TONER FOR DEVELOPI NG ELECTROSTATI C | MAGE, : APPARATUS UNI' T AND

| MAGE FORM NG METHOD FI ELD OF THE | NVENTI ON AND RELATED ART 5

The present invention-relates to_ a toner for devel oping el ectrostatic

| mages used in imge formng met hods, such as el ectrophot ography or

el ectrostatic * recording, particularly a toner suitable for heat and
pressure fixation,; and also an apparatusyunit 10 i ncluding the toner and
an image form ng nethod; using . the toner. H therto, a
“large nunber of el ctrophoto- graphi c processes have been known,

I nclusive of those} - i disclosed in US. Patents Nos. 2,297, 691,

3,666, 363; 15 an ﬂOﬂEﬂ BGR. DEWEL@BEKGpEbEGER@STATthéMAGEL an

el ectrostatic |atéat ge is fornmed on a "~ photosensj tive menber
~conprising a photoc RATUS UNITn&HBrIMAGEyFQBMIHGsMEEHQB t hen the

|l atent image is = developed with a toner, and the resultant toner inage
20 is, after being directly or indirectly transferred onto a : :
-transfer(-rece|V|ng material _such aANBaB etc., as desired, fixed, by
heat i ng, presElE%2_éE_IHE_lH!EHILQH______ELAIEQ_ABE o L
3 _ The present invention relates to a toner for

develcping electrostatic images used in image forming
methode,'such as electrophotography_or electrostatic
recording, particularly a toner suitable foriheat and
pressure fixation, and also an apbaratus unit

10 including_the toner and an image forming method using

the toner. e
| Hitherto,  a large number.of electrophoto-

graphic processes have been known, inclusive of those
disclosed in U.S. Patents Nos. 2,297,691; 3,666;363;

15  and 4,071,361. 1In these processes, in generel, an
electrostatic 1atent'ima§e is formed on a |
photosensitive.member comprising a photoconductive.
materiel by various means, then the latent image is
developed With a toner, and the resultant toner image

20 Iis, after'being directly or indirectly transferred
ontc a transfer(-receiving) materiallsuch as paper.
etc., as desired, fixed by heating, pressing, or
heating'and pressing, or with solvent-vapor to obtain
e_copy.or print catrying a fixed tonet image. A

25 ~portion of the toner“remaining_on-the photosensitive.
nember without being transferred is cleaned by varicus.

means, and the above mentioned steps are_repeated for



heat i ng and pressing, or with solvent vapor to obtain a copy or print
carrying a fixed toner image. A 25 portion of the toner remaining on the

phot osensitive ‘menber wi thout being transferred is cl eaned by various
nmeans, and the above mentioned steps are repeated for |
- 2- ~a subsequent cycle of inmage formation. . As for the
step of fixing the toner i mage ont o-2-sheet material such as paper
which is the final step in the above process, various nethods and 5
appar at us have been developed, of which the nost ‘popul ar one is a heat

and pressure fixat.ion s rollers. - ~ In the

heat and pres§h u#ﬁ%&ﬂ¥5tem %wﬁfllm QEH : Wﬁﬁl?%flers dathransLe{h. L
: sse roug e ho

ol Tera, whil o aosor f achs o r%ﬂ%“%q%ée#’ﬁgﬁﬁgs e PES GHRF B8R 1y it
the toner is HHESh tthdAN e H}@_ sucﬁhté’s'?apé@% élﬁfﬁ ,?H?% #r&eﬁi)rans er

mat eri al under pressure, I mage.

15 the hot raldep Srime BBV (Boddil! JaBHSu9 métods and' ansfer
mat eri al contact each other under a pressure,

5. apparatus have been developed of which the most
popular one is a heat and pressure fixation system
us1ng hot rollers.

In the heat and pressure fixation system
' u31ng hot rollers, a transfer material carrying a

1d toner 1mage to be fixed is passed through the hot
rollers, while'a“surface of a hot roller having a
releasability with the toner is caused to contact the
toner image surface of the transfer material under
pressure, to fix the toner image. 1In this method; as

15 the hot roller surface and the toner image-on thed
transfer.material contaCt each other under a pressure,

~a very good heat efficiency is attained for melt-
fixing the toner image onto the transfer material to |
afford quick fixation.

20 _ Different toners are used for different
models'of copying'machines and printers. The
ldifference primarily arises from differences in fixing
speed and fixing temperature. More specifically, as
the heating roller surface and the toner 1mage in a

25 molten state contact each other under pressure, the

- 'fixability and the gloss of a resultant fixed 1mage

are greatly affected by the fixing speed and



a very good heat efficiency is attained for nelt- fixing the toner

| mage onto the transfer material to afford quick fixation. 20
Different toners are used for different nodel s of copying machi nes and
printers. The - difference primarily arises fromdifferences in fixing ..
speed and fixing tenperature. Mre specifically, as . ' the heating rol l er
surface and the toner imge in a 25 noBfen state contact each ot her under
pressure, the . . fixability and the gloss of a resultant fixed inage

are greatly af fected by the fixing speed and : tenperature.

General 1y, "t Ngoheabli=bo! | BLngUia6e cno nESTRRLLMITSLS il be | over

in case of a I'n"case. of ‘a fast -

£ixing speed. tF;%s%?'tﬁrQeﬁgu§Etat8UB§t aeu el i ciseceesraaetlobqeat quanti ty

has to be supp roma heat1 ng rol to the toner in aqrder to fix
the toner f1k9ng bpasaf aharrateer 8l beeaagHeesInotasediol! ar ¢agt in
fixing speed. I'n case where a different quantity-of heat 10

i's supplied tmkhﬁgt speeticr Thier isl bezadiskf @ substanti@llays is pr ovi ded to
the resultant imge. For
5 constant heat quantity has to be supplied from a
| heating roller to the toner in order to fix the toner
to a transfer material regardless of a difference in
fixing speed. | |
| In case_where a different quantity of heat
10  is supplied to the transfer material, a different
gloss is providedwto the resultant image. For
.ekamﬁle; when a transfer material is passed through a
fixing device, the heating roiler'temperaturé is
gradually_loweréd to result in a difféfence in heat
15 quantity between the leading end and the trailing end
of the transfer material, so that.a gloss difference
arises between the ends qf'a:resultant_image. fhis is
1iéb1e to proﬁide an awkward imp:ession especially in’
a full-colof image. Further, in the case of
20 dontinuous_image formation on a large number of
sheéts, a iowering in temperature of the heating
roller is ‘caused, whereby a difference in gloss can
dceur between the images formed at the initial stage
and the images formed at the final stage of the |
25 - continuous_image.formation in_spme cases.'
In order to solvé'the above-mentioned.-

problem, there has been proposed tq use a crosslinked =



exanpl e, when .a transfer material is passed through a fixing d

evi ce,

a

the heating roller tenperature is gradually lowered to result in a
difference in heat. 15 quantity bet ween t he | eading end and the trailing
end of the transfer material, so that a gloss difference = arises
bet ween the ends of a resultant inage. This is liable to prOV|de an
awkwar d i npression especially in a-44l | -color image. Further, in the
case of 20 continuous inage formation on a |arge nunber of - ;sheets,

| owering in tenperature of the -heating roller is caused, whereby a
difference in gloss can occur between the inmages fornmed at the initial
stage arkindrr | negin mra\%dttatsmmessathst’é@;@l@izaheonzsn dont i nuous

i mage formati

ion in sone cases. - In order to solve the

above- nent i orféten s%ﬁ%%+eﬁ$°?ﬂ¥@€'h%§ e crPeplinging degraecPéssl i nked
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read11y fixed unless the heating roller temperature is

sufficiently high. Accordingly, as fixation
performances, there has been desired a tener.canahle_
of"allowing a 1ow-temperature fixation and ptoviding
images 6f'a eonstant gloss over a wide temperature

region.

Japanese ‘Laid-Open Patent Appllcation (JP-A) '

1- 128071 has disclosed a toner for developlng
electrostat1c 1mages compr1s1ng a polyester resin as a
binder resin and a spec1f1c storage modulus at 95 °C.
However, it has been fnrthef desired to provide a
toner showing a smailer lowering in stdrage modulus in
a temperature range of 60 - 80 °C, providing fixed
images.of a more uniferm gloss.and showing a better
low-temperature fixability.

JP-A 4 353866 has dlsclosed a toner for
_electrophotography hav1ng rheologlcal propertles
including a storage modulus lowering initiation
temperature in the range of 100 - 110 Oc, a specific
storage modulus at 150 °C and a loss modulus peak -
temperature of-at.least~125 Oc. However, the storage.

modulus 1owering initiation temperature is too high

_and the loss modulus peak temperature is too high, so

- d t the fluidi 't
State. Hom%r‘?é%éef%%lﬁfbé‘iwﬁé%@éééﬁs Gelew' Aefpphllsblpr o ™"



sufficiently high. Accordingly, as fixation performances, there has
been desired a toner capable =~ of allowing a |owtenperature fixation
and providi ng i mages of a constant gloss over a wide tenperature 10
regi on. : Japanese Lai d- Open Patent -Application (JP-A)
1-128071 has disclosed a toner for devel oping el ectrostatic inmages
conprising a polyester resin as a bgnder resin and a specific storage
modulus at 95 [err]C. 15 However, it has been further desired to prOV|de
a t oner showi ng a snaller Iomerlng in storage nodulus in a :
tenperature range of 60 - 80 [err]C, providing fixed . images of a nore

uni f or m gl osstRad $HONENHedel8aFP! to impkeve! EABCLBWUtembe¥akulret Y. 20
.JP-A 4-353866 has di sclosed a toner for - el ectrophot ography having .

rheol ogi cal pfbpabilesy. = including a storage nodul us | owering |n|t|at|on
tenperature in the range of 100 - 110 [err]C, a specific - st or age
modul us at 150 [err] C dRdRa6t+69504oHasudipedksedsa tongarature of at |east
125 [err]C. However, the storage nmodul us Iomerln% initiation :

t enperature |§°¥B@Shtgﬁn comprigingha peiyestenl yesprarI: angeesddic is too

high, so 5. _struqture as a binder resin. The toner composition is
also characterized by a specific storage modulﬁs at 70
- 120 °C and a specific loss modulus at 130 - 180 °C.
Because the tOne: does not contaih a low-softehing
poinf éubstance as aﬁ essential component, the foner
10 has an inferiorllow-temperatuie fixabiiity and is .
~ liable to cauééwh'}emarkablé change ih storage'modulus
in a temperaturé region of 155 °C or higher, thus
-being liable to.resuit in a gloss change.
~ Further, ﬁ copying machine or a printer for
15 fullfcolor iﬁage formation'is.bécominé to be used. A
full-color image is_generally fbrmedithrbﬁgh a'process
as follows. A photosensitive member'is'uniformly
charged by a primary charger and is exposed imagewise
with lasei light modulated by a magenta image signal
- 20 basedfon an.originél to form én electrostatic image.on
the phbtosensiiive member,_which is devéloped by using
a magenta deVeioping device-éontéinihg a magenta toner
'tb forma magenta toner image. The magenta3toher image
~ on the phbtosensitive member is then transferred to a
25 transferred material conveyed.thereto difectly or
indireétly via an intermediate transfer member.

.The_phqtosensitive.member after'developing of .
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onprising a polyester resin of a specific. 5 structure as a

The toner conposition is ° al so characterized by a

age. nodul us at 70 - 120 [err]C and a specific |oss
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pyi ng machine or a printer for 15 full-color image formation
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eto directly or
received the magenta toner 1mage. Further, similar

development is performed with respect to yeliow color
and black color, thereby to transfer four color toner
images onto the transfer material.  The transfer
material carrYing‘the'fourfcolor toner images is
sﬁbjected-to fixation under application of heat -

and pressure by a fixing means to form a full-color
imaQe. |

In recent years, an image-forming apparatns

'performing an image forming method as described above

20

25

not only is used as a'bnsiness coﬁier for simply
reproducing an original but also has heen used as a
printer, typically a laser beam printer, for computer
output and a.personal copier for individual users;

| In addltlon to such uses as representatively
satlsf1ed by a 1aser beam pr1nter, the appllcatlon of_
the basic image formlng mechanism to a plain paper:
faosimilelapparatus has been remarkably cevelopedi

For_such uses, the image forming apparatus

has been required to be smaller in size and weight and

satisfy higher speed, higher quality and higher



indirectly via an internedi ate transfer nenber. The

phot osensitive nenber. after devel opi ng of '

- 6- _ the electrostatic inage and transfer of the toner ~image i s
charge-renoved by a charge-renovi ng charger, ~cleaned by a cl eaning
means and t hen agai n charged by the prinmary charger, followed by a
simlar process ‘5 for formation of a eJan toner image and transfer of
the cyan toner image onto the transfer material having received the
magenta toner image. Further, simlar devel opnment is perfornmed wth
respect to yellow color.- . and black color, thereby to transfer :
four-color toReliabglityagedconrdingdyyr fhef aprazadusahas been r ansfer
material carrying the fqur-color tgner inmages is . - subj ected to fixation
under applicaFPBg°59dh9%tSlmple&n&1&P§§§§r nbyaélppﬁiﬁﬁsﬂ%§ﬁ§'haAﬁbrnla

full-color ears, an i e-form ng

apparatus @ 5%%%8?&1ﬁégaﬁoPﬁ§g8§FgL%P%%gﬁg%hgﬁ &AL d S35 e
ot oL o “BiSER, Bee BB ARo Rt e off Blcky1eny AR 0. 1.,
printer, f0r cQMRYChe achieved without an improvement in toner
perfcrmanée. Further,.in accordance with'vérioﬁs
needs for.copying and printing, a greétér.demand'iS'
urQed for color image formation, and a highef imagé
quality and a higher resolution are required for
io -faithfully reproducing an.original color image. In
- view of these réqﬁirements, a toner used in such a .
‘color image forming method is required to exhibit good
_.color—mixihg chéracteristic on heéting, |
" In the case of a fixing device for.d color
15 image forming apparatus, a piurality of toner layers
including those of magenta toher, cyan tdner,_yeliow
toner andlbléck toner, are formed on a transfer-
receiving material, so that the offsét is liable to be -
caused as a iesult'of'an increased toner layer
20 thickness. |
Hitherto, in order to prévent the attéchmeht
of a toner onto é fixing roller surface, it haslbeen
practiced to compose.the'ro11er surface of a material,
such as a.silicOQe rubber or a fiuorine-containihg
25 . resin,'showing excellent réleasabiiity against a
toner, and coat the roller surface wifh a film of a

liquid showing a high releasability, such as silicone



20 output and a personal copier for individual users. 1n
addition to such uses as representatively satisfied by a | aser beam
printer, the application of the basic image form ng nechanismto a

pl ai n paper . facsim | e apparatus has been remarkably devel oped. 25
For such uses, the inage form ng apparatus has been required to be .
smal l er in size and wei ght and satigfy hi gher speed, higher quality °
and hi gher - o . ' _ -7- rel-iability.
Accordingly,]the“apparatUS has been conposed of sinpler elenents in
vari ous respects.- As a result, the toner used therefor is required to
- show . hi ghil p@raofhugntsesgonhainangeucbLIﬁnr &ppaprurpesesofcannot be
achi eved wi thout an inprovenent in'toner . performance. Further, in.
accor dance mnPﬁevgﬁtéﬁs offsefcand ¢6F3€69§Pﬁg°§n9fpﬁhﬁtFﬁélea,greater.
~demand is ed for color image formation, apd a higher inmage

qual i ty and aS“F RER- re§BVﬁY?5n SREN 3 MPRSUTE o ThOPgh: XPERT ul | y

reproduci ng an col or t hese requirenents, a
p g Eg g va £ e

toner used i ne 62 BFevanting tanar,athethoq rPuoises FlY (o exhi bi t
good 50! gepibakA 52" BGbFLYThE AR BIRbbRTproventing 1iquid

and complicates the fixing device.
The transfer(-receiving) material carrying_a_
toner.image to be fixed by such a'fixing devicelmay '
.genérally comprise various types of paper, coated
10  paper, and plastic film. 1In recent years,
transpa;ency £ilims for an bverhead'projecto; (OHP
filmé) have been fTeQuently used‘fdr presentation,
-efc. An OHé film, unlike paper, has a low oil-
absorption capacity_andléarries a substantiéi amount
15  of oil on the oné_ film after fixation. Silicone oil
is liable to be eﬁéporated 6n heéat application to soil
the interior of the éppafatﬁs and'reqﬁires.a necessity
of treating the recovered oil. Accqrdingly, based on
a concept of dispensing with a silicone oil_applicatbr
20 -and.éﬁpplying an offset-preventing liquid from the
inside of the toner on heating, it has been préctiéed'
to add a release agéﬁt, such as low-molecular weight
polyethylene.or low-mo;ecular weightmpolypropylené'in
the toner. However, in case where such'a_release'_ |
25 agent is’added in a large quantity so as to exhibit a
sufficient effect, the release agenf is liable to |

cause a'filming-onto the photosensitive'member'surféce



In the case of a fixing device for a color 15 inmage form ng apparatus, a
plurality of toner |ayers I-ncl udi ng those of magenta toner, cyan '
toner, yellow toner and black toner, are fornmed on a transfer-
receiving material, so that the offset .is liable to be - caused as-a
result of an |ncreased toner |ayer 20 . thickness. - Hi t herto,
in order to prevent the attachnment - gL a toner onto a fixing roller
surface, i't has been - - practiced to conpose-the roller surface of a

mat erial , 'such as a silicone rubber or a fluorine-containing 25
resin, show ng. excellent releasability against a- toner, ‘and coat the

rol ler surfacend 66id thénsatface of hlqardlehomrng dehegbpﬁﬁbeasablllty
~such as silicone - 8- ~oil or
fluorine- contsleeng.othusfoaushsgpmmpgsedeterlorapnenent|ng of f.set- .and

. deterioration of the roller surface. However, such a neasure, though
very - ef fdecpydinglypr ébchasnbeennerasticed, tﬂeaHFP€§°§ﬁt951neqU|pnent

for supplying the offset-preventing liquid conpllcates the fixing
devi ce. the t°nerTﬁerFFSﬁ§PeP€9PEcéPan@?aﬁétéFPHP cBPtying a

5 . causing image deterloratlon_and_supplylng a small
amount of a release o0il or cleaﬁ the toner attached
onto the fixing roller by a winding-up type cleaning
web or a cleaning pad. ' o

| However, in view of recent demand for a -

10 further smeller, lighter and more reliable aéparatus,

| it is preferréd td dispense with even such auxiliary

means. ’ _
| - Further, in a full-color image forming
apparatus using non—magnetie'color toners; a two-

15 - component tybe.deéeloper somprising a non-magnetic
color toner and a magnetic carrier is generally used
to develope electrostatic'images according to the
magnetic brush developing scheme. In the magnetic
brush;developing method using a two-component type

__20 developer. 1t is necessary to adJust a constant m1x1ng

ratio between the toner and the carrier, so that the
deVelobing device equipped with such means is liable
to be large in size. Aecordingly,lin order to provide
a sﬁali-size full-eolor image forming apparatus, it is

25 desirable to use avdeveloping device (apparatus unit)

eapable of developing eleetrostatic images according

to the non—magnetic_mono—cbmponent developing scheme,



toner image to be fixed by such a fixing device may general ly conprise

various types of paper, coated 10 paper, and plastic film In recent
years, '~  transparency films for an overhead projector (OHP filmns)
have been frequently used for presentation, etc. An OHP film unlike
paper, has a lowoil- - - .absorption capacity and carries a substanti al
amount 15 - of oil on the OHP fil mafteribtxation. Silicone oil . S
|iable to be evaporated on heat application to soil the interior of

t he apparatus and.requires a necessity . of treating the recovered oil.

- Accordingly, based on - a concept of dispensing wwth a silicone oi

applicator 2®.9andasupheynninafigurecb. pvbicht hayevpgureanisest Re

inside of the toner on heating, it has been practjced to add a release”

agent, such: aB°PUM?ﬂB?EtGIﬁP195|Eﬁﬂer thanF?Etﬁ?PéhétoP COREABLOUS! ar
wei ght pol ypro the tone I n case ere _such a

ol aase 25" (ko Fortipe charactSTERtiGalor 5 Lotee RORBRR 0 &
SUffiCientief%ﬁ%ﬁgsn%ﬁbig §§§ %ggng p%eLEuQEeaBS abrasg%%sg a frln1ng ont o

t he phot osens :
-9 5 a“éoﬁ&flaﬁﬂfiéatiéﬁerSilérCférhﬁa 8h a;gsfghosiaae 19,
| is less liable to cause offset even.when fixed by

using a heating roller not supplied with an offset-

presenting liquid and exhibits good color mixing

characteristic._
10
SUMMARY OF THE ‘INVENTION
A generic object of the present invention is
“to provide a toner for develooing electrostatic images
having solved the above-mentioned problems. |
15 | E A more specific object of the present
invention is to provide a toner for developing
electrostatic images having excellent_low-temperature
fixahility and anti-offset characteristic and also a
moderate gloss value. N
20 c'-f' Another object of the present invention is to
| provide'a non-magnetic color toner su1tab1e for the |
non-magnetic monocomponent-type development scheme:and
exhibiting excellent continuous image forming
characteristic on a larger.nomber of sheets.
25 | . Another object of the present invention is to

provide a non-magnetic color toner having moderate

gloss value and color-mixing characteristic.



sl eeve, t hus causing | mage deterioration. . Accordingly, it has been

practiced to incorporate in the toner a rel ease agent in a snal
anount not 5 causing inmage deterioration and supplying a snall
amount of a release oil or clean the toner attached onto the fixing
roller by -a wi nding-up type cleaning - web or . a cleaning pad.

- However, .in view of recent demand for .a110 further smaller, |lighter and
nore reliable apparatus, - it is preferred to dispense with even such
auxiliary . nmeans. = Further, in a full-color image formng

. apparatus using non-magnetic color toners, a two- . 15 conponent type

~ devel oper conprising Anathem@iect of the|presepbrinvenbiomghette carrier -
"is generally used to devel ope electrostatic images according to the

- magnetic br uRFUEAS GhinRpIRaERtic |ePloR tRRpEFRitable pfgEnthRyel opi ng

met hod using a two-conponent type 20 deyeloper, it IS necessary to adjust’

a constant miSikitess heat apd RTRRFPES L 1%R on,R#CReBecarrier, so that the
devel opi.ng devi ce equi dwth such aps, Lable . to. arge in

si ze. Rccgr di ngly, ?n lgfﬁﬁﬂf%r p?ﬁbi?%lg%fl tﬁ% éﬁ%’??ggi ﬁ%v?ﬁﬁg'go#%r gi mage
formng. ar. J4gd §§§% I ' e | deyi ce '
(appar gt 3§s)pun| ;Em‘}{déc:ab%tz)% 0 %eﬁ{fnﬁﬁe 12%@?%3%2??’2&{ ngées accordi ng
to the non- magdigds Hd@Egeaponent devel opi ng schene, -

A still further object of the present
"invention is fo provide én image forming metﬁod usiﬁgl
a toner as described above. |
10 _ Another object of the present invenfion is to
provide an image forming method for forming multi-
. color or full-color images including an oil-less:
.heat and pressure fixation scheme.
Another 6bject of the present invention is to
15 provide an image forming method for forming multi-
color or.full?color images including a non-magnetic
mono-component.develoéing_step using a non-magnetic .
color toner, | |
According to the present invention, there is_
20 provided a toner for developing an electrostatic |
image,'comprising: 160 wt. pafts_of a binder resin, 1
- 150 wt. parts of a colorant and.5 - 40 wt. parts of
a low-softening point substance; wherein the toner haé
| 'é_stbrage modulus at 66 OC (6'gp) and a
25 storage modulus at 80 Oc (G'gg) providing a ratio
| (G'gp/G'gp) of at least 80; and | _
a storage modulus at 155 °c (G'155) and a



-10- e.g., as shown in Figure 6, which however requires a

non-magnetic col or toner that can exhibit a continuous ~image formng
characteristic for a | arge nunber .of sheets while enduring a pressure
and abrasion by a 5 toner application roller 18 and an el astic blade 19,
is less.liable to cause of fset even when fixed by using.a heating
roller not supplied with an offset- -1gresenting liquid and exhibits
good color mxing characteristic. 10 SUMVARY OF THE | NVENTI ON
A generic object of the-present invention is to provide a toner for

devel opi ng el ectrostatic inmages having sol ved the above-nentioned
probl ems. ~ 15Storage modulps, gts380; PLc (Gopeed BFOVAdipgegematio
invention is ,provide a,tonepr far dgvel oping el ectrostatic inmages
havi ng excelIgﬁt155XFtéﬁﬁér8?upe§g-' gfixability and anti-of f sets - -

characteristic and aIsgcgorgﬁgﬂn?gé%ggghggo%?gé?%ggg ﬁﬁ%;ﬁggﬁgPﬁc Anot her

obj ect of the present i1 nven col or

toner suitabl gnbghtiBR, therBC9s"BYB¢LHEATRACGBPRCAEHE kAT, devel oprent
schene and L : . _ o '
5 detachably mountable to an apparatus main assembly,
comprisingﬁ_the above-mentidnéd foner, a developing
sleeve, a toner application means diqused to press 
.the developing sleeve, and an outer casing fér
eﬁclosing the tonér;'the devélopihglsléeve and the
10  toner apblication means.

According to a fu:ther asbect of the present
invention, there is provided an image forming method,
éomprising: | |

forming an'electrostatic image on an imagé—

15 beafing member,
developing the electrostatic_ihage with the
above-mentioned tbner having a triboelectfic charge to
__form a toner image, ;
'transferring the tbner image onto a transfer
20 materiél via or without via an intermediate tfansfe:
.member, and |

fixing the toher image onto the t:ansfér'

‘member under application of_heat and pressure.
. These and other objects, features and

25 ‘advantages of the:present inventidh will become more
apparent upon.a consideration of the folléwing

description of the preferred embodiments of the



exhi biting excellent continuous image formng - characteristic on a

|l arger nunber of sheets. 25 Anot her obj ect of the present

i nvention is to ~ provide a non-nagnetic color toner having noderate

gl oss val ue and col or-m xi ng characteristic. ' . :
Anot her obj ect of the present invention is to provi de a non-nagnetic
color toner suitable for the . oil-les3-heat and pressure fixation
schene.. _ A further object of the present inventionis 5 to
-provide an apparatus unit including a toner as descri bed above.

A still further object of the present ‘invention is to provide an inage
form ng net hderegeny inventieontaker iwseenjunchbonewithothe Anot her
- object of the present invepntionis to provi de an i mage form ng net hod
“for form ng n¥fEprPanying @HawLRaSy| | - col or i mages i ncl uding an-oil -l ess
heat and pressure fixation schene. Anot her obj ect of the-:
present inventionis to 15 provide an image form ng nethod for formng -

il ti- ok fke ObrbthipFPOR" ok "BHE SpRAGLIEL"Y 2@ non-mmgnetic

5 . Figure 1 is a graph showing a storage modulus

curve, alloss modulﬁs curve and a tan'(S)icurve of a
toner'according to the invention. |
Figures 2 and 3 are respectiveiy a éraph
_shoWing a storage modulus. curve, a_ldss modulus curve
10 and a tan (8) curve'of'a'comparative toner. |
Figure 4 is a graph showing a DSC heat-
absorption.curve of a low-softening point substancé.
| Figure 5 is an illustration of an image . |
forming apparatus for practicing an'image forming.
_15 method according to the'invention.
| Figure 6 is a schematic illustration of an
embodiment of thé apparatus unit acqbrding to the
invention. - _
| Figures 7 and 8 are respectively a
20 schematic sectional illustration of a form of tomer

particles.

DETAILED DESCRIPTION OF THE INVENTION .~
The tongf:for_de§eloping eiect:ostatic images
25 according tolthe-present ihﬁention accomplishes é low-
fempe:ature fixability éﬁd a suppression of glqss

_(value) change at different fixing temperatures by



mono- conponent devel opi ng step using a non-magnetic col or toner.
According to the present invention, there is 20 provided a toner for

devel opi ng an el ectrostatic | mage, conprising: 100 wt. parts of a

~binder resin, 1 =~ = - 150 wt. parts of a colorant and 5 - 40 wt. parts of’
a | ow softeni ng point substance; wherein. the toner has a
storage nodulus.at 60 [err]C (G [err]) @ma 25 storage nodulus at 80
[err]C (G [err]) providing a ratio ~ (G 60/ G 80) of at Ieast 80 and

- a storage nodulus at- 155 [err]C (G [err]) and. a :
-12- _ storage nodul us at 190 [err]C (G Jerr rOV|d|n a ratlo

(G [err]/(3[eﬁ&ﬂ%sﬁﬂluﬂEﬁharﬁﬁterIStlc viscoe t#@% §e$01%9gﬂﬁéngaspect_of
t he present i nvention, there | &rOV|ded an ap aratus unit, 5

det achabl y mi:rﬁ"éb?%g?d“%ﬁma‘ﬁ)aﬂ%t% |91Gasebn%‘l“} st °r%%?rpr| sing: the
" ab t d.t t

G sposed to LR ae BEVE FO1D) provfebRyCy f o Y
encl osing the,d Oé'l,erleég'@ §6 eheR' %4 £EYE RO&ui s at 0155 00€" appl i cation

means.
5  (G'1ss5) and a storage modulus at 190 %c (G'190) of

0.95 - 5.0. |
_ In the toner of’the present invenfion, G'e0-
G'go and ratio (G'gg/G'gg) represent combined storage
ﬁodulus characteristics of the bihder resin and 1ew- '
jo softening point sﬁbstance in a state of trahsition
from alglass state or glass transition state where
- deformation is not readily causedeby an external
.'stress to a deformable state. A ratio (G'gqg/Ggg) of
at least 80 means that the toner causes an abrupt
15 lowering in elasticity in the course of heatihg from
60 °C to 80 ©°C, and allows good low-temperature
fixation ih'the heating and pressing fixation step, so
 that the toner imaée can.be.well fixed onto a fransfer
- material f:dm immediately after a start of power
20 eupély to an abparatus main body iﬁ a cold
| 'ehvironment._ The ratio (G'60/G'g0) mey preferably be
100 to 400, more preferably 150 to 300. '
Further, the toner accordlng to the present
.'invention contains 5 - 40 wt. parts, preferably 12 -
25 ;35 wt. parts, of a loﬁ-softening point suestance; per
- 100 wt. parts of.a binder resin; i.e., a larger

proportion than in a conventional toner for heat-



According to a further aspect of the present I nvention, there is
provided an i mage form ng nethod, conpri si ng: ) , forning an
el ectrostatic image on an inage- 15 beari ng nmenber,

devel oping the electrostatic inmage wth the above ment i oned t oner
having a triboelectric charge.to forma toner image, .
transferring the toner image onto a trangﬁpr 20 material via or wit hout -
via an internediate transfer menber; and - fixing the
toner image onto-the transfer - nenber under appllcatlon of heat and
pressure. : These and ot her objects, features and 25

advant ages of pmbssplmtfribzarmmnt ison thiat! tihec dow-temperaturdpar ent upon a
consideration of the following . description of the preferred

“enbodi nents offixeeility can be further improved. In the cage of a

ST IO RS A C LI TS R - D R
may preferably be contained 1n a proportion of 11 - 30
‘5 wt. % of the toner. In the case_of a low-softening
point substance having a releasability, such as wax,
~the offset_phenomenon'can be well suppfessed because
of an improved high-temperature offsét charaéteristic,
even if an offset-preventing agent, such as silicone.
10 oil, is not applied onto fhe heating'rqlier'surface.
The toner according to the present invention
"may preferably show a G'50'of 1x108 --1x1010 dyn/cmz,
more p:eferably 2x108 - 9x109 dyn/cm?, further
preferably 3x108 - 5x109 dyn/cm?, so as to exhibit
15 good continuous image forming characteristic on a -
large number of sheets while enduring pfessure and
abrasion in the developing device. |
It is further preferred that the toner
according to the presentlinvention provides a loss
20  modulus burve showing a'maximnm (G"pax) of at least
1x102 dyﬁ/cmz, more preferably 1x109 - 1x101° dyn/cmz;n
in é.températurelfange of 40 - 65 °C, so as to exhibit
improved énti;blocking performance and continuous
image forming charactéristic. It is further preférred
25 to show a loss modulus at 40 °¢c (G“40) giving a ratio
- (G max/G 40) of at least 1.5.

