TONER FOR DEVELOPING ELECTROSTATI C | MAGES AND | MAGE FORM NG METHOD FI ELD OF
-THE +NVENTI ON AND RELATED ART 5 The present invention relates to
a toner for developing electrostatic imges suitable for form ng a-toner

| mage accordi ng to el ectrophot ography, el ectrostatic recording, etc., and
allowing efficient fixation of the tonér_image onto a transfer-receiving 10
material, and an i nage form ng nethod us%ng the toner. In full-color
copyi ng apparatus proposed in recent years, there have been generally used
a full- color imge form ng nmethod wherein four photosensitive nmenbers and
a belt ‘transfer HIQE{! FOR H Emﬁf’n&' Eia(: %h&x?”‘i‘ﬁﬁés&%ﬁﬁd on the
respective photosensritive ne )ers are eve e h™cyan toner, magenta
toner, yellow toner and bl ack Féﬁﬁ?ﬁéthﬁﬁhéb and a transfer-rece|V|ng
naterial i s conveyed between the p otosen3|t|ve menbers and the 20 belt
transfer nmenber to cause transfer in a straight path; and a full-col or

I mge formng nmethod wherein a transfer-receiving material is wound about
the surface OFIBLDIORSTEE DRVERTIONSANDEHEDAPEBI ARTt0 a photosensitive
menmber by the action of an 25 electrostatic force or a mechanical force

i ke that Sof a gripperThanpresent opneentionnsédatesepe artosékedfobed four
tinmes.

developing electrostatic images suitable for forming a
toner image according to electrophotography,
electrostatic recording, etc., and allowing efficient
fixation of the toner image onto a transfer-receiving

10 material, and an image forming methed using the toner.

In full-color copying apparatus proposed in
recent years, there have been generally used a full-
color. image forming'method_wherein four photosensitive
members and a belt transfer member are used,

15 electrostatic images formed on the respective
photosensitive members are developed with cyan toner,
magenta toner, yellow toner and black toner,
respectively, and a transfer-receiving material is
conveyed between the photosensitive members and the

20 belt transfer member to cause transfer in a straight
path; and a full~-color image forming method wherein a
transfer-receiving material is wound about the surface
of a tranefer member disposed opposite to a
photosensitive member by the action of an |

25 electrostatic force or a mechanical forcellike that of
a gripper, and development-transfer steps are effeeted

four times.



-2- Toners used in such a full-color copying apparatus are required to show
a good color reproducibility and al so sufficient col or-m xing
characteristic anong the respective colors in a hot- 5 pressure fixing step
W thout inpairing a clarity required for overhead projector (OHP) inages.
‘Conpared with a black toner for -ordinary_nonochromatic copying apparatus, a
toner for full-color inage formation préférably conprise a | ow nol ecul ar

wei ght 10 bi nder resin having a sharp-nelting characteristic. However, an
ordinary sharp-nelting binder resin shows only a | ow sel f-cohesion so that

it is liable to cause %oﬁﬁgglﬁgbhniﬁ?égbﬁi%hf%ﬁqgﬁ%ﬁk%ﬁg§§%%2‘ i xi ng step.

characteristic when thé toner 1S ne I'n a hot -

I'n an ordinar ¥ blagku0ngle HRGUIHRACROER £ YU EARRAT at us, a wax

conponent having a relatively "high crystallinify as represented by

pol yet hyl ene wapreaueebiniepyhaaeatady sarfiedent 201Yreadi&idgent as
proposed in, e.g., Japanese Patent 20 Publication (JP-B) 52-3304, JP-B

52-3305 and Jzhatagtelkdisticoamonat ehie Aegpeettive coldrd in/-HiHotd However
in a toner for full-color imge formation, because of a high crystallinity
of the rel®aspragsnirepéixingostaepdivittoatcdmpairdhgaat iclavityex from an OHP
25 sheet, the clarity of a projected inmage is inpaired to result in
proj ect ed i mageguazedndoronverhgasd: prejee¥or (OHP) images.
Compared with a'black toner for ordinéry monochromatic
copying apparatus, a toner for fﬁll—color image
fbrmation preferably comprise a low-molecular weight
16 Dbinder resin having a shérp-melting characteristic.
However, an ordinary sharp-melting binder reéin shows
only a low self-cohesion so that it is liable to cause
a problem in anti-high-temperature offset
charactéristic when the toner is melted in a hot-
15 pressure fixing step. In an ordinary black toner for
monochromatic copying apparatus, a wax component
having a relatively high crystallinity as represented
- by polyethylene wax or polypropylene wax is used as a
release agent as pfoposed in, e.g., Japanése Patent
20  Publication (JP-B) 52-3304, JP-B 52-3305 and Japanese
Laid-Open Patent Application (JP-A) 57-52574.
However, in a toner for full-color image formation,
because_qf a high crystallinity of the release agent
per se or a difference in refractiv; index from an OHP
25 sheet, the clarity of a projected image is impaired to

result in projected images having low saturation and

brightness.



