i~ 1_, w~erein s~id binder resin 

m!lecular 
l 
i 
llas a weight peak o~her than the MA, in the 
I i i 

10 i!-egion lf 

I 
. I . 

a molecular w~ight: df from 3,ooo to 20,000. l . . ~ 

~ . . 
• l 
i • 

!9. A toner for Jdeve'I9ping an ~electrostatic 
I . 
4mage a cording to Cl~i~ 1:, -l'f~erei·n s~id binder resin 

+aa·a m!lecular weigh~ P,eak ~~he~~tha~ the MB, in the 

15 *egion tf a molecular ·,.11sht'· ,f from Jso,ooo to 

l,000,000. . 
l I 
i I 
J I 
: I ' I . · !to. A toner fox! developing an electrostatic 

lmage a~cording to Cl~iJ 1'., · ~Jerein s~id binder resin 
. ! I : i · i = •• 

20 ~as a m~lecular weight ~inimtiJ ot~er ~ban the Md, in 
Jhe reglon of a molec~lJr ~eldht ·of fJom 20,000 to 
Ii. I . . I ,' . . ! 
380,000. i 

I I 
I I ; ' 

~ l11. A toner f"oJ. dev~~oping ari electrostatic 

25 lmage a!cording to Cla:iJ 1:, ~~eredn s~id binder resin 

Jas a mliecular weight. Jis:t~:iJution cJrve area ratio I . : 
i 
l 
I 
! 

liii~f 
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I 

~ I 
: SA : SB: Sd of 1 0.3 to 0.7 0.4 to 0.7. 

12. A toner fop developing an electrostatic 

\image ~ccording 

:has a Jolecular 

!sA:SB:Jd of 1 . I 
I 

I 
' 

to Claim 1, wherein ~aid binder r~in 

weight distribution curve area ratio 
i ~ 

0.3 to 0.6 : p . 5 to o:. 7 . 

i 13. A toner for deve~oping an electrostatic 

!image abcording to Clai~ ~, w~erein said binder resin 

10 ~urtberl comprises a rel~ase a~ent. · · 

I ' i I 
l I 
1 I 14. A toner for ~eve~opi~g an electrostatic 

kmage abcording to Clai~ i3; wherein ~aid release 

kgent ib contained in :a~ amoJt of fr~m o.·1 % by 
I
I 1

1
• , : i ~ 

. ' 
15 ~eight ro 20 % by wei~ht basef on tbe~binder resin. 

I 
image 
I 
i 
agent 
I 

I ; 
i 115. A toner ~o~ 
I ' according to Cl~i~ 

.I t i d • ! 1 con a ne 1n ~ . 
. ' 

de~eioping.a~ electro~tatic 
: ~ . . 

1:3 ,· 'herein $aid release 
~ . ~ i \ 

amount of from l % by wei~ht 
: i ~ 

. ' 
20 to-10 % by 

I 
weight based ion the . l binder:resin. 

l I ' . ; 

l 
; 

1.16. A toner fo:J 
i I . : 1 
lmage aeoording to Claim 

i ; 
.: . i ! 

deve~oping a~ electrostatic 
l 

13, ,herein ~aid re~ease 
I I i 
~g~nt has a number ave.r~ge· mo~ecular ~eight (Mn) of 

25 fat ."°r+ than 1,000, a .Jei?ht !averageimolecular weight 

~Mw) of lnot more than 2,\50~·,: ~n Mw/Mn lof not more than 
! I .· 
! I 

I I 
! I -----------



i 

i _, 

(""·.', 
'•··I 

I 

I 
I 

98 - 111111111111111111111111111111 · 

l. 

5 

* c L M 

~3, and ~ melting point of from 60 to ·120 • c.... .. .. -

I 
I 17. A toner for devefoping a~ electrostatic 

rmage arcnording to Claim 1, wherein s~id release ~~ent 

has an~ of from 400·to 700,~an Mw o~ from 500 to 
i ' 

~,500, rn Mw/Mn of not .ore t~an 2.s,!and a melting 
: I · . • 
point o~ from 60 to 1oo•c, and is contained in an I - ; ·. ; 
rmount of from 1 % by weight to 10 % ~y weight based 

bn the binder resin. ; : 
I I . 

lO ) I 18. A toner fo+ ~eioping e~ electrostatic 

~mage abcording to Cl~iJ i3; ~he~ein ~aid release 

~gent cbmprises a graft~modified wax, la low-molecular 

ieight iolyethylene waxi a ~o~-molecuiar weight 
i I ~ · ! ! 

15 ~thylenh-propylene copoivme~, la low-m~lecular weight 
i . . i . : ; ' 

20 

25 

I ' , . · I 
polypro ylene wax or· a paraf,f~n wax. 