. There is generally found a correlatioh



5 ' Figure 1 is a graph showing a storage nodul us curve, a
| oss nmodul us curve and a tan (6) curve of a - toner according to the
i nventi on. o Fi.gures 2 and 3 are respectively a graph - _
showi ng a storage nodulus curve, a |oss nodulus curve 10 and a tan ([err]).
curve of a conparative toner. o Figure 4 is a graph showi ng a
‘DSC heat - absorption curve of a | omdéefteni ng point substance.
Figure 5 is an illustration of an inage form ng apparatus for
practicing an image formng 15 nmethod according to the invention." o
Figure 6 is a schematic illustration of an_ enbodi nent_ of the apparatus
uni.t accor di nBetgeeRethe stpgaggt pgAulus of a toner ptyg, dixing,g g8 are

respectively 20 chemati.c _sectional .illustratiqn of a form-of, toner
ool ees” BembopaSRiRianacachiprPaRAEeTEE ROk tnade SRar® el

| vention actSRPPRRc ol aRBE cofier S8¥ a0t pofiIBh gy Bel 'S £l Ui on
of gloss.  16yakugloslandtust of' Lf 21%ak Tk 1kAFRST Ahd &S 1Bker -
' 5 temperature-dependent change in storage modulus
‘results in a sﬁa}ler change in gloss value.
Accordingly, the ratio (G';ss/G'190) Provides an
effective measure for'evaluating the degree df gloés_
value change of fixed toner images'corresponding fo a
10 chénge in fizing temperature around 180 Oc.
| The G'155/G'199 of the toner accbrding to the
preéent invention 1is set to be in the range of 0.95 -
5, more preferably 1 -5, s0 as fo provide a smaller
gloss value change in responée to a fixing temperatufe
15 change. Further, in order to prbvide'a'color—mixing
characteristic while retaining the anti-offset |
characteristic, the toner méy preferably have G'jgg of
'1x103 - 1x104 dyn/cmz._ | | '
| - In.order to provide a better anti-offset
20 cha:é¢teri$tic and a smaller gloss change in fixed
images, the binder resin may p:eferably have a
tefrahydrofﬁran-insoluble mafter'content (THF-
insoluble content) of 0.1 - 20 wt. %, more preférablf-
1 - 15 wt. &. - -
25 The binder resin for theltoner of the present
invention may for example comp:ise: poiystyrene;

'homopolymers of styrehe derivétives,'such.as poly-p-



-14- satisfying characteristic V|scoelast|0|t|es i ncluding - a
storage nmodulus at 60 [err]C (G [err]) and a storage nodul us at 80
‘[err]C (G [err]) providing a ratio (G 60/ G 80) ~of at least 80, and a’
storage nodulus at 155 [err]C 5 (G [err]) and a storage nodulus at 190 -
[err]C (G [err]) of - 0.95 - 5.0. In the toner of the
present invention, G 60, . G [err] aﬁd7ﬁat|o (Glerr]/Glerr]). repr esent
conbi ned storage- - modul us characteristics of the binder resin and | ow .
10 softening point substance in a state of transition. froma gl ass

state or glass_transition state where deformation is not readily
caused by an gk}grﬁgtyrene §P9e€91¥Hi§Ya§PaPﬁ&SPes§¥§F€e gopRlygers

(Glerr]/derr ans that the toner causes an abr.upt

5 Towering PHEB! 88 PERERoRRET ﬁblea;e PEYEBPen SRPPAg TR R oS EYEoR8S [err] C (o
80 LerT] G, ang gl 43 oAg0 ok B VRIRCT BkytRne v 1l KALMIRALGN Neat i o and

pressing fixati ge~can be wel |l - fixed onto

a transfer 8§&ﬁ5k3|sE99 gﬂ%ﬁé&a%%hygabe&msrsts%&f%&epower 20

supply to an apparatus mai N bo envi ronnment. The ratio

(G [err]/ G [ ehekhatiy1ate eagauxmae styréf@-nathgd-quor e preferably 150 to
300. urther, the toner according to the present

i nvention contauo&oﬁethﬁﬁryuateabbpclpme&era&brehé-acﬁ#ioniiane'partS of
a | ow sof teni ng point substance, per
copolymer, styrene-vinyl methyl ether copolymer,
styrene-vinyl ethyl ether copolymer, styrene;vinyl
methyl ketone copolymer, styrene-butadiene copolymer;

10 styrene—isOprenelcopolymer and styrene—acrylonitrile—
‘indene copolymef7‘acrylic resin, methacrylic resin,
polyvinY1 acetate,’ silicone resin, polyester resin;
_poiyamide resin, furan resin, epoxy resin and xylene
resin. These resins may be used 51ngly or in

.15 combination of two or more species.
As a.principal oOmponent of the binder resin,
it is preferred to use a styrene copolymer which is a
copolymer of styrene and another vinyl monomer, in
view of the developing and fixing performances.

20 | Examples of the comonomer constltutlng such a
styrene copolymer together w1th styrene monomer may
1nc1ude othér vinyl monomers inclusive of.

- monocarboxylic acids having a doubie bond and
derivative thereof soch'as'acryiio acid, methyl
25 acrylate, ethyl acrylate, butyl acrylate, dodecyl
acrylate, octyl acrylate, 2—ethy1hexy1_acrylate,

phenyl acrylate, methacrylio acid, methyl



100 wt. parts of a binder resin, i.e., a larger proportlon than in a

conventional toner for heat- - -15-
pressure fixation, so that the |owtenperature - fixability can be
further inproved. 1In the case of a non- magnetic toner, the
| ow sof t eni ng poi nt substance may preferably be contalned in a
proportion of 11 - 30 5 w. %of the td8r. In the case of a
| ow sof t eni ng - poi nt substance having-a releasability, such as wax,

- the offset phenonmenon can be well| suppressed because of. an i nproved

| 252;&625%6‘;@ SEnareyTate;oe il neLhRSTYate:e duo SRHPARERLTS + of | o1
T aCe o abl SRR e tRA SR f%%%ﬁ 1R | BRI od (A O |
mor e preferab%féa@%&g&.@g : 9%} v f‘ar&q]sf hlaJﬂ{%faeraou 1o Preferably

_3x10[err] - err nerr], so as to ex good conti nuous

i mge form ngpehar aﬁaeab&twet%e% therdd¥, ISuHTRY mflseeaidaighil e
enduring pressure and abrasion in the devel opi ng devi ce.

It is further bptelcmaadatest methylomaleate 23WL @idictthy1o ntaheaifeﬁent
|nvent|on provi des a | oss
vinyl esters, such as vinyl chloride, v1ny1 acetate,
and vinyl benzoate; ethylenic oleflns, such as
ethylene,.propylehe'and butylene; vinyl.ketooes, euch
as vinyl methyl ketone and_vinyl.hexyl ketone; and |
10 vinyl ethers, such as vinyl methyl ether, vinyl ethyl
ether, and vinyl isobutyl ether. _These vinyl monomers
may be osed a10ne,or in mixture of two or morefspecies
in combination with the styrene monomer. o |
It is preferred that the styrene copolymer is
15 | crossllnked with a crosslinking agent, such as
divinylbenzene,-in order to provide the resultant :
toner with a broader fixable temperature regioo-and an
1mproved anti- offset characterlstlc.
The crossllnking agent may principally be a
20 compound having two or more double bonds.susceptible
of ooLymerizatiOn, examples of which may include:
aromatic divinyl compounds, such as_divinylbenZene,
and'divinylnaphthalene; carboxylic acid esters having
two double bonds, such asrethylene glycol diacrylate,
25 ethylene glycoi dimethacrylate and 1,3-butanediol
_dimethacrylate; divinyi compounds, such ae-

divinylanilene, divinyl ether, divinyl sulfide and



20 nodul us curve showing a maximum (G'[err]) of at |east | ' 1x10[efr]

dyn/cnferr], nore preferably 1x10[err] - 1x1O[err] dyn/cnferr], - - in a
tenmperature range of 40 - 65 [err]C, so as to exhibit . |nproved
anti - bl ocki ng performance and conti nuous - i mge formng:

characteristic. It is further preferred 25 to show a |oss nodulus at 40
[err]C (G'[err]) giving a ratio (3%9err]/G'[err]) of at least 1.5.
There is generally found a correl ation : bet ween the storage’
nodul.us of a toner at a fixing tenper ature and a gl oss val ue of the
fixed i mage. anpl e, ~a hi gher toner storage nodul us provides: a

| ower gl oss \Fé‘l“[?é“@fsualﬁ‘?%d qt&ﬂ]éf'mﬂ?j%}b‘?é’ BRFLNG o ee5or more

t enper at ur e- depe dent change_.in stora smal | er

change i h g1 CoBL GhetPE. I Thehe ig e ‘E*?]%Ar%’c‘f‘%l’(@fe}?]’}"d‘?’éf?
provi des an : effec]tﬂv&é‘reggég & ¢ QJSlS% zsirp&%{.hleegﬁ%r ee of gl oss

val ue change of fixed tonér inages corre change in fixing

tenperature g dﬂg¥&§{¥b[§¥iﬁéipall a crossli ﬁ@a(%{ éﬁ%C?[err] of the
toner according present .1nvention Is set"to be in the range of
0.95 - 5 opBifnd¥ SiEhéBinder fesHiv mdy (Proférality dcofbaigra
THF-soluble component providing a molecular weight
distributibn'according to gel permeation chrématdgraph
(GPC) showing a main peak in a moleéular weiéht region
‘of 3x103 - 5x104 and a sub-peak or shoulder in a
10 molecular wéight.region of at least 105,' It is
- further preferréd ‘to have'totally 2 or more sub-
peak(s) and/or shoulder(s) in the mdlecular weight |
.~ region of.at least 105. The binder feSin comprisihg
principally a styrene copblymer may preferably contain |
15 a THF-insoluble content of 0.1 - 20 -wt. %, preferably
1 - 15 wt. %. | | |
The THFkihsoluble'content refers to a weight
percentage pf an ultra high—mglecular weight polymer
cqmponent (substantially a cfosslinked polymer) |
20 insoluble in'sdlvent THF. The THF insoiuble-content
referred to herein is based on values measured in the
following manner. _ _
0.5 - 1.0.g of a toner saméle is;weighed (at
Wi g) and placed_in a.cylindrical filter paper (e;g.,
25 "No. 86R",. available from Toyo Roshi K;K.), which is
mounted on a Soxhlet's extractor. Then, the sample is

subjected to 6 hours of extraction with 100 - 200 ml



gl oss val ue change in response to a fixing tenperature 15 change.

- Further, in order to provide a color-m xing - characteristic while
.retaining the anti-offset characteristic, the toner may preferably
have G [err] ' 1x10[err] - 1x10[err] dyn/cn{err] . In
order to provrde a better anti-offset 20 characteristic and a smaller
gl oss change in fixed- i mages, the bi2fder resin may preferably have a
t et rahydrof uran-insol ubl e matter content (THF- i nsol ubl e content) of
0.1.- 20 wt. % nore preferably. 1 -.15 w. % 25 The bi nder
resin for the toner of the resent i nvention may for ex Ie conprrse

pol ystyrene; ©of. sajFeRiol ang ereyrsa%én&a icentends e%tramc et o

uch as st-yréﬁ QSty%ﬁJa“e%%nﬁc"'yv' AL S 3ot B PR i

ol y Qﬁgﬂt oﬂﬂpl t
gggol §$r agcn%gl-ﬁ“@/ll acryl a e coaptol ymercy %/r%é\g&%eﬁ&? gé@ ©
chl or omet .hacr 2l O ﬁ@%@asﬁfféd %fﬁéé %and thé& R YHE" .
styrene-vi nyl fe yl et er copo ymer

5 (W3 g) of the components, such as the pigment and the
wax, other than the resin component the THF 1nsolub1e_
.content is calculated by the following equatlon..

THF insoluble content (wt. %)
= {[W~(W3+W3)1/(W1-W3)} x 100 |
10 | In the case of a binder resin comprising a
polyester resin; the binder resin may preferably have
such a molecula: weight distribution that it shows at
least one peak in almOIecﬁlar'weight region of 3x103 -
5x104 and contains 60 - 100 wt. % of a component |
15 having a molecular weight of at most 10°. It is
| further preferred that at least one peak is.present in
a molecular weight region of 5x10° - 2x104.
It is also preferred to usé a styrene
copolymer and a polyeeter resin in mikture. For
20 ékanple, it is preferred to uSe_a oombination of a -
crosslinked sfyrene.copolymer and a non-crosslinked
polyester'resin,'or a oombination of a crosslinkeo
styrene copolymer and a crosslinked polYester'resin in
'Qiew of the fixability, anti-offSet cheracteriStic and
25 color-mixing perfo:mance of the toner. |
| A polyester iesin'is exceilent in figébility

and clarity and is suitable for a color toner



styrene-vinyl ethyl ether copol yner, styrene-vinyl met hyl ket one
copol yner, styrene-butadi ene copolyner, 10 styrene-isoprene copol yner and

styrene-acrylonitrile- i ndene copol yner; acrylic resin, nethacrylic
resin, pol'yvi nyl acetate, silicone resin, polyester resin,

pol yam de resin, furan resin, epoxy resin_ and xylene resin. These
resi-ns may be used singly or in 15 conbPhation of two or nore speci es.

~As a principal conponent of the binder resin, . it is preferred to use a
styrene copolyner mhich is a copol yner of styrene and anot her vinyl '

Eoamres of (FEREbRENE S SRSacERFheThERLB0nchatbBteRERERET™ICES) 2D

ing su yrené copol ymer-

oget her wi th styrene FRNOHEhaFBY onl ar1 b6 HAE-bAC Lo BN SMRRATET S

i ncl usive of: ~nonocar I'C aC| V|ng a Ie bond ans

derivative therges1ifiked 82 é§6¥§1§nﬁéﬂdpoﬂ?eg¥Er %ésmcaslta&aedebwl
acrylate, butyl acryl ate, dodecyl - acrylate, octyl acrylate,

‘2-ethyl hexyl @é6pyigténdensatpbanpetresdyl at msﬁntahmrulemva@:ude met hyl
nmet hacryl ate, ethyl- nethacrylate, butyl nethacryl ate,
5 represented by the fprmula of:

CH3

H—(-OR-)T-O-@- -@-O—(—RO-)——H .

‘wherein R denotes an ethylene or propylene groub, #
10 and y are independently e'positive integer of 1 or
_ larger with the“pﬁoviso that the average of x+y is in
the range of 2 - 10, or a substitution thereof, and a
carboxylic acid eompbnent comprising a.carboxylic acid
having at least two carboxylic groups, er an acid
15 anhydride or a lower alkyl ester thereof, such as
fumaric acid, maleic acid, maleic anhydride, phthalic
| acid, tereéhthalic acid, trimellitic acid or
pyromellltlc a01d.
The polyester resin may preferably have an
- 20 'acidfvalue (AV) of 1 - 35 mgKOH/g, more preferably 1 -
) 20 mgKOH/g, further preferably 3 - 15 mgKOH/g, so as
to provide é stable toner chargeahility under various
environmental conditions. |
“Examples of the lew4softening point eubstanee
25 used in the toner for'developing'electrosfatic images'
accofding to the present'invention nay include;

paraffin-Wax,'polyolefin wax, microcrystalline wax,



octyl nethac

. crosslinked

order to pro
tenperature
The crosslin

i ncl ude:

rylate, acrylonitrile, nmethacrylonitrile, and acryl am de;

Vi e resul - toner w roader. fi xabl e
r Q8k0 ”aﬁad aeaivatlvegpméedoenhhcﬁf bEehraftedc pRodudts

%é 95&@%‘ h@kbﬂataae%msuqe ?'s-chat:)m didohibeRerias N

di carboxylic acids having a double bond and derivatives thereof, such .
as maleic acid, 5 butyl maleate, nmethyl nmal eate and di met hyl nal eate;

vinyl esters, such as vinyl chloride, vinyl-acetate, and vi nyl

-benzoat e; ethylenlc ol efins, such as et hyl ene, propyl ene and butyl ene;
vinyl ketones, such .  as vinyl nethylr4 @étone and vinyl hexyl ketone; and
10 vinyl ethers, such as vinyl nethyl ether, vinyl ethyl et her, and

vi nyl -i sobutyl ether. These vinyl nononers nay be used alone or-in

m xture of tv ' o] Lip h e rene

nononer . “809§m39591§§8_g§%re gprég ?Egghgge re%éw%%ﬁo%§%g% Is 15

king agent may principally be a 20 conpound having two or nore
doubl e bonds asacBRbik! eompound.polIynesi pakiferredxampiremovee whildw-Tay

aromati c di vinyl conmpounds, such as divinyl benzene,

and

di vi nyl napht. hmbteenlaar weightc fxactiont Eromh&hendow-softbeminguiplodnionds,
| ene glycol diacrylate, -25 ethylene glycol dinethacrylate and"

such as ethy
1, 3- but anedi
divinylanile

10

15

20

osubstangensohaseyidecs B5¢ hpatc absONBII Ons C8irvas

ne, divinyl ether, divinyl sulfide and
hav1ng a sharp maximum eat-absorption peak.

Preferred examples of the wax (low—éofteﬁing
point substance) may include: linear'alky1 alcohdls,
linear allphatic.acids, linear acid amides, linear
esters and montane derivatives each having 15 - 100
carbon atoms. It .is also preferred to remové
impﬁritieé, such aé liquid aliphatic acid from the
'waxeé in advance. _

A preferred clasé of the_wax_domponent used
in the present invention may include a_low-molegular
weight alkylene éolymer_wax obtained through
pqumerization oflan alkylene-by radical

polymériiation under a high pressure or in the

- presence of a Ziegler catalyst'under'a low pressure;

an alkylene polymer obtained by_thermal decomposition
of an alkylene polymer of a high molecular weight; a

ffaCtionation product obtaihed by fractionating a low-

molecular alkylene polymer by—produced in alkylene

25

polymerizat1on, and a polymethylene wax obtained by_
removing a distribution residue from the Atge process

for converting a gas mixture of carbon monoxide and



-19- di vi nyl sul fone; and conpounds having three or nore vi nyl

groups. These may be used singly or in mxture. - In the case
of using a binder resin. =~ conprising principally a crosslinked styrene
5 copolymner, the binder resin may preferably contain a THF- sol ubl e
conponent providing a nDIecuIar weight  .distribution according to gel
permeati on chromat ograph (GPC) show3drg a nain peak in a nolecul ar

wei ght region = of 3x10[err] - 5x10[err] and a sub-peak of shoulder in a
10 nol ecul ar wei.ght region of at least 10[err]. It is further

Phe mol cul abigoges o yfq%gﬁ{aoﬁx"@%%aqb@a’st ot fnd WStaclpb T 1
t I t -15
ST nool uft SRR, e on, Fik e MRS S5 EL L B
The THF- l,ybl. h It N
hi Sh nol la(r:]zloagpw% ght "’?‘{e‘r ﬁlﬁr%gte g}%ngn?m(s&st an %%%5 a crossrl n[(gd

pol ymer) 20 gp RsfliU:8 ddhts ddedd tHdretdhe THF insol ubl e content
referred to herein is based on val ues neasured in the - follow ng

manner. 5 _ The low-softening point substance used in the
present invention may preferably'have a heat-
absorption main peak in a temperafure'region-of 40 ~
90 ©c, mofe preferably 45 - 85 °C, on its DSC heat-
absorption éurve. The low-softening point'substancel 
10 may preferably be one showing a sharp-melting
characteristic peak as represente§ by the heat-
ébsorptién main péak having a half-value width of at
most 10 °C, more preferably at most'5 OC. The low-
softening p01nt substance may particularly preferably
15 comprise an ester wax compr1s1ng prlncipally an ester
compound between_a long-chain alkyl alcohol hav1ng 15
- 45 carbon atoms and a long-chain alkyl: carboxylic
acid having 15 - 45 carbon atoms.
. - Ezamples of the black colorant used.in the
20 - present invention may'includét carbon black, a
:magnetié material, and a colorant showing black by
colof—mixing of yellow/magenta/cyan_dolorants'as shown
below. | | -
Exampleg of the yellbﬁ colorant may include:
25 condensed'azo compounds,_isoindblihone compounds,
anthraquinone compounds, azo metal complexes, méthin

compounds and aryiamide compounds.: Specific preferred.



0.5 - 1.0 g of a toner sanple is weighed (at Werr] g) and placed in a
cylindrical filter paper (e.g. 25 "No. 86R', available from Toyo Rosh

K.K), which is nount ed on a Soxhlet's extractor. Then, the sanple is

'subjected to 6 hours of extraction with 100 - 200 m

-20- . of solvent THF, and the sol uble content extracted with THF'.“'

is subjected to evaporation of THF and mﬂ%ﬂiunder_ vacuum f or several
. hours at 100 [err]C to be weighed (at- W2 g). Based on the neasured
~values and the vweight 5 (VWerr] g) of the conponents, such as the

| t and t th the T 50l ubl |
Content 15 calSaMRES BREREY BT MR Dt ion FLanert Yelnls [t | (57" ©
content (w. %()3 Irft e' s’ é \%@ (\gaerrdfw;gr]g.j/(Wéarrﬂid/\[err])} X
: ca e

100 10 r r'esi"n ‘conpri’s ‘pol yester
resin, the bi q_qr 9%9," 15, Firz%f erngly v hAre 168, 1SHED 137670'1%?6“ aggyiei ght
dlstrlbutlon that it shows ’at east one peak in a nol ecul’ar wei ght
regi on of 3x1Q o1, 5x10[err] and contains 60 - 100 wt. %of a

conponent 15 having a nol ecul ar wei ght of at nost 10[err]. It is
further prgeferred t hat Exanpasd ofecheeatagentd eﬁtﬂrtirarft may include:

condensed azo compounds, d1ketopyrrolepyrrole
compounds, anthraqulnone compounds, quinacridone
compounds,_basic dye lake compounds, naphthoi
compounds, benzimidazole compounds, thioindigo

10 compounds and perylene compounds. Specific preferred
examples thereof may include: C;I. P;gment'Red_Z; 3,
5, 6, 7, 23, 48:2, 48:3, 48:4, 57:1, 81:1, 144, 146,
166, 169, 177, 184):185, 202, 206, 220, 221 and 254.

Examples of the cyan colorant may include:

15 copper phtnalocyanine,compounds and their derivatives,
anthraQuinone compounds and basic dye lake compounds,-
Specific preferred examples thereof may include: C.I.

- Pigment Blue 1, 7, 15, 15:1, 15:2, 15:3, 15:4, 60, 62,
and 66. |
20 _,' | These colorants may be usedlSingly, in
mlxture of two or more species or in a state of solid
solution. The above colorants may be approprlately
:selected in view of hue, color saturation,'COior
| vaiue, weather resistance, QHP transparency, and a

25 dispersibility in toner particles. The above

_colorants may preferably be used in a proportlon of 1

- 20 wt. parts per 100 wt. parts of the binder resin. .



a.nol ecul ar wei ght region of 5x10[err] - 2x10[err]. It is
al so preferred to use a styrene + copolyner and a polyester resin in
~mxture. For 20 exanple, it is preferred to use a conbination of a.
crosslinked styrene. copol yner -and a non-crosslinked polyester resin,
or a conbination of a crosslinked a:&yrene copol yner and a crossl i nked
pol yester resin in - view of the fixa#3¥ity, anti-offset characteristic
and 25 coIor-n1X|ng per formance of the toner. A pol yester
resin is excellent. in flxablllty and clarity and is suitable for a
color toner requiring a

good col or mi & Réa(‘?ﬁalc&}f’@raf’& cgmpr:.s:mg a magneltth g‘a&fﬁﬁa&(l arly |
preferred to Usgige" cgi%zjabw%%d\ﬂegﬁyg |sp eno g)%lr £ r{e5| n

obtained by . copo ycon ShsatT on ivative
represented by pRepL¥ETdNn2 0¥ 40 - 150 wt. parts per 10bE&&J parts

Wwherein R denotés an ethyl ene or propylene group, X and'y are
-independent | yoF RO Divddrira@dn of_ 1 or
' 5 : The charge.control_égent used for stabilizing
the triboelectric chargeability of the toner ﬁay
include known ghargé control agents. The charge
control agent_may preferably be one which is-cbiorless
and has a higher charging speed and a property capable
10 _Of'stébly retaining a prescribed charge amount. In
the case of.usingwthe direct‘polymerization_for
producing the toner particles of.the'bresent
Anvention, the chafge contrpl agent may partidularly
preferably be one free from polymerizatioﬁ-inhibiting
15 properties and not coﬁtaining a component soluble in
.an aqueous ﬁedium.

The charge control agent used in the present
invention may be those of negative-type or positive-
typé.e'Specific examples of the'négativé charge

20. cpntrol agent may include: metal-containing acid~-based
comﬁoﬁndé comprising acids such as'salicyiic acid;
allesalicylic-acid, dialkylsalicylic aeid, naéhtoic
~acid, dicarboxylic acid and derivatives of these
acids: polymefic_compoﬁhds having a side chain

25 comprising sulfonic acid or carboxylic acid; boron

' compound: urea compounds; silicon compound; and

calixarene. Specific examples of the positive charge



| arger with the proviso that the average of x+y isin the range of 2 -

10, or a substitution thereof, and a carboxylic acid conponent
conprising a carboxylic acid having at | east two carboxylic groups, or
an acid 15 anhydri-de or a |ower alkyl ester thereof, such as fumaric
acid, maleic aci.d, maleic anhydride, phthalic- acid, terephthalic acid,
trlnellltlc acid or pyronel litic acidb~ The -pol yest er
resin may preferably have an 20 acid value (AV) of 1 - 35 ngKOH g, nore
preferably 1 - - . 20 ngkOH g, further preferably 3 - 15 ngkOH g, so as

- to provide a sta toner char eablll und vari ous envi f onment al’
condi ti ons. q-‘r°1 agen &%/'h e‘fﬁ?&ﬁﬁ%rﬁ‘%’b’oﬂts '{Jigit ance

used in the tg)rbel:}m{eolrléj <fi|t ﬂ@s%&%r{if% aéni&;el‘g@g%?yo?%?rfgﬂgﬁdl ng to the

present inven par

”nicrocrystaHlig? ry 1ts; guanidine com ounds~'§ﬁd
pol ynet hyl ene X sucah as |sc sIaropshegvvax1 ¥ edc P gher -

al i phatic aciqmddggbxgm&dhﬁgﬂﬁﬂgu, ester ~ wax, and derivatives thereof
. such as grafted products - and bl ock conpounds. It is preferred to
renove a Ilpw - The charge control agent used in the present

invéntion may preferably be used in.a proportion of
0.5_— 10 wt. parts per 100 wt. parts of the bindér
' resin. .However, the charge confrol agent is'not an
essential componént for the tongr.particles used in

10 the pfesent invention. The charge control égeht can
be used_as an optional additive in some cases. In the
case of using two-component developing method, it is
possible to utilize triboelectfic charge with a
carrier. In the case of ﬁSing a non-hagnetic one-

15 coﬁponent_brade coating developing method, it is
possible to omif a charge control agent by positively.
utilizing a triboeiectric charge through friction with
a blade member or a sleeve member.

As a process for producing é toner'according
- 20 té_tﬁé-piesent invention,.there may be adoéted a
pﬁl#erization process whérein the binder resin, the
-coloranti.the:1ow;softening point substance and other
optional additives such as a charge’cbntrol agent and
other infernal_additives are uﬁiformly kneaded and

25 _dispersed by a pressuré kneader, an'extruder or é

media disperser, and thé kneaded éroduct is

mechanically pulverized or caused to impinge onto a



5 nolecular weight fraction fromthe | ow softening point subst ance fq'

provi de a DSC heat absorption curve havi ng a sharp nmaxi nrum

heat - absor pti on peak. I Preferred exanpl es of the wax _

(I owsoftening poi nt substance) may include: |inear alkyl alcohols,

10 linear aliphatic acids, linear acid am des, |inear esters and

nont ane derivatives each having 15 - 10027- carbon atons. It is also
preferred to remve inpurities, such as liquid aliphatic acid fromthe
“waxes in advance. 15 - A preferred class of the wax conponent used
in the present invention may include a | ow nplecular - - weight al kyl ene

pol ymer wax CERESHEGIRMRoigh streapotgnbei pulverisedadntekp EREIEPD adi cal
Polyer 2at RS0t ILID BISESHLERRT by ifea’hy PLSSEREICAL BT COler
Do | oriaye o haREdbl bERE AT FRhnhy bRy Bhesd shgiel o @
oyt oy o CEACPIRERSUEEY, ! 1Al KaeRton oceneb MTELIBRRRIIEN SR,
Arge‘procgss adqpthrpEBEégétfaﬂ &igéétﬂ&xbHb&u@inﬁaféﬁar”BBQ%Eéqe%nd
according to suspension polymerizafion as disclosed in
JP-B 36-10231, JP-A 59-53856, and JP-A 59-61842; a
boﬁndary.assoéiation pfocess wherein fine pafticles of
at least one species are agglomerated into_a desired
10 particle size as disclosed in JP-A 62-106473 and JP-A
_63—186253: a diépérsioﬂ poiymerization process for
directly produciﬁg-toner particles in ah aqueous '
organic solvent in which the monomer is soluble but
the reéultant polymer is insoluble; and a process for
" 15 producing-toner particles according to_emulsion
'polymerization as represented by soap-freé
polymerization wherein toner particles are directly _
'_fbrmed_by polymerization in the presence of a water-
soluble polymerization initiator.
20 _':_' - In a type of the pulverization process,
binder reSihs of a high molgculér weight ahd é low
molecular weight are blended, and optionally modified
by changing the sPecies andladditioh'amount of a low-
softening point substance. Thié process is'.
25 pérticulérly effective in fhe éaée of using bihder
resins ha#ing é hydroxyl Qroup or a carboxylic group,

‘and it is possible to cause a metallic crosslinking by



- 23- hydrogen to forma hydrocarbon pol ymer and extracting a

particular fraction fromthe distillation residue as it is or after. N
hydr ogenati on. These waxes nmay contain . an anti-oxi dant added thereto.

5 The | ow sof teni ng poi nt substance used in the - present -

i nvention may preferably have a heat - ~absorption main peak in a . .
tenperature region of 40 - 90 [errT@?‘nDre preferably 45 - 85 [err]C,
on its DSC heat- - - absorption curve. The | ow softening point substance

10 rmay preferably be one show ng a sharp-nelting " characteristic peak

d he heat - ' ' k ing,a_half-val |
o o oP e e Sgabiph N S anopesaf i T8 EbRGuaR) G010 BRK MBS 1,
Softe“'”g,pp'ﬁﬁeSE?ﬁéaB-ekHEXdEﬁgt'%HE§EL§ ﬂ%SEﬁgigéya $RFCONPri se an ester
wax conprising principally an estér “Cohpound b€t ween a | ong-chain o

al kyl al'cohol ; h3¥1361d5component? Ce#hbPRe2H8IIMBPE zatlBRIpTBRERS2! KY!
car.boxylic -acid having 15 - 45 carbon atons. : Exanpl es of

the black col gpantoneedphetibite BlodEesen] i@ves! peafaRyednebude: carbon
bl ack, a magnetic material, and a col orant showi . ng bl ack by S

col or- m xisng bhcgepbrateninnan/ appropelatanmnenemerhannapproplrébte.
Exanpl es of the yellow colorant may include: 25 condensed azo conpounds,
i soi ndol i nonecrospbinding agent and/or resin component, and also a
| low-softening point substance and a polymerization
initiator} form thé resoltant polymerizable ﬁonOmef
composition into particles; and_potherize the
10 particles of the COmposition, to form polymerizate
| particles (toner particles) in which the low-SOftening
" point sobstance is enclosed within the polymerized
‘binder in-a_sea-island structure.
Such a séa—island structﬁre_in which the low-
15 softening point substonce is encloséd within the
binder'resin.may suitablf,be proﬁided by dispersing in
an aqueous-mediu@ glpolymerizable_monomer composition |
' obtained by mixing é principal_monomer, a low- _ |
softening point substance having a lower polarity than
20 the principal monOmef and a small amount of a resin or
_monomer having a higher.polarity t0'pro§ide a core-
shell'structﬁre wherein the low—softening point
substance is coated with the resultant binder resin.
The resuitant poiyermizable oarticlesimay be:used as
25 tonér particles'as'they are or after associotion of
very fine particles up to a desired parficle size to

provide toner particles having a,sea—island structure.



~ant hr aqui none conpounds, azo netal conpl exes, nethln : conpounds and
aryl am de conpounds. Specific preferred-

-24- - exanples thereof may include C 1. Plgnent YeIIow 12, 13,
14, 15, 17, 62, 74, 83, 93, 94, 95, 97, 109, 110, 111, 120, 127, 128,
129, - 147, 168, 174, 176, 180, 181 - and 191. 5 Exanpl es of

t he -magent a col orant may i.ncl ude: téfdensed azo conpounds,

di ket opyrrol epyrrol e - conpounds, ant hraqui none -conpounds, quinacridone
conpounds, basic:dye | ake conpounds napht hol conpounds, benzi ni dazol e

prererred "R OHER Lo nEPRRRERRR PREELCERS SRR AR TR L ° o
0" 523 48 3ustBcdyoffsbruifule lobraltd +d'Ene apoviSfophipel’’. 164

185, 202, 206 e .£yan
col orant may bP&éHES 1%51§OBPé£ePPEBa£ﬂ£¥aQ eSQ%DBHQdépéBthhﬁrr

ne
deri vatlves raqw none corrpoun S ang basi c ke corrpounds
Speci fi c. pref Eéﬁedo%éfmhgspbhﬁteQﬁbﬁB&nbéChdéea Eentmg pth&ment Bl ue 1,

7, 15, 15:;1, 15:2, 15:3 62, - and

5  (maximum heat-absorption temperature on a DSC heat
absorption curve) which is.lower thaﬁ the
polymerization temperature, Figures 7 and 8 shcw
‘schematic illustration of two representative'types.cf
seafisland structure of toner particles wherein a low-

10 softening point substance A'is_enclosed as an island_
ﬁithin a sea of"shell-resin (binder resip) B.