- brightness. -3- In order to solve the above problem it has been

proposed.to use a nucleating agent together with a wax to.l ower the
crystallinity of the wax in JP-A 4- 149559 and JP- A 4Thi as ed t he
‘use of a wax having a low crystallinity has been propos 01853
and JP-A 5-61238. As a wax having relatlgely good trans W
mel ti ng point, nmontan wax has been known~and proposed to be used in JP-A 1-

185660, JP-A 1-185661, JP-A 1-185662, JP-A 1-185663 and JP-A 1-238672.
These waxes, however, do not sufficiently satisfy all of clarity for OHP

sheets and IOMFtenpera HrgrééfanléB!v@”?h@”BhoUéggrbﬁ ﬁrag%rgagffset

characteristic I’eCIUI re ot-pressure 11 xation I § reason, I n an

ordi nary col %eéﬁnﬁfoF&QSduﬁs ghedar 816288 2AENbgbALTEBLELARY Wikt has
been practiced to apply an oil, such as silicone oil or fluorine-containing

oi | ‘onto hot-&iwaki 86 16Weer héOckyBtayeihieyapti thegWakempeyatar -of f set
characteristic and the clarity for OHP. However, the thus-fixed i mges

carry an exce349589o0ahdodP+Redsu07462.t hPuetheruthbenset b€ ai waxs | i abl e
to attach and soil the photosensitive nmenber, and swell the fixing roller
to shorterb t heavihg af lowmectystallinity has been proposed in JP-A
4—301853-and JP-A 5-61238. As a wax having relatively
good transparency and low melting point, montan wax
has been known and proposed to be used in JP-A 1-
185660, JP-A 1-185661, JP-A 1-185662, JP-A 1-185663
io and JP-A 1-238672. These waxes, however, do not
sufficiently satisfy all of clarity for OHP sheets and
low—temperafﬁre fixability and anti-high témperature
offset characteristic required in hot-pressure
fixation. For this reason, in an ordinary color
15 toner, the use of a release agént is minimized but it
has been practiced to apply an oil, such as silicone
oil of fluorine-containing oil onto hot-fixation
rollers to imprOQe.the anti-high temperature offset
characteristic and the clarity for OHP. However, the
20 thus-fixed images carry an excessive o0il on the
surface thereof. Further, the oil is liable to attach
and soil the photosénsitive meﬁber, and swell the
fixing rol}er to shorten the life of the fixing
roller. Further, in order to prevent oil streaks on
25 the fixed images, it is necessary to supply the oil
| onfo the fixing roller uniformly and at a constant

rate, thus being liable to require ai larger fixing



roller. Further, in order to prevent oil streaks on the fixed inmages, it is
necessary to supply the oil onto the fixing roller uniformy and at a
constant rate, thus being liable to require a .larger fixing -4- devi ce.
For this reason, it has been desired to provide a toner capabl e of
effectively preventing the occurrence of offset in a hot-fixing means using
no or 5 1little oil for preventing high-f@ﬁberature of fset and al so capabl e
of providing fixed inmages excellent in clarity. SUVWWARY OF THE | NVENTI ON 10
A generic object of the present invention is to provide a toner for

devel opi ng el gatrastatic i mages and an inage form ng nethod having sol ved

t he above nmentioned ‘problems. A nore specific object of the present 15

invention is to providgsd 4R38" relscheValoRiaad b?eﬁx(:tdre%%tx%td' qﬁ| mages capabl e
n

of providing OHP sheets excellent in clarity a aving excellent anti-high
tenperat ure obirgohdehar dohel Shbab1aneiEherr relkitdsle19f PricvatasRitHdvention
is to 20 provide a toner for developing electrostatic images excellent in
| ow-t enper at ubeclirtebicel Of. offset in a hot-fixing means using no or
5 1little o0il for preventing high-temperature offset and
also capable of providing fixed images excellent in

clarity.

SUMMARY OF THE INVENTION

10 | A generic object of the present invention is
to provide a toner for developing electrostatic images
and an image forming method having solved the above
mentioned problems.

A more specific.object of the present

15 invention is.to provide a toner for developing

| -electroétatic images capable of proﬁiding OHP sheets
excellent in clarity and having excellent anti-high
temperature offset characteristic.

Another objeét of the present invention is to

20 provide a toner for developing electrostatic images
excellent in low-temperature fixability;

A further obfect of the present invention is
to proQide a toner fdr developing electrostatic images
excellent in anti-blocking characteristic.