' I ' ' 

' ~ I ! i i . i i . . 
: ! 

. ' . i 
l 119. A toner fo~ d~~e~oping a~ electrostatic 

f mage .,+cording to Cle.i~. 13 , __ 4he~~in ~aid release :. 

$gent cbmprises a polyo~~ftn·~ax graf~-modified with 

~ aro~1tic vinyl monom~r,; ~~\unsatur~ted fatty acid 
i .. I 

~r an u ·saturated fatty lac:id ~~ter. 
' i ; I : I 

120. A toner fo~ deve~oping an electrostatic 

.image a cording to Cla.iui 19~. ~her~in ~aid graft­

lodifie! polyolefin wax ;_has~.· Mn.of rlot more than 

: I 
I --------···-

I i 

s * 
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i , I 
:1,000, an 

~re t+n 
Mw of not more than;2,soo, an Mw/Mn of not 

' 
30 and a melting po~nt of from so·c to 

!12o·c. i 
i 
' 

i 
I 

. 21. A toner fot deveioping an electrostatic 
. i : j!Dage al cording to ClBit 19.; therein Said graft-
jodifief polyolefin w~x;has:ar Mn of from 400 to 700, 

fn Mw or from 100 to 1, 500 ~ _a-~ M~/Mn of not more than 

~.o, ana a melting poi_nt_ rif·f~om:60 to 1oo·c. 
l I 
1 
' . 

· i 22. A toner fo~ de~eioping an electrostatic 

~mage a·cordiog to c1a1f. 19, tw~ein +aid graft-
' ' : ' modifie polyolefin wax;has ·algraft component in an i I . : ; . I : ; . 
I ; : i • 
filJDOUnt of from 0.1 part;by wejgbt.to ~00 parts by I . : ~ : . : ! : 

15 •eight ased on 100 parts by weight ok the polyolef in. 
' . i . i 

20 

I · · : : · 1 
. ~ i 

image J::~di~t::e:l::J :~t::::n:::e::::::atic 
iodifiel polyol~fin w~xlba~ 19,lgraft cJmponent in an 
~aunt i·f from 1 part b~ ~ig~t to soiparts by weight 
I . ' . ! 
~ased o 100 parts by ~~ig~t tj~ the p~lyolefin. 
t 1 . ! i 

ii • : .. : 
' . : . ! 
' 124. A toner f.o~ d~v~.Jioping ali electrostatic 

~mage ~cording to Clai! 19;: j1i...re1n 4aid graft-
25 modified polyolefin wax bas a ~elt vi$_cosity of from 1 I I . . . 

qps to ~50 cps at a te~der~tuJe of I . 

I • i 

I 
i 

iGq·c. 
' 
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l25. A toner for deveioping aµ electrostatic 

~mage al cording to Clai~ 1, w:erein; ; 

• 1 said binder resin contains i) two kinds.of 

~tyrene~acrylate copolyijiers., a low-teinperature . 
~oftenibg resin and a h~gh-te~peratur~ softening 

~esin, Lnd ii} a graft-+odifi+d polyo~efin; 
said low-temperJture $oftenin~ resin having,a 

: 

teight tver:ge moleculaj :eig~t·(Mw) tf from 5.0 x 10
3 

to 3.0 10 , a ratio o~ Mw to a number average 

lO lolecul r weight (Mn) :(~w/M~) !of.not ~ore than 3.0·, a 
I . ' . . I ' ' . · l · · I : l . I ... i I 
f low-ou point in a flow t'ester, ·of from 15 • C to 90 • C, 

' '. • I ' • ,'•. : 

I • I ' .! 
• . t . . i . ; 
a softe ing point of frd.m -ao•c to·llOiC, and a glass 
! ~ ! . ~ i 
I · l • I 
i · I f 

~::::~n1:o:::dl:::~ ~a::1s::c~oi::::ta:: :::ng 
15 less thJm 6S wt • % ; sa~d 

1

,ihi'gh-Jemp· eratJre softening 
I I . . . I . i : : . . ! . : 
yesin hiving a weight ~ier~gejmol~culir weight (Mw) of 

from 4.· x 105 to 1.5 ~;10?,: a ratio Qf Mw to a number 

+veragelmoleculer weigp.~ (Mn) lcM.i/Mn) ·\of not .more then 
c j • • I : 

20 t°:6:.t:::t::::: ~i:tf~L::t:;~.:f t:r::o~;:·c 
Jnd a glass transition: Joi~t· (!Tg) of Qot less than 