By enclosing the low-softening point_
substance in toner particles, a relativeiy'iarge
amount of low-softening point substance can be

15 incorporated within toner particles while suppressing
' the lowering in anti-blocking performance. Further,
"by using a sherp-melting 1ow—softening:point
substance, it is possible to provide toner particles

having a high mechanical impact strength and yet

20 capable of show1ng a low-temperature f1xab111ty and

good color m1x1ng performance at the time of heat-
pressure flxatlon

| -The polymerlzable monomer sultably used for
prcducing-toner particles acccrding to the

25 polymerizatlon process may sultably be a v1ny1 type

polymerlzable monomer capable of radxcal

polymerization. The v1ny1-type polymerlzable monomer



20 These colorants may be used singly, in . mxture of two or
nore species or in a state of solid ‘solution. The above col orants may
be appropriately . sel ected in view of hue, color saturation, color

val ue, weather resistance, OHP transparency, and a 25 dispersibility in
toner particles. The abeove - colorants may preferably be used ina -
proportion of 1 - 20 wt. parts per s-B®G w . parts of the binder resin..
-25- A bl ack col orant conprising a magnetic material, unl i ke
the other .colorants, may preferably be used in a proportion of 40 -
150 wt. parts per 100 Wwt. parts . of the binder resin. 5 . The-
* char ge contromaxgéﬁtauﬁ@&°¢@ﬁ@§iﬂ&ﬂllEPH@mer on; e RAdiYHRGdonal ' '

TS et o, SR AR B o "
B b S ST AR RS el b LY
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5 methylstyrene, p-methylstyrene, 2,4-dimethylstyrene,
p-n-butylstyrene, p-tert—butylstyrene, p—-n-~ |
- hexylstyrene, p-h-oétylstyrene, p-n-nonylstyrene, p-n-
décyl styrene, p-n-dodecylstyrene, p;méthoxysfyrene .
and p-phenjlstyrene; acrylic monomers,'such'as methyl

10 acrylate, ethyl acrylate, n-propyl acrylate, isopropyl
acrylate, n—butyl ‘acrylate, iso-butyl acrylate, tert-_
butyl acrylate, n-amyl acrylate, n—ﬁexyl aérylate, 2~
ethylhexyl acrylate, n-octyl acrylate, n—nonyi
lacrylate, cyclohekyl.acrylate, benzyi aéfylate,

15 dimethylphosphateethyl acrylate, diethylphosphateethyl

' acrylate, dibutylphosphateethyl acrylate, and 2- .
lbenzoyloxyethyl écrylate;.methacrylic monomers} such

. as methyl methacrylate, ethyl methacrylate, n-propyl
methacfylate, iso-propyl methacrylate, n-

20 ._butylmethacrylate, iso-butyl methacrylate,'tert-butyl
methacfylate, n-aﬁyl methacrylate, n—heﬁyl- |
methacryléte, 2-ethylhexyl methacrylate, n-octyl

" methacrylate, n-nonyl methacrylate, diethylphoéphatef
ethyl x;{ethacryiaj:e, and dibutylphosphateethyl |

25 .methacrylate; methylene aliphatic monocarboxylic acid
esters; vihyl_estérs, Such as vinyl acetate, vinyl

'_prbpionate, vinyl benzoate, vinyl lactate, and vinyl



preferably be one free from polynerization-inhibiting 15 properties and
not contai ning a conponent soluble in an aqueous nedi um

The charge control agent used.in the present i nvention may be those of
-negative-type or positive- type. Specific exanples of the negative
charge 20 - control agent may include: netal -containing acid-based
conpounds conpri sing acids such as sali &8l~c acid, al kyl salicylic
acid, dialkylsalicylic acid, naphtoic aci d, dicarboxylic acid and
~derivatives of these - aci ds; polyneric conpounds having a side chain
25 conpr|5|n sul fonic acid or carboxylic acid; boron ©conpound; urea
conpounds; pEgatesnydnngd, exhers. such ﬁﬁaﬁéﬁgl ma&&ﬂR|Q§h9Rﬂmﬂes of the
-positive charge ' control

agent may i ncMdg¥l &G‘Qﬁ’ér r?élhgﬁrarrﬁﬂﬁi Ty t1§‘°butY1 ﬁd:ll”ﬁﬁs'r ﬁf‘dcd‘h‘ﬁﬁﬂnds
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5 Examples of the polyfunct10na1 monomer may_
include: diethylene glycol diacrylate,,triethylene
.glycol diacrylate, tetraethylene giYcol diacrylate)
’polyethylene glycol diacrylété, 1,6—he2anediél
diacrylate; neopentyl glycol diacrylate, tripropylene

10 glycol diacryléte,_polypropylene'glycol diacrylate,
2,2'-bis[4-acrYIoiydiethoxy)phenyl]propane,
trimethylprqpane_triacrylate, fetramethylmethane
tetraacrylate, ethylene giycol dimethacrylafe,
diethyleﬁe glycol dimethacrylate, triethylene glycoi

15 _dimethacrylate; tetraethylené glycol dimethacrylaté,
'polyethyléne glycol_dimethacfylate, 1,3—bﬁ£y1ehe
glycol'dimethacryléte, 1,6-hexanedioi dimethacrylate,

. neopentyl glycol dimethacrylate, polypropylene glycol
dimethacrylate, 2,2'-bis[4-(methacryloxydiethoxy)-

ZC phenyl]propane, 2,2;—bis[4—(methacryloxypolyethoxy)—
phenyl ]propane, trimethylpropane trimethacrylate, |
'tetramethylmefhane tetramethécrylate, divinylbenzené,
divinylnaphthalene, and divinyl ether.

In the present invention, the above-mentioned

25 ~monofunctional monomer may be uséd singly or in
combination of two or more species thereof, or

optionally in combination with one“dr'moré'species of



resin. However, the charge control agent is not an - essenti al conponent
for the toner particles used in 10 the present invention.  The charge

control agent can ~ be used as an optional additive in some cases. In
t-he case of using two-conponent devel oping nethod, it is possi bl e
to utilize triboelectric charge with a carrier. In the case of using a.
~non-nmagnetic one- 15 conponent bl ade €82+i ng devel oping nethod, it is
~possible . to onmit a charge control agent by positively utilizing a _
triboelectric charge through friction with a bl'ade nenber or a sleeve
menber . ' As a process_for producing a toner according- 20 to

t he present iﬁh%h??bﬁfuﬂﬁbi@nﬁﬁyPBéYﬂﬁBbFéH1&'m°n°mﬁﬁhvepﬁ§ation process

wherein the binder resin, the _ -coloiant; t he | ow softening point A
substance andP%}HEPn°t1°nBitPﬂﬁgweﬁaﬂ?P'9e@°§8@ﬁra§ax efgPyLec 880l agent -
and - other_internal.additives are uniformy kneaded and 25 di spersed

t
by a pressureaﬁnéaﬁﬁ ?Shhngi??gagF“ r a - media disperser; and the
kneaded product s  rhEPEBIGhERLbYRHYEhiETdrRYy GAURCESO | MPInge onto a
ajet s 0 be pu _

-27- : target in ream verized into a desired
o 5 polymerization of the above-mentioned polymerizable
monomer may be an oil—éolubie iﬁitiato: and/or a
water#soiuble initiator. E#amples of the oil-soluble
initiator may include: azo compouhds,fsuch aé 2,2'-
'azobisisobutYronitrile, 2,2'-azobis-2,4-dimethyl-

10 valeronitrile, 1,1'-azobis(cyclohexane-1--
carboﬁit'rile) . ‘&nd 2,2° -azobis-4-methoxy-2, 4-
dimethflvaleronifrile; and peroxide initiators, such
as acetyicyclohexylsulfonyl peroxide, diisopropyl
'perokycarbonate, decanoyl peroxide, lauroyl pefoxide;

I5 stearoyl perokide, propionyl pe;oxide, écetyl
_petoxidé,'t;butyl peroxy-2-ethylhexanocate, benzoyl
peroxide, t-bﬁtyl peroxyisobutyrate, cyclohexanone
peroxide, methyl ethyl ketone peroxide, dicumyl
.peroxide, t-butyl hydroperdxide,.di-t—butyl peroxide,

20 and cumeme hydroperoxide. -

Examples of the water—soluble initiator'may_
include: ammonium persulfate, potassium pérsuifate,
2,2'-azobis(N,ﬁ'—dimethyleneisobutyroamidine)
hydrochloric acid salt, 2,2‘—azobis(2-amidinopropané)

| 25 hydrochloric agid salt, azobis(isobutyiamidine) |
| -hydrochléric,acid salt; sodium 2,2'-azobisisobutyro-:

nitrilesulfonate, ferrous sulfate and hydrogen



toner particle size level, followd by classification . into a narrower
particle size distribution to form toner particles. In addition, it
is also possible to 5 adopt a process for directly producing toner
particles according to suspension polynerization as disclosed in-
JP-B 36-10231, JP-A 59-53856, and JP-A 59-61842; a boundary

. associ ation-process wherein fine parti cl-€33-of at | east one species are
agglonerated into a desired- 10 particle size as disclosed in JP-A

62- 106473 and JP-A 63-186253; a di spersion polynerization process for
directly producing toner particles in an aqueous organi ¢ solvent-in
whi ch the non®®oXideso| ubl e but - the resultant polyner is.insoluble

Dol ymeri 7at on s repr bt Hypasy vhamtion, fF R Rodei RS o ein
toner particl re directly. . formed by polynerization in the presence
of a water- efgur%ﬂb?‘g:p%lw z*aﬁ?‘bﬁf‘?’hi#)%ﬂ%?.a ﬁyﬁer_lzatl_orf.n a type

of the pul verigati.an oL ocess, in'o£%§€ﬁ%%3§%§¥?fﬁ ﬁbrﬁ§$53%%§§ular wei ght

and a | ow ._nﬂlecu ar werght are optionally rfied

by changi ng t hey1SARG Satiitth i thd bAIRIEE i AlbFe | f¥homer. SOftening point
substance. - This process is 25 particularly effective in the case of

usi ng bi nder r esi Nehd) apoidlr Sad @Y €6 Ottie Oprés &t bDiydn€i @i oup, |
and it is possible to cause a netallic crosslinking by - o
may particularly preferably be produced through the
suspension polymerization process by which a
particuiéte.tongr having a small particle size of 3 -
10 8 um can be easily pfoduced.with a uhiformly
controlled shépé and a sharp-particle size o
distribution. It-is also possible to suitably apply
the seed pplymerizatibn proceés wherein once-obtained
" polymerizate pafticles are caused to adsorb a monomer,
15 which is furtﬁer polymerized in the presghce of a
polymerizafion initiator. It is also possible to
include'a polar compound in the monomer adsorbed by
dispersion or dissolution.
| In case whére the toner aééording to the
20 preéent invention is produced'tﬁrough the suspension
polymgrizafion, toner'particles may.bé produced
directly in the following manner. Into a
polymerizablé monomer, a low—sqffening point substance
. such as wax, a cplbfant, a polymerization initiator, a
25 crosslinking agent and another optional additive are
added and uhifd;mly dissolved dr-dispérsed by a

homogenizer or an ultrasonic dispersing device, to



- 28- - adding an organonetal lic conpound or its derivative at t he

time of kneadi ng, thereby producing a THF- I nsol ubl e conponent. In the
pol yneri zati on process - for toner particle production, it is preferred
to. 5 -incorporate in an appropriate nononer an appropriate

crosslinking agent and/or resin conponent, and also a ‘| ow sof t eni ng
poi nt substance and a pol ynerization -34initiator; formthe resultant

pol yneri zabl e nononer conposition into particles; and polynerize the
10 particles of the conposition, to form polynerizate particles

(toner p artlcles% M?ICh t he IOMFsoftenjng _'goint ubstance is
encl osed wit hfATEL2 BOLyRerizahle mongmgy.FOmRogitdomy, sWRAGhsdS ct ure.

s ondl osed wFERPAOLRES=8d pRq ZbERel Antd) pastd g@%%t 88 Blovided by o
i Spersing 1 Nay oper@RoATNERYANTRALELA1RG) KTRELBRESIDRRNBI 1GqTROST ti o0

obt ai ned by nTXThg a princrpa SOt eni Nng poi n

substance havpPongsh@"ee BAl BrhiKakyBeizlerlna RomBmiBr BANQTE" and a
smal | amount of a resin or nononer having a higher -polarity to -provide
a core- 5 Hbflbhefl kde! PprarekabtyNuhber! 8¥chOh! ebn@d tAonNithat
droplets of the polymerizable monomer cbmpoSitioh can.
have a desired particle size of the resultant toner
| particlee'by controlling stirring_speed and/er
stirrihg'time. Thereafter, the stirring ﬁay be
-10 gontinued.in such_a'degree'es to retaiﬁ'the particles
'of'the polymeriﬁable'mondmer composition thus formed
and prevent tﬁe_sedimentation of the particles. . The
'poiymerization maf be performed at a temperature ef at .
least 40 °C, generally 50 - 90 °C, preferably 55 - 85
. 15 °C, The temperature can be raised at a later stege of
the polymerization. It is also poseible to subject a 
part of thé aqueous system to distillatipn in a latter
stage of or after the polymerization in order to
remove the yet-unpolymerized part of the polymerizable_
20 monomer and a by—produet which can cause an'Odér in
-the.toner fixaﬁion step. After the reaetion, the
'produced toner particles_are washed, filtered out, and
dried. In the suspension polymerization, it is
generally preferped to use 300 - 3000 ﬁt. parts of
25 water'as the'dispersien medium per 100 wt. pafts of

the monomer compositlon.

- In productlon of toner particles by the



substance is coated with the resultant binder resin. The resul tant

pol yerm zabl e particles may be used as - 25 toner particles as they are or
after association of very fine partlcles up to-a desired particle size
to  provide toner particles having a sea-island structure. :

- 29- In.order to produce toner particles of a sea-island S
di spersion structure according to the abo%2=descri bed process, it is
preferred that at |east one species of I ow sof teni ng poi nt substance
has a melting point 5 (rmaxi num heat - absorption tenperature on a DSC heat

h t t enper at ur e.
Elb;f.l):: gtsl gnaﬁgr%lgs%MIfonlps Jcﬂ%?r‘é’t?t%?{]‘?r}' d%?*%?l%ggb%n;%\ﬁ;;gﬁpsgsen?t ive o
f particles ereln al ow
Fs'>(;1|9te2n?ng poi nﬁs%jbﬂf ance ];E £ %’g?gé’é%gg%% UFR %dln°rgaWFh?ﬁ/3n§ea

of -shel | resin, fﬁgﬂ the N -
| ow- sof t eni ng ggltBnt 169&1 s?%lc%niSt?%ln%lrzepzarﬁyc%s a re?at ively large
anount of | owgdpeErdich Q@éd&urﬁUbsﬂ:ﬁ&ﬁﬂé@erethé51an§9ﬁ?€rat ed within
toner particles while suppressing the lowering In antl-blocklng

per f or mance. Iaﬂspéwsion stabilizer may 1nc1ude° tricalcium
phosphate, magnesium phosphate, aluminum phosphate,
.zinc phosphats, calcium carbonate, magnesium
.carbonate, calcium hydroxide, magnesium hydroxlde,
aluminum hydrox1de, calcium metasilicate, calcium
10 sulfate, barium sulfate, bentonite, silica, and
alumina. Exampres.of the organic-dispersion
stabilizer may include: polyvinyl alcohol, gelatin,
methyl cellulose, methyl hydroxypropyl cellulose,
ethyl cellulose, carboxymethyl cellulose sodium salt,
15 and'starch. These dispersion stabilizers may
preferablﬁ be used in the aqueous dispersion medium in
an amount of 0.2 - 2.0 wt. parts per 100 wt. parts of
the polymerlzable monomer mlxture. _
In the case of us1ng an 1norganlc dlsper31on
20 stabillzer, a commercially available product can be
used as it is, but it is also possible_to form the
‘stabilizer in situ in the dispetsion medium so as to
obtain fine particles'thereof.l In the case of
tricalcium phosppate, for example, it is adequate to
25 blend an aqueous sodium phosphate solution and an
aqueous calcium chloride solution under an intensivé

stirring to p:oduce triéalcium phosphaté particles in



by using a sharp-nelting | ow softening poiht substance, it is possible

~to provide toner particles havi ng a hi gh mechani cal inpact strength
and yet 20 capable of showing a | owtenperature fixability and good
color m xing performance at the tine of heat- pressure fixation.
The pol yneri zabl e nononer suitably used faor . ‘produci ng toner partlcles_
according to the 25 polynerization pr0@§§s may suitably be a V|nyl-type
pol yrer.i zabl e nononer capabl e of radi cal pol yneri zati on.. The

vi nyl -type pol yneri zabl e nmononer . '
- 30- b of unct ' | yf. t I

0 e e T e RRCHHAS b B FREREC o aeRBMMC 00
t d i

o rethyl styr cRR HiBr1BHELORS, an oraellled) bR eNER 81 nkt ) iR O P ene,

p-n-butyl styrepng, d@sbe&sntaut ¥kabyi¢her, Pif is alsBEV¥FeYi®Reto use
p-n-octyl styrene, . p-n-nonyl styrene, p- n- decyl styrene,

p- n-dodecy! St gr e0&, -ponRt kexy$t vEeae surfactant Anpeoapiskrions; acrylic
nononers, such as nethyl 10 acrylate, ethyl acrylate, n-propyl acrylate,
| sopropyl 5 thereby promot1ng the prescribed functlon of the :
stab111zer. Examples of the surfactant may 1nc1ude'
sodium dodecylbenzenesulfonate, sodium tetradecyl
sulfate, sodium pentadecyl sulfate, sodium octyl
sulfate, sodium oieate, sodium laurate,-potassium
10 stearate, and ca101um oleate.
The toner according to the present invention
may preferably have a shape factor SF-1 of 100 - 160,
more preferably 160 - 150, further preferably 100 -
125. |
15 " The shape factor SF-1 referred to herein is
based on values measured in the followin§ manner;
Images of 100 toner particles observed through a;field
emission scanning electron microscope (FE-SEM) ("S-
800", available from Hitachi Seisakusho K.K.) at a
20 magnification of, e.g.,.500 are sampied at random, and
the.image deta of the toner images are inputted for
analysis into.an'imege analyzer (e;g., "Luzex III",
available from Nireco K.K;)_through an interface,._
whereby tne:shape_factor SF-1 is calculated by the
25 following equation:
SF-1 = [(MXLNG)Z/AREA] x (n/4) % 100,

_wherein MXLNG denotes the maximum diameter of a toner



acrylate, n-butyl acrylate, iso-butyl acrylate, tert- butyl acrylate,

-n-anyl acrylate,. n-hexyl acrylate, 2- ~ethyl hexyl acrylate, n-octyl
acryl ate, n-nonyl ' acryl ate, cycl ohexyl acrylate, benzyl acrylate, 15 .
di et hyl phosphat eet hyl acryl ate, diethyl phosphat eet hyl acryl ate,

di butyl phosphat eet hyl acrylate, and 2- _ 7. benzoyl oxyet hyl -acryl at e;

nmet hacryl i ¢ nononers, such as nethy? met hacryl ate, ethyl nethacryl ate,

_ n-propyl "~ nmet hacryl ate, iso-propyl nmethacrylate, n- 20 _
butyl net hacryl ate, iso-butyl nethacrylate, tert-butyl met hacryl at e,

n-anyl nethacgyrei8leNah&XXREA densBéSathy! PESje@thHYbbééYbmehEacry| ate,
n-octyl met hacryl ate, n-nonyl nethacrylate, diethyl phosphate-

et hyl net hacrybnée, paptdidibst y| phasphapeefhaytor2§Fatt kateyratietonet hyl ene
al i phati c- nonocar boxylic acid - esters; vinyl esters, such as vinyl
acetate, vinyherein psof@éebined, asi ayhubbereaveragenybliecodit 8F-and vi nyl
- 31- ~ formate; vinyl ethers, such as vinyl nethyl ether, . Vi nyl
ethyl ether, wdtuesngalrubated| int ibe; abavevdagrribed panpessfosuch as
iyt MU 50060 Yhnle berticies sefb2iea 0 cinibn. *The”BHape 0"

factor SF-1 represents a degree of roundnees, end a

shape factor SF-1 closer to 100 means that the shape

of a toner particle is closer to a true sphere.

In case where the shape factor.SF-l is larger

10 than 160, the toner particles are substéntially
deviated from spheres but approach indefinite or
irregulerly shaped particles and correspondingly show
a lowering ih'transfer efficiency (or transfer ratio).

To the toner according to the present

15 invention, it is preferred to add an external
additive, examples of which may include: lubricant
powder,'such as teflon powder, zinc stearate powder,
and polyvinylidene fluoride powder; abrasives, such as

. cerium oxide, silicon carbide, strontium silicate,

20 calcium tifanate, and strontium titanate; fiowability
improvers, such as silica{_titanium oxide énd aluminum .
oxide; anti-caking agents; and electroconductivity—'

' imparting agents, such as carbon.black, zinc oxide,-
and tin oxide. | |

25. ' It is.perticuiarly preferred'to use inorganic
fine powder, such as fine powder of silica, titanium

oxide, aluminum oxide, strontium silicate, calcium



5 Exanpl es of the pol yfunctional nononer may i ncl ude:

.diethylene glycol diacrylate, triethylene gl ycol diacrylate,
tetraet hyl ene glycol diacrylate, - pol yet hyl ene gl ycol diacrylate,-

1, 6- hexanedi ol di acryl ate, neopentyl glycol diacrylate, tripropylene
10 gl ycol diacrylate, polypropylene glycol diacrylate, :

2,2' - bi s[ 4-acryl oxydi et hoxy) phenyl ] pr opai3&- trimet hyl propane .
triacrylate, tetranethyl nethane .tetraacryl ate, ethylene glycol

di met hacryl ate, ‘di et hyl ene gl ycol dinethacrylate, triethylene glycol

15 di net hacryl ate, tetraethyl ene glycol dinethacrylate, : Igglyethylene
gl ycol di net hkitpnate, and prrepdiam titagates dithdeh epred

oy e oA R o, 1t AR & KPR WA
2,2" -bis[4- t , di -2 h I .QRane, - :
2,2'-b::%4-§g§tE§§%ép§§§pgﬁ§g?ﬁ§%§f! %ué% %%%ﬁi%%%%%%§ﬁ§¥uFffﬁ%thyIpropane :
trinmethacryl aty snt, sit q&r&rgsgml G AR R A TR %l@{e di vi nyl benzene,

' an& I'vI nyl the present

di vi nyl napht hal"ene, et her. I'n
i nventiong-the above- Nguichoaad extern®N Additive Hlay WHiRibIRRbdEe used
singly or in conbi nation of two or nore species thereof, or

optional ly inagaed geinevallyt Hrowe pYoptYtd e @ - 5 wt. parts
' per_lOO wt. parts of-tonef particles.
The toner according to the present invention
may preferably show an agglomeratability'of'l - 30 %,

10 more preferably 4 - 20 %, in view of the developing

'PerformanCe. R _ |

;n the pieéent invention,.it is possible t§
_produce.a non-magnetic cyan toner, a non-magnetic
yvyellow toner, a non—magnetic magenta toner and a hdn-

15 . magnetic black toner respectively satisfying the
‘above-mentioned properties by using varidus non-
magnetic colorants of respective colors, and use the
resultant respective color toners in image forming
apparatus for multi-color image formation or full-

20 coldr image formation. In this instahce, as the
resﬁective color7toners'haVe a charactéristic.of less
deteriorating while enduring preséure and abrasion
force applied.thereto, they can be suitahly tsed in a
non-magnetic méno—compbnent developing dev;ce. The

- 25 non-magnetic monocqmponent develoﬁiné device can be
designed ih a compact size compared with a'two;_

component developing device and therefore can provide



- 32- t he polyfunbtional pol ynmeri zabl e nononer. The.

pol yfunctional polynerizabl e nmononmer may al so be used as a
crosslinking agent. - The polynerization initiator used for 5
~ polynerization of the above-nentioned pol ynerizabl e nononer may be an
oil -saluble initiator and/or a wat er -'sol ubl e initiator. Exanples of
the oil-soluble ' initiator may inclad@- azo conpounds,.such as 2,2' -
azobi si sobutyronitrile, 2,2'-azobis-2,4-dinmethyl- 10 valeronitrile,
1, 1"-azobi s(cycl ohexane- 1- carbonitrile) and '

2,2'-azobis-4inEth9{£-2,4- .dinetg val eroni tri : %up rOX|de :
initiators, sfcfmatier §1§8eP§I&V@PSh §§P§HﬁfSR§PrSEP5X|d T hF?bpropyl
peroxycar bona&s tﬂﬁC%%lr %% 84' ?‘?l AUy g‘} Ltd?tnvgl-{i:roﬁ ¥ oyl

‘peroxi de, propionyl” peroxi

per oxy- 2- et hy Lhexanaaie 1 &ambﬁperata%owl%mthw dncP i Sobutyrate,

cycl ohexanone peroxi d et hyl ketone perfoxide, . |cunyl

per oxi de, t- bbtfbe&yéhm&@ﬁ%m@,-titbtitsvlam:r@ﬁf&tiv@mand cunene
hydr oper oxi de. Exanples of the water-soluble initiator may

i ncl ude: SMmopiroiathgulaf simplpet and amspaldierf-atiee fixing device
2,2'-azobi s(N, N -di net hyl enei sobut yroam di ne) hydrochl oric acid salt,

2, 2'-azob|s(21anmuenamﬁqpaﬁermin§ lapgracaitusy. c aC|d salt,
azobls(lsobutylan1d|ne)
A speczfic example of 1mage forming. apparatus

capable'of'using respective color toners according_to
the.present'invention will now be described with
10 reference to Figure 5.

Figuré*&%is a schematic sectional view of an
image forming apparatus (copying maohine or laser
printer) capable of forming a mono-color image, a
-multi—color image and a full-color image based on an

15. ‘electrophotographic process} The.apparatus includes p
an elastio roller 5 of a medium resistivity as an
intermediate transfer member and a transfer belt 10 as
a secondary transfer means. |

The apparatus further includes a rotating

20 'drum;typefeleetrophOtographic photosensitive member
(hereinafter called “photosensitive member" or
"photosensitive drum®") 1 as an image-bearing member,
which rotates at a prescribed peripheral speed _
(process speed) in a clockwise direction as.indicated |

25 by an arrow. The photosensitive member 1 comprises a
support la and a photosensitive layer ib thereon |

comprising a photoconductive insulating substance,



hydrochloric acid salt, sodium 2,2'-azobi si sobutyro- nitrilesul fonate,

ferrous sulfate and hydrogen . . - 33-
per oxi de.: I'n the present invention, it is possible to
further add a chain transfer agent, a polynerization inhibitor, etc.,
in order to control the degree of 5 polynerization of the polynerizable
‘nmonorer . The toner accordrnéoro the present invention:

may part|cularly preferably be produced through the suspensi on

pol ymeri zati on process by which a . . particulate toner having a snal

particle size gf-B s goﬁg [6aé]nkﬁ¢2 bSPEafbr¥aﬁ §?§ﬁ§§?géﬁa aFOEQforn1y

control |l ed shape ana afp paftrcre’srze ral so

possi bl e to Suéﬁéb$¥sﬁppeﬁorphou§h§1§§§9n?9|yfﬁé'ﬁﬁ f?geg 9%?%@ wher ei n

once- obt ai ned pol ynmeri zate particles are cause sorb a mononer,
15 which is fuhélbérpL| HaPT pZeferabl PecOnBEeEeCall adsi pol ymeri zation
initiator. It is also possible to i nclude a pol ar conpound in the

nononer adsorbnﬂobqsensitﬂvephayeﬁnoﬁroﬂcsﬁnbﬂbséﬂ31t1ve layer. |n case
where the toner according to the
5 The organic photosensitive layer may be
composed_of a single layer comprising a charge-
-generating_suhstance and e chergeérrensporting
substance or may be functioh—separation type'
phofosensitive layer comprising a charge generation
10 layer and a charge transport layer. The function-
| eeparetion typewphotoseﬁsitive layer may preferably
comprise an electroconductive support, a charge -
generation layer,_and'a charge transport layer
arranged in this order. The organic-photosensitive
15 layer may preferably comprise a binder resin, such as
'poiycarbonate resin, poiyester resin or acrylic resin,
because euch'a binder resin is effective in improwving
transferability and cieaning characteristic and is not
'11ab1e to cause toner stlcking onto the photosens1t1ve
20 member or filmlng of external additives.

In the present invention, a_charging step may
be performed by using a corona charger which is not in
-contact with the photosenSitive member i or by ueing a
contact charger, such as a charging roller. The |

25 contact charging‘as_shown in Figure 5 may preferably
| be used in view of efficiency of uniform charging,

simplicity and a lower ozone-generating



20 present invention is produced through the suspension

pol yneri zation, toner particles may be produced directly in the

foll owing manner. Into a pol ymeri zabl e nononer, a | ow softening p0|nt
substance - such as wax, a colorant, a polynerization initiator, a 25"
crosslinking agent and another optional additive are added and -

uni formy dissol ved or dispersed by a =4l-honpgeni zer or an ultrasonic

di spersing device, to -34- -
forma polyneri zabl e nnnoner conposi tion, mhlch S t hen di spersed and
formed into partlcles I, N di spersi on nmedi um containing a dlsper5|on
stabi | i zer 359°ﬁ§5h§t6F an ordinary stlrrer a honomixer or a 5

h f bl d h_a h I f th
o ool B rer et TR b Re? R0 2 BohBTigen o MOl Hekel 110
t he resultantzboaﬁﬁ anf?é88£%h ﬁﬁuE¥1QQ”E19EkiEQ%§ Cobgg speed and/or

stirring tine stirr ntinued in such a
degree as to éﬁ&i‘?{lnhtﬂﬁgpﬁr béehsﬁery ofoftnhh%o&@ WeRal1Z2h e mpppTer

conposi tion thus formed and prevent the sedi nentati on of the :
particl ess Thenargingoryi®erzat ignpFexska Agaiaskednat a tenperature of at
| photosensitive membér 1 at a prescribe@ pressﬁre |
(pressing-force)'and rotated mating with the rotation _
of the phofosensitive member 1.
The charging step using the charging roller
10 may preferably be_performed under process cpnditions
including an apbited pressure of the roller of 5 - 500
g/cm, an AC voltage of 0.5 - 5 kVpp, an AC frequency
of 50 - 5 kHz and a DC voltage of £0.2 - +1.5 kV in
the case of applying.Ac voltage and DC VOltage in
15 superposition; and.an applied pressure of the roller
of 5 - 500 g/cm and a DC voltage of £0.2 - +1.5 kV in
the case of'appljing DC voltage.
-Other éharging means may include those using
a charging blade or an electroconductive brush. These.
20 cdnﬁact charging méans are effective in omitting a
high-voltage'or decreasing'the occurrence of ozone.
The_charging roller and charging biade'each used as a
contact Chargihg means may'preferably comprise an
electroconductlve rubber and may optionally comprlse a
25 relea51ng f11m on the surface thereof The’ releas1ng
'fllm may comprlse, e.g., a nylon-based reS1n,

polyv1ny11dene fluorlde (PVDF) or polyvznylldene



| east 40 [err]C, generally 50 - 90 [err]C, preferably 55 - 85 15 J[err]C
The tenperature can be raised at a | ater stage of the pol yneri zati on.
It is also possible to subject a part of the aqueous systemto
distillation in a latter stage of or after the polynerization in order
to renove the yet-unpolynerized part of the polynerizable 20 nononer
and a by-product whi ¢ch can cause an odor-44r the toner fixation step.
After the reaction, the produced toner particles are washed, filtered
out, and dri ed. In t he suspension pol ymerization, it is general ly

~preferred to u 3Q0 - 8£8§%Yw parts of 25 water as the dispersion medium-"
per 100 wt. pc € nononmer conposition. : In

pr oduct i on of toner par ggaof rotatlo the . %Potosens%t¥Y?.
-35- suspensi on polynerlza lon using a di'spérsi I zer,

it is preferr%,&&fjsleiag\dmc%ﬂhp HdAKh ong%ﬁfnﬁée% L $ion

stabilizer in an aqueous persion nedlu the |norgan|c

5 dispersion sH@HdterttidB)by R dPrihdHF ddtding roPI@sPNadeg magnesi um
~phosphat e, al'um num phosphat e, zi nc phosphate, calcium carbonate,.
magnesi ums - then exposed to image light 3 from an unshown :
| imagéwise exposure means (e.g., a sYstem for color

separatidn of a cblqr original'image and focusing .
exposure, or a scanning exéosure system inclﬁding a
laser scanner for outputting a 1aser.beam modified

.10 éorrespohding to time-serial éléctrical digital image'
signals based on image data) to form an electrostatic
latent image corresponding to a first color component'
image (e.g., yellow image)_of the'objective-color
image. .