25 According to the present invention, there is
| provided a toner for developing electrostatic images,

comprising: at least a binder resin, a colorant and an



A further object of the present invention is to provide a toner for
devel oping electrostatic inmages excellent in anti-blocking characteristic.

25 _ According to the present invention, there is provided a toner
for devel oping electrostatic inages, conprising: at |east a binder resin, a
colorant and an  -5- ester wax; whereipn said ester wax is contained in 3

- 40 wt. parts per 100 wt. parts of the BT nder resin, said ester wax
conprises ester conpounds 5 represented by a forrmula of [err] wherein [err]
an [err] independently denote a hydrocarbon group of 15 - 45 carbon atons,
and said este YEX ial - 95 wt. %thereof 10 of ester conpounds
havi ng an idé% |ca1&%€hg%$ég *Rotal carbon atons. According to anot her

aspect of the present ;gygnééegr LRET £51 SoREQYLhE8diaN3i Magg ferm ng nethdd,

ponprising; 15 ormng an electrostatic 1mage on an el ectrostati.c
i mage- beari ngpapﬂ@e;?erdfwl‘m NSat€ 8&991:1%05.{&&{56 {88gR W th a toner as
e

descri bed above to forma toner inmge on
said ester wax comprises ester compounds
5 represented by a formula of

Ry -CO0O-R;,
wherein R; an Ry independent;y denote a hydrocarbon
group of 15 - 45 carbon atoms, and

_said ester wax contains 50 - 95 wt. % thereof

10 of eéter compounds having an identical number of total
carbon atoms. ”

According to another aspect of the present
invention, there is provided an image forming method,
comprising:

;5 forming an electrostatic image on an
electrostatic image-bearing member, |

developing the electrostatic image with a
toner as described above to form a toner image on the
electrostatic image-bearing member,

.Zb trahsferring the toner image from the
electrostatic image-bearing membei to a transfer-
receiving material directly or via an intermediate
transfer member, and

fixing the toner image onto the transfer-

25 receiving material under application of heat and
pressure.

These and other objects, features and



el ectrostatic image-bearing nenber, 20 transferring the toner

i mge fromthe el ectrostatic i nmage-bearing nenber to a transfer- receiving
material directly or via an internedi ate transfer nmenber, and fixing the
toner inmage onto the transfer- 25 receiving material under application of
heat and pressure. These and ot her oMeﬁgéh features and -6- advant ages
of the present invention wll becone nore apparent upon a consideration of
the followi ng description of the preferred enbodinents of the present

i nvention taken in conjunction with the 5 acconpanying drawi ngs. BRI'EF

DESCRI PTI ON O gbidatdgad '&Sﬂﬂégﬁ%s’hdﬁs VB G O 0L B [ fosect | onal

view of toner particles obtained in Exanple 1 10 appearing hereinafter.

Figure 2 is aappham@it Gpdd usidotd it ith idBathd ofdll NewaRpar at us suitabl e
for practicing an enbodiment of the image form ng method according to the

present invendesetribkion of the pmifeasedl ambolimapactdof eihe show a gas
chromat ogram of an ester wax used in the present
present invention taken in conjunction with the

5 accompanying drawings.

BRIEF DESCRiPTION OF THE DRAWINGS

Figure 1 is a microscopic schematic sectional
view of toner'partieles obtained in Example 1

iO appearing hereinafter.

Figure 2 is a schematic illustration of an
image forming apparatus suitable for_practicing an
embodiment of the image forming method eccording to
the present invention.

15 - Figures 3 and 4 respectively show a gas
chromatogrem of an ester wax used in the present

invention.

DETAILED DESCRIPTION OF TﬁE INVENTION

20 _ In order to exhibit improved low-temperature
fixability and anti-offset characferistic and provide:
a fixed color image on an OHP film with an improved
clarity or traneparency, the toner contains an ester
wax comprising ester compounds represented by the

25 follow1ng formula:

R1-CO0-R;.

wherein R; and R; independently denote a hydrocarbon



I nventi on. DETAI LED DESCRI PTI ON.OF THE | NVENTI ON 20 In order to
exhi bit inproved Iomftenperature fixability and anti - effset—eharacteri-sti-c
and provide a fixed color inage on an OHP filmw th an inproved.clarity or
transparency, the toner contains an ester wax compri si ngis as
represented by the 25 follow ng forrrula;7 [err] wherein H
I ndependently denote a hydrocarbon -7< group of 15 - I n
such a proportion that ester compounds having an identical nunber of total
carbon atons occupy 50 - 95 wt. %of the ester wax. The content of the

gitggscgﬂPgﬁgﬁﬁnﬁgﬁ%yg{ ) angééﬁa$vd#§§§ dgécgﬁ Roghé% rg?é ?ﬁoggasured

measur ed acCofghfled et NComdbhods nﬂawﬁ&osln bi/déﬁtf'gai‘nnﬁﬁﬂéf%f's( " GG 17A",
avai | abl e from Shi mazu Sei sakusho K K. )T A sanple Is prelimnarily

di ssol ved i n ¢otarnCabor &ﬂﬁlﬁ@%éé\&p@%@f lgstwt % g 26f €hbeestesf the
solution is injected into the apparatus equi pped with an on-col um
injector. Thewaw! um used is Utra .