Js•c; sJid low-temper~~Jre~ s~itening ;esin and said 

J1gh-teJperature softe~~~g: r~~in beinJ in a proportion 

25 

Jaµging,from 50:50 to 9d:l0 iJ weight ~proportion; ~nd 
i J l . i . : 

~aid 10

1
-temperature sotjte~in~ resin ~eing obtained by 

~olutio polymerizatio~,j s~i~ high-te~perature 
! . ! . .· 
i 
! 
' ' 
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1 ! f .I 0 b • b. 0 I so ten1ng resin e1ng o tained by suspension· 
; I . 
polymerlization, and the. both ~eing miked in a solvent 

bapablel of dissolving·t~e bot~; and . 
i . I . , . ,_ 

. . i 
i I said graft-modified .pQlyolefih having a nµmber 

5 ~veragelmolecular wei~h~ (M~)~of ~ot fore than 1.0 x 
! 3 . : i 
~o , a eight-average mQlec~lar weight (Mw} of not 
i i 3 . . i j 
fuore than 2.5 x 10 I ~n:Mw/Mn!of not more than 3.0, 

+nd a ~lting point of irom 6~·c to 1~o·c. 
~ I 

I 

I i . 
!26. A heat fix~ng me~hod.comprising; 

1 I imparting a tcin~r ;1~~~e onto 4 recording 

~edium,jwherein a ton~rit~at ~orms sa~d toner image 
i I i · · i ! 
1 .i • • i · I 

.TomprisTs a binder resi; an~ i oo~or,t, ~herein said 

binder resin contains a 'THF-·irlsoluble :matter in an 
I I i . . i : 

15 ltmount bt less than 10 ~t.% bJsed on ihe binder resin, 

~d, in! the molecular ~~igj.t_ ~ist:dbu1ion measured by 

GPC. (gei permeation chr~mato~~aphy) oi a THF-soluble 
! I : . I : 
i : i i l 
matter, has a weight av~rage: ~olecula~ weight/number 
i ; ~ . ' . : 

Average molecular weigh~ (Mw/~n) ·of =:: !1s, a molecular 
~ ~ i ~ : ~. . ! 

20 ~eight eak MA in the region of a .mol~cular weight of 
1 I . ; . . . . I . i ! . l ! 
I • · i , • 

;ram 3,100 to 20,000, ~ role~i~ar ~ei~ht peak MB in 

~he region of a molecu)~r wei~ht. of f~om. 380,000 to 

~,000,000, a molecular~ Jei~ht ~inimum:Md in the region 

Jf a molecular weight ~~ f~o~ \20 ,·~oo Jo 380, 000, 

25 drovideJ that MB/MA is in·~~~ ~an:Je·oJ from 30 to 150, 
t ; . : · I 
~nd a m lecular weight dist;~~ution ctlrve area ratio 
i ! 1 ·.· 
I · i I i 
! l 
. i 

I -----------
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l iSA:SB:Sd of 1 : 0.3 to 0.8 :o.35 to 0.8 when the area 
; I . 
·of a mdlecular weight d.istrib\ition curve of a 

I . : : i . : 
• I ' . 
~molecul!ar weight of from 400 ,to the Md is represented 
~ I ; , . . 
lby SA, lthe area of a mo~eculaf weight: _distribution 

5 ;curve tjf a molecular we~gbt olf from the Md to ··· 

b.ooo,~o by SB, and th~ ~reJof the ~egion defined by 

~ straibht line conne~tkng th~ apex A: corresponding to 

~he molbcular weight pe~k:MA knd the ~pex B 

borrespbnding to the m~~ecula~ weight'. peak MB and a 

10 Lo1ecu1br weight distri~u~ionlcurve b~ Sd; and 

. I heat-fixing s~ih to~e~ image t.o said rec~~ding 
Ledium by means of a hekter=e~emerit s~ationarily 
: I ' • I . 

~upp0rt~d and a presSUrt meiibrr tbat rtands oppo~ite 
:to said! heat element in:pressµre contact and brings 

15 ~aid rebording medium iht~ clhse ~ont~ct .with said 

~eater ~lement through t jilmlinterpo~ed between them. 

i . I ! 
. 27. A heat f~x4ng me~hod acc?rding to Claim 
j ' I i 
?6,· whe ein said heater~element has a: temperature of 
i I 

20 from 1or·c to aoo·c. 1 · , i 
i I 
t ! 
! I . · i 

j 12s. A heat fix~ng method acc?rding to Claim 

26, wheie~n said tone~ im~ge ls heated with a· heater 
t, I · ' · · I . I : :. ! 
~lement having a temper~ture. af from ~oo·c to 3oo·c, 
i . i i . I . I 

25 1=hrough
1 
a film having ·a ''thi~kness: of from 1 µm to 100 

i 
µ,m. 
I 

I 
------------

Uii11r1inr 
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as, 

129. 
whe~ein 

ll' 30. 

wbe ein 
; 
29 ! , 

* c 

A heat f ix~ng method acc9rding to Claim 

said film has a heat resistance. 
~ : 

. i 

I 
. ! 