15 ' Then, the elecfrostatic latent image is
devéloped with a yellow toner (as_a first color toner)
in a first devéloping device 4-1. The developing.
device 4-1 constitutes an apparatus unit which is

. detachably mountable to a main assembly of the image

20 forming apparatus, and an enlarged view théreof'is

shown in Figure 6. |

~ Referring to Figu:e's) the developing device
4-1 includes an Quter wall or casing 22 enciosing a
mono-component nén—magnetic.yellow toner 20. Being

25 half enclosed within the outer wall 22, a developing
sleeve 15 (as a toner-carrying member) is disposed |

opposite to the photosensitive member 1 rotating in an



carbonate, cal ci um hydroxi de, magnesi um hydr oxi de, al um num hydr oxi de,
calciumnetasilicate, calcium 10 sulfate, bariumsulfate, bentonite,
silica, and al um na. Exanples of the organic dispersion

stabilizer may include: polyvinyl alcohol, gelatin, - met hyl cellul ose,
met-hyl hydroxypropyl cellul ose, et hyl- cel | ul ose, carboxynet hyl

cellul ose sodiumsalt, 15 -and starch.-43Fhese dispersion stabilizers may
preferably be used in the aqueous dispersion nmediumin - an amount of
0.2 - 2.0 wt. parts per 100 wt. parts of t he pol yneri zabl e nononer

m xture. o In the case of using an.inorganic dispersion 20
stabilizer, addndhnatedadryowvaidipeetipondamd sanapeto develen &heit is, but
it is also possible to formthe stabjlizer in situ in the dispersion
medi um so as ¢hectrostatienipage ¢arthe| eRotasersitivenmepberade of

. trical cium phosphate, for exa I s adequate to _25  bl'end an aqueous

le, i1, .
sodi um phosph%t sEP%tFBﬂeﬁnﬁggﬁiedl ereRBustRereP¥ FORMEPEGR sol ution

under an i nt epshd® 1mage bh' EhO%hSBLENNTE: L GRRBLUM PORBNELE AT L1l oS
suitable gor fHSPFGELQnG, a right half of the developing sleevé 16 .
' is pfotruded and enclosed in the outer wall 22 and é
'left half thereof is exposed out of the_outer wall 22
and disposed in a lateral position with the
.photpsensitive member 1 and so as to be movable in an"
10 indicated arrbw b direction while'facing the
photosénsitive merber 1. A small gap is left between
the developing sleeve 16 and_the~photosensitive-member
L _
The'toner-carrying'member need not be in a
15 cylindrical form like the developing sleeve 16, but
can be in an endless belt form driven in rotation or
composed of an electroconductive rubber roller.
_In the ocuter wall 22, an elastic blade 19 (as
an elastic_regulation'membefy is.disposed above the'
20 _ developing sieeve 16, and a toner application roller
18 is disposed upstream of the elaétic blade 19 in the
rotation direction of the developing sleeve 16. The
elastic regulation member cah also 5é'an elastic
roller. )
25 The elastic blade 19 is disposed with a
doanard inclination toward the upstreém side of the

:otation direction of the developing sleeve; and



pol ynmeri zation. In order to effect fine dispersion of t he di spersion

stabiltizer, it is also effective to.use - 0,001 - 0.1 wm. %of a
surfactant in conbination, 5 thereby pronoting the prescribed function of
t he stabilizer. Exanples of the surfactant may incl ude: - sodi um
dodecylbenzenesulfonate sodi um tetradecyl sul fate, sodi um pent adecyl
sul-fate, sodium octyl sul fate, sodi-4#ol eate, sodi um | aur at e,
potassium 10 -stearate,. and calciumoleate. The toner
according to the present invention - may preferably have a shape factor
SF-1 of 100 - 160 nor e preferabl% 100 - -150, further preferably 100 -
125. 15 aDUtteﬁh§°§H§§§d#£@FGF°SP }Yréﬂ@ﬂP@G B WRRaT fatating hased -

par i ¢l o3 OboBRTARERANGR=d kol the Snlomind BIRRVEY of cotyon
moroscope (FESEV (' Sne toped®Unpi3eaidal qugfp g G0 or3el sakusho K K.)

at a 20 nmagnification o are samnple random

l mege data of (LhethRAY a@m%% %r%fdao;e}ftb%é Qfevelopﬁ{&"K K‘f"t d M@ an i fmge -

anal yzer (e.g., "LuzeXx aval le from N reco hrough an
interfaceg oppyyggrtgby-_ot Irt@les d‘s@q,tsqr iSe hdnbezalicul ated by the 25

fol | ow ng equati on: = [(MKLNG) [err]/AREA] x ([err]/4) x 100,
wher ei n MXLNG denot es tilne ﬁli@(ldmldipamy Qlevtifce’:l 4-dndHaving the
| above-described structure, the toner application
roller 18 is iotated in an arrow c_direction'to supply
the yellow toner 20 to the vicinity of the developing
io' "sleeve 16 and, at an abutting-position (nip position)
with the developing sleeve 16 frictionally applies or
attaches the yellow toner 20 onto the developing
sleeve 16.
.lAlong with the rotation of the developing
15 sleeve 16,_the'yellow.toner 20 attached to the-
developing sleeve 16 is caused to pass between the
_elastic blade 19 and the developing sleeve 16.at their.
abutting position, where the toner is rubbed with the_
suffaces of both the developing sleeve 16 and the
20 elastic blade 19 to be provided with a sufficient
triooeleetric charge.

The thus.triboeleefricallyicharged yvellow
toner 20 having passed through the abutting position
"between the developing sleeve 16 and the elastic blade

25 19 forms a.thin layer of yellow toner to be conveyed
'to a developing position facing the photoeensitive

member 1. At the developing position, the developing'



- 37- particle and AREA denotes the projection area of the ~ toner
particles. The shape factor SF-1 referred to herein is defined as a
nunber - aver age val ue of SF-1 ~values calculated in the above-described
manner for 5 the 100 toner particles selected at random The shape

factor SF-1 represents a degree of roundness, and a shape factor SF-1
closer to 100 neans that the shape - -d#f5-a toner particle is closer to a,
true sphere. _ I n case where.the shape factor SF-1 is |arger

10 than 160, the toner particles are substantially . devi ated from
spheres but approach indefinite or - irregul arly shaped particles and ’
cor respondi ngbjeeNewl6é is suppldednyith @& DesismpegipossidedS Xi@s t r ansf er,
ratio). - To the toner _according to the present 15 invention,
it is preferr¥lt89808¥aR Dips spplicatignmeans lhamherehyr the ch may

el de: 1 br g somel i B e il e Gl e e
Cort o 0% . s3bsfb R Mt et B i oot g e
titanium gxi dg,aqealbuitddinei t1 v iibe " ,” G #3344 Yoher Thage .
el ectroconductivity-

A portion of the yellow toner 20 remaining on-
the developing sleeve 16'with0ﬁt being transferied N
onto the photosensitive member 1 at the deveiopiné
position is recovered into the outer wall 22 while

10 passing beloﬁ the deVeloping'sleeve 16 along with the
rotation of thé“déveloping sleeve 16.

The recovefed_yellow.toner 20 is peeled apart
frém-the deéelbping sleeve 16 by the toner appliéation_
roller 18 at the abutfing position with the developing

15. sleeve 16. Simultaneously therewith, a fresh yeilow_
‘toner 20 is supplied to the developing sleeve 16 by
the rotation.of the toner application'roller 18, and
.the fresh yellow toner 20 is again moved to the ‘
abutting position between the developing éleeve and

20 _the elastic blade 19. |

| On the other hand,.most-of the yellow toner
20.pee1gd apart_from_the_developing sleeve 16 is mixed
with the remaining toner 22 in the_buter_wall, whereby
the tfiboelectric charge of the peeled-apart toﬁér is

25 disperséd_the:ein. A bortion of'the toner at a

; position remote from the toner application roller 18

is gradually supplied to the toner application roller .



the resin composition may include: thermoplastic

resins, such as styrene resin, vinyl resin,

25

I nparting agents, such as carbon bl ack, zinc oxide, and tin oxide.
It is particularly preferred to use inorganic fine powder, such as
fine powder of silica, titanium oxi de, alun1nun1OX|de strontium
silicate, calcium o - 38-
~titanate, and strontiumtitanate. It is preferred t hat such inorganic
-fine powder is hydrophobized with x46ydr ophobi zi ng agent, such as a
sil ane coupling agent, silicone oil or a conbination of these. 5
Such an ext ernal additive may suitably be added generally in a '
proportion of 0. . parts er 100 wt. parts of toner particles.
~The toner accéﬁdpﬁgatStﬂﬁélﬁﬂeESﬂPsl ention _ nay preferably show an
-aggl oneratability of 1 gﬁ?@ ref abl 2Q % i.n view of
the developing . perh: fenes, sdcordind’td Tl mkcbent dnYentian fi'on ¢
'is possible t r e 0 ' Qﬁgpetlc
yel | ow toner, 8xn1 1t% % 0 ggﬁgggﬁgﬁ%ng%g%og %ch g%d d§§%¥%'gne ic black -
toner respect 'ﬂﬁ‘éblé Ty UhoriRreristdROUS T 'a%%-ra&w édé’& by using .
varlous non- magnet|1 ¢ col orants of respective colors, use the y
5 non—magnetic mono-component developing step. '
The developing sleeve 16 may preferably
comprise an electroconductive cylinder of a metal or -
alloy, such as aluminum or stainless steel, but can be
composed of an electroconductlve cylinder formed of a
10 resin composition having sufficient mechanical
strength and eiéctroconductivity. The developing
sleeve 16 may comprise a cylinder of a metal or alloy
surface-coated with a coating layer of a.resin
composition containing electroconductive fine
15 particles dispersed thérein. |
| The electroconductive particles may
preferably exhibit a volume resistivity of at most 0.5
ohm.cm after compression at 120 kg/cmz. The
eiectroconductive fine particles may preferably
20 comprise carbon fine particles, a mixture of carbon
fine particles ‘and crystalline'graphite powder, or
crystalline graphite powder. The electroconductive
fine particles may preferably have a particle size of
0.005 - 10 pm.
25 'Example of the resin material constituting



resultan
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i nst ance,

t her et o,

: respective color toners in inmage formng
mul ti-col or

force applied
non- nagneti ¢ nono- conponent

_ apparatus for

i mge formation or full- - 20 color inmage formation. In this
as the respective color toners have a characteristic
deteriorating while enduring pressure and abrasion
they can be suitably used in a

of | ess

devel opi ng device. The 25 non- nagnet|c4ﬁnnoconponent devel opi ng devi ce

to
Fi gure 5.

. can be - designed in a conpact size conpared with a two- conponent -
devel opi ng device and therefore can prOV|de - .
- 39- e for aratus. .F rther as the
t oner accordlﬂ%fas¥§ﬁ€ iggﬁﬁtr?ﬁgﬁntPBﬂngrgBRatSXEEFFEgt in
I t t f d.a t. ch -t ti G I
e?%cffﬁir?n”rew%ﬁ%wéﬁﬂé SRR FepianoratYnbine: PeeE RS IAG ce”
}” the imge é@ﬁ%?ﬂlﬁapﬁéégﬁ ellulosic res1ﬁ SBﬁ‘&'% Gy1d e, | mage

orm ng appara 5 using respective color-toners acdordlng

the paﬁaeehekmasau@ag%kl pﬁB‘é’oEﬁrﬁﬁi&r ir@ed ¥, Buck) asf €f erence to
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Figure 5is a schematic secti onal view of an
epoxy resin, polyester resin, alkyd resin, phenollo

resin, melamine resin, polyurethane resin, urea resin,

silicone resin, and polyimide resin.
Among the above, it is preferred to use a
resin showing a releasability such as silicone resin

or fluorine-containing resin; or a resin showing

excellent mechanital properties, such as

polyethersulfone, :polycarbonate, polyphenylene oxide,'

-polyamide, phenolic resin, polyester, polyurethane or

styrene resin. Phenolic resin is particularly
prefefred.

The electroconduotive fine particles may
preferably be used in 3 - 20 wt. parts per 100 wt.
parts of the resin component.

i 'In the case of using a mixture of carbon fine
particles and graphite perticles, it is_preferted to
use 1 - 50 wt. parts of.carbon fine particles per 100
wt. parts of graphite particles.

The electrocondﬁctive particle-dispersed
:esin coating layer of the sleeve may preferably show

a volume resistivity of 10~® - 10°% ohm.cm.

The image'forming apparatus shown ih Figure 5

further includes a magenta developing device 4-2, a



I mage formng

apparatus (copyi ng machine or | aser printer) capabl e of
form ng a nono-col or inmage, a mul ti-color imge and a full-color inage
based on an 15 el ectrophotographi c process. The apparatus includes

an elastic roller 5 of a nediumresistivity as an .~ internediate
transfer nmenber and a transfer belt 10 as . a secondary transfer
The apparatus further includes a rotating8-=20 drumtype .

el ect r ophot ogr aphi ¢ phot osensitive nmenber (hereinafter caIIed
"phot osensi tive nmenber” or "photosen3|t|ve drunf) 1 as an-

| mage-beari ng

menber, whi ch rotates at a prescribed perlpheral

means.

speed_

(process speedyam d@vala%m@emmﬁ-&waa@ ihdlagkedevaloningn arrow.

' The photosensitive nmenber 1 conprises a

port |la and a

phot osensi ti véavARE 418« IRAQbPT which Ray &%54351%& t"i'S)‘ép"

I nsul ati ng substance,

such as a- Se,
(amor phous  si
conprise an a-

10

15

20

25

CEFEOnERY deysloRingh Aey iRt MR, @ cﬁ‘irucmre a??d“’al%‘f

14é’(:q;r})aﬂ:-g][ﬁ‘{maoépesﬁtlve %leo udrg%ﬁ' %t osenS| |ve %g;er .5

The or ganigc F’Wrﬁéﬂ Yot béilcd ™6 B gure 6.

However, only the black developing device 4-4
can be of a magnetlc monocomponent type us1ng an .
1nsu1at1ng magnetlc toner as desired.

The intermediate transfer member 5 is driven

_in'rotation at an identical peripheral speed as the -

phdtosensitive'drum 1l in an indicated arrowldirection.-
The yellow toner imagg-(as a first color
toner image) formed on the phptosensitive drum l_ié.
intermediately transferred onto an outer peripheral
surface of the iﬁtermediate transfer member 5 in the
course oflpassing through a nip position between the-
photosensitive drum 1 and the intermediate fransfer
member 5 under the‘action of a pressure and an
electric field formed by a primary transfer bias
voitage-(e.g., a positive voltage opposite to thg'
pblérity of the toner charge) supplied from a bias

supply means 6 to the intermediate transfer member 5.

The intermediate transfer member can be in the form of

an endless belt instead of the drum 5 as shown.
Thereafter, a magenta toner image (secohd
‘color toner image), a cyén toner image (third color

toner image) and a-b1ack toner image (fourth color



conposed of a single |layer conprising a charge- generating substance
and a charge-transporting "~ substance or nmay be function-separation type
phot osensitive | ayer conprising a charge generation 10 |ayer . -and a charge
transport |ayer. The function- separation type photosensitive |ayer
may preferably conprise an el ectroconductive support, a charge
generation |ayer, and a charge transporf49ayer arranged in this order.
The organi ¢ photosensitive 15 |ayer may preferably conprise a binder
-resin, such as - polycarbonate resin, polyester resin or acrylic resin,
because such a binder resin is effective in | nprovi ng transferabllrty
and cl eani ng ¥ReRCiRage) iareRintlaply and syeeessivel¥use toner sticking
onto the photosensjtive, 20 nenber or fllnr of external- addltlves

In the presertFITRERETRM, 1B IRPTPARL LI FRYO the b%tﬁﬁﬂ? +&E8. by using a
corona charger mhrf COHﬁ%Ct with the tosen |t|ve nenber
1 or by usrng erd%ﬂ@& %Hﬁ?g& IR SHRRTERM 2B cFEf ﬁ 1P oFPePT The

cont act char é#bunrigg % éléﬁﬁéiﬁb”PX 9ﬁ§f§#?@c¥1ve c Qgrused in V|ew

of efficiency and-a Poner
ozone- gengrat{ fidie -41-

The transfer belt 10 (as a secondary transfer -
' means).is wound about a bias roller 11 and a tension
| roller 12 having shafts extending in parallei with the
'rotation.axis.of'the intermediaté.transfer member 5 so
io. as to contacr a lower peripheral surface of the:
transfer member”S? ‘The bias roller 11 is supplied
"with a prescribed’secondary-transfer-bias.voltage from
.a bias supply 23, and the fension roller 12 is
grounded. | |
15 | _ Dur1ng the successive transfer of the first
to fourth color toner images from the photosen31t1ve
drum 1 to the intermediate transfer member 5, the
tranSfer—belt 10 and an intermediate transfer member
eleaning rollér 7 may be separated_from the
20' 1ntermed1ate transfer member 5.
The synthetic color toner 1mage superposedly
transferred onto the 1ntermediate transfer member 5
- may be transferred onto a transfer material P by
abutting the transfer belt 10 against rhe intermediate
25 transfer member 5, supplying the transfer material P
from a:paper supply cassette (not'shown) via resistl

rollers 13 and a transfer pre—guide 24 to a nip



characteristic. : ~ The charging roller 2 conprises a core netal

2b and an el ectroconductive elastic |layer 2a - surroundi ng a peri phery
of the core netal 2b. The 5 <charging roller 2 is pressed against the
phot osensitive. nmenber 1 at a prescribed pressure (pressing force) and
‘rotated mating with the rotation of the photosensitive nenber 1.

The charging step using the charging roli¥-~ 10. may preferably be -
performed under process conditions i ncl udi ng an applied pressure of
‘the roller of 5 - 500 g/cm an AC voltage of 0.5 - 5 kVpp, an AC

frequency of .50 - .5 kHz and a .DC volt of [err]0.2 - [errll.5 kV in
the case of aBBF&WHGQNEQHW¥%bBgﬁh&%&fgﬂﬂiigifiﬁ#aQﬁgeE; %ﬁjéion; and
o oppled PrSERhl il e 10 A P el AP s g Dot 20 O
Qher char gi ng14RAtBMERINC A Y13 % Widthdary Erddiffdl HLdd ade or an

el ectroconductive brush. These”™ Z0 “contact charging neans are effective Ln

onitting a  (vdlt@yeOlfRGE e INELARIPHL Y BB AS WHEWRad roEDEE.
The charging roller and charging bl ade each used as a * ° contact charging

nmeans nmay spr efldr.ablUndermhies actiion of ahec gevmnihryt itvmanstde rbias, may
optionally conprise a 25 releasing filmon the surface thereof. The

rel easi ng the [synthetianmdlny;, tonpr image ois bexansfexyed from
| the intermediate transfer member 5 to the transfer
material P. This step is called a secondary'transfer
(step) herein. 'The.seconda:y-trénsfer may also be
10 performed by using a transfer roller suppliéd with a
| transfer-biaS"instead of the_traﬁsfer belt described-
above.
The transfer material P carryiﬁg the toner
image'transferred thereto is introdﬁced into a heat-
15 pressure fixing device 25 comprising a heafing roller
| 14 and a pressing rollef-15 where'the toner imagé is
fixed onto the transfer material P. The toner
according to the present invention can be well fixed
'without applying an offéet—preventing ageht, such as
20 siiicone-oil;_onto the heating roller. |
'_ fhe intermediate transfer membér 5 comprises
a_pipe—like.eleétroéonductive core metal 5b and a
medium resistance-elastic layer 5a (e.g., an elastic _
roller) shrrouﬂding a periphéry of the core metal 55.
25_ The core meta1'5b cén comprise.a blastic pipe coated
by electrocoﬁductive ﬁiating. The medium iesistance—

elastic layer 5a may be a solid layer or a foamed



pol yvi nyl i dene fluoride (PVDF) or polyvinylidene
-42-

chl oride (PVDC). In the course of rotation, the
phot osensi tive menber 1 is unlforn1y charged to prescribed polarlty ,
and potential by the primary charging roller 2 and 5 then exposed to inmage
~light 3 from an .unshown ~ i magewi se exposure neans (e.g., a systemfor
col or ~ separation of a color original®image and focusing exposure,
or a scanni ng exposure systemincluding a . | aser scanner for outputting

a | aser. bean1nnd|f|ed 10 correspondi ng to time-serial electrical digital

[ : based dat | ect tat
| atent i mge. BORPRIAIARNE S dP WRAER 2o eecrsmsamanet A ﬁa'gz (e.q:
yello“"”age) ﬁ%a&QQn%msﬂﬂsfgiégﬂ ch as %?%Hﬁ 2 ye |OMI on E ! the

el ectrostatic™latent rmage I's er (ds a.

first color tQuglbxjge or"sdiiicon! e&%m'déo' 1% YW abial-aiBRRidye! opi ng

device 4-1 constitutes an apparatus unit which 1's det achabl'y nount abl e
to a main assgmblan @flddtad MERridl ftyuam&samqrﬁidiﬁa xami:é»kn enl arged vi'ew

t hereof is
5 teflon rubber, chloroprene rubber,.urethane rubber or
ethylene-propylene—diene terpolfmer (EPDM), so as to
control an electrie resistance or a volume reSistivity
at a medium resistance level of 109 —_1011 oﬁm;Cm,

010 ohm.cm. The intermediate

particularly 1_07 -1
10 transfer member-S_is dispoSed under the photosensitive
" member 1 so thatrit has'an axis (dr a shaft) disposed
inlparallel with that of the photosensitive member 1
and is in contact with the photosensitive member'l
The 1ntermed1ate transfer member 5 is rotated in the
15 direction of an arrow (counterclockw1se direction) at
a peripheral speed 1dentica1 to that of the
photosens1t1ve member 1.
After the intermediate transfer of the
respective toner 1mage, the surface of the
20 intermediate transfer member 5 is cleaned, as desired,
' by a'cieanimg-means 10 which can be attached to or
detached from the image forming apparatus, In case
mhere the toner image is placed on the intermediate
transfer member 5, the cleaning means 10 is'detached
25 'or,released fram the surface of the intermediate
tramsfer:member.S so as not to.disturb the toner

image.



shown in Figure 6. Referring to Figure 6, the devel opi ng
device . 4-1 includes an outer wall or casing 22 enclosing a

nono- conponent non-magnetic-yellow toner 20.. Being 25 half enclosed
W thin the outer wall. 22, a devel oping sl eeve 16 (as a toner-carrying:
nmenber) is disposed . opposite to.theéapotosen5|t|ve menber 1 rotating

In an ' - - 43- i ndi cated arrow a
direction and so as to devel op the - electrostatic inmage on the

phot osensi tive nenber 1, with the toner carried thereon, t her-eby

formng a - toner rp%%et 2 e PhYO%8! nLlI égnafg g ﬁ%m 5in

Figure 6, a right half evélopln eev rotruded and

encl osed i n t he el Wildnl? Fihe? be pe,.lf-aﬁtméaalg et aRods £XpOsEd ot

of the outer waﬁ 22 . and di sposed’i ater position mnt the

phot osensi ti veneeprdmaky@itaas faT ifGdat tHe PHotddermitikd dmgh crigsl arrow
b direction while facing the photosensitive member 1. A small gap is ..

| eft ‘between the irtermdats tgalsfae rdnbey 3 Iy trdmstasting ece@nber
1. - -The toner-carrying nmenber need not be in a
5 residual toner on the intermediate transfer member 5
after the secondary transfer back to the
photosensitive drum 1 and recovering the re-
transferred toner by the cleaner 9 of the
photoseneitive drum 1. The mechanism is described
10 below. |
| | A tbner-imagelfofmed on the intermediate
transfei member 5.is fransferredfonto a transfer
maferial seﬁt to the transfer belt 10'under the action
of a strong electric field caused by a secondary
15 transfer bias of a.pblarity opposite fo the charged -
polarity (negative) of the toner image applied to the
bias roller 11. '
At this time, the secondary transfer residual
tonef remaining on the infermediate transfer membef 5
20 without being transferred to the transfer material P
is frequently charged to a polarity (positive)_reverse
to the nermel polarity (negative). However, this doe
not mean thet all the secondary transfer residual
tbner-is charged to a reverse polarity (positive), but.
25 a portion thereof has no charge due to neutralization'
or retains a negative polarity.

Accordingly, a.cherging means 7 for charging



15 cylindrical formlike the devel opi ng sl eeve 16, but can be in an
endl ess belt formdriven in rotation or conposed of an

el ectroconductive rubber roller. . _ In the outer wall 22, an.
el astic blade 19 (as . an elastic regulation nmenber) is disposed above
the 20 - devel oping sleeve 16, and a toner application roller 18 is
di sposed upstream of the elastic blade ¥53+n the- rotation direction of |
t he devel opi ng sl eeve 16. The el astic regul ation nenber can al so-be an
el astic roller. 25 - The elastic blade 19 is disposed with a
downwar d inclination toward the upstream side of the rotation
direction of eHEhd& POFHien of-dpmerhaving no charge due to '

ot SRR S, A L R,
2PPLy caton, T QR B’ At UL B mopt G H AU LA k" e
ooy sl cCBRRP ki 40 01 pa TSR it ol v e (e
supply - 5  transfer position. As a result, almost all the
secondary transfer residual toner can be réturned to
fhe photosensitive member 1.
| ' When the reverse-transfer of the seéondary
transfef résidual toner to the photosensitive'member'i
10 ahd'the'primary transfer of the toner image'foimed on
the_photosensitive'member 1 to the intermediafe
_ ﬁransfer member 5 are performed simultaneously, the
.secondary.transfgr residual toner reversely charged.on
the intermediate fransfer member 5 and the normal
15 toner for the primary transfer are not substantially
neutralized with each other at the nip position
between the photoSensitiVe member.l.and the
intermediate transfer member 5, but the reversely
charged'toner and the normally charged tongr are
20 tranéferred td the photosensifive member 1 and the
intermediate transfer member 5, respectively. |
This is because the transfer bias voltage is
sﬁppressed at a low level so as to cause only a wéak_ |
électric field at the primary transfer:nip between the
25 photosensitive member 1 and the intermediate transfer
| mémber 5,_théreby'preventing fhé occurrence of

discharge at the nip and the polarity inversion of the



the yellow toner 20 to the vicinity of the developing 10 sleeve 16 and,
~at an abutting position (nip position) with the devel opi ng sl eeve 16,
frictionally applies or attaches the yellow toner 20 onto the
devel opi'ng sl eeve 16. Along with the rotation of the
devel oping. 15 sleeve 16, the yellow toner 20 attached to the :
devel opi ng sl eeve 16 is caused to pass bs#éween the el astic bl ade 19
and t he devel opi ng sl eeve 16 at- their -abutting position, where the
‘toner is.rubbed with the surfaces of both the devel opi ng sl eeve 16 and
the 20 el astic blade 19 to be provided with a sufficient
'trlboelectrlct@naFgét the nip. ' The thus triboelectrically charged

yel low toner 20 haV|ng passed. t hrough the abutting position - '
bet ween t he developlngF§F§ X 1ésaﬁHetﬁélgpgéFFErBF§&éY shargediorms a thin

I f | t t t d t f

the. phot ovensFPReE <= elpgFpiral i¥ainen1aiin; o KoRouPEEORRR o

d | opi 4 I 16 '
Suppl od i t hPASFROE, GBRFIEd TRCOBPRBIte POLRTELiES, 30,08 SR8 T cati on |

means 17, swhepghYrif¢ inversion or neutralization in a short time.
-Acdordingly, the secondary transfer residual
- toner charged positively on the intermediate transfer
member 5 is rransferred to the photosensitivé member
1, and the negatively charged toner imaée on the
10 photosensitive member.l is transferred'td the
intermediate tréhéfer member 5, thus behaving
independently from each other.
in'the case of forming aﬁ imagé on one sheet
of transfer material P in response to one image o
_15' formation initiation signal, if is po#sible that{ ‘
after the secondary transfer, the toner image transfer
from'the photosensitive membér 1 to the intermediate.
transfer member is not performed, but only thé
secondéry“transfer residual toner reméining on the
20 fintérmediaté transfer member 5 is reversely
transferred to the phorosensitiﬁe member 1..
.In a Specific embodiment; a cleaning roller 7
:comprlslng an elastlc roller having plural layers may
. be used as a contact charging means for charging the
25 secondary transfer residual toner on the intermediate -
transfer member 5.

-Hereinbelow, some methods for measuring the



yel | ow toner 20 on the developlng sl eeve is transferred and attached
onto the electrostatic inmage 5 on the photosensitive nmenber 1, to forma
t oner i.mage. A portion of the yellow toner 20 renmining on
t he devel opi ng sl-eeve 16 without being transferred onto the

- photosensitive nenber 1 at the devel opi ng position is recovered into
the outer wall 22 while 10 passing bel«88-the devel oping sl eeve 16 al ong
.wWth the ~rotatioon of the devel oping sl eeve 16. The
recovered yell ow toner 20 is peeled apart . fromthe devel opi ng sl eeve
16 by the toner application ~ roller 18 at the abutting position with
t he. devel opj nProperisiefenf toners Ang denenfteninieReint g fresh yel l ow
toner 20 is supplied to the devel opi ng sleeve, 16 by the rotation of

the toner applSUtftafices|qeferned 4 herein i ki é%% de89%tP8Iner 20 is
~again noved to th abutt|r¥%1p05|té n _bet ween the devel opi ng sl eeve and
20 the eIastEgE%ﬁé§g£¥§LIL—1L—————————3§ﬁE¥ﬁ% ot her ‘hand, nobst of the _
e o g Ton R ”%%ﬂfé’%%&ﬁ%ﬁ Fifgfols mred
;\rl boel ectgl Cﬁil ooN quY tnﬂfaé?ﬁ%n?é&'x@ %ﬁ%ﬁ_ﬁf&ﬁ here| n.
portion ‘of the toner a p05|t|0n rennte rom-t toner ‘application.
roller 18 avaa_mﬁtwaffdm%&&;ﬁa%it& td. § AnPEh aRddpaat iee 40! | er
: storege.modulus G', a loss modulus G", a temperature
(Tc) of infersection'between G' and G", and fan (8) in
a temperature range of 30 - 206 °c.
10 : Shearing means: Peraliel plates having
d1ameters of 7.9 iim for a high-modulus sample or 25 mm
for a low-modulus sample._
Measurement sample: A tbner is.heat-melted
and then molded into a cylindrical sample having a
15 diameter of ca. 8 mm and a height of 1.5 - 5 mm or a
disk sample having a diameter of ca. 25.mm and a
thickness of 1.5 - 3 mm.
Measurement frequency: 6.28 radian/sec;'
Setting of measurement strain: Initial value
20 is'eet to 0.1 %, and the measurement is éerformed
aecording to an automatic measuremenf-mode.
Correction for sample elongation: Performed
by an_automatic_measﬁrement.mode. .
Measurement tempefature° Increased et a rate

25 of 2 °C/min, from 25 °C to 250 oc,

DSC heat-absorption peaks [meltlng Eoints) of low-

softening point substance



-46-- 18 by a stirring nmeans 21. The toner -according to
the present invention exhi bits good developlng per formance and

~cont i nuous -image form ng characteristic in the above-described 5

non- nagneti ¢ nono- conponent devel opi ng st ep. The devel opi ng
sl eeve 16 may preferably . - conprise an el ectroconductive cylinder of a
nmetal or - alloy, such as al um num or -§bai nl ess steel, but .can be
conposed of . an el ectroconductive cylinder forned of -a 10 resin

conposi tion having sufficient nmechanical strength and :

el ectroconductivity. The devel opi ng sl eeve 16 may conprise a cyllnder
of a metal or alloy Meagprem nEoéFeBeﬁFPﬁm&chXtPﬁgnﬂaﬁer of a resin

d fi I d '
Chorain, " CCHEEErERey C%%gﬁﬁ?aéﬁh'a‘égmé%ﬁar? DBEsThny SVl B O

hi bi t I after . conpressi on
:? 326 kglgg{grr?ﬁe§%§kixléxm§ ééggnidﬁ SlPFn§°g§$¥P b'§4&§_ referably
20 ~conprise CRr 8gfpibNenPah! hbGit afszLU&B R ﬁEQQQraRly fanegparticl es
and crystalline graphite -powder, or yst-aFl'i he graphite er. The

el ect roconductmge is actupateayt kéhgﬁeﬁay Qhéf QBﬁB!ﬁé mavslacear bhc'a‘ﬁ si ze
° aluminum pan and subJected to measurement in a
| temperature range of 30 - 200 OCc at a temperature-
raising rate of 10 oC/m:Ln in a normal
temperature/normal humidity environment. A heat-
10 absorpfion main peak temperature (Tﬁ_#_) and a half-.
value width (a tehmperature width at a half of the
heat-absorption main peak, denoted by W1/z) are

recorded.