5 | - The content of the ester compounds having-ah
identical number of carbdn atoms may be measured by
gas chromatography (GC) and the values described
herein are those measured according to the féllowing
method by using an apparatus "GC-17A", available from

10 Shimazu Seiéakusho K.K.);

A sample is pfeliminarily dissolved in
toluene at a concentration of 1 wt. %, and 1 ul of the
solution is injected into the apparatus equipped with
an on-column injector. The column used is Ulfra

15 Alloy-1 (HT).having sizes of 0.5 mm-dia. x 10 m-
length. The column is initially heated at a réte of
40 °C/min. from 40 °C to 200 °C, then at a rate of 15
°C min. to 350 °C, and then at a rate of 7 °C/min. to
450 °C. He (helium) gas is caused to flow as a

20 carrier gas at a pressure of 50 kPa. The ester
compounds are ideﬂfified by comparison witﬂ
chromatograms of alkanes having a knoﬁn number of
carbon atoms prepared in advance by he same apparatus
and'the results of mass spectrum chromatography of the

25 gassified components thereof. The content of an ester
compound islqalculated as a ratio of fhe peak area

thereof to a total area of peaks in a chromatogram of



Alloy-1 (HT) having sizes of 0.5 mmdia. x 10 m length. The colum is
initially heated at a rate of 40 [err] from40 [err] to 200 [err], then at
arate of 15 [err] to 350 [err] and then at a rate of 7 [err] to 450 [err].
He (heliun) gas is caused to flow as a carrier gas at a pressure of 50 kPa.
The ester conpounds are identified by cogparison with chronmatograns of

- - al kanes having a known nunber of carbon atons prepared in advance by he

sanme apparatus and the results of nass spectrum chromatography of the
gassified conponents thereof. The content of an ester conpound is
cal cul at ed asthersampléefwake peak area thereof to a total area of peaks in

a chromat ogr am of the sanpl e wax. An exanpl e of gas chronmat ogram of an
ester wax i s shown in EngexamBleFofjugas3chhomatbgzamt b€ ast esteax cont ai ns:
5 - 1) ca. 0.6 w. % of ester conpounds having totally 38 carbon atons

and representeaxbys|shoyn2in Figuré. 3.w Figuové dssbowsotrbetntibehavi ng 10
totally 40 carbon atons and represented by [err] 3) ca. 19.0 wt. % of
ester conpounﬂ%tﬁﬁvvﬁg eontainfry 42 carbon atons and represented by

5 1) ca. 0.6 wt. % of ester compounds having
. totally 38 carbon atoms and represented by
| CH3 «CH, )1 COO—¢CHy3T7 CH3, and
CH3 ~CH, y75C00 ~€H, 77 CHj,
2) ca. 5.8 wt. % of ester compounds having
10 totally 40 carbon atoms and represented by
CH3 —{CHy )15 COO—{CH,)19—CH3,
CH3 €H, ¥y coo +€Hy3T7-CH3, and
Qﬁ3-fCHZ}Ig-COO-fCHzizj—CH3,
3) ca. 19.0 wt. % of éster compounds having
15 totally 42 carbon atoms and represented by
CH3 ~¢CHp¥g7 COO—(CH,JT7-CHg3,
CH3 ~CHp¥Tg COO—¢CH,I5T-CH3, and
CH3 CHy Y75 COO—tCHyI 15 CHj,
'4) ca. 72.9 wt. % of ester compounds having
20 totally 44 carbon atoms and represented by
CH3—¢CH333 COO ~(CHy)15CH3,
CH3 —¢CHy )5y COO—~CH,y37CH3, and
5) ca. 1;7 wt. % of an ester compound having
totally 46ﬁcarbon atoms and represented by
25 CH3 (CH,)-ry COO—CH,)51CH3.
' 'In this way, the sample ester wax has been

found to contain, as a principal constituent, ca. 72.6

i



[err] 4) ca. 72.9 wt. % of ester conpounds having 20 totally 44 carbon
atons and represented by [err] 5) ca. 1.7 wt. % of an ester conpound