A heat f ~x.ing method according to Claim 
! 

said f.ilm c~mpris~s a_: layer formed of a . . ; 

selected. from·t~e ·gro*p consi~ting of polymer 
I : f 

polyimi e, polyester, pqlyethtlene te~ephthalate, a 
. I : ' . ! • . 

tetraf l oroethylene-perf l~oro$.1q1 
' I . . . ; 
ropolymtr, polytetraf lu~roe~·htlene and polyamide. 

1 • I 0 i 1 . i . 

! I 31. A heat f~x~ng ~eihod.acc~rding to Claim 

~9, wherein said film:c~m~~is+s a_lay~r formed of a 
I ! : 
~etal. i 
~ ; 

i I 
' I 

15 . ! 32. A heat f ~x~nd. ~ethod '. acc~rding to Claim 

~9, whe ein said film hJs :at least.on~ of a release 
j I 

~ayer and a low-resist;m}.c~ ~a*er. · 
l . i 
i .: I 
j 

I ' : . 33. A heat fixing me~hod according to Claim 
: ! .. i ! 

L 

20 29, whe ein said film·compris~s a layer of a polyimide : I : I : .. ; ' 
tilm ana a fluorine res~n:iav,r. 

I ll 34. A heat fi,J.,g mS~hod.acc~rding to Clai~ 
~3, whe ein said fluo~iJe :r~sfn layer~comprises a 
' . : : 
j : ; I 

25 9onduct"ve material disQersed th~rein~ 

35. A heat 

I 
. I 

I 

. ~ . 

' 
' 

f ix~ng met~od according 
. i I ( . . 

; 

to Claim 

,---------

M s * 
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f4, wherein said fluori~e resin layer' comprises 

polytetfaf luoroethylene~ 

36. 
l t l 
26, whe ein said film ·i$ brought into:pressure contact 

+ith safd·heater eleml!n~ by·m~ans of $aid pressure 

tember rnder a total ~r:_S".'relof ·fromj4 kg to 20 kg. 

: 137. A heat fixing ~ethod according to Claim 

A heat fixing method according to Claim 

i I ; .. ,_ : i 
10 36, wherein said pressu,;e :memlier is provided with::a 

~ressur~ roller havinQ ~ ~b~r elastlc layer. 

I . 
i I i 38. A heat f~x~ng ~e~hod acctrding to Claim 

. i . . . . . 
36 wherein said pressure member is provided with a 
j I ; . ; j 

15 ~ressur roller havin~ ~ elaJtic lav4r formed of 
I i 
I · i 
silicon rubber. · 
i 
I 

I 
~6,. whe 

39. 
i i 

A heat f ixjng: method accdrdiog to Claim 
: . i i 

• : i I 

said heate"r :eleme~t is ·he~ted by appl ring 
; . ; i . 

20 to a re istance materi·a.Jl a. c:ur.rerit with a pulse-like 
~ . . 
~ave for 
' I 
l 
; 40. A heat 

.. 
I 

! 
accqrding to Claim fix~ng·m~thod 

: . : 

said heater ~leme~t has a :low heat 
: ; +· wh+in 

25 qapacit nee and has a iinear structure. 

I 
! 
I 

' i 
l 
i 
I 

t. ' ! 
1 iliiii~ied 
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I 41. 
I 

I . I 
!26, wherein 
' i 

: r.esist~nce 
. I 
! i 
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A heat f i~ing m~thod according to Claim 

said heate~ element is provided with a 
! 

. i : 

material anq a t"emperature sensor, and when 
: I 
:the heater element temP,er:atu~e detec~ed by the :: 

. i ! i,; I . . 
5 ltemperrture sensor is ~l' tht surfacr temperature T2 

=of the.film opposed toisaid resistance material is 

; about ~o·c to about 3olc l~~r than the temperature T1 I , l = . 1 
and th~ surface temp~r~ture r3 of the film on the part 

~t whit'h the film isipteied from a fixed toner image 

lOj is a t
1 

mperature substantial~y equal; to the 

I tempetture T2• ' l 

j I 

I 42. A heat fixirig '.-m~tbod acpording to C·laim I I . 

26, w~rein said ton~ric~niPrfses the' toner according 

15! to an~ one of Claims 2; to 25~. 

I I 

' i 
i 
! 
i 

2tj 
I 

I 
! 

i 
I 
i , 
. 
i 
!. 

25 
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