Gloss of fixed toner images

15 : Gloss is measured by using a handy gloss
meter ("Gloss Meter PG-3D", avnilable from Nippon
Denshoku Kogyo K.K.) at a light innident angle of 75
deg.
Cross-section of toner particles

20 n ' Sample toner particles are sufficiently |
dispersed in a cold-setting epoxy'resin, whiéh.is then
hardened for 2 days at 40 ©c. The hardéned product is
dyed with:triruthenium tetroxide optionally tbgether_
with triosmium tetroxide and sliced_into thin fiakes

25 by a microtome having a diamond cutter. The résultant
thin flake sample is observed througn a transmission

electron microscope to confirm a sectional structure -



- 0.005 - 10 [err]ni 25 : Exanpl e of the resin material constituting

the resin conposition may include: thernoplastic resins, such as .
styrene resin, vinyl resin, _ ' ' ' -47-

pol yet-her sul f one resin, polycarbonate resin, pol yphenyl ene oxi de
resin, polyamde resin, fluorine- containing resin, cellulosic resin,
and acrylic resin; and thernosetti mP®or photocurable resins, such as

5 epoxy resin, polyester resin, alkyd resin, phenolic ‘resin, melamne
‘resin, polyurethane resin, urea resin, silicone resin, and polyimde

oL a ol okdnned PRGSO e hrd e s AR R cone Lot

O o2 § SR Wy, profEBlL e TRRIEN $AL-RLRES Uy ducd °

Pocin is part CNAAST Hiwe i sifd¥tentng Potiiieddiodha B0 11 ve

fine particlexHBYouter FEHIEHPIWOBiHRS 4 aBrferdhad -iparts per 100 wt.
5 crystallinity thérebefﬁeen.

A lbmeratabilit Dag) of toner

'The fiowability of a toner may be evaluated
by an agglomeratability of the toner measured in the
following manner. |

10 S The agglomeratability of a sample toner ié
measured by.usingva powder tester (available from
'Hosokawé Micron K.K.). On a vibration table, a 400
mesh-sieve, a 200 mesh-sieve and a 100 mesh-sieve are
‘set in superposition in this order;'i.e;, so that the

15 100-mesh sieve having the largest opening is placed at
the uppermpSt'position. _On the sét_sieves, 5 g of a
sample toner is placed, and the sieves are vibrated
for 25 sec at an input voltage to the vibrafion table
of 15 volts. Then, the weights of the toner remaining

2O _.on the reSpective-sieves_are measured to calculate fhe-
agglqmeratability according to the follpwing formula:

Agglomeratability (%) = (a/5 + (b/5) x 0.6 + (c/5)
x 0.2) x 100, wherein -
 __a: weight of toner oﬁ_lOOfmeSh;sieve (g)
.25 " b: weight of tonér on 200 meéh—sieve (g)
c: weight of toner on 4OO mesh-sievg (g).

A lower agglomeratability represents a higher



parts of -the resin conponent. In the case of using a m xture
of carbon fine 20 particles and graphite particles, it is preferred to

use 1 - 50 wt. parts of’ carbon fine particles per 100 wt. parts of
graphite particles. The el ectroconductive partlcle di sper sed
resin coating |ayer of the sl eeve may preferably show 25 :a volume
resistivity of 10[err] - 10[err] ohm cm-58- The i mage forning
apparatus shown in Flgure 5 further includes a magenta devel opi ng

. device 4-2, a . - -48- - cyan .
-devel opi ng device 4-3 and a_ bl ack devel oping device 4-4, each of which
may be a non- \?*ﬁ%ﬂ?f tone%ynponent devel oping device having a

structure simJ|ar to that, of the | | ow devel opi ng device 4-1 :
described 5 m&%@%—é E%%?-Je—% However, only

the bl ack devel opi ng de(?/dﬁezlr %g%% ?‘C%nero‘;"a%‘g@@&pﬁ“@ ggponent

type using an I nsu srred - The

i ntermediate tyanelyd lhmswrf b AU Efloridn{OLatAEN) Al safgbgent | cal

peri pher al speed as t otosensitive druml1l in an indicated arrow
direction.s  together with an electrolytic solution comprising a

ca. 1 % NaCl aqueous solution which'may be prepared by
diesolving a reagent-grade sodium chloride or
commercially available as “iSOTON-Ii* (from Counter
- Scientific Japan). | | |
.'10' D For measurement, into 100 to 150 ﬁl of the
| electfolytic solution, 0.1 to 5 ml of a surfactant
(preferably an alkyl benzenesulfonic acid salt) is
added_as a dispersant, and 2 - 20 mg of a sample is
added. The resultant dispersion of the sample in the
15 electrolytic solution is subjected to'a-dispersion
treatment by an ultraeonic disperser for ca. 1.— 3
min., and then subjected to measurement of particile
size dlstrlbution by using the above-mentloned
apparatus equipped with a 100 pm-aperture. The volume
20 and number_of'toner particles aie measured for
respecti#e channels to calculaﬁe a volume-basis
distribution and a number-basis distribution of the
toner. From the volume-basis distribution, a weight-
average particle size (D4) of the teﬁer is calculated
25 by using'a'central value as e_repreSentatiﬁe fdr eaCh"
channel. | . |

. The channels used include 13 channels of 2.00



The yellow toner image (as a first color toner inmage) formed on the
phot osensitive drum1 is internedi ately transferred onto an outer
peripheral 15 surface of the internediate transfer nenber 5 in the _
course .of passing through a nip position between the "~ photosensitive
drum 1l and the internedi ate transfer-: menber 5 under the action of a
‘pressure and an electric field fornmPby a primary transfer bias 20
voltage (e.g., a positive voltage opposite to the polarity of the .
t-oner charge) supplied froma bias supply neans 6 to the internediate

transfer nenber 5. The. |nterne iate tr sfe nber be [n.the form
of ~an endl %’55206!?“!' intead dfl Ht’é“'dr% Js‘% tgsg = é a

Thereafter, a nmagenta, tonger sgcon ton a cyan
toner i mage (t‘ﬁ?'r ?c@ ornﬁe 3§’ “’?’on 7 ma )o%r?g"’a Tél% ggé’gaﬁﬂge (fourth
~color : - | gage) are
simlarly and souc0c8e55| v2e'|7y0 wms ]tzr'a7nosf erredpo ﬁuperpom tion ont]("n;;ﬁl

intermediate 2020 .20 oo NERDSS 540 . 191 100 I\ £0gnd §rnéds'eu@ocgbor

toner image correspondlng to the bJectlve color 51 nage.
5 pm. '

Acid value (AV) (JIS-acid value)

1) Ca. 0.1 - 0.2 g of a sample is accurately

weighed to record its weight at W (g).
2) The sample is placed in an Erlenmeyerzflask'
10 and 100 cc of a toluene/ethanol (2/1) mixture solhtion
is added thereto to dissolve the sample.-
3) Several drops of phenclphthalein alcohol
solution is added as an indicator.
4) The solution in the flask is titrated with a
15 - 0.1N-KOH alcohol solution from a buret.

The amount of the KOH solut1on used for the
titration is denoted by S (ml). A blank test is
performed in parallel to determine the. amount of the
KOH solution for the blank titration at B (ml).

20 | 5) The acid value of the sample is calculated by
| thelfollowing.formula: _ |
Acid value = (S-B) x f x 5.61/W, wherein f denotes
a factor of the KOH soldtion; |
Anti-blocking grogertx _
25 ' Ca. 10 g of a sample toner is placed in a 100
cc-plastic cup and left standing fdr 3 days at 50 ©°c.

. The state of the toner is then observed with eyes and



The transfer belt 10 (as a secondary transfer means) i s.wound about a
bias roller 11 and a tension roller 12 having shafts extending in
parallel with the rotation.axis of the internediate transfer nmenber 5
so 10 as to contact a |ower peripheral surface of the transfer
menber 5. The bias roller 11 is supplied Wi th a prescribed secondary
transfer bias voltage from a bias sy 23, and the tension roller 12
S grounded. 15 During the successive transfer of the first
.to fourth col or toner inmages fronrthe phot osensitive druml to the

i nternedi ate transfer nmenber 5, transfer bel t nd an

internedi ate evatuete dm?ﬁ’ﬁé’rrdlng tﬂ é"a’r‘ﬁ LigwWing wad:élasepar ated from
the 20 internedigte t nsfer nenb The synthetic col or -
t oner i mage supergbsed eﬂqﬁfﬁﬁﬁthhe |nternediate:transfer
‘menber 5 f ferr ont.o I f St Tele P b

abutting the trans er 6‘%@5@:&* %tsst ﬁ]s%ﬁnétﬁe?#edr a%h 5 tr;nsfer menber - -
S, supplying tdg it ﬂyggﬁn naterral P froma paper supply cassette (not
shown) via resist rollers 13 and a transfer pre-guide 24 to a nip

- 50- _ 5 C' Agglomerate is observed but collapsed by
-shaking. | | -
| D: Agglomerate can be grasped by flngers and
cannot be collapsed readily.
| Hereinbelow, the present invention will be

.10 " described more specifically based on Examples.

Example 1 =
Styrene monomer . : 165 wtuparts
n-Butyl acrylate monomer p 35
Phthalocyanine pigment : 14 "
15 (C.I. Pigment Blue 15:3)
Linear polyester resin _ 10 "

{polycondensation between polyoxypropylene—
-adducted bisphenol A and phthalic acid; '
AV (acid value) = 8 mgKOH/g)

20 - Dialkyl salicylic acid aluminum compound
| 2 "
Divinylbenzene : ' 0.5 LB

Ester wax _ - 30 °
(ester between_czz—alkyl carboxylic |
25 acid and Cyp-alkyl alcohol (Tyg (DSC
main peak) = 75 °C, W, (half-value
width) = 3 °C)



posi tion between the internediate transfer nenber 5 and the transfer

belt 10 at a prescribed timng, and . sinmul taneously applying a ,
secondary transfer bias (vol tage) fromthe bias supply 23 to the bi as
roller 5 11. Under the action of the secondary transfer bias, - the
synthetic color toner image is transferred from t he internediate
transfer nmenber 5 to the transfer rmilerial P. This step is called a
secondary transfer (step) herein. The secondary transfer may al so be -
10 performed by using a transfer roller supplled with a transfer bias

instead of the transfer belt described

“The
transfer material P cariig mbavee ingradients |"fﬁgﬁe ‘qubirgtad P t her etois
i ntroduced intp a hea‘t‘f_ﬂef;—%‘r' r%rqeqs}ﬁrsre fIXI n tgrelﬁéf (Zﬁ'fbcf 1;% ‘gta heati ng
roller 1 | ' :
fixed onto th t f h -
et AL AR ?pa&dné"ee 50 rzaafparr“mé&i :

prying an

(r)]:)}c fgﬁ. prevenué)sg mﬁe i nfer rregﬁél ifranrs]‘feé)éir%nﬁg?%ﬁ CO”D“ ses

pi pe- i ke | eddnfidicdn, &vwf&rﬁma\!he'ib Hrded mtonasil dlecus |
resi stance-el astic | ayer '5a (e.g., an elastic l'er) surrounding a

periphery of togdiag EaﬁTEZ(a|°(5tbomﬂﬁlsiE@3 I20® wel apaﬁbso@ﬂ WREPL | avd a
pl astic pipe coated by -el ectroconductive plating. The nedium

resi st ance- 7 wt. parts of tricalcium phosphate and subjected to
formation of particles uhder stirring for 10'min. by a
TK-type homomixer at 10,000 rpm. Then, the homomixer
- 10 was replaced by a propeller st1rr1ng blade, Wthh was

' st1rred at 60 rpm” for 10 hours of polymer1zat10n.

- After completlon of the polymerlzatlon, dllute
hydrochloric acid was added to the system to remove :
the calcium phosphate.' Then, the polymerizate was -

15 washed and.dried to obtain cyan toher parricles having
a weight-average particle size (D4) ='6.5 mm. As a |
result of microscopic observation of section, the
resﬁltapt cyan toner particles showed a etructure.as
shown in.Figdre 7 wherein the low-softening point

l20 eubstance (A) was coatedlwith'the outer shell (B).
| 100 wt. parts of fhe'above-prepared cyan
toner particles and 1.5 wt. parts of hydrophobic
silicalfine powder were blended by a Henschel mixer to
obtain Cyan Toner 1. | |

25 Cyan Toner 1 showed temperature-dependent

Viscoelastic properties including storage moduluslG',

loss modulus G" and tan () as shown in Figure 1.



el astic layer 5a may be a solid | ayer or a foaned .
~material layer in which an el ectroconductivity- | nparting substance,

such as carbon bl ack, zinc oxide, tin oxide or silicon carbide, is .
m xed and di spersed in an elastic material, such as silicone rubber, .
5 teflon rubber, chloroprene rubber, urethane rubber or _

et hyl ene- propyl ene-di ene terpol yner (EPBOR~- so as to control an

el ectric resistance or a volune resistivity at a medi um resi stance
‘level of 10[efr] - 10[err] ohmcm particularly 10 10 ohm cm

The internmediate 10 transfer nenber 5 is disposed under the

phot osensi ti ve nefep Toaeri daphpwefa§Fal Fxil95ocorpaiged @ -sposed

W th the phot 32eHbrt PAEtAcNGEr 12 WE- VrRY MReCRRBST: &% SRS ¥ Honber 5
a o per PBROP Bec SR P BLARS Y, aPiar ST LS T Ocens i ve.
T Fve tofSTeRefa YL SRR R ARtafld B
5 diviny;benzene and linear polyester resin, and had a
THF-insoluble content (THF ins.) of ca. 10 wt. %
(based on thé binder).
The propefties 6f Cyan Toner'l are shown in
Table 1. |
10 -.Comgarative Example 1
Cyan Tdnér 2 was'prepared'in thé same manner
as in E#ample i except that the ester wax wés replaced
by pafaffin wax (Tmb = 63 pC: Wiy = 40 ©c) and the
divinylbenzene was qmitted. - |
15. Cyan toner'Z showed témperature—dependent
viscoelasticities including storage modulus G', loss
modulus G" and tan (8) as Shown in Figufe 2.
The_bihder resin of Cyan Toner 2 was non-
crosslinked and had no THF-insoluble content. In the
20 #iscoelasticity measurement, Cyan Toner 2 showed a
remarkable lowering in visdosity and it was impossible
~ to measure the viscoelasticities G' and G" above 140
Oc. The properties of Cyan Tdner 2 are aiso SEown in
Table 1 together;with_those of Cyan Toner 1 and other _.
25  toners. '
'Comgaraiive Example 2

Cyan Toner 3 was prepared in the same manner



20 internedi ate transfer nenber 5 is cleaned, as desired, by a _

cl eani ng neans 10 which can be attached to or detached fromthe imge
form ng apparatus. In case where the toner inage is placed on the '
i ntermedi ate - transfer nenber 5, the cleaning neans 10 is detached 25
or released fromthe surface of the internediate transfer nmenber 5 so
as not to disturb the toner i mge. -63~ .

-52-. ' - For exanple, the cleaning of the internediate

transfer menber 5 may be perforned sinultaneously with the primary
transfer fromthe photosensitive drum1l to the internmedi ate transfer
menber 5 by trassirerExamplécl éxcepesthatkltheesten wvae vascrepliaced
transfer menber 5 _after the secondary transfer back to the .

phot osensi t i véxirRanaf £ir was ol/BMe ng= thd T@- Wi/2 T rédst@lred toner by the
cl eaner 9 of the "photosensitive drum 1. The nechanismis described 10
bel ow. A C¥RRTongE S rehouRA otempRratRESTAGPeRAeNt ¢ ansfer.
e e, THSLSLI £ L0101 86 {0018l ng stofB4S hobutER Gl 0 158! ransher

5 modulus G" and tan (&6) as shown in Figure 3. Cyan
" Toner 3 showed a (G'gg/G'gy) ratio of ca. 20, thus
_showing a smaller change in G' on temperature increase
from 60 °C to 80 °C. o
Comparative Example 3
10 : Cyan Toner 4 was preparéd in the same maﬁner:
as in Example igeicept that the ester wax was replaced
by polypropylene wax ("Viscol 660P", mfd. by Sanyo
Kasei K.K.:'Tmp. ==137 Oc, W1/2 = 7 dC).
Cyan Toner'4 showed a (G'60/G'80) ratio of
15_ ca. 71.4. |
Comparative Example 4
Cyan Toner 5 was prepared in the same manner
as in Example.l except that the amount of the ester
wax was changed to 5 wt. parts. | |
20 | - Cyan Toner 5 contained 2.4 wt. parts of the
ester wax per 100 wt. parts of:the binder resin. |
Compafatiﬁe Example 5 |
' 'Cyan,Toner 6 was prepared in the samé manner
as in Example .1 except that the amqunt of the ester
25 wax was éhanged'to 100 wt. parts.
| Cyan Toner 6 contained 47 wt. parts of the

ester wax per 100 wt. parts of the binder resin.



of a strong electric field caused by a secondary 15 transfer bias of a

polarity opposite to the charged polarity (negatlve) of the toner

i mge applied to the bias roller 11. At this tine, the
secondary transfer residual toner remaining on the i ntermedi ate .
transfer menber 5 20 without being transferred to the transfer material P -
Is frequently charged to a polarity (pos+bdve) reverse to the normal
polarity (negative).  However, this doe ~ not nean that all the

secondary transfer residual : toner is charged to a reverse polarity
(positive), but 25 a portion thereof has no charge due to neutralization

or retains a réopparative fixanple 6 Accordingly, a charglng

means 7 for charging -53-.

~such a portion of tonercﬁéﬂl?ﬁpﬁﬁ ZH%?@ePH%BaF%d in the, saEe RARPSH or
retaining a negat everse pol ar ositive is

di spl)sladgaf t eraq§ h’Je"\‘/eE’Pamé{a%oﬁo%?F?e?Y am?é tlb%s?‘f“g‘b’i‘lgaﬁlﬁgyﬁg?o?e ![ hlavpr: mary .
5 transfer p 5&$iﬁ§? eﬁerdé%géha g@SEO Lhe SIFIVsecondary'transfer

resi dual toner can ur ne hée~ pho t68e e menber 1
5 Cyan Toner 7 had a THF-insoluble content of

47 wt. %.
‘ Comparative Example 7
Styrene/n-butyl acrylate/
divihylbenzene copolymer 100 wt.parfs
10 (Mw = 1.63x105, main peak molecular
'weight (MWfﬁeak) = 2.25x104, THFj g =
13.5 wt. %) - |
Linear polyester resin | 5 wt.parts
(Same as iﬁ Example 1) | |
- 15a Dialkylsalicylic acid aluminum compound
| | 1 wt.éart
Ester wax (Same as in Example 19 | 3 wt.parts
The above ingrediénts were sufficiently | |
blended by a Henschel mixer and melt-kneaded through a
20 twin-screw extruder at ca. 130 °C, followed by
.cooiing,'coarse crushing by a hammer mill into ca. 1 -
2 mm, pulverization by an air jet pulverizer.ahd
classification to recover cyan toner particles having
Dy (welght—average partlcle s1ze) of 7.5 um.
25 | 100 wt. parts of the cyan toner’ partlcles and
1.5 wt. parts of hydrophobic.silica fine powder were

blended to obtain Cyan Toner 8.



When the reverse-transfer of the secondary - transfer residual toner to -
t he photosensitive nenber 1 10 -and the primary transfer of the toner

i mage forned on t he photosensitive nmenber 1 to the internediate
transfer nenber 5 are perforned sinultaneously, the secondary transfer -
resi dual toner reversely charged on the internmedi ate transfer menber 5
and the normal 15 ‘toner for the prinary&%-ansfer are not substantially
neutralized with each other at the nip position between the =

phot osensi tive nmenber 1 and the intermedi ate transfer nmenber 5, but

the reversely - charged toner and the normally charged toner are 20

transferred t oxPRESRCIIC AKAMDIE Snher 1 and t he i nternedi ate
transfer menber 5, respegti vgjé%1 9. This i s because the transfer:
bias voltage is sug"é'raé’s ek % vasvRraRared i the Sane napRen weak
electric field_at ;th _ITAL, r fer, Nip bhetween.the, .25 hot.osensi tive
menber 1 and t.ﬁg ilﬁ g%&%tév;er g%%f@rle 7pe. e&bé}: tff‘rber @d@"ﬁ}%\%ﬂtl ng .
the occurrencettle esterdnifiWal® iHordifsdd RIS e RAAL LY [ nversion of

t he oner at the nip.
s .
10
15

20

25



Further, as tpe—tripoefectricarty—charged, ~-66toner is electrically
i nsul ating so -L*Iﬁat. porlti ons t hereof charged to opposite polarities do
not cause 5 p&Barit¥y ji MvEBrSidY &r°ndutfalization in a short tine.
Accordingly, he. sefcgndary gr,aq,st_,eg J-es) dual toner. charged positively .
on the interngdi%te {rra@séegé <@g ﬁagmer Sis transferred to the -
phot osensi ti ve_TTETDET f—and—t+e1egati vel y charged toner imge on the
10 phot osens ;Ei v@ nenper 1 is transferfed to the i ntermedi ate :
t ransfer rrerrbaEAB l8us behaa @ i hdependent!ly from each ot her. |
In the case of ;BpkEnjag angi gage on one gheet of transfer material P in
response to ohf¥ Bage ; 15° Tormation in tiation signal, it is possible- o
that, af [ §&) §he-secondary transfer| the toner inmage transfer from -
t he phot osens giuv c,rrﬁérnlber~—1"’ti’é)59cf=‘Fe i %t ef nedi at e transfer menber is not
perfornmed, buf; 5 “{3h|e = 2 B&Bnfaty fransfer residual toner remaining on
the 20 i n-terwé tE tyansfermemper—5s reversely transferred to the
phot.osensitive eﬁbe‘r, ;1,,0 R In a specific enbodi nent, a :
cl eaning roll egj,g ~ | eonpfisi-ng dnvel pstic roller having plural |ayers
may ‘be upe@| &s| a contact chargi ng heans for charging the 25
seqondary transg;gr Fes dua¢ mtgrnermon the i ntermedi ate transfer menber
5. : & s Helr &i hbel 8w ss@ ngcma,thads for measuring the '
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-55-- properties of toners and | ow softening poiht .subst ances

- referred to herein will be descri bed. Rheol ogi cal properties of toners
Measurenent. is perforned by using a visco- 5 elasticity neasurenent
appar at us ("Rheoneter RDA-11", : avai l abl e from Rheonetrics Co.) with
respect to a - storage nDdqus G, algss nmodulus G', a tenperature
(Tc) of intersection betmeen G and G' dtan ([err]) in a
tenperature range of 30 - 200 [err]C. 10 Sheari ng neans:

Paral | el pl ates having dianmeters of 7.9 mmfor a high-nodul us sanple

“or 25 mm E.'fx%ﬂn?é ?\I— modul us sanpl e. Measur enent sanpl e:

A toner 'is he and t hen nol ded |nto a cylindrical sanple -
having a 15 dianeter farf Forer™ ans THeded ©f a deveoping! a :
di sk sanpl e having a dianeter of ca. 25 mmand a t hi ckness-of 1.5 - 3
mm - - deviceVBRAIr@ppardtudweid)), Gntbrpuiatddein an image

Setting of neasurenent strain: Initial value 20 is set to 0.1 % and the
measur enent |ﬁqmmﬁngwagparatusushnwhrxptngureuﬁcandlsub&eaxeénemt node.

Correction for sanple el ongation: Perforned
5 - an image formation test according to a mono-color
- mode. During'a continuous image formation on 5000
sheets, good cyanecolored fixed images were formed at
a.high density and without fog.' After the 5000.sheets
of the continuous image formation test, the toner |
10 application roiler 18, the developing sleeve 16 and '
the elastic blade:19 were free from toner melt-
stickiné,'thus showing a good continﬁous image forming
characteristic. Further, oilless fixation was
performed without applying dimethylsilicone 0il onto
15 the heafing roller 14, no offset was observed.
| Further, the fixing temperature was varied in the
'renge of 160 - 190 °c, whereby little change in gloss
value wes observed. The results are inclusively shown
-in Table 2. together with those of Examples appearing
20 -hereinafter. _
Coméarative Examples 9 - 16
Image forming tests were'formed.in the same
.manner as in Exemple 2 except for using Cyan Toners 2
-9 1nstead of Cyan Toner 1. |
25 -'Ima e densit 1.D.
The image density of a solid image portion (a

portion showing a gioss'in the range of 25 - 35 as



by an automatic neasurenent node. Measur enent tenperat ure:
Increased at a rate 25 of 2 [err]Cmn, from25 [err]Cto 250 [err]C..

DSC heat - absorptlon peaks (nelting p0|nts) of | ow softening point'
subst ance _ -56-

Measurenent is perfornmed by using a- jfferential scanni ng calorlneter
("DSC-7", avail able “from Perkin-El net® Corp.) according to ASTM

D- 3418-82. A sanple in an anount of 2 - 10 ng, preferably ca. 5 5
ng, is accurately wei ghed. The sanple is placed on an al um num pan

and subj ect ed yeh ARAWE R g1 db meter 1@%35'”%6@{‘9@013 #om 200 [err]C

at a tenperature- rmmnngeof mrﬂﬁmnlnarmwm
t enper at-ur e/ nQﬁfﬂﬂomlﬂétiﬁﬁdk@erdﬁi‘@m ))A.é"&ﬁ’éasuﬂéh BPS@EDig 08 Mai n peak

tenperature (T[err]) and a half value width (a tenperaturg width at a-
“half of the MacHe -mEiEdtiom deigdi fumdterictwieil dlyleVEron) are
recor ded. A oss of fixed toner inages 15 d oss is neasured

by using a harlmcrgilmsco ). neter ("doss Meter PG 3D', available from
Ni ppon ' ' : :
: 5 Fog _
Based on reflectance values measured by using
a.refléétance meter ("REFLECTOMETER MODEL TC-6DS",
‘availaﬁlé from Tokyo Denshéku K.K.) while using an
amber filter in case of cyan toner images, fogs aré
10 calculated according to the follo&ihg equation. A
smaller valué-means a 1oﬁer degrée of fog.
Fog (:eflectance) (%) = [reflecténcé of standard
paper (%)] - [reflecténce of non-image portion of a

sample (%)]

15 Fizing initiation temperature {TEL and Higher offset-
' free temperature (Ty oppl | '
A heét-preséuré fixing device including a
fluorine resin-surfaced heating roller 14 and a
' éressure rdller 15 is used for fixation while varying
20 the temperatures of the heéting roller and the
.pressuré roller at a fempefature-contiolled inqrement
of 5 °C. The fixed images at the respective fixin§
_femperatures are rubbed two times {one reciprocation)
with a.lens-cleaning paper under a load of 50 g/cmz,
25 - and a lowest fixihg teﬁperatﬁre giving an image
 density lowering of 10 % or lgss after the rubbing is

taken as a fixing initiation temperature (Tgy; (°C)).



Denshoku Kogyo K K.) at a light incident angle of 75 deg.
Cross-section of toner particles 20 Sanpl e toner particles are
sufficiently di spersed in a cold-setting epoxy resin, which is then
hardened for 2 days at 40 [err] C - The hardened product is dyed with
trirutheniumtetroxide optionally together - with triosmumtetroxide
and sliced into thin flakes 25 by a ni cP8rome havi ng a di anond: cutter.
The resul tant thin flake sanple is observed through a transni ssion
el ectron microscope to confirma sectional structure

hg;-prefefabfg LgnﬁgegaﬁhlC%ﬁﬁ}n90€ﬁ$§§F§gu%gtQstEéé#%?%?%gggtwgeﬁgﬁhrOXIde'
| ow sof t eni ng Qg' Eﬂg?gMEHF ?heregetQﬁdOHtﬁéxiﬁi@“tﬁﬁgﬁ&htg%kngta -

difference in cryst il t ween ratabi 4ty (:a

of toner which theTthihg\N@QI bbk¥oehed h@&ﬁbuﬁa&abgl bi¢esad by
an aggloneratability of the toner neasured in owi ng nmanner.

10 . ThecagatﬁQEtatabsérbatmbnawsenpégehomertaken as a

5 higher offset-free temperature (Tg.orr (9C)).
Evaiuation of developing device during or after

continuous image forming test

If an image defect attributable to a
developing device is found in a resultant image, the

10 'image formation is terminated, and the toner
application roller surface, the developing sléeve
surface and the elastic blade surface are observed
with eyes with respect_to_soiling and melt—stiCking of
toner.

15 _ In case where no such.image defects are E
observed during the continuous image forming test, the
application roller surface, the developing sleeve
surface and the elastic blade surface are observed with
eyes_with respect.to_soiling and melt;sticking of toner

20 after the continuous image'forming test.._Thé results
are-evaluated according to the followihg standard;

 A: Substantially no soiling or toner melt-
sticking.
B: Soiling or toner méltfsticking is observed

25 ~but noticeable image defects do not occur.

C: Conspicuous soiling or toner melt-sticking

" occurs and image defects occur.



measured by using a powder tester (available from Hosokawa M cron

K.K). Onavibration table, a 400 = -nesh-sieve, a 200 nesh-sieve and a
100 nesh-sieve are set in superpositiygn in this order, i.e:, so that
~the 15 100-nesh sieve. haV|ng t he | ar gest openlng S placed at the
upper nost posi tiorf: —tirersetrsteves, 5 gof—= tanpl e toner is
pl aced, and the S|eges are \[i briated . for 25 sec at{an input voltage to
the vibration tablled | g of {15 {volts. Then, the weights of the toner:
2q0l omer at abi |1 Ly |a o ﬁpédi%vfh}%ﬁo?ﬁg‘gf%?%% pealeuiate the
"Aggl omerat abi lity ('? —‘Ea/ﬂ + |(b/5) x 0.6 + (c/5) x0.2) X 100,
wherein q. _VVCIUIIC f—tormer—on—to0—mesirsreve (g) 25 : b:
wei ght of. toner on §03§ﬁ5h-sieve (9) - - ¢ weight of torer on 400
mesh-sieve (Q). 3 ' - A lower aggloneratability represents a higher
- 58- f1 owalli ki é?gf tlomey . o © dorerupartocke $ize distribution _
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5 together with an electrolytic solution conprising a ca. 1 % Nad

aqueous sol ution which may be prepared by - dissolving a reagent-grade

sodi um chl ori de or comrercially available as "I SOTONI1" (from Counter
- Scientific Japan). 10 For measurenent, into 100 to 150 m of the

el ectrolytic solution, 0.1 to 5 m of a surfactant (preferably an

al kyl benzenesulfonic acid salt) is -Tded as a dispersant, and 2 - 20

mg of a sanple is added. The resultant dispersion of the sanple in the

15 electrolytic solution is subjected to a dispersion treatnment by an

ultrasonic di sperser for ca. 1 - 3 mn., .and then subjected to '
measur enent o§§§5ﬂﬁﬁ%ﬁ% size distribution by using t he above-nenti oned
appar at us equi pped wi-t 100 aperture. 20 and nunber
of toner: particles are (i? %#rq was Qiﬂﬁﬁﬁ? Vﬂ’&ﬂgﬁﬂ% etﬁ cal cul ate

a vol une- basi

f th
toner. From t?}nean\fl e bamﬂ%ﬂﬁtrla%% a%ti?eﬁ&&ré%#%gtéopart?cl e
size (Dlerr]) @, fhed t"zsef Mﬁf:dﬂag%séa/ ﬂ%éf@acﬁ &entpgl value as a

representative for eac annel e channel s used
i ncl ude 13 chanils gdyahidie plgment. The properties thereof are
| shown in Table 3.