having totally 46 carbon atons and represented by 25 [err] In this
way, the sanple ester wax has been found to contain, as a principal
constituent, ca. 72.6 -9- wt. %of an_ester conpound having totally 44

carbon atons and represented by [err] TRE ester wax used in the pr esent
invention is generally synthesized froma higher alcohol 5 conponent and a
hi gher carboxylic acid conponent. ‘The hi gher al cohol and hi gher carboxylic

aci d conponeng&.hﬁvgfbggnethgigg pBERG‘ﬁaQﬁhﬁrﬁknﬂﬁﬂguﬁh [ ﬁggﬂy cases and

general |y conpose a mxture of “conponents having €ven nu rs of carbon

sLoms hen Adspade st gt esleny! (o S

esterified product is caused to contain, “in a _ \
conpound, various by-pradueste®f wakaheeausnsithed pHedent\intfenfi®on i able to

adversely affect the various performances of the resultant 15 toner. For
this reason, tisegeabeallgxsyattesizedefrom a higher alcohol

5 component and a higher carboxylic acid comﬁonent. The
‘higher alcohol an& higher carboxylic acid components
have been obtained from a natural product in many
cases and generally composed of a mixture of
components having even numbers of carbon atoms. When

10 the mixture is esterified as it is, the resultant
esterified product is caused to contain, in addition
to an objective estér compound, - various by-products,of
analqgous.structures, which are liable to adversely
affect the various perfbrmances of fhe resultant

15 +toner. For this reason, the ester wax used in the

- present invention may be obtained through purification
of starting materials and product by solvent
extraction or distillation under a reduced pressure.
In case where the content of the ester

20 compounds héving an identical number of carbon atoﬁs
is below 50 wt. %, a complicated vériety of crystal
forms ahd a lowering in solidifyiﬂg point are liable
to cause aﬁ adverse effect to princibally the anti-
blocking charécteriStic and developing performance of

25 the toner. More specifically, in the mono-component
developing system, the toner melt-sticking is liable

to occur on the developing sleeve, thus_being liable



present invention may be obtained through purification of starting
mat eri al s and product by sol vent extraction or distil+at+oen—ungder—a—reduced
pressure. In case where the content of the ester 20 conmpouynds, h m %a

) n
i dentical nunber of carbon atons is below 50 wt. % a eet ‘ﬁﬁy
of crystal fornms and a lowering in solidi{dlng poi nt ‘ar | se an
adverse effect to principally the anti- blocking charact

devel opi ng performance of 25 the toner. More specifically, in the
nono- conponent devel opi ng system the toner nelt-sticking is liable to:

occur- on the dayetediing il 68V rddnis Ded Nondd@défects 1 tReresult in a
streak-li ke inmage defect's in the resultant inages extending in a

ci rcunferenti atedlilteftit dmaded hextsdra®igg #At S® ¢cirdhnférentioaponent
devel opi ng system filmng attributable to the wax is liable to occur on
the carrier pairexttciorrofi hehehsiesansi tAlso nembee stwd-aceampoherst causi ng a
|l owering in toner triboelectric charge and failing to continuously provide
a sufficient. tdeddaning isystemgefiMing sater tonpablelsthathegean islenti cal
nunber of total carbon atons may preferably constitute 55 - 95 wt. %
further préferdi@Bieda agryf om,ythg carriér particles on the

photosensitive member surface} thus causing a lowering
in toner triboelectric charge and failing to
continuously provide a sufficient triboeléctric
charge.

10 ' The ester compoﬁnds having an identical
number of total carbon atoms may preferably constitﬁte
55 - 95 wt. %, further preferably 60 - 95 wt. %, 6f'.
the ggter wax so as to provide a good transparency and
a prescribed hue of a color toner image. It is

15 further preferred that ester compounds having a number
of carbon atoms in a range of the above-mentioned
identical number (the number of carbon atoms in a
principal ester compound) 2 occupy 80 - 95 wt. %,
more preferably 90 - 95 wt. %, of the ester. wax.

_ 20 It is particularly preferred that estef

compounds represgnted by Rl’—COOQRz' (wherein R;' and
Ry' independently denote a linear long-chain alkyl
group having 15 - 45 carbon atoms) and having totally
44 carbon atoms occupy 50 - 95 wt. % of the ester wax.

25 Among the ester compounds constituting the
ester wax and represented by R;-COO-R;, those

including the group R; and/or R, which are saturated



the ester wax so as to provide a good transparency_and a prescribed hue of
a color toner image. It is further preferred that ester conmpounds having a

nunmber ‘of carbon atoms in a range of the above-ment iThisSbeet s BeénRablacadimber
(the nunber of carbon atons in a principal ester COWEWHIIEHCUW 80
- 95 wt. % nore preferably 90 - 95 wt.” %. of the est

particularly preferred that ester conpoﬁﬁ&§ represente y |[err wher ei n

[err] and [err] independently denote a |linear |ong-chain alkyl group having
15 - 45 carbon atons) and having totally 44 carbon atons occupy 50 - 95 wt.

% of the este - Agong ster. (o LNg t er wax
and represent égﬁ%)écfgrr ) Q#E’(;ﬁ g'i ﬁ&rﬁggﬁggﬁi} 3&8‘%&‘{ e%trlrk]ﬁaﬁgrﬁ’éﬁ’s%'err]

whi ch are sat Wil plererPUd.0C3P9R PadiRZu1RGNY Plledirdd RRPhgd kYl
groups, are preferred. It is particularly preférred to use ester compounds.
including a geg¢arl %binFoﬂBd% iindaauidlgk e gravp IR 1or #47 in@a0R1%AT and a
group R2 of a linear alkyl having 15 - 45 carbon atons. Preferred exanpl es
of the ester naMagnds rags carbdn bhome LHF @S Yrowd ofe & Qinesmng
fornmulae: [err] The ester wax conprising ester conpounds [err] may

pr ef er abl ySshalkglmharipgald 6t engddr axben atoms. Preferred examples

of the ester compounds may'include those represented
by the following formulae: |
CH3 (CHy)yg COO (CHy)y7 CHi
 CH3 (CHp)3g COO (CHp)y7 CHj
10 ~  CHz (CHy); COO (CHy)19 CHj
CH3 (CHy);g COO (CHy)jg CHy
CH3 (CHy)p0 COO (CHy)p7 CHy
CH3 (CHy);g COO (CHy)pp CH3
CH3 (CHy)35 COO (CHy)p7 cn3-
15 CH3 (CHy)jg COO (CHy);; CH3
CH3 (CHy)pg COO (CHy)jg CH3
CH3 (CHy)y5 COO (CHy);g CH3.
CH3 (CHp),q COO (CHy),; CH3
CH3 (CHp)33 COO (CHy)y; CHj
20 CH3 (CHy);4 COO (CHy)44 CH3
CH3 (CHy)57 COO (CHy),q CHg
CH3 (CHp)43 COO (CHy)y; CH3
The ester wax comprising ester compounds
" R1-CO0-R, may preferably show a main peak teﬁperature
25 on a heat-absorption curve obtained accor&ing to ASTM
D3418-8 (hereinafter called "melting point") of 40 -

90 °C, more preferably 55 - 85 °C, in view of the low-



on a heat-absorption curve obtained according to ASTM D3418-8 (hereinafter
called "nelting point") of 40 - 90 [err], nore pref , In
view of the | ow -12- tenperature fi xabi | i ty and aﬁxéShQéthﬁseé

characteristic of the resultant toner. An ester wax ha p0|nt
of below 40 [err] is liable to show a weﬁé sel f - cohe5| '"Mﬂm] [I ng in
an inferior anti-high-tenperature offsef *¢haracteristi hand,

an ester wax showing a nelting point exceeding 90 [err] is liable to
require a high fixing tenperature thus making it difficult to

- apprODr'ate'yt ?Qﬂr&hﬁlkb %Egagﬁdsﬂpﬁécﬁféﬁgtréiﬂ éc@%r&%tQJ oner

col or-m xi ng c errstic he casSe of ucing to

particles thrggg@hgl&gghlggh¥ngghé§tlon i ncl udi ng partlcle formation and
pol ymeri zation in an aqueous nedium an ester wax having a hirgh nelting

point is |iable to cauag BgeeirPihi! havingdanmklRenkt pdibt el bell@wdr ovi de a
sharp particle size distribution. The nelting point neasurenent accordlng
to ASTM D341848 Rayibkelpebler nedshpwuai weak siefllfecehkisdlonscamuisng
calorinmeter (e.g., "DSC-7" available fromPerkin Elmer Co.). The
tenperatur® cuvessiting ®h aheinferior anti-high-temperature offset

characteristic. On the other hand, an ester wax
showing a melting point exceeding 90 Oc is liable to
require a high fixing temperature, thﬁs making it
difficult to appropriately smoothen the fixed image

10 surface and resulting in a lower color-mixing
characteristic. Further, in the case of producing
toner éarticles through direct polymerization.
incluging particle formation and polymerization in an
aqueous.medium, an ester wax having a'high melting

15 point is liable to cause precipitation and making it
difficult to provide a sharp particle size
distribution.