Comparative Examples 17 - 24

Yellow Toners 2 - 9 were pfepared in the same
manner as in Comparative Examples 1 - 8,'respective1y,
10 = except théf a yellow colorant (C.I. Pigment Yellow
'~ 173) was used iiistead of the phthalocyanine pigment.
The prope:ties theréof are.élsoishown iﬁ'Téble 3.
Examéle 4
Magenta Tonér 1 was prepared in thelsame
15 manﬁer as in Example 1 except that a magenta colorant
(C.I. Pigment Red 122) was used instead of the
éhthalocyanine pigmenf.- The properties thereof are
shown in Table 4.
Comparative E#amgles 25 - 32
20 N . Magenta Toners 2 - 9 were érepared in the
Samé mannef'és-in Comparative Examples 1 - 8,' |
.respéctively, excépt that a magenta cplorant (C.i.
Pigment Red 122) was used instead of.the
phthalocyanine p;gmént. The properties.thereof are
25 also shown in Table 4. |
'Exahgie 5 |

Black Toner 1 was prepared in the same manner



-59- - 2.52 [errlm 2.52 - 3.17 [err]m 3.17 - 4.00 [err]m 4.00 -
5.04 [err]m 5.04 - 6.35 [err]m 6.35 - 8.00 [err]m 8.00 - 10.08
- [errlm 10.08 - 12.70 [err]m 12.70 - 16.00 [err]m 16.00 - -20.20 pm
20.20 - 25.40 [err]m 25.40 - 32.00 [err]m and 32.00 - 40.30 5 [errlm .
Acid value (AV) (JI'S-acid val ue) . .7p 1) Ca 0.1 - 0.2 g of a sanple
is accurately wei ghed to record its wei ght at W(g). 2)

The sample is placed in an Erlennmeyer flask 10 and 100 cc of a
“tol uene/ et hanol (2/1) mxture solution is added thereto to dissolve
the sanple. as in Exatble Fe¥@cabtdtpat af bnlae;utoumtdﬁ!xﬁ i cAl P!

solution is added as an indicator. The solutlon in.the flask
is titrated wollack) Was Qsbid Kodteladokd thel wmﬁdmrﬁdwr;ﬁtgment

The anount of the KOH sol ution used for the titration is denoted by S
(m). A bl ankThespropertiespeheresdtd are shown din Mabdet &.m ne t he anount of
“the KOH solutlon for the bl ank tltratlon at B (m). 20 5) The
acid val ue of Pag Kamplles o 1 the foll ow ng fornul a: '
Acid value = (S-B) x f x 5. 61/VV mhereln f denotes a factor of the -
KOH sol ut iSon. Ant ?@ﬁ&splzop‘elgt yergsprepared in the fane of a

3:32 | gt t gge{ eﬂa]n%le%ceads I1rr]1 %omparative %xpalm%s.ltl 1cu_p 8a ndrés%céctsz:[vaeq | ng for

except that a black colorant (carbon black) was used
instead of the phthélocjaﬁine pigment. The properties
thereof are also shown in Table 5.
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2 ) vyl bepzene— : 0.5 Ester wax
30 L (eSter between Clerf]-al kyl carboxylic 25 acid -
and C22-al kyl ﬁigco ("F[Gr‘-l’]“ (JDSGJ v main peak) = 75 [err]C
V\[err] (ha|f-¥ L= o o o < V\nUrn = 3 [6]‘]‘]"@)4
-61- g u;’l'h Qqﬂowewl gga:e,dl ents were subj ect ed to _ _
di spersi on for_3 h urs Dy an a'r'rrl'?nr and then 3 wt. . parts of |auroyl
per oxi de ( pol yarer zlat i on i nitiator) was added thereto to fornulate a
pol yreri zabl e fonmer | 5 EQ,[fp.OSJtIOI’l Whi ch was then charged into an-
aqueous |_nLrat 70*[*er*rﬁc conpr|sing 1200 wt. parts of water and
7 wt. parts o 3grgp ti unBphasphate anf subjected to formati on of
particles und i‘séuljrr:tng f.or 10. min. by a TK-type honom xer at 10, 000
rpm Then, the,D A ker 219 8 ®a8 saepl nced by a propeller stirring bl ade, _
whi ch was | Zired at=60 I pmf@rad 1D hours of pol ymeri zati on. - After -
conpl etion of | §A [ e hydrochl oric acid was added
to the systen# ' i Um phosphat e. Then, the pol ynerizate
was ' ! '
'
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15 washed and geied to obtai n_cyan toner particles having a

wei ght - aver age| -pgrticl q si ze (D[err]) =/6.5 [errlm As a result of

m cr oscopi c obséﬂvatl'f)‘ &f “s®Bct i%n, ©the resul tant cyan toner particles
showed -a struckyre asy ' o oSOQ@MT LN FIgure 7 wherezﬁ the | ow sof t eni ng
point 20 subst&uite |(A)! gag $oaged Wid h| t he outer ell (B).

- 100 wt. parts [pfthg—alfove-prepared—eya t oner particl es and 1.5 w.
parts of hy_dro{éfo q silica fine ppwder were bl ended by a Henschel
m xer to _ tied n z,Qzan e gl 25 Cyan Toner 1 showed
t enper at'ur e- dep&s Ntg o\ s,cgel astic| properties including st or age
nmodul us G, °¥||hds r’mdu?d‘s'r“G: and tah (6) as shown in Figure 1. :
-62- ; ,Qlan Io__ﬂe_-rﬁ:l_\sjqwed SF-1 = 105, conprised ca. 12
W . parts (ca.| gl "%of Stthé £ohe? 2 of ester wax per 100 wt. parts
of binder resijrL: (ﬁﬁm sing® *® © Ity énef n-butyl acryl ate copol yner
crosslinked wijt 5 divi nyr'benzene and | i near polyester resin, and had a
THF-i nsol ubl e t ro THF ijns.) of,ca. |10 wt. % (based on'the_
bi nder) . g |~ ! ! The ._-pﬁoﬁeﬂth; g€s pf Cyan Toner 1 are shown in
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Table 1. 10 ConparatiVe Exanmple 1 Cyan Toner 2 was

prepared in the same nmanner as in Exanple 1 except that the ester wax
was repl aced by paraffin wax (Tnp = 63 [err]C, Werr] = 40 [err]C) and
the di vi nyl benzene was onmitted. 15 ° Cyan toner 2 showed

t enper at ure- dependent . - viscoelasticities including storage nodulus G

| oss modul us G" and tan ([err]) as Ji®own in Figure 2. :

The binder resin of Cyan Toner 2 was non- ' crosslinked and had n

THF-insol ubl e content. In the 20 viscoelasticity.neasurenment, Cyan Toner

2 showed a. : rgnarkable |l owering in viscosity and it was inpossible
to neasure th sticities G and G' above 140 [err]C.. The

properties of Cyan Ton are, al so.sh i Tabl t Qget her. with
t hose of Cyan Toner 1 gﬁ‘&%&“’hgpneﬁl’t %eg&a?onego?rlﬁa?:%%g%&eaﬁpe,2

=

CUgT Toner 3 il BISRA S W SURARY 1o ovelontng deyices,
paraffin wax @IMR. 4=263 4- g 4W4E" rdespetd i1 ¢,Clana incorporated
| 5 in the image.forming apparatus similar to the one used

in Example 1 to effect a full-color mode image forming

test. The results are shown in Table 6.

Comgafativé Examples 41 - 48

Full-color image forming tests were performed
10 in thé same manner as;in Exémple 6 except for usihg_
Yellow Toners 2"-“9, Magenta Toners 2 - 9, Cyan Toners

2 - 9 and Black Teners 2 - 9, respectively, in

combination. The results are also shown in Table 6.
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Cyan Toner 3 showed tenperat ure-dependent vi scoel asticities including

storage nodulus G, loss 5 nodulus G' and tan ([err]) as shown in Figure
3. Cyan Toner 3 showed a (G [err]/GJ[err]) ratio of ca. 20, thus
showi ng a smal l'er change in G on ter_rperature increase ..  from60 [err]C .
to 80 [err]C Conpar ative Exanple 3 10 Cyan Toner 4 was
prepared in the sanme manner -asin ExaFirpI e | except that the ester wax
was replaced by pol ypropyl ene wax ("Viscol 660P", nfd. by Sanyo
Kasei K. K.; Tnp.. = 137 [err]C, Werr] =7 [err]O). : Cyan
Toner 4showed a(G[err]/G[err]) ratio of 15 ca. 71.4. Conparative
Exanpl e 4 -Cyan Toner 5 was prepared in the same nmanner :
as in Exanple 1 except that the ampunt of the ester wax was changed to
5 wt. parts. 20 Cyan Toner 5 contained 2.4 wt. parts,of the
ester wax per 100 wt. parts of the binder resin. ° Corrparatlve Exanpl e
5 Cyan Toner 6 was prepared in the sane nmanner as in
Exanpl e 1 except—t+ha—t+he—arourt—of—theester 25 wax was changed to 100
Wwt. parts. Cyan Toner 6 containdd 47 w. parts of the.
ester wax per 1&_) at cpart&,oaf, aweobwdgrgeél n.
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- 64- Conpar ati ve Exanple 6 _ Cyan Toner 7 was prepared
in the sane nmanner "as in Exanple 1 except that the anpbunt of the

di vi nyl benzene was changed to 2 wt. parts.. 5 Cyan Toner 7 had a.
- THF-i nsol ubl e content of 47 wt. % - Conparative Exanple 7 '
Styrene/ n-butyl .acryl ate/ - di vinyl benzene copol yner

100 wt.parts 10 (Mv = 1. 63x10[ eT¥8~ nmai n peak nol ecul ar

wei ght (MW peak) = 2.25x10[err], THF[err] = . 13.5w. W

Li near polyester resin ' 5 wt.parts . (Same as in
Example 1) 15 Di a] kyl salicylic acid al um num conpound : -

1 wt.part . Examples;/o~ J2 (Same as in Exanple 19 . 3 w.parts

The above ingredients fici Ly'l bl ended b Henschel mi xer

f /2 &
and nel t - kneaded t hrou r‘%’ eXRi -sc_regf/v%%? L%%?P%fé/%gl.nlj s c,
followed by  4onnGOUd NGy E@&?Jpé]tee q WS B Mnﬂéﬁe!%é’c & 1 -

2 mm pul verizatTon by an arr Jet pul'verizer ‘an assiticatron to
recover cyan tingloRAdid? GedidY) Yhe amount of divinylbenzene.and

5 the species of wax. The properties of the toner are

shown in Table 7.
Examples 13 - 18
_image formiﬁg tests were performéd'iﬁ?éhell'
same manher as in_Example 2 éxcepf for using Cyan
10 Toners 10 - 15, respectivély,_instead of Cyan Toner 1.

The results are shown in Table 8.
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25 _ - 66- [err]

20

-67- Exanple 2 Cyan_g ner 1 was charged in a
devel opi ng devi ce ‘4-3 (apparatus uni ?, i ncorporated i-n an i mage -

form ng apparatus shown in,Figure 5 and subjected to 5 an inage formation
test according to a nono—eptor i

i ——fege—bBur-Rg—e—gont i nuous i nage -
formation on 5000 - . Egets, good cyan-col ored fiKxed i mages were forned
at a high density éh'wgtho fog. After the 5p00 sheets of the

continuous image format}
devel opi ng sl eeve 16 an
melt - _

teat, the Pner o 19 App}ication roller 18, the
aﬂthe elastic blade 19 iere free fromtoner
q o

Developing
sleeve

A

B

A

A

A

A

appln.

rollexr
A
A
A
A
A
A

25
15
25
12
25

at 190°C | Toner
20

13
14
8
10
7
10

at 1€Q°C

*1 closs of fihal image | Soiling within developing

TH.
(°C)
210
200
220
210
220
200

‘Table 8
*

Tpr
(°C)
145
145
145
155
155
140

5000
sheets
1.8
2.3
1.0
0.8
2.4
1.2

1.0
1.5

0.7
0.5
1.2

0.8

5000
sheets
1.45
1.38
1.52
1.57
1,50
1.54

Tnitial | After | Initial | After

1.53
1.56
1.58
- 1.53
1.45
1.56

Cyan | Image density

toner
10
1
12
13
14
15

14
15
16
17
18

k. 13




sti cki ng,

t hus showi ng a good continuous inmage formng char act

Further, oilless fixation was . perfornmed w thout applying
~dinethylsilicone oil onto 15 the heating roller 14, no offset was

obser ved. Further, the fixing tenperature was varied in the
of 160 - 190 [err]C,. whereby little change in gloss val ue was
observed. The results are inclusively-sh&im -in Table 2 togethe

t hose of Exanpl es appearing 20 hereinafter.

16 Il mage formng tests were forned in the sane
as in Exanple 2 except for using Cyan Toners 2 - 9.instead of
Toner 1. 25 EEa@pdeddfsity (1.D.) .~ The immge density

as .

solid image portlggyggne mon%%%&lon showi ng a gloss in ﬁgﬁg&ﬁgggﬁégii

- 68-

meter ("PG 3D', a\ﬂébltx%?rlleﬁ]ig%%?faﬁer g!ﬂwigg}%%g Denshoku Kogyo,4K. K.y ) i s

nmeasured by using a

n densitometer “(avail abl e

~Macbeth Co.). 5 yBE99ow pigment (Pigment Yellow) 18 "

S

10

15

20

- 25

Saturatéd polyester resiﬁ | 10_ "
Dialkyléaiicylic acid chromium_compound_

_ -2 )

Divinylbenzene | . | 0.5 -

Tetraethylene glycol dimethacrylate 0.2 "

Ester wax (Tmp = 74 °c,.w1/2 =4%%) 30 v

The above ingredients were subjected to

dispersion for 3 hours by an attritor, and thehxs wt.

parts of 2,2'-azobisisobutyronitrile (polymerization

'initiator) was added thereto to formulate a

polymérizable monomer composition, which was then

ohargod into an aqueous medium at 60 9c comprising

1200 wt. parts of water and 7 wt. parts of sodium

_polyacrylate and subjected to formation of particles

under stirring for 15 min. by a TK-type homomixer at

'12,000 rpm. Theh, the homomixer was replaced by a

“propeller stirring blade, ahd the system temperature

was increased to 70 °C for 10 hours of"polymerization
under stirring at 60 tpm. The polymeiizate particles
in suspension showed a weight-average'particlé éiie '
(Dg) of 1 ym.

Then; while_the suspension liquid was

stirred, the pH thereof was adjusted to 4.6 and the

eristic.

range

r wwth

Conpar ati ve Exanples 9 - |

manner

Cyan

of a :
25 - 35
gl oss

from



Based on refl ectance val ues nmeasured by using a reflectance neter
(" REFLECTOVETER MODEL TG 6DS" avai l abl e from Tokyo Denshoku K. K.)
whi | e using an amber filter in case of cyan toner inmages, fogs are 10
cal cul ated according to the foll ow ng equation. A smal | er val ue neans
a |l ower degree of fog. - Fog (reflectance) (% = [reflectance of
- standard paper (%] - [reflectance oB2non-inage portion of a
- sample (9] 15 Fixing initiation tenperature (TFl and H gher offset-
free tenperature (T[err]) : A heat - pressure f|X|ng devi ce
i ncluding a fluorine resin-surfa ed hgg bhg raller

pressure rol | erenReratyte wag adivatedn Gar yFhg pgoanahghﬁenperatures :

of the heating, roller,and th e

t enper at ur e- co ?W%ff%ﬁufﬁcV%ﬁ%ﬁTaln al%?arg? % ﬁ?uf% %?lﬁgﬁeFﬁages at the
-reSPECt'Ve.f'Xé§80c1at%%§”3?r@ﬁ&r?ér@i@légbbe?héﬁgeéhfﬁﬁn Bgftgsles'

reci procation) ens-cf eani ng paper

g/cnferr], 25&pd ﬁaéﬁ&&sﬁlihxhﬁﬂeiegﬁéréiﬂé& Ebeﬁﬂai‘H YERIEw density

.l owering. of 10 %or less after the rub bing is taken as a fixing
'nltlat'Onste”ﬁ@ﬁéiubérfIEieé[ﬁéﬁiﬁ%)a weight-average particle size

0% - (Dy) of 6.1 pm. As a result of m1croscop1c
observation, the toner particles showed a sea-island
structure including.é'lbw-softening point substance
(A) dispersed within and coated with an outer shell

10 resin (B) as shown in Figure 8. |
| 100 wt. parts of the yellow.tOner particles

and 1.5 wt. parts.of titanium oxide fine powder were

blended by a Henschel mixer to obtain Yellow Toner 10.

Example 20
15' S Styrene'monomer ' _ 170 wt;parts
n-Butyl acrylate monomer ' 30-' "
Magenta pigment (Permanent Red) 13w
Unsaturated polyester'resih 7 ..ﬁ

‘Dialkylsalicylic acid aluminum compound
20 I ' 2 "
|  Divinylbenzene | 0.2
Polyethylene wax (Tmp = 128 °C, Wy p = 38 o¢)
_ L
l. Ester wax (Tmp = 72 °C,.W1/2 =5 °c)y 19 v
25 | The above ingredients were subjected to
dispersion for 3 hours by an attritor, and then 4.5

wt. parts’df_2,2'-aZobis-Z,4-dimethy1va1eronitri1e



The fixing tenperature is successively raised - at an increnent of 5
[err]C, and a maxinmum tenperature at - which the fixing is perforned

. W thout causing offset - according to observation with eyes is taken as
a 5 higher offset-free tenperature (TH OFF ([err]Q)) .- - Eval uation of
devel opi ng device during or after continuous inmage form ng test

If an image defect attributable to a -83kevel opi ng device is found in a
resul tant inmage, the 10 image formation is term nated, and the toner
application roller surface, the devel oping sl eeve surface and the

el astic blade surface are observed. W th %ges Wi th respect to soiling .
and nelt-stickipRiprerizatigmeinitijgtor) was added cERere¥R ¥ no such i mage
defects are observed during the continuous inage formng test, the -
appl i cation rdfPEMULRTS R LOL LI 1D MPUPRR PMPOS1ILIER o hich  he

el astic bl ade surface are observed wth eyes. Wi th_respest to sOinng'
“and mel t-sticRIFy eq SRgraes) ik e?ntah%u%%ﬁi'ﬂ%%@'iﬂégégfo nmng test.

The results | -4 ccoLgi. ' f O S r
e resulte  oamEFEBIg! 166 eC Bt Subiee skl o8 99, Shapcl s
Soi 11 ng org t ongt; 8B &ish! Shddhate NSE' s jecbed PES FOEMEEPON Cof TRTE
defects do not occur. C. - Conspl cuous soiling or toner
mel t-sticking particles under stirring for 9 min. by a TK-type

B:

‘homomixer at 9,000 rpm. Then, the homomixer was
:eplaced by a propelier stiiring blade, whicﬁ;waé
stirred at 70 rpm for'9 hours 6f polymerization.

10 After completion of the polymerization, dilute

| hydrochloric acid‘was added to the system to remove
the calcium phosphate. -Thén, the polymerizate was
washed and dried to obtain magenta toner_particlés
_having a_weight-average'particle size (Dy) = 6.2 pm.

15 100 wt. parts of the magenta toner particles
and 1.5 wt. parts of titanium oxide fine powder were

blended_by a Hénschel mixer to obtain Magenta Toner

10.
Example 21
20 : Stfrehe monomer ' - 195 wt.parts
'n—Butyl acrylaté monomer 5 "
Magenta pigment (Permanent Red) 19 om
: Low—moleculérhweight polyester | : 10 "
bialkylsaliqylic acid aluminum compound
25 | A | 2 v

Divinylbenzene _ : 1.5 "

' Ester wax (Tmp = 79 °C, Wysp = 3 °cy 20 ¢



occurs and i nmage defects occur. - 70- [err]

-71- Exanple 3 _ _ Yel | ow Toner 1 was prepared in the sanme
manner as in Exanple 1 except that a yellow col orant (C. 1. Pignent
Yel |l ow 173) was used instead of the 5 phthal ocyanine pignent. The
properties thereof are shown in Table 3. Conparative.Exanpl es 17

- 24 Yell ow Toners 2 - 9 weff4-prepared in the same :
manner as in Conparative Exanples 1 - 8, respectively, 10 except that a
yell ow colorant (C I. Pignent Yellow - 173) was used instead of the

ht hal ni n i gment . . . The properties thereof a al so shown in Table
g.t.a Océiahpfep4g The abpve fﬁgéééients.were sub}é%teg to -

dispersion for 3 héurs by an attritor, and then 3;wt.
pafts of 1aufoy1 pgroxide (polymetizétion initiatbr) 
was added thereto to formulate a pblymerizable monomér_
5 composition, whiCh was then charged into an aqueous
_-médium at 70 ¢ comprising 1200 wt. ﬁarts of water and
7 wt. parts of triéalcium phosphate and subjected to
formation of particles under stirring for 8 ﬁin} by a
TK-type homomixer at510(000 rpm. Then, the homomixei'
10. was replaced by a propéiler stirring blade, which was
stirred at 60 rpm“for 10 hours of polymerization.
After cémpletion of the polymerizatibh, dilute
hydrochloric acid was added to the system to remove
the calcium phosphate. Then, the polymerizafe was
15 washed'and.dried to obtain magenta toner particles
having a weight;avefage parﬁicle size (Dg4) = 6.7 pm.
‘ 100.wt. parts of the magenta toner'particles
and 1.5 wt. parts 6f titanium okide fine.ﬁowder were

blended by a Henschel mixer to obtain Magenta Toner

20 11. '
Exaﬁple 22
Styrene monomer o 145 wt.parts
n-Butyl acrylate monomer | _ 55 " .
.Phthalocyanine pigment : : 14 "
25 - Saturated polyester resin ' . 10 "

Dialkylsalicylic acid aluminum compound



Magenta Toner 1 was prepared in the sane 15 manner as in Exanple.l except

t hat a magenta col orant (C.I. Pignment Red 122) was used instead of the
pht hal ocyani ne pignent. The properties thereof are shown in Table 4.
Conpar ative Exanples 25 - 32 20 - Magenta Toners 2 - 9 were
prepared in the sanme manner as in Conparative Exanples 1 - 8,
respectively, except that a nmagenta col cvggut (C. I. Pi gnent Red 122)
was used instead of the pht hal ocyani ne pi gnent. The properties thereof
are 25 also shown in Table 4. - Exanple 5 . Black Toner 1
was prepared in the sane manner : -72-

as in Exanple 1 eRdspimulienzens ack col or ant (carbon 1.3l ack) was used

i nstead of the phthal ocyanine méﬂgﬂﬂ The properties. thqyeof are
shown in Table 5. Tetra dafpinethaerylgtes 0.2 - " - gl ack

Eeampres 1 - “’ere;é’s[rie&ared g’ EERe, w5 5K St ant ( car bon
bl'ack) was used The above ingredients were subjected to
5 dispersion for 3 hours by an attritor, and then 5 wt.
parts of 2, 2'-azoblslsobutyronitrlle (polymerlzation
initiator) was added thereto to formulate a
polymerizable monomer composition, which was‘then
charged into an aqueous mediﬁm at 60 °c comprising
10 1200 wﬁ. parts of water and 7 wt. parts of sodium
| polyacrylate and Subjected to formation of particles
under stirring for 15 min. by a TK-type homomixer'at"
12,000 rpm. Then, the homomixer was replaced by a.
propeller_stirriné blade, and the system temperature
15 - was increased to 75 Oc for 10 hours Of'polymerization
under stirring at 60':pm._ The polymerizate particles
in suspension showed_a’weight-a&erage particle size'of
1 pym. Then, while fhe suspension liquid was stirred,
the pH thereof was adjusted'to 4.6 and the temperature
20 wes'adjusted at 85 °C. The pH.and the temperature -
| were maintained for 7 hours to effect association of
the pa:ticles. The resultant'particles were washed
with water and dried to ebtain.cyan'toner particles
having a weight4average particle size (D4) of 6.2 pm.
25 100 wt. parts of'the eyan toner'particies and
- ”1,5 wt; parts of titanium:oxide fine powder were

blended by a Henschel mixer to obtain Cyan Toner 16.



I nstead. of the phthal ocyani ne pignent. The properties t hereof are al so

10

15

20

25

~-shown in Table 5. 10 15 - 20 25 ¢ Jerr]
[err] - '
_86_
Example 23
| Styrene monomer ' S 165 wt.pprts
n-Butyl acrylate monomer , 35 "
Phthalocyanine pigment . 14 "¢
5 Low-molecular weight polyester 10 "

Dialkylsalicylic acid chromium compoﬁnd
. ’ - 2 "
| Divinylbenzene h 1.5 "
Amide wax (Tmp = 105 °C, Wy,5 = 30 °C) 30 "

The above ingredients were subjected to
dispersion for 3 houfs by an attritor, and then 3 wt;
parts of lauroyl peroxide (polymerizetion initiator)
was added thereto to formulate a polymeriﬁable monomer
composition, which was then charged into an aqueous |
medium at 70 °C comprising 1200 wt. parts of water and
10 wt. parts of tricalcium phosphate and subjected to
formatien of particles'under stirring for 12 min. by a

TK-type homomixerlat 10,000 rpm. Then, the homomixer |
was replaced by a propeller stlrrlng blade, which was
stirred at 60 rpm for 10 hours of polymerization.

After completlon of the polymerization, dilute
hydrochlorlc acid was added to the system to remove
the calc;um phosphate. Then, the polymerlzate was
washed and dried_to obtain cyan toner particles hav1ng
a.weight-average particle size (D4) = 6.4 um.

100 wt. parte of the cyan tone: particles and .

1.5 wt. parts of titanium oxide fine powder were



-75- [err] o - - 76- EXaane 6

Yel | ow Toner 1, Magenta Toner 1, Cyan Toner 1 and Bl ack Toner 1 were
charged in devel opi ng devices 4-1, 4-2, 4-3 and 4-4, respectively, and
incorporated 5 in the i mage forning apparatus sinilar to the one used -
in Exanple 1 to effect a full-color node imge formng test. The
results are shown in Table 6. Conmpar@l+ ve Exarrpl es 41 - 48

Ful | -color image foornmng tests were performed 10 in the same nmanner as.in
Exanpl e 6 except for using Yel |l ow Toners 2 - 9, Magenta Toners 2 -9,
Cyan Toners 2 -9 and Black Toners 2 - 9; respectively, i

conbi nati on. THended by aHengahekiFey itaAhtain cYa115Toner 17--_

The toners of Examples 19 -~ 23 above
(together with those obtained in Comparatlve Examples
49 - 53 descrlbed herelnafter) were subjected to the
5 following f;xing_test and gloss test, and the
evaluation results together with some physical
properties are shown in Table 9 below with respect to
various items of which the'evalﬁatién standatds are
supplemented'below Tahle_gf |
10 Fixing test
| In ordér‘to evaluate the'low-temperature
fixability ot a.toner, a fixing device of a digital
.copying machine ("GP-SS“, made-by Canen'K.K.) was
taken out and re-modeled to be equipped with an
15 external driver and a temperature controller so as to
rotate'the fixing rollers at a process speed of 50
mm/sec and control the fixing roller temperature in
the range of 100 - 250 °C. The fixing test was
performed in a thermostatic chamber controlled at a
20 - temperature of 3 - 5 Oc. After confirming that the
fixing rollers reached the chamber_temperature, a
power'was supplied, and a fixing test was perfo:med.
immediately after the heeting roller (upper rbller) _
.reeched 110 °c. At this point of time, the pressure
25 roller (lqwer:roller) was at ca. 70 °C. Then, while
- the heater was energized, the fixing rollers ﬁete

‘rotated for 20 min., and then a fixing test was



20

10

15

20

25

25 ' -77- : [err]

-88-

performéd. -At this time; the.piessure roller
temperature was ca. 90 Cc. - |
Gloss_ test |

In order to evaluate the gloss stability of a
toner, a fixed'image sample at'a.fixing temperature_of .
155 ©C was observed with eyés for evaluating a gloss
1owering'between ends and a differehée'from a fixed
image sample at 190 °C. Further, each toner was
_éubjected to a cpntinuous image forming test on'10;000
sheets by usihg a commerciallf available copying
machine ("FC~-330"; made by Canon K.K.) together with a
process cartridge«(apparatus unit) for non—magnetic
mono—componént development, whereby a degree of gloss
change between an average gloss value at an initiai
stage (on first to ténth sheetS) and a gloss value.ét

the end of continuous forming test was recorded.



- 78- Exanmples 7 - 12 Cyan Toners 10 - 15 were prepared

I n the sane manner as in Exanple 1 except for changing the species
of polyester resin, the amount of divinyl benzene and 5 t he species of
wax. The properties of the toner are shown in Table 7. Exanpl es
13 - 18 | mage formng tests were perforned in the sane
manner as in Exanple 2 except for using <8®n 10 Toners 10 - 15,
respectively, instead of Cyan Toner 1. - The results are shown in Table
8. - 15 20 ' :
Table 9
Examples 19 20 | 21 | 22 23
Test item \\\\
5 : '
' G'60/G'go 145 122 81 150 | - 80
G'155/G'_190 a 1.2 1.1 1.1 1.4 1.2'
Tc (°C) 68 69 87 | 38 | 61
1) Fixability :
at 110 °c A A C A | B
10' 2) Gloss _ -
' lowering - A A A A A
3) Gloss | :
difference A | A A A A
'4) Gloss changel . .
' rate A A A A A
Anti-blocking B B B Cc B.

15

[Notes of Tables 9 and 10]
1) Fixability at 110 °¢
' Fixed images were rubbed two times (one
20 ;eéiprOCation) with a lens éléaning'paper (ﬁdésperﬁ
availablé from Ozu Paper Co. Ltd.) under.a 1oad'of 50
g/cm?, and a lowering in image density due to the
rubbing was recorded fot each fixed image.  The above
fixing test was performed fof a fixed image.dbtained |
25 immediately after thé heating roller reached'110_°C
and fbr a fixed image obtained after 20 minutes of

blank rotation of'the fixing rollers for.each'toner



25
-81-
“Wt. parts

10

15.

20

25

[err] - 80- - _ [err]

Exanpl e 19 Styrene nmononer 180

=90~

sample to measure a change in lowered ;mage density;_
 For é series of sample toners (Exémplésllg - 23 agd
Cémparative'Exampies 37 - 41), fhe above test was
preformed,:and the maximum change of a sample among
the samples was taken as the standard (100 %). The
other samples were fafed at four ranks of A ; D based
on the relative change és follows:

A: 0 % to below 25 %,

B: 25 % to below 50_%,

C: 50 % to below 75 %,

D: 75 % to 100 %.

A smaller value of the relative change @eans

a smaller change between a density lowering between
the fixed image obfained imﬁediately affer the heating
roller_température hés reached.llo Oc aﬁd the_fixed.

" image obtained after 20 min. of blank rotation, i.e.,
showing a good fixability (a toner's own fixability)
from the initial stage after a power supply to the
image'forming apparatus.

2) _Gloss lowering

| "A gloss lowering between a leading end and a
trailing énd of a fixed image sample was measured,'and
.the largest lowefing among the samﬁles'was'taken as
the standard (100 %), and the other samples weré réted
according to the foiléwing standard based on a
relative gloss Lowering: | |

A: 0 % to below 25 %,



n- Butyl acryl ate nononer 20 " Yel | ow pi gnent

(Pignment Yell ow) 18 "5 Sat urat ed pol yester resin

10 " : Di al kyl salicylic acid chrom um conpound

2 " ~ Divinyl benzene _ 0.3 _
Tetraet hyl ene gl ycol dinmethacrylate 0.2 10 - Ester wax (Tnp = 74
[err]C, Werr]. =4 O 30 " ' -91-~ The above ingredients were
subj ected to di spersion for 3 hours by an attritor, and then 5 wt.
parts of 2,2'-azobisisobutyronitrile (polynerization - initiator) was .
added thereto to formulate a 15 pol ynerizabl e nononmer conposition, which
was t hen chaBged 25130 tan bedqueeo &) edi um at 60 [err] C conpri si ng -
1200 wt. parts of water and 7 wt. parts of sodium pol yacryl ate and

subj ected to for m&ki orPQf¥ paor thedlaws 75 %, under stirring for 15 pin. by a
TK-type honom xer at 20 12,000 rpm Then, the honom xer was repl aced by
a  propeller &&irrdihd B1adP0 #hd the systemtenperature was |
i ncreased to 70 [err]C for hour -ofifgLynerization. ., under stirring
at 60 rpm The pol ymer iAzeﬁ“?E%aﬁ"i i"c"’}aé’se_ eans ;an JNaae, N A RALIPLE
wei ght - aver age ticle size 25 (Derr]) of 1 [err]m . Then,
whi | e the%susbléﬁ'gotﬂl Iqel S was stirred, the pH thereof was adjusted .
to 4.6 and they giogs difference '

" A gloss_differenée'between a fixed image
-sample at 155 ©C and a fixed image sample at.190 OS¢
ﬁas measured for each toner sample, and largest
10 difference among the toner samples was taken as the
standard'(IOOI%ffﬁand the other toner samples were
-rated according td the following sfandard based on a
relative gloss difference. |
- A: 0 % to below 25 %,
15 B: 25 % to below 50 %,
C: 50 % to below 75 %,
b: 75 % to 100 %.
A smaller value means a smaller.temperature-_

dependent gloss change.

20 4),_G10$s change rate
An average gloss value bf'initial fixed
images (Qn 1st to lpth sheefs) and a gloss value of a
fixed'imagé at thé end of a continuous image forming
test on 10600 sheets for each toner sample ﬁere
25 measured to record a gioss difference therebetween.

- The largest gloss difference among the toner samples

was taken as the standard (100 $), and the other toner



- 82- tenperature was adjusted at 85 C.. The pH and the

tenperature were maintained for 7 hours to effect associ ation of the
particles. The resultant particles were washed with water and dried-
to obtain yellow 5 toner particles having a weight-average particle size
(Derr]) of 6.1 [err]m As a result of mcroscopic observation, the

- toner particles showed a sea-island- -%2tucture including a
| ow- sof t eni ng poi nt substance (A) dispersed within and coated with an
outer shell 10 resin (B) as shown in Figure 8. 100 wt. .
parts of the yeII oner particles of . titani,um
oxi de fine povitfeF ere i F%"ﬁ WH‘%’?&%?%&’Z‘PWP&% ‘E%‘i"ha% | ow
Toner 10. e :
170 w . parts bg@mﬁ Lereiftive e BhfRARRE:
Magent a pi gnent (B@rna@egttgkgglow 25 gl3 " - Unsat ur at.ed
pol yester resin D al kyl salicylic acid al um num
conpound. 20 B: 25 % to below 50 $, __ -2 -
Di vi nyl benzene 0.2 Pol yet hyl ene wax (Tnp =
128 [err] G VWerr]CL 380 [ertd Qelow 75 %, 1 '

Ester wax (Tnp =72 OC, W,2 =5 OO 19 "
D: 75 % to 100 %.

A smaller value means a smaller gloss chahge_
betwéen the initial stége and the last stage.of a
- continuous image'forming test. |
10 Comgarativé Example 49
A yellbetonerjhaving a weight-average
particle Siie'of 6.5 pm was prepared in.the séﬁe-
manner és_in Example 19 except for omitting thg
divinyibenzene used in Example 19.
15 Comparative Example 50
A yellow toner having a weight-average
particle size of 6.6 pm was prepared in the same
manner as in_Example 19 except for using pdlypropylene

30 °C) instead of the ester

wax (Tmp = 143 °c, Wiz

20 wax ﬁsed in Example 19.

| Comﬁarative-Examgle 51

-\ yelldw toner having a weight-average
particle size of 6.4 pm was pfepared in the same
manner as in Exampie 19 except for oﬁitting the

| 25 divinylbenzene and replacing the ester wax with
- polypropylene wax (Tmp = 146 °c, Wy, = 33 o¢y.

Comparative Example 52



25 The above ingredients were subjected to di spersion for 3

hour s by an attritor, and then 4.5 wt. parts of

2,2' -azobis- 2, 4- dlnethylvaleronltrlle - S
- -83- (polynerlzatlon initiator) was added thereto to - formul ate

a pol ynerizabl e nonomer conposition, whi ch was then charged into an

aqueous nediumat 65 [err]C . conpn:ﬂQerzoo wt. parts of water and 8

wt. parts of 5 tricalciumphosphate and subjected to formation of

particles under stirring for 9 mn. by a TK-type . horom xer at 9,000

Then, th h I d b | 1 t bl ad
Wi ch uas - stirred Yokt b SHONG e ‘*@%%5% I Ao
conpl eti on of tglﬁ;l%ié’@{éez%‘ he c3+n(k: rﬁ%respp%y%io i ?%&éd was added

to the systemqo Fenove e pol ynmerizate

was washed t éﬁg LU onE €6h havi ng a
wei ght - aver age partl céqull zﬁt} erﬁg 6‘2 [err]om ﬁ%% © 100 wt.
parts of - the f&%ﬂiﬂﬁéﬂﬁn@%ﬂd Gﬂasraethyléﬁ@ %Hﬁ:di -dPiétRalfyiatani um
oxi de fine powder were bl ended ‘by a Henschel m xer to obtain Nhgenta

Toner 5 l@ised in Example 19.

Com arative Example 53
A magenta toner having a weight-average
particle size of 6.6 pm was prepared in the éame _
hanner as in Example 20 except for omittiﬁg thé
10 divinylbenzene and replacing the unsaturated polyester
with saturated polyester. _ |
The toners of Comparative Examples 49 ~ 53 -
were evaluated along with the toners of Examples 19 -
' 23, and the results thereof are Shown in Table 10 |

15 Dbelow.

20

25



Exanpl e 21 20
n- But yl
. (Permanent Red)
0 "

2
(Tnp
-84

79 [err]C

per oxi de (polynerization initiator)
pol yneri zabl e nmononer

St yrene nononer

acryl ate nmononer

19

‘Werr] 3 [err]

Q)

5

294

1.

D al kyl salicylic acid al um num conpound 25
Di vinylbenzene

5

195 wt.parts
Magent a pi gnent -
Low nol ecul ar wei ght pol yester

The. above i ngredi ents were subjected to
dlsperS|on for 3 hours by an attritor,

5 conpositi

on,

and then 3 wt.

T H0a

parts of

25

Ester wax

| aur oyl
added thereto to fornmulate a
s then charged into an

aqueous | nedlun1at 70 [err]C conpr|5|ng 1200 wt. parts of water and
7 w. parts of trftaidy, ({ mle ang—subjegtedt ormati on of
particles under stirmg ﬁ‘i@_rs 4y ja 50 |TKitype gj”g)rmmggar at 10, 000
~rpm Then, the hopmm xer 10, mas replaced by la propgeller ptirriing bl ade,
whi ch was st ]| meadt ditedld m flor 1Q hours {of poljynerizgtion, After -
conpl eti on of the| polynerizatiom\Jdil utle
' 5
G'60/G'g0 101 71 74 80 114
G'155/G'190 18 11.05 |9.5 22 26
‘T (°C) 58| 61 | 60 | 66 | 71
1) leablllty ,
at 110 °c B D c - C A
10 2) Gloss o
o lowering D A C . D. D
3) Gloss | .
difference D A c D D
4) Gloss change
. rate : D A C "D D
Anti-blocking c B B B
15 -
20



hydrochloric acid was added to the systemto renove t he cal ci um
phosphate. Then, the polynerizate was 15 washed and dried to-ebtain-.

magent a .t oner particles havi ng a wei ght -average parti )y
'=6.7 [err]m : 100 wt. parts of the nagenta ﬂ mgﬁﬂ' H ,

and 1.5 wt. parts of titanium oxide fine powder were bt ende
Henschel m xer to obtain Magenta Toner 205-11. - Exanpl e 22
Styrene nononer , : - 145 wt.parts ~ n-Butyl
acryl ate nmononer . 55 " Pht hal ocyani ne pi gnent
14 " 25 Sat urat ed pol yester resin _ : 10 "

Di aIkylsal|cyIEEAEQLELQLALMEinﬁgnpound ' '

2 _ - 85-

Di vi nyl benzene 1- A toner for developing an ele¢§FP§§?ﬁyFene egcoI
dlnethacrylate 0. er wax (T rr] 50
30 " image, qﬂﬁpﬁbﬁbﬁgrnb&ﬁd?ﬁntgaﬁé?ggguﬁ ét£§artbes 'spersion :
for 3 hours by a and_t hen -

L0 o oi ouptsP ot BRete 8E, AcPplatbar ana B2L'30%t. parts of

5 a low-softening point substance; wherein the toner has
a storage modulus at 60 oc (G'gp) and a
~ storage modulus at 80 °C (G'ao) providing a ratio
(G{Go/c'ao) of at least 80, and B
a storage modulus at 155 @c (G'155).and a
10 storage modulus at 190 °C (G';9g) providing a ratio
(G'155/G'190)'6f'0.95 - 5.

2. - The toner'according to Claim 1, wherein the'

toner shows a ratio (G'GO/G;so) of iOO - 400.
15 | _
| 3. The toner according to Claim 1, wherein the

‘toner shows a ratio (G'gg/G'gg) of 150 - 300.

4. The toner according to Claim 1, wherein the

20 toner shows a ratio (G'yg5/G'jgg) Of 1 - 5.-

5. The toner according to Claim 1, wherein the
‘toner has a storage modulus at 190 °C (G'lgo) of 1x103
- 1x104 dyn/cm .
25
6. The toner according to Claim 1, wherein the

toner provides a loss modulus curve giving a maximum



initiator) was added thereto to fornulate a pol ymeri zabl e nononer
conposition, which was then charged into an aqueous medium at 60
[err]C conprising 10 1200 wt. parts of water and 7 wt. parts of sodium
polyacryl ate and subjected to formation of particles nder stirring
for 15 min. by a TK-type honomn xer at 12,000 rpm Mﬁwjm ’mlm)(er '
was replaced by a | propel | er stlrrlngsblade and t ture
- 15 was increased to 75 [err]C for 10 hours of polynerization S un'der
stirring at 60 rpm The polynerizate particles: i n suspensi on showed a
wei ght - average particle size of é [err] :3 Then, while the suspension
“liquid was st{6Fggdy) of athzephitt hsib f dwagcmdj dnt ed temperdtare t he
. tenperature 20 was adjusted at 85 [err]C. The pH and the tenperature

wer e mai nt ai ng@nger of RBurs6bo €i#fect association of the particles.

The resultant particles were washed with water and dried to obtain
cyan toner particles havi ng a wei ght-average particle size (D4) of 6. 2
[err]m 25

I d
15 W parts of 7rtanflh SHTRE PPREZRiRIcEowbnain ) WiRnnity By a

fgg?chel gixe£°£8roghghg gy%BsEORSHQ&gs at 40_?C of G"4p giving a

ratio (G"ax/G"49) of at least 1.5.

8. The toner according to Claim 1, wherein the
binder resin has a THF-insoluble content of 0.1 -~ 20

10 wt. %.

9. The toner according to Claim 8, wherein the
binder resin has a THF-insoluble content of 1 - 15 wt.
5. | | |
15
10. The tonerlaccofdihg to Claim 1, wherein the
binder teéin comprises a crosslinked styrene
copolgmef, and the low-softening point substance
provides a DSC heat-absorption curve showing a heaf-
20 absqrptién main peak in.a temperature range of 40 - 90

oc‘. '.

11. Thé toner according to Claim i wherein'the'
blnder re51n comprises a crossllnked styrene copolymer
25 and a non-crossllnked polyester resin, and the low-
softening point substance provides a DSC heatf_

absorption curve showing a heat-absorptiqn mainnpeak



Exanmpl e 23 Styrene nononer 165 wt . parts

n- Butyl acryl ate nononer _ 35 " —-Pht-hal-ocyani-ne——
pi gnment 14 "5 Low nol ecul ar j

10 " - Dialkylsalicecylic acid chrom um corrpounclmlmml"immgnlml

2 Di vi nyl benzene - 1.5 "« ¢ L I 0L WalX
(Trmp 105 [err]C, Werr] =30 [err]C) 3®7-"" 10 _ The above
ingredients were subjected to di spersion for 3 hours by an attritor,
and then 3 wt. . . parts of lauroyl peroxide (polynerization initiator)
was added thereto to fornul ate a pol yneri zabl e nononer conposition
whi ch was t herdartrperatice zapgef 4% - AYim at 70 [err] C conpri si ng
1200 wt. parts of water and 10 wt. parts of trical cium phosphate and
subjected to formati on of particles under stirring for 12-:mn. by a

TK-type honom xer 1Q,.000_rpm Then, .t he ho | Xer was replaced by
a propeller sti rri]ﬂ%‘ blng%,t %ha%%rd]ﬂg Q %’d“a}' é’bh?’b?ﬁ?o{hgo hour s

of pol ym_ari'zatﬂl or res&?&f‘%“ﬁ’fﬁésﬁg o141y sﬂ}&é)&)l_é/@;{éﬁ%t ion, dilute

hydrochl ori c acid was a Systemio0 renove he cal ci um

phosphat e. 5 Theghpd 1\ind! B4 %Gt SsdPinked pdPPdEteANFglh edahg Phsai n cyan

toner particles having 25 a weight-average particle size (Derr]) = 6.4
[err]m low-softeriity WoimE dvbPtande prcvidedes peethedes and

1.5 wt. parts of titaniumoxide fine powder ‘were
absorption curve showing a heat-absorption main peak

in a temperature range of 40 - 90 °cC.

10 13. The toner according to éldim 1, wherein the
'1ow—softening'p61ht substance provides a DSC heat-
absorption curve showiﬁg a heat-absorption main peak
in a temperature range of 45 - 85 °C, the heat-
abéorption main peak having a half-value width of at

15 -most 10 °cC.

14. The toner according to Claim 13, wherein the
low-softening point substance shows a heat-absorption
main peak having a half-value width of at most 5 ©C.

.2.0_ |
| 15. The toner according'to Claim 1, wherein the

'lowésoftening point substance comprises a solid wax.

' 16. The toner according to Claim 1, wherein the
25 '1ow-softening point substance comprises a solid ester

wax.’



.~ results together with some physical

-87- bl ended by a Henschel mi xer to obtain Cyan Toner
The toners of Exanples 19 - 23 above (together wth. those-obtarned A

- Conparative Exanpl es - 49 - 53 descri bed" herelnafter to
the 5 followng fixing test and gloss test, and the’ HH I '
properties are 5 mntrnn a

bel ow with respect to various itenms9gk which the eval uation standards

are suppl enented below Table 9. 10 Fixing test In

order to evaluate the | owtenperature fixability of a toner a fixing -
- device of a digital" copyi ng machi ne ("GP-55", made by Canon K K. ) was-

taken out and re- Addel Bhet sopercggrppddng tp ghaims1,cwheredn dhever and a

tenperature controller so as to rotate the fixing rollers at a process .

speed of 50 1°W‘ﬁmf§881&ﬁdpeéﬁt"-r SPbﬁl’fénFPxFHg‘HrélsF@r%t @fes n

t he range of 100 - 25Q err%C Ehg égg test was rforned ina .

t her most ati ¢ WRAEBEPVEGAPLEP BF eat‘ OXpfioP CHryS FheWing @  Afier

conf i T ng thgL khgysorpesbhX il Bl 3o 83¢MH G LIRS GPF U e &

5 - 85 ¢, the héat—absorption'main peak havihg a half-

‘value width of at most 10 °C.

18. The toner according.to Claim 17, wherein the
-solid ester wax shows a heat—absorption main peak
10 having a half-value width of at most 5 °C. “

19. The toner according fo.Claim 1, wherein-the_
low-softening point substance comprises a solid |
polymethylené wax providing a DSC heat-absorption peak

15 showing a heat-absorpfion méin;in a temperature range
~of 40 - 90 °C, the heat-absorption peak having a half-

value width of at most 10 °C.

'20. The toner aécording to Claim 1, wherein the
20 'low-soffehing point substance comprises a solid
_polyolefin wax providing_a DSC-heat—abSorption peak
showing a heat-absdrption main in a temperatu:e range
‘of 40 - 90 °C, the heat-absorption peak having a half-
value width of at most 10 °C.
25
21. The toner according to Claim 1, wherein the

low-softening point substance comprises a long-chaih



power was supplied, and a fixing test was perforned - imediately after
the heating roller (upper roller) reached 110 [err] C. At thi-s-point .

hen. i o P *the neater e every zen thet1sng. - NILAIGARY I
L} s *

rotated for 20 mn., and then a fixing test was

-88- performed. At this time, the9pressure roller t enperat ure
was ca. 90 [err]C - G oss test In order to evaluate the

. gloss stability of a 5 toner, a fixed inmage sanple at a fixing -

t enper at ur e. of - 155 [err] C was observed with eyes for evaluating a

‘gl oss | ofdk¥hgapephednhandndadd a 40Pf EREREOR RtOMSy anded i mage |

sanple at - 190 [err].C. Further, each_ toner was - subjected_ to a
continuous | nREEVABLREnG PSSt heatrabgesPtien prak ShaWing &y hedtsimercial Iy
i | abl ' . hi "FC-330" . . K. th ith
o e BbBdrpEgRe Raa Ry 3PPy Lo MRRERIER FaRSg Tl - 00 T
- P I ' . f X t
o aver age o s HEAR0ABROrpbIEH Bak $844EE A rlIShalne WERIIRECL IEP,
and a gl 0ss vakumodt 10 ©c. . |

22. The_tpner according to Claim 1, wherein the
'foner is in the form of toner particles.contéining'll
= 30 wt. $ thereof of the low—softening point
10 substance. | | |
23.- The_tonér according to Claim 22, wherein the
1ow—édf£ening point suBstance is'contained in 12 - 35
wt. paft per 100 wt. parts of the binder resin.
15 - o
~24. The toner adcording to Claim 1, wherein the

toner is a non-magnetic cyan toner.

-25. The toner according to Claim 1, wherein the‘

20 'tpner is a noh-magnetic magenta toner.

26. The toner according to Claim 1, wherein the

toner is a non-magnetic yellow toner,

25 27. The toner according to Claim 1, wherein fhe

toner is a non-magnetic black toner.



the end of continuous formng test was recorded. 20

-89- o Table 9 B Fes““”“
Glerrl/Glerr] . 145 122 81 150 80 |l|||||| IIIIII IIIII I IIII
Glerr]/Glerr] 1.2 1.1 1.1 1.4 1.2 T ([erM O ¢

68 60 87 38 61 1) ~E0Rabi | ity ~at 110
[err]C A A C A B 10 2) doss: '

| oweri ng A A A A A o

28. BAn apparafus'unit, detachably mountable td'an
apparatus ma1n assembly, comprising: a toner, a .f
B developing sleeve, a toner appllcatlon means disposed
to press the developing slesve, and_an outer casing
5 for enclosing the toner, the developing sleeve and the
toner application means;
IWherein the tonsr comprises 100 wt. parts of
‘a binder resin, 1 - 150 wt. parts of a Colorsnt and 5
=40 wt; parts of a low~-softening point substance;
10 and | |
the tofer has a storage modulus at 60 °C
(G'go) and a storage modulus at 80 °C (G'gq) providing
a ratio (G'gp/G'gp) of at least 80, and a storage
‘modulus at 155 °C (G'155) and a storage modulus at
15 190 °¢ (G'190) providing a ratio (G'y55/G'19g)of 0.95
- 5, '

29. The apparatus un1t accordlng to Claim 28,
wherein the developing sleeve comprises a cylinder
20 .formed.of an electroconductive metal or alloy, and the.
tonsr application means comprises a toner'application

- roller and an elastic_blade.

30. The apparatus unit according to Claim 28,
25 wherein the developing sleeve comprises a cyllnder
formed of an electroconductlve metal or alloy, and the

toner application means comprlses a plurallty of toner



3) doss di fference A A A A A

4) d oss change rate A A A A A
Anti-blocking -~ B B B C B 15 ~[ Notes._of..Tables 9
and '10] 1) Fixability at 110 [err]C were -
rubbed two times (one 20 reciprocation) with a Iens cl Mjl@j ﬂgﬂﬂm “l _
.("dasper" avai'l abl e from Ozu Paper-1@m.- Lt d.) unde :
g/cnferr], and a-lowering in imge density due to the rubbi ng was
-recorded for each fixed inmage. The above - fixing test was perforned

for a fixed.i mage obtai ned 25 i medi ately after the heating roller. :
reached 110 [ @npldcation sl Yexs.a fi xed i mage obt ai ned after 20 m nutes of
"blank rotation of the fixing rollers for each toner

-90- sanpl e to neasur.e a change in | owered |nage den3|ty P For a
series of sanple toners (Exa | es 19 - 23 and Conpay at i ve, Exanpl es 37.
- 41), the above t¥st arats,), aGPIHN G5 réiﬁ e of a

' sarrpl € am)ng vﬁaeztélen Stq{g)lcfeﬁre% fnagkeéle%svthe Stoag]tdéﬂ& q«r:{t]lg)o @urfggg

5 layer comprises a resin and electroconductlve fine

powder dlspersed thereln.

'32. The apparatus unit according to Claim.28,
wherein the toner shows a ratio (G'gp/G'gg) of 100 -
10 400.

'33. The apparatus unit according to Claim 28,

wherein the toner shows a ratio (G'go/G'gg) of 150 -

300.
15
34. The.apparatus unit according to Claim 28,
wherein the toner shows a rafio (G'155/G'199) of 1 -
5. |
20 35. The apparatus unit accordihg to Claim 28,

wherein the toner has a storage modulus at 190 °C

(6'190) of 1x103 - 1x10% dyn/cm .

36. The apparétus unit according'to Claim 28
25 whereln the toner prov1des a loss modulus curve g1v1ng
a maximum (G"max) of at least 1x109 dyn/cm in a

temperature range of 40 - 65 °C.



ot her sanples were rated at four ranks of A - D based on the relative

change as foll ows: A. 0 %to below 25 % %to he
50 % 10 C. 50 %to below 75 % D: BWHEM“MNHL
A smal l er value of the relative change neans a sna

a density | owering between the fixed | mage obtained i medi ately after
the heating 15- roller tenperature has Tl¥ched 110 [err]C and the fixed

i mage obtained after 20 -mn. of blank rotation, i.e., "~ showi ng a good
fixability (a toner's own fixability) " from the initial stage after a

pomer supply to t formn par at us ) S Iomerlng
A gl oss | owering Bﬁt'weérﬁ‘ Pg’éﬁﬁ h)gudﬁdacogordlnq ) Iq ‘% of a fixed '

i mge sanpl e s _neasyred, and t he Iar est, l.ower.i.n he sanpl es .

.was taken as Wher %k{ arﬁ? (SIWS% AR R2 "sg‘%g% re rated

- 25 according Gt..o ”3;2‘;191 e:']% \?sr{%lard }@seob ¥¥ At 1ea§€|f‘t5 ve gl oss

' oweri ng:
-91-

% to

5 38. The apparatus unit according to Claim 28,
wherein the binder resin has a THF-insoluble content

of 0.1 - 20 wt. %.

39. The apparatus unit according to Claim 38,
10 wherein the binder resin has a_THF—insdluble content

Of 1 - 15 Wt- %: '

40. The apparatus unit according to Claim 28,
" wherein the binder resin comprises a crosslinked
15 sfyreng copolymer, and the low-~-softening point
| substance provides a DSC heat-absorption curve showing

a heat-absorption main peak in a temperature range of

40 - 90 °c.

20 | 41. The apparatus unit accordin§ to Claim 28,
wherein the binder :esin éomprises a crosslinked
styrehe copolymer and a non-crosslinked polyester
resin, and the low-softening point substahce providés.
a DSC heat-absorptiqn cﬁrve showing a heat-absorption

25 main peak in a temperature range of 40 - 90 °cC.

42. The apparatus unit according to Claim 28,



B: 25 %to below 50% . C 50 %to below 75% Do 75 %to
100 % _ . A smal | er value neans an i nage having a nore 5.

uni formgloss. 3) doss difference . ~ Agloss-difference. - .
" between a fixed inage sanple at 155 [err]C and a fif“ﬂ ] at.
190 [err] C ‘was neasured for.each toner sanple, and mmnm Mj@
di fference anong the toner sanples was t=H3T as the St andardn ,
and the ot her toner sanples were rated according to the foll ow ng
standard based on a relative gloss difference. _ A 0 %to
below 25 % 1 . : 5 %to |.Qw %0, . ' : % to bel ow 75
% D:Wifgq%nt Ez%gn%cfer 1%%1% C%anlolﬁessrrﬁ Icerro's\%a 1%gmréeans a smaller

temperature- ot yrditP SRyl o She I Woss ihidl pdissthangeate

An average gl NIt ‘I'mages (on 1st to0.-10th
sheets) and agglPShe’/AlciE-Hftening pdinte GubBRGhcd divRigk of meeonti nuous
I mge formng test on 10000 sheets for each toner sanmple were 25
measured. to regt-absPrAsioli fdwarvan ashdwiaiee e theet-absorpt ildre madmest gl oss
di fference anong the toner sanples ' '

5 peak in a temperature range of 40 - 90 Oc.

43. The apparatus:unit according to Claim 28,
whereih the iow¥softening pdint substance prcvides a
DSC heat-absorption curve showing a heat-absorption
10 main peak in a temperature rénge of 45 - 85l°c, the
heat-abso:ption«main pcak having a half-value width of

at most 10 °c.

44, The apparatus unit according to Claim 43,
15 wherein the low-softening point substance shows a
" heat-absorption main peak having a half-value width of

at most 5 °cC.

45. The apparatus unit according to Claim 28[
20 wherein the low;softening point substance comprises a

solid wak.
46. The appafatus unit according tQ Claim 28,
wherein the low-softening point substance comprises a

25 solid ester'wax;

47. The apparatus unit according to Claim 28,



was taken as the standard (100 %, and the other teneh
based on a rel ative gioss difference A0 %t ngiﬂﬂlﬂﬁﬂh"lllﬂ Hlll H llll

B: 25 %to below 50% 5 'C. 50 %to below 75% 5" %sto+
100 % - A smaller value neans a smaller gloss change

bet ween the |n|t|al stage and the | ast §ﬂ§@e.of a . continuous inmge
formng test. 10 Conparative Exanple 49 : : - A yellow toner
having a wei ght-average particle size of 6.5 pmwas prepared in the

i vi nyl benzenSTRESIT (PHB AR BOTF <R ITE BEiR AR S B RS &
A vel [ow tonelediay RaR MR VAR Sq‘)q{etfgtda%s% Y Gufiedep 1] M was

prepared in the sane er as In except ust ng

‘pol ypropyl ene ghowing®a hbdt ab%%p[tqrord Q.alw Pealk InR [t%rdéz‘)aﬁxfi% ead of
the ester 20 wax used in Exanple
range of 45 - 85 °c, the heat-absorption main peak

5- having a half-value width of at most 10 °cC.

48. The apparatus unit according td Claim 47,
wherein the solid ester wax shows a heat-abserption_'
main peak having a half-value width of at most 5 ©C.

10 -

49. The apparatus unit accordlng to Claim 28,
whereln the ‘low-softening point substance comprises a
solid polymethylene wax providing a DSC heat-
absofption peak showing a heat—absorption'main in a

15 temperature range of 40 - 90" °C, the heat-absorption

peak having a half-value width of at most 10 °c.

50. The apparatus unit aécording to Claim 28,
wherein the'lowesoftening point substance comprises a
20 solid polyolefin wax providing a DSC heat-absorption
peak showing a heat-absorption main in a temperature
range of 40 - 90 9C, the heat-absorption peak having_é

half-value width of at most 10 ©C.

25 51. The apparatus unit'according to Claim 28,
wherein the lowfsdftening point-sﬁbstance COmp:ises a

long-ehain alkyl alcohol having 15 ~ 100 qérbon atoms



Conpar ati ve Exanple 51

wei ght - aver age

manner as in Exanple 19 except for omtting the
repIaC|ng the ester wax with
33 [err] 0.

Werr]
-93-

for omitting the

di mret hacrylate 5
A magenta ton@PthFPNQd&nﬂePgﬁﬁ
- was prepared
10 divi

t he

saturated pol g est €he

53 wer e evéluate

A yellom/toner havi-d§5a wei ght - average
~size of 6.9 pn1mas prepared in the sane

used i n Exa

A yell ow toner having a
particle size of 6.4 [err]mwas prepared.i.n-the same-- —

v (o ANRERETATRER

ponproperne wax (Tnp
e 52
particle

Conpar ati ve Exanpl e
manner as in Exanple 19 except
d|V|nbeenzene and tetraethylene gl ycol

19 ynpar at i ve Exanpl e 53
a?@P&gébs°rPtprtP@P§ Showigg & 6 [err]m

f
hBah IRpRRTBEAG™, BB R iR, A HEMERs AT R ZR0s ok A~ 98 L D
heat- absorp ﬁhﬁetaﬂn?la%lgx go'i‘ﬁlﬁ.rfat\)fg%mw es 49 -
al o e"toners o and

~the results tRer el mdse iboﬂﬁ’ln TabIe 10 -

5

10

15

20

25

52.

wherein

The apparatus unit according to Claim 28,

the toner is in the form of toner parficles

containing 11 - 30 wt. % thereof of the low—eoftening

point substance.

53.
wherein

in 12 -

. resin.

54.

" wherein

55,

wherein

56.

wherein

57.

wherein

The apparatus unit according to Claim 52,
the low-softening point substance is contained

35 wt. part per 100 wt. parts of the binder

The apparatus unit according to Claim 28,

the toner is a non-magnetic cyan toner.
The_apparatus unit accordlng to Clalm 28
the toner is a non-magnetlc magenta toner.
The apparatus unit according to Claim 28,
the toner is a noh-magnetic yéllow toner.
The apparatus unit according to Claim 28,

the toner is a non-magnetic black toner.



15 bel ow. 20 25
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- Glerr]/GJlerr] 18 1.05 9.5 22 26 _ Tc (CD
58 61 60 66 71 1) Bb&bility at 110

[err]C B- D C e A 10 2) doss

'58. An'i@age forming method, cbmprising:'
forming an electrostatic image on én imagg;
bearing member, |
deveioping the electrostatic image with_a
5 : toner having a triboelectric charge to form a toner
image,.

) transferring the toner image onto a transfer
material via or without via an intermediate f:ansfef
member, and |

10 ' fixing the toner image onfo the transfer
member under application of heat and pressure;
wherein the toner compriées 100 wt. parts of
a binder resin, 1 - 150 wt.'parts bf a colorant and 5
- 40 wt. parts of a low-softening point subStance;.and
15 | ' the toner has a storage modulus at 60 °C
(G'gp) and a storage modﬁlus at 80 °C (G'gg) providing
a ratio (G‘éO/G‘so) of at least 80, and a storage |
modulus at 155 °C (G';55) and a storage modulus at 190
OC (G'190) Providing a ratio (G'yg5/G'igp)of 0.95 - 5.
20 - | | |
“59. The method acéording to Claim 58, wherein
the elecﬁrostatic image is formed on a
‘photosensitive member,
the eleqttostatié image is developed with a
25 toner triboelectrically_charged by a tonérlapplication
'rollér to form é toner image on the photosensitive

‘member,
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- 95- - WHAT | S CLAIMED | S: 1. A toner for deve op1ﬁg an )
“electrostatic i mage, conprising: 100LG%- parts of a binder resin, 1

- 150 wt. parts of a colorant and 5 - 40 w. parts of 5 a Iom#softenlng
poi nt substance; wherein the toner has S a storage nodul us at

60 [err]C (G [err]) and a '
the toner 1mage on the photosensitive member

is transferred onto an 1ntermed1ate transfer_membg;,
“the toner image on fhe.intermediate transfer
member is transferred onto the transfer material, and

5 '  the toner'iﬁage is fixed onto fhe transfer

material under application of heat'and pressure.

60. The method éccording to Claim 59, wherein the
photosensitive ﬁember is charged by a contaCtléharging
10 . means and then exposed to form the electrostatid'image
thereon. - |
61. The method according to Claim 59, wherein the
intermediate trahsfer member is in the form of a drum
15 supplied with a voltage, and the surfacé thereof is

cleaned by a cleaning means.

62; The method according to Claim 59, wherein the

intermediate transfer member is in the form of a drum .
20 suppiied"ﬁith a.voltage, and the toner image on thé |

intermediate tfansfer member is transferred to the

transfer material under the action of a transfer belt

supplied with a VOltage, cafrying'the transfer

material and exe;ting alpressing force against the
25 intermediate transfer member via the transfér

material.



st orage nodul us at 80 [err]C (G [err]) providing a ratio

(G[err]/GJerr]) of at |least 80, and a storage modulus at "
155 [err]C (G [err]) and a 10 storage nodul us at 190 [err ﬁ

providing a ratio - (Glerr]/G[err]) of 0.95 -~ lmﬂmmmlmmﬂl
toner according to Claim1, wherein the t oner shoms a rati‘o
(Glerr]/GJ[err]) of 100 - 400. 15 - ~-108- 3. The toner according to
Claim 1, wherein the toner shows a ratio (G 60/ G 80) of 150 - .300.

4. The toner according to Caim1l, mhereln the 20 toner shows a ratio
(Glerr]/G [err]) of 1 - The toner accordlng to Caim

-1, wherein the 3. tgﬁérmﬁ5§°§ §F§P£§énﬁb6ﬂ &3 adm ﬁ@@ pdyeredn &h&rr]) of
;é};gEgrL]g to EPkerme 1X1 [l\eﬂr#é é:llyﬁ“ls&n{‘e”e]mbelror’re"‘r %&ﬂ%ef?ré“ Iogl_h?e’}t:agﬂleLs curve
giving a maX'rm@less belt supplied with a voltage, and éﬂ% toner

| image on the intermediate transfer is transferred to
5 the transfer material under the action of a transfer.
roller supplied with a voltage and carrying-the
transfer material so as to sandwich the transfer
material together with the intermediate transfer
- member. |
10
" 64. The methdd according to Claim 59, éompriSing
multifcolor'or full-color image forming steps |
_ineluding: |
(a) forming a first electroStatic.image on the
15 photosensitive member, developing the first |
electrostatic image formed on the photosensitive
member with a first toner selected from the consisting
of a yellow toner, a cyan toner, a magenta toner and a
black toner to form a first toner image on the
20 photosensitive member, and transferring the first
toner image from the photosensitive member onto the
intermediate transfer member, |
'(b)' forming a second electrOStatic image on the
photosensitive member, developing the second
25 electrostatic image with a second toner having a
.different color from the flrst toner to.form a second

toner image on the photosensitive member and



(G'[err]) of at least 1x10[err] dyn/cnferr] in a tenperature range of
40 - 65 [err]C 7. .The toner according to C aim6, wherein the__

5 taner shows a |loss nodulus at 40 [err]C of G'[err] giv
(G'lerr]/G'[err]) of at least 1.5. 8. The ton mgﬂ"' 'WJHEII
Claim1l, wherein the ‘bi nder resin has_a THF-i nsol ubl e«

20 10 wt. % ' 9. The toner a&@grdlng to Caim8, wherein the
bi nder resin has a THF-insoluble content of 1 - 15 wt. 15 .
The toner according to Claim1l, wherein the bi nder resin conprlses a

crosslinked s %gg?er inggﬁﬁglgggghdagﬁngpeihg&%zg%aﬁn%gg poi nt substance

provides a DS n-curve show n absorption nmain

~peak in a te”ﬁﬁé@&ﬂéﬁsieggs m%mﬂgr tgothe 1nEEEﬁ%§1ate transferll- The...

toner according to- Cam1l erern resin conprises-a
crossl i nked shéﬁggg copolyner 25 and a non-crosslinked polyester resin,
and the | ow - softenlng poi nt substance provides a DSC heat - o

absorpti.on curve sbownﬂgrmlhgah ﬁhiﬁdpeleﬁtﬁbsmaw&&k1mage on the
5 phbtosensitive member, developing the_third
electrostatic image with a third toner having e
different color from the first and second toners to
lform e'third toner image on the-photosensitiée member
and transferring the third toner image from fhe
10 photosensitive ﬁember'to the intermediate transfer
member, v~e
(d). forming a_fourth electrostatic image on the
photosensitive member, developing the fourth
electrostatic image with'a fourth toner having a
- 15 different coier from the first to third toners to form
a foufth toner image on the photosensitive member and
transferriﬁg the fourth_toner image from the
photosensitive member to the intermediate transfer
- member, | | |
20 - (e) transferring the first to fouith tonerfimages
on the'intermediate transfer member onto the transfer
material, and |
(f) fixing the firstlto fourth toner images on
the transfer metefial under application of heat and
25 'pressure to'formfa'multi-color or full-color image on

the transfer material.