The melting point measurement according to

ASTM D3418-8 méy be performed by using a differential

20 scanning caloriméter {e.g., "DSC-7" avaiiable.ffom
Perkin Elmer Co.). - The temperature correction of the
detector may be performed by using the melting points
of indium and zinc, and the heat capacity correction
may be performed by using the heal of fusion of

25 indium. A sample is placed in an aluminum pan and a
blank pan is set fof a reference purpose. The

'measurement may be performed at a temperature raising



detector may be performed by using the nelting points of indiumand zinc,
and the heat capacity correction may be perforned by using the heat of
fusion .of indium A sanple is placed in an alum num pan and a bl ank pan is
set for a reference purpose. The neasurenent nmay. be petdisahek dasee@Replaced

tenperature raising -13- rate of 10 [ﬁrr] The ester
present invention nay preferably have a érdness of 0.5 m&umﬂmﬂﬂ Edness
menti oned herein refers to a Vickers hardness of a sanpl aped
into a cylindrical pellet of 20 mnmin diameter and 5 nmin thickness as
measured by a gﬁgaﬁkcl Ib¢2mghnute hardness neter ("DUH 200" available from .
Si mazu Sei sakus . K ? Méasur enment nay be made under a load of 0.5 g

and a | oading speed of g EGZsEHESGSxtBsQQUEE £nd Sﬁhéﬁﬁgeﬂhvghtig pm

foll owed by hol di ng for 5 sec to neasure ape of.the resultant
cavity to neaggyeple¥bekBi§ HavenNgShardhe8st GE mas bagi pg arhardness of
below 0.5 is IlabFe to show a fixing perfornmance which shows a | arge
dependence onharfith¥s80mphessHed hade@npretess tpeadyvithessbhaidnlelsable to
provide an inferior anti- high-tenperature offset characteristic. On the
ot her 5 of a sample ester wax shaped into a cylindrical pellet

of 20 mm in diameter and 5 mm in thickness as measured
by a dynamic ultra-minute hérdness meter ("DUH-200"
available from Simazu Seisakusho K.K.). The
measurement may be made undér a load 6f 0.5 g and a
10 loading speed of 9.67 mg/sec to cause a displacement
of 10 mm, followed by holding fqr 15 sec., to measure
'the'shape of the resultant cavity to measure a Vickers
hafdness.- |
An ester wax having a hardness of below 0.5
15 is iiable to show a fixing performance which shows a
large dependence on a fixing pressure and a process
speed, thus being liable to provide an inferior anti-
high-temperature offset characteristic. On the other
hand, a hardness in excess of 5.0 leads to.a lower
20 storage stability of a toner and a low self~-cohesion
of the ester wax per se, thus providing a low anti-
high—tempetature offset characteristic.
The ester wax may preferably héve a weight-~
- average moleculaf weight (Mw) of 200 - 2000, more
25 preferably 300 - 1000, and a number-average molecular
 weight (Mn) of 150 - 2000, more preferably 250 - 1000.

In case where Mw is below 200 and Mn is below 150, the



hand, a hardness in excess of 5.0 leads to a |ower storage stability of a
toner and a | ow sel f-cohesion of the ester wax per se, thus providing a | ow
anti- high-tenperature offset characteristic. The ester wax nmay preferably
have a wei ght- average nol ecul ar wei ght (Mwv) of 200 - 2000, nore preferably
300 - 1000, and a nunber-average nol ecul ar, _wei ght (M) of 150 - 2000, nore-
preferably 250 - 1000. In case where Mv i's bel ow 200 and Mh i s bel ow 150,

t he -14- resultant toner is liable to have a |lower anti- bl ocking
characteristic. In case where Mv exceeds 2000 and Mh exceeds 2000, the

ester wax perrggulfahtPbfiek018eYehBReCEYShabL! A 1¥wbUahtili able to 5
provide a lower clarity. The nolecul ar weight distribution of wax nmay be

obt ai ned baseg)e8kiRgsehavastelysEPE. (J¢h pakEEahbeB i ayebegsaphy), e.g.,
under the follow ng conditions: 10 Apparatus: "GPC-150C' (avail able

fromWaters (RodoCahanmn &sdbledd" 2600¢nthenesyecawakl pakesér ag Toso K K.)
Tenperature: 135 [err] Solvent: o-dichlorobenzene containing 0.1 % of 15
i onol . liable to develop crystallinity and is liable to

5 provide a lower clarity.

The molecular weight distribution of wax may
be obtained based on measurement by GPC (gel
permeation chromatograéhy), e.g., under the following
conditions:

10 Apparatus{' "GPC-150C" (avaiiable from Waters Co.)
Column: "GMH-HT" 30 cm-binary (available from
Toso K.K.) |
Temperature: 135 °c
Solvent: o-~dichlorobenzene containing 0.1 % of
15 ionol.
Flow rate: 1.0 ml/min.
Sample: 0.4 ml of a 0.15 %-sample.