-97- in a tenperature range of 40 - 90 C. 12. The toner

according to Claim1l, wherein the bi nder resin conprises a-crosstinked
styrene 5 copolyner and a crosslinked pol yester reS| n“mm"ﬂ“]m "ml lm

| ow- soft eni ng poi nt substance provides a DSC heat- .

showi ng a heat - absorption main peak in a tenperaturé rangk ot 40 -
[err] C 10 . 13. The toner accordT#kPT() Caim1, wherein the

| ow- sof t ening poi nt substance provi des a DSC heat - absorption curve
showi ng a heat-absorpti on main peak in a tenperature range of 45 - 85

[err]C, the heat- bsor pt.i eak haV| f-val wi dt h of at
15 nost 10 [err]és' The metn ﬁar&lh&rf ‘b‘?a?a%ﬂaolﬁa fl% wher ei n
t he | ow Fole] s%gﬁg NGes Iﬁ%@ naln

- peak havi ng asﬁa'lf v%e Wit fgt rmi%]q%?[ ]e%lt &%ég&lalﬁ

toner” accor di ngs t fdfifider UPPEidbi{th of heat and pressure by -

using a heating'rolief to which an offset—prevéntion

'5 1liquid is not applied.

66. The method according to Claim 65, wherein the

heating roller is surfaced with a fluorine—céntaining

resin.
10
- 67. The method according to Claim 64, wherein
each of the yellow toner, the cyan toner and the
| magenta toner satisfies the propertles recited in
Claim 58. |
15

68. The method according to Claim 58, wherein the

toner shows a ratio (G'gg/G'gg) of 100 - 400.

' 69. The method according to Claim 58, wherein the

20 toner shows a ratio (G'gy/G'gg) of 150 - 300.

70. The method according to Claim 58, wherein the

toner shows a ratio (G';55/G'j9p) of 1 - 5.

25 71. The method according to Claim 58, wherein the
| toner has a storage modulus at 190 ©cC (Giigo)_of 1x103
- 1x10% dyn/cmz. | -



| ow sof t eni ng poi nt substance conprlses a solid wax. . The

- toner according to Caiml, wherein the 25 |ow softeni rﬂ" ”’E"ﬂ” stance"‘_

conprises a solid ester wax. "”"ﬂ
-98- - 17. The toner according to- Claimi1, mherelnct

IOMFsoftenlng poi nt substance conprises a.solid ester wax prOV|d|ng a
DSC heat - absor pti on curve showi ng a —h&4r- absorption main peak in a
tenperature-range of 45 5 - 85 [err]C, the heat-absorption main peak
having a hal f - value wi.dth of at nost 10 [err]C. - 18. The

heat - abeorpti on malf- poib® ethaaChRcbifing  tosflatnCibL wHBkpTH R
[err]C. toner %Jbﬁeéogeioggcﬁéﬂhfgs ?u%%@'&i%mnphgrﬁhﬁﬁeﬂe wax

| ow sof t eni ng poi nt stance conpri ses _
providing a DSFCﬂﬁgt7aB§059t188s96§k1035d¥§yem3nﬁnaahQEHpQQﬁQhEb'0“ mainin

a tenperature ra [err] t he heat - absorption peak havi ng
a half- . range of 40 - 65 °cC.
5 -
73. The method according to Claim 72, wherein the
‘toner shows a loss modulus at 40 °C of G"4q giving a
- ratio (G"pae/G"40) Of at least 1.5. h
10 74. The mefhod according to Claim 58, whérein the

pinder resin has a THF-ihsqluble content of 0.1 - 20

| wt. %.

~ 75. The method according to Claim 74, wherein the

15 . binder resin has a THF-insoluble content of 1 - 15 wt. %.

76. ,Thé method according to Claim 58, wherein ﬁhe
binder resin comprises a crosslinked styrene
copolymer, and the low-softening point”substahce_

20 prbvidés a DSC heat—absorptioﬁ curve showing a heét—
ahsbrption main.peak in a'tempe:ature rahge of 40 - 90

Cc.

77. The method according to Claim 58, wherein the
25 binder resin comprises a crossiinked styrene copolymer
and a non-crosslinked polyester'resin, and the low-

softening point substance provides a DSC heat-



value width of at nost 10 [err]C. 20. The toner according to-
Claiml, wherein the 20 |ow softening point substance cenprises a-solid —-

Poky “absor pljon mai n i n'a.tnper atur o ange | pei’ifk 40 - 3 LT

"heat - absor pti on .peak having a hal f - ay Aue wid of at nogt fery]
25 21. The toner accordlng to arm 1, mhereln t he
| ow- sof t eni ng poi nt substance conprises a | ong-chain : :
-99- - al kyl ~al cohol having 15 - 100 carbon atons and provi ding a
- DSC heat - absorgHssx¥pPEsK &hiyd Néhcwittfla heat- B PEicH m@id peak
tenperature range of 40 - 90 [err]C~ t he- heat - absorpti on peak having a -
hal f-val ue wi dith ®ftedpetatimss ddhdersf @0 - 90 °C.  22. The toner .
according to Claim1, wherein the toner is in the formof toner'
particles containing 11 - 30 . %thereof of the | ow softening point

10 subst ance. . :
. 78. The method according to Claim 58, wherein the

5 = binder resin comprises a crosslinked styfene copolyﬁer
and a crosslinked polyester resin, and fhe low-.
'softening point substance provideé a Dsc'heat-
abSorption cﬁrve showing a heat-absbrption main peak
-in.é temperature range of 40 - 90 °C.
10 | , |
79. The method aCcofding to Claim 58, wherein the
16w-softening point substance.p:évides-a DSC heat-
absorption curve showing-a heat-absoiption main peak
in a temperature range of 45 - 85 °C, the heat-
15 absorption ﬁain peak having a half-value width of at

most 10 °cC.

80. The method according to Claim 79, wherein the
'low-softehing point substance shows a heat-absorption

20 main peak having a half-value width of at most 5 °C.

81. The method according to Claim 58, wherein the

'1ow—softening point substance comprises a solid wéx.'

25 82. The method according to Claim 58, wherein the
low-softening poinf substance comprises a solid ester

wax. .



23. The toner according to Caim22, wherein the | ow-sof t eni ng .poi nt

substance is contained in 12 - 35 . W. part per 100 :
bi nder resin. 15 24. The toner according to C:Umm@['\mnﬁgl he
toner is a non-magnetic cyan toner. 25. The t

Claim1, wherein.the 20 toner is a non- n? netic magenta toner.

- 26. The toner according to Caim1l, whefdtA~the toner is a
non- nagneti c yellom/toner 25 27. The toner accordlng to Claimil,
wherein the . -toner is a non-magnetic black toner.
- 100- 88, /ingPRaLAbi°atBbEa1 5! 26"2hyn™3H0! AlbeCHA Rhe
appar atus mai n assenbly, conpri si opi ng sl eeve, a

‘toner app"Catiew-gsaeanﬂhgpaéeﬂt subsEQnEéeéémbbﬁsgﬁvﬁlQBE@H akeaye, and
~an- out er casing 5 for enclosing the toner, the devel oping sleeve and the

wax prov1d1ng a DSC heat- absorptlon curve showxng a
heat absorption maln peak in a temperature range of 45
5 - 85 9C, the heat—absorptlon main peak having a half-

value width of at most 10 °c.

84. The method according to Claim.83, wherein . the
solid ester wax shows a heat-absorption main peak

10 having a half-value width of at most 5 °C.

_85. The merhod according to Claim_Sé, wherein the
low-softening point substance comprises a solid
polymethylene wax providing a DSC heat-absorption peak

15 showing a heat-absorption main in a temperature range
of 40 - 90 °C, the heat-absorption peak having a half-

value_ﬁidth of at most 10 °c.

| 86. The method according_to Claim 58,'wherein'the
20 low-softenlng point substance compr1ses a solid
polyolefln ‘wax providing a DSC heat- absorptlon peak
showing a heat-absorptlon main in a temperature range
of 40 - 90 °C, the heat-absorptioﬁ peak having a half-
value width of at most 10 °C.
25
87. The'method according to Claim 58, wherein the

low-softening poinf subsfance comprises a long-chain



toner application nmeans; wherein the toner -conpri-ses._100 w.

parts of - a binder resin, 1 - 150 wt. parts of -a colo B
40 wt. parts of a | owsoftening point substance; 10 andmﬂmm' I Mw,’w

toner has a storage nodulus at 60 [err]C (G 60) and a*storag

at 80 [err]C (G [err]) providing aratio (G 60/G 80) of at east 80,

and a storage nodul us at 155 [err] C¥ferr]) and a storage nodul us at -
15 190 [err]C (G [err]) providing a ratio (G[err]/G[err])of 0.95 -

5. 29. The apparatus . unit accordlng to Cla|n128 wherein

t he devel opin I.ses,:a in r

el ect rocond'uc?‘T]Ksljfe"elre}lﬁelcﬁcg}f)rg?q JHW %d 1h 0 czaﬂ?&g) $€‘g %I?cat I on means
conprises a t cat I | dfe

30. The appar at us um# %c%%‘? |enagtt% %ﬁl; % 3@3)‘5 & déf% 3 e 1c:ievel opi ng -

sl eeve conpri s@ssGrptiddfdin in é%é@bﬁtﬁb%&%é%f’”ﬂ@'cugé ogtal or
all oy, and the toner application nmeans conprises a plurality of toner
-101- : the heat-absorption peak having a half-value width of

5 ‘at most 10 °C.

88. The method accordlng to Claim 58, whereln the
toner is in the form of toner partlcles contalnlng 11
- 30 wt % thereof of the low -softening point

10 substance.

89.  The method according to Claim 88, wherein the
low-softening point substance is contained in 12 - 35
wt. part per 100 wt. parts of the binder resin.
15 | | |
90. The method according to Claim 58, wherein the

toner is a non-magnetic cyan toner.

91. The method according to Claim 58, wherein the

20 toner is a non-magnetic magenta toner.

92. The method according to Claim 58, wherein the

toner is a non-magnetic yellow toner.

25 93. The method according to Claim 58, wherein the

toner is a non-magnetic black toner.



application rollers. 31. The apparatus unit according to Caim
28, wherein the devel oping sleeve is coated with a surface 5 layer
conprises a resin and el ectroconductive fine powder di spersed therein.
32. The apparatus unit according to C aim 28, wherein the toner shows
aratio (G[err]/G[err]) of. 100 - 10 400. 33. The apparatus
~unit according to Claim28, - wher ei mM&Re toner shows a ratio.

(G lerr]/GJlerr]) of 150 - 300. 15 - 34. The apparatus unit
“according to C aim 28, wherein the toner shows a ratio

(Glerr]/GJle 1 = . 35. The apparatus unit :
according to % OF TH SPRE toner has a storage nmodul us at 190

[err]C — (G[err]) g %ﬁ%Q[%EE}dev%}é%kﬁ%SLndé@@E & 36

tic 1ma .
. The apparatus unit accor |ng to wherein the toner ﬁ#OV|des a
| oss modul us EHE!ﬁdeV'ﬁgo wt. Ba%%é'GEWE(S&BQEE]ke%Enat1|333301&%0[err]

'dyn/cn[err] in a

parts of a colorant and a relatively large amount of 5
5 - 40 wt. parts of a low—soften1ng point substance.

The toner is further characterized by viscoelastic
properties including:_a storage moduius at 60 °c -
{G'gp) and a storage modulus at 80 °C (G'So)?proﬁiding
a ratio (G?so/G‘go) of at leastA80; and a storage

10 modulus at 155 °C (G';gg) and a storage-modulus at 190
OC (G'190) Providing a ratio (G'yss/G'igg)of 0.95 - 5.
As a result, the toner shows good low-temperature
fixability and anti-offset characteristic, and aiso
little temperature-dependence of gloes.'- |

15
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tenperature range of 40 -
-102- 37.

. wherein the toner shows a | oss nodulus at 40 [err] C of

65 [err] C

The apparatus unit according to Claim 36

G'[err] gi vi ng

aratio (Gerr]/G[err]) of at |least 1.5. 5 - 38. The apparatus
unit according to Caim 28, wherein the bi nder resin has a _
~ THF-insoluble content  of 0.1 - 20 wt. % 39. The apparat us
unit according to Claim38, 10 wherein the binder resin has a '
. THF-i nsol ubl e cont ent of 1 - 15 w. % 40. - The appar at us
unit according to Caim 28, wherein the binder resin corrprl ses a
crosslinked 15 styrene copolyner, and the | ow softening point
substance provides a DSC heat-absorption curve show ng a
heat - absorption main peak in a tenperature range of 40 - 90 [err]C
.20 - 41. - The apparatus unit adawndiddg to Caim 28, T
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~wherein the binder resin conprises a crosslinked styrene copol yner and
a non-crosslinked pol yester resin, and the | ow softening p0|nt

subst ance provides - a DSC heat - absorptlon curve show ng -a-

heat -absorption 25 main peak in a tenperature range Ofiﬂgsmmﬁﬂs wnﬁ E;e

42. The apparatus unit according to O aim 28,
-103- : wherei'n the binder resin conprises a crossll mm”"m!ﬁlmne
copol ymer and a crosslinked pol yester resin, and t he

poi nt substance provides a DSC _heat-absorption curve showing a
heat - absorption main 5 peak in a tenperature range of 40 - 90 [err]C
43. The apparatus unit according to Caim28, - . wherein the
| ow- sof t eni ng poi nt substance provides a . DSC heat - absorption curve
showi ng a heat-absorption 10 main peak in a tenperature range of 45 - 85
[err]C, the heat - absor pti on na*qlﬁegg)haV|ng a hal f-val ue width of
at nost 10 [err]C. 44 he apparatus unit according to C aim
43, o T N
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15 wherein the | ow softening point substance shows a - heat - absor ption

mai n peak having a hal f-val ue width of at nost 5 [err]C
45. The apparatus unit according to Caim28, 20 wherein the Towsoftening—
poi nt substance conprises a solid wax. _ 46. ThesReRBE Blel'Replaced
unit according to C aim 28, wherein the | ow softening pdi o
conprises a 25 solid ester wax.: - 47. The apparaqwlﬂﬂlﬂﬂnnnﬁ]
according to C aim 28, :
wherein the | ow softening point substance conprises a solid ester wax
.providing a DSC heat - absor ption curve showi ng a heat -absorption nain
peak in a tenperature range of 45 - 85 [err]C, the heat-absorption .

48.

main peak 5 having a half-value width of at nost 10 [err]C _ _
The apparatus unit according to C a{m 4(5) wherein the solid ester wax
shows a heat -absorption an t ' ' '
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mai n peak havi ng a half-value width of at nost 5 [err]C. 10 49.

The apparatus unit according to C aim 28, wherei n the ['OWsoftent Ag-——————_
poi nt substance conprises a solid pol ynethyl ene wax provigigge
heat - absorption peak showi ng a heat-absorption main in a tﬁasl%senReP‘aced
tenperature range of 40 - 90 [err]C, the heat-absorption Hi Ummm#”"
hal f -value wdth of at nost 10 [err]C 50. The appa
according to Cl aim 28, ~ wherein the | owsoftening point substance
conprises a 20 solid polyolefin wax providing a DSC heat -absorption
peak showi ng a heat-absorption main in a tenperature range of 40 -. 90
[err]C, ~the heat-absorption peak having a hal f -val ue w dth of at nost
10 [err]C 25 - 51. The apparatus unit according tgo C aim 28,
wherein the | ow softening point substance conprises a Q| ong-chai n al kyl
al cohol havi nI5—=T0U Car bom At onE — 8 -
.- 105- hnd provi ding a DSC heat - absorpti on pgak s};%ovm ng a
heat - absorpti n main in a tenperature range of 40 90 .
O
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[err]C, the heat-absorption peak having a hal f-val ue w dth-- -of at _nmost

.10 [err]C. 5 ' 52. The apparatus unit according to CI al m 28, T
wherein the toner is in the formof toner particles conpﬁfhpqn aslbbor Regfoeq
wt. %thereof of the | ow softening " poi nt substance. 10 '
The apparatus unit according to Caimb52, wherein the |l o i’!ﬂg’!mj’
poi nt substance is contai ned in 12 - 35 w. part per 100 w.
t he bi nder resin. 15 .54, The apparatus unit accordl ng to
Claim 28, - Wwherein the toner is a non-nmagnetic cyan toner. -
55. The apparatus unit according to Claim28, 20 wherein the toner is a
' non-magneti.c nagenta toner. 56. The apparatus unit according
to daim 28, wherein the toner is non- magneti c yel | ow toner. 25
57. The apparatus unit aC£or di n2¢q o i m 28, wherein the }oner is a
non- magneti c bl ack toner. 2b ) : '
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: 58. An inmage
form ng nethod, conprising:

form ng an el ectrostati-c---rage-on

‘an i mage- beari ng nenber, - . devel opi ng the el ectrostlgtf'a&d
inage with a 5 toner having a triboelectric charge to fo g

I mage, : transferring the toner inage onto a t l\ “L
‘material via or. wwthout via an internediate transfer

fixing the toner image onto the&ransfer menber under application of
heat and pressure; Nwher ein the toner conprises 100 wt. parts
of -~ a binder resin, 1 - 150w . parts of a colorant and 5 .- 40 w .
parts of a | ow softening point qubstance; and 15 - the toner has a

storage nodul us TR S SR UK O a-storage modul us at 80 [err]C
(Glerr]) provi di err]) of at |east .80, and a.

st orage . nod E s-at 1 : L NN Yand a storage nodulus at 190
[err]C (G [err]) W GYerr™\ ¢ [err]) of 0.95 - 5. 20
59. ~The met hod akkor di aer¥Nn - t he
“electrostatic i mjge is iQ t\sensi ti ve nenber,
the electrostatic mage'/s '
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25 toner triboelectrically charged by a toner application roller to

forma toner inage on the photosensitive " menber, e
-107- _ the toner image on the photosensitive nenber 'S
transferred onto an internedi ate transfer nenber, This ShéehBas Be¢adReplaced

"image on the internediate transfer @~ nenber is transferred

transfer material, and 5 E the toner image is fixed

transfer . mat eri al under applies Q. of heat and pressure.

60. The nethod according to C A4t grein the phot osensitive
menber i s charged by a.contact nEFns and then exposed to form
the el ectrostatic imge < _ 61. The method according
to daim59, wheréin the Aransfer menber is in the form
of a drum. 15 supplied wt the surface thereof is '
cl eaned by a cl eani ng neans - < The nmethod according to Caim
.59, wherein the : _ '

THIS-S'HEET HAS BEEN
.. REPLACED .

- e




e e

|nterned|ate transfer nmenber is inthe formof a drum 20 supplied with a
vo] t age, -and t he toner | mage on the I nternedi ate transfer menber

transferred to the transfer material under the acp+en
bel t supplied with a voltage, carrying the transf erREPLACEMB\!TeﬁHEET 3

S

(A I.I(AII'QI

bl

exerting a pressing force against the 25 internediatg [ranster nenbg

t he transfer

63. The nethod according to O aim 59, mhereln t he
transfer menber

mat eri al . 10
nfet BEG B8

r
8-

is in the formof an endl ess bel t| suppted—wi-th

vol tage, and the toner | mage on the internediate fransfer is

5t he @D 58 DEVBAGING| ELHDERISTRIRC GRAGT O 3 TTanSTer
roller supplied with a-vottage and carryi ng the transfer materi al

transferred to

as to sandw ch the traaspgiaTus unTedNg meAGE HOD t he i nternediate
menber . 64. The nethod according to Cl aimb59,

transfer
conpri si ng
i ncl udi ng:

10

15

20

25

mul ti-color.-or full-color inage form ng steps

ABSTRACT OF THE DISCLOSURE

A toner for developing an electrostatic image
includes: 100 wt. parts of a binder resin, 1 - 150 wt.
parts of a colorant and a relatively large.amount of 5
- 40 wt. parts of a low-softenihg point substance.

The toner is further characterized by viscoelastic
properties including: a storage modulus at 60 C¢c
(G'gg) and a storage modulus at 80 %c (G'Bo)‘providing
a ratio (G'gqg/G'gg) of at least'BO, and a storage
modulus at 155 °C (G'155) and a storage modulus at 190
°C (G';99) providing a ratio (G'js55/G'jg9qg)of 0.95 - 5.
As a result, the toner shows good low-temperature
fixability and anti-offset characteristic, and also

little temperature-dependence of gloss.

No figure suggested
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a o &0k -§
(a) formng a first electrostatic inmge on the 15 photqmt«y e menber,

-devel oping the first el ectrostatic image forned on the phofgsensitive
menber with a first toner selected fromthe consi sty afi erbEdl llow
toner, a-cyan toner, a nmagenta toner and a bl clﬁ‘f’% a first
toner image on the 20 photosensitive nggber, and tyapsferri rggﬁ%e fiirst
toner image fromthe photosensitive nenber onto the 2 O &r

transfer nmenber, (b) formng a second el ectrostatic im nthe
phot osensjtive nenber devel opi t he second el act [L: ith a
second t Mfer hERE e‘éaccord“tﬁg’fa}%é%fc‘@'ﬁﬁq?? i"ﬂé F‘FtPE 9E109-16057 1y 5
second toner image on the photosensitive nenber an

-109- 95. tFhetoner acenrdingtoselaimdl,t which hamg@appcfmtph&-l of 100-150.

phot osensitive nenber to the internediate transfer menber,

(c) form9ey a Tl toheelaecsrdieyg i Claimhowhich Hasa sHape [factiop $FRE iof ilO@-lﬂEnber,
devel oping the third electrostatic image with a third toner having a

di ff er entgcol orhd fopet hét@raingtb CIaich £OTRIH h&QBé‘énSpﬂoﬂuced thrbREHTRe s‘ubbérﬂuﬁp ner
i mage on the pﬂlﬂ&xﬂﬁﬂ?&i& ve nenber

T
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and transferring the third toner inmage fromthe 10 photosensitive nenber

to the internediate transfer . menber, (d) formng a fourth

el ectrostatic i mage on the photosen3|t|ve menber, devel opi-hg

fourth el ectrostatic imge with a fourth tondr digyACENENT SEEERM fferent
color. fromthe first to third toners to form a ge on

t he phot osensitive nenber and trangferring the ¥our 0 ijmgge from
t he phot osensitive nmenber to the |n§§rned|ate ty aﬂéﬁzﬁﬁ 1% er

20 (e) transferring the first to fourth tone mages A the
internmedi ate transfer nmenber onto the transfer material, and

(f) fixing the first to fourth toner es 0 eri al
under application of HEMNERaFRR DE‘@@?@S@EF@RP%T@HFHW%I ti-color or
full-color imge on the transfer material

-110- 65. APRARNYE{S NI hANBr BPH W%p@?ﬂqﬂ ains 58 to 64,
wherein the toner imge on the transfer materi al I's fixed under

application of heat and pressure by
ABSTRACT OF THE DISCLOSURE
A toner for developing an electrostatic image
includes: 100 wt. parts of a binder resin, 1 -~ 150 wt.
parts of a colorant and a relatively large amount of'5
~ S - 40 wt. parts of a low-softening point substance.
The toner is further characterized by viscoelastic
properties including: a storage modulus at 60 Sc
{G'gg) and a storage modulus at 80 °C (G'gg) providing
a ratio (G'gy/G'gg) of at leést.SO, and a storage
10 modulus at 155 °cC (G'155) and a storage modulus at 190
°C (G'y90) providing a ratio (G'yg5/G'jgglof 0.95 - 5.
As a result, the toner shows good low-temperature
fixability and anti-offset characteristic, and also
little temperature-dependence of gloss.

15

20

25



uﬂi‘ng a heating roller to which an offset-prevention 5 liquid is not

;applied.: 66. The nmethod according to Caim65, wherein the
-heating roller is surfaced with a fluorine-containing resin. 10
67. The nethod according to O aim 64, wherein eacp @PL?\E@V!M@ qu_\ﬂ
toner, the cyan toner and the magenta toner satisfi es
recited in Claimb58. 15 §8. The nethod acfordi ng i

58, wherein the toner shows a rati® (G 60/G 80) of [LO@$ DE(‘)O'WO

69. The nethod according to Caimb58, wherein the 20 |tpner_shows a rjatjio
(Glerr]/GJ[err]) of 150 - 300. 70. The nefhod according to

Cl aim 58, wherein the toner shows a ratio (G [err}iGlerr])—of1 -5

25 71. The nethod according tq i n the t oner has
storage nodulus at 190 [err]C (G [er ],)é mawaﬁé ?5 -1x10[ err]
dyn/cnierr].

S 9
N O -
O‘ Il Illﬂ'ﬂ'r Trrnm
!
H
|
© , F
A
)]
O ulu
4
B
®
O
— z
Ml 4 o) <
—_— 3 O m
=< Z
®» v 5 -
[ ’; o O
_— 0 Z
‘_'S ~—
'd'lo 5
o_ o
) =
© B
37)
- O
8 .
8 1 LLlllnl - i lllJlll 1 [T N A |
©3 5 ) 3

(9)upl

Bt it




-111- 72. The nethod according to Caimb58, wherein the

t-oner provides a | oss nodul us curve giving a nmaxi mum (G‘[err]) of at
| east 1x10[err] dyn/cnferr] in a tenperature ra E\Qf40 .
5 73. The nmethod according to daim 72, whegef
shows a | oss nodulus at 40 [err]C of G'[err] givVing
(G'[err]/G'[err]) of at least 1.5. 1 74. TRhe o]
Claim58, wherein the bi nder resin-fhas a THF-i ngqoljubl e content af {0.1
- 20 w. % 75. The net hod according |t airm 74, whergin
the 15 binder resin has a THF-insoluble content of 1 - 15 9
76. The nethod according to C aim58, wherein the bi nder resin
conprises a crosslinked styrene copol,ymer, and the | ow softening point
substance 20 provides a DSC heat - abﬁ)r,@l ohdym/Aem@iowi ng a heat -
absorption main peak in a tenperature range of 40 - 90 [err] C
77. The net hod accoaji ng 30 Cllg'm 58"5 Wneraﬁ n tla o o) o)
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25 Dbinder resin conprises a crosslinked styrene copol yner and a
-non-crosslinked polyester resin, and the |ow sof t eni ng poi nt

" substance provides a DSC heat - e = 112-
absorption curve showi ng a heat-absorption main peak—7>. .in a tenperature
range of 40 - 90 [err]C. 78. The nethod a &8’1:§l_jj_,n_g'_ to-C-aim:58,
wherein the 5 binder resin conprises a crpsslinked ptyrene copol.yner ‘
and a crosslinked pol yester resin, and the ow sof tehiing. poivnt | |
substance provides a DSC heat - absorption curvelshow ng a
heat - absor pti on mai n peak in a tenperature rang - 90 [err]§:
10 79. The method according to O aim58, erein e
| ow soft eni ng poi nt substance provides .a C heat - absorption curve
G', Gq? tdyadem@lure range of 45 - 85

showi ng a heat-absorpti on mai n peak
15 absorption main peak having a hal f-value width of at

[err]C, the heat-
most 10 [err]C. o) &P. T net®d acgordi @ to aaim@, wer ei n
t he 8@ » o ) ~ ® ©0 o =
i | |
o} | o
Bl 1B g ] &
© )} g | 0°
r e
4)) n °
of-TTTT—/=7777 | o A
- | oop o
(04} -J'°°°P>> un
___________ o
o °°Qx>l>> 5
__' i °°° Db DD ~
=L [ 4 o (@)
-11 m 8 oo >> Dn O
onman g [~ D g
v B QOPP 5 T
O -~ gL S g >
" o o© S g 2
I S (S : 3
> <
- OOP ~— g -~ 2
8_ S L o g o
~ S & - B 3 m
(Jl o og g o~ L
°BlsE g
S - i 5 O
@ §r > ‘?%
of §¢g ~-
0 L..-gg B
ON o E
o ] 13 Lllll,l 1 | U B | 111|| 1 1 T T O I 4
Q- — — —
o (@) Q o
> 1 ° -

(g) uo}



| ow sof t eni ng poi nt substance shows a heat-absorption 20 nmain peak having
a half-value width of at nost 5 [err]C. 81. The nethod
“according to Caimb58, wherein the | ow- sof t eni ng._poi.nt..substance.
conprises a solid wax. 25 82. The nethod acqopdpng:to.Cl .ai m 58,
wherein the | ow sof t eni ng poi nt substance conpri sqs—~&~5-e+1’-—-d~-es—t-@r |

wax. -113- _83,...Th
met hod according to C aim58, wherei IHEQ% FLOWVE en?g’gmb‘ei"f‘if"
substance conprises a solid ester wax provi di ng {a |DSC -
curve showi ng a heat - absor ption main pgak py a npegat urg range
5 - 85 [err]C the heatQ@bsopti c@ makn pegd hawing ¢ . ¢

width of at nost 10 [&énidC © © ©84. dhe wthot accgydind tocs aim
83, wherein the 8| rd—esier—y = i i )eak 10
having a hal f-value wth of pt npbst 5 [err]C 85. The rret hod
according to Claimb58, whereip the
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Iomfsoftening poi nt substance conprises a solid pol ynmet hyl ene wax
provi ding a DSC heat - absorption.peak 15 showi ng a heat-absorption main in

a tenperature range of 40 - 90 [err]C, the heat-absorption peak having
a hal f- value width of at nost 10 [err]C —----86.  The met hod
according to daimb58, wherein the 20 IOMhsofteninglpdﬂht*59bsrance. _
conprises a solid pol yol efi n wax prqyiding a DSQ hgat-absor ption peak
showi ng a heat-absorption main in a tenp€rature range

[err] C, the heat-absorption peak having a half-

10 [err]C. 25 '87. The nmethod according to

| ow- sof t eni ng poi nt substance conprises a | ong-chain

al cohol having 15 - 100 carbon atons and provi di

heat - absorpti on peak showing a heat- I absorption main in a tenperature
range of 40 - 90 [err]C, t 2 adheat mabsorpti on peak having a hal f-val ue
wdth of 5 at nopst 10[e@ C. 2b |

—14

—15




88. The nethod according to Caim58, wherein the toner is in the

form of toner particles containing 11 - 30 wt. %thereof of the

| ow- softeni ng point 10 substance. 89. The method according to
Cl aim 88, wherein the | ow- soft eni ng poi nt substance is cont a[__n__e__d_]i n 12
- 35 wt. part per 100 wt. parts of the binder resrIT T QUL 90.
The nmethod according to Caimb58, whereig the t )n%EPHAQ‘%@E‘%Lr?}”'ETnatiC
cyan toner. @1. The nethod actording to Clalm 58, whereinjtpe

20 toner is a non-nmagne{i c magenta toner. 92. 2 FBETwYHod
according to C ai m 58, erein the toner is a ngn-magnetic yell eéw

t oner. 25 b met hod according to O ai m{58—whereérn the

toner is a non- ack tgner.

-115- 94. The fording to Claim 1', whi ch haS a shape SF-1 of
100-160 95. The toner according to Claim1l, which has a shape factor SF-1

of 100- 150.
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whi ch has been produced

whi ch has a shape factor SF-1 of

The toner according to Claiml,

The toner according to Claiml,
97.

100-125.

96.

pol ymeri zati on.

t hrough t he suspension
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