Based on the above GPC meaSufement, the

molecular weight distribution of a sample is obtained .

20 once based on a.calibration curve prepared by
monodisperse polystyrene standard samples; and re-
éalculated into a disttibution corresponding-to that
of polyethylene using a conversion formula based on
the Mark-Houwink viscosity formula. |

25 The ester wax may be added in an amount of 3
- 40 wt. parts per 100 wt. parts of the binder resin

in view of a case of obtaining fixed images on double



Flowrate: 1.0 mM/mn. Sanple: 0.4 m of a 0.15 % sanple. Based on the
above GPC neasurenent, the nol ecul ar weight distribution of a sanple is
obt ai ned 20 once based on a calibration curve prepared by nonodi sperse
pol ystyrene standard sanples, and re- calculated into a distribution
correspondi ng to that of polyethylene ugagg a conversion fornula based on

t he Mark-Houwi nk viscosity formula. 25 The ester wax nmay be added

in an anbunt of 3 - 40 wt. parts per 100 wt. parts of the binder resin in
view of a case of obtaining fixed i mages on doubl e or both sides of a

sheet . I @ 9840beLA! deabbXbpdaTERBAN. a1hi eflobBRdeshael gudhqon 2 111!

surface of a transter paper sheet an hen a ftur | Xe Is fornmed

on a second syetned,oh Ehgedhemhge! Dst Bbtmedacanca 2ieB¢eshirtadesysf ace
toner inmage is passed again through a fixing device, so that a further

attention shodl drafispardpbhperhehasti ahdgbneinaerakré¢herofiseld ¢hagacteristic
of the toner. Also for this purpose, the toner according to the present

i nvention mayigOfprmédrehl 3 sesbadnsarfatet ofekirel shgetanoant thfisest er wax.
Below 3 wt. parts, the anti-high-tenperature offset characteristic is
i able to be ¢eag;ed,oan¢fined surface toner image is passed again

through a fixing device, so-that a further attention

should be paid to the anti-high-temperature offset

characteristic of the toner. Also for this purpose,

the toner according to the present invention ﬁay

10 preférably ¢ontain a relatively large amount of ester
| wax.

Below 3 wt. pérts, the anti-high-temperatufe
offset characteristic is liable to be lowered, and, in
the double side fixing method, the image on the_second

15 surface is liable to cauée offset. In excess of 40
wt. parts, melt-sticking is liable to be caused in a
toner production apparatus according to the

. pulverization proceés. Also in toner production
according to the polymerization process, coalescence
_ 20 of toner particles during the toner particle fofmation
step is liable to occur, thus resulting in a toner
having a broad particle size distribution. Further,
in'excess of 40 wt. parts, the'tonet is liable to show
a lower durability.

25 A toner containing 3 - 40 wt. parts,

preferably 5 - 35 wt. parts, of the ester wax may show

a suppressed toner melt-sticking or filming onto a



t he doubl e side fixing nmethod, the image on the second 15 surface is |liable
to cause offset. In excess of 40 wt. parts, nelt-sticking is liable to be
caused in a toner production apparatus according to the pulverization
process. Also in toner production according to the polynerization process,
coal escence 20 of toner particles during,the toner particle formation step
is liable to occur, thus resulting in a toner having a broad particle size

-distribution. Further, in excess of 40 w. parts, the toner is liable to

. show a lower durability. 25 A toner containing 3 - 40 w. parts,

et ey, o oy dlenitive Bluble G518, MteMRaPhO erauppigeocd tone

mel t-sticking ©o mng onto a trve ne

i ntermedi ate tﬁmﬁrimli%@léﬂ|im£&%or _ HhOEAbAOWHEELPH yherein a
devel oped toner image forned of such toner particles on the photosensitive

menber is trangdwsrgsed Ordker Sindyer FEEhed ot I NSH Ston@FDSArt1BBesONET

I mge on the internediate transfer nenber is electrostatically transferred
ont o a transf esn reitei phogposeiei t bbe (membefsiP| eranpbPeredwedhtiudi ch a
transfer roller supplied with a voltage is placed in contact, and the toner
10 i mage On timtermediate revansfen memker althe toned image on the

intermediate transfer member is electrostatically

transferred onto a transfer-receiving material (such

as plain paper) with which a transfer roller supplied

with a voltage is placed in contact, and the toner

10 image on the transfer-receiving material is fixed onto

the material by heat and pressure application means.

In the present invention, the binder resin
may qgmprise'various resins such as styrene-
{meth)acrylate copolymer, polyesrer resin, epoxy resin

15 and styrene-butadiene copolymer.

In the case of directly producing the toher
particles through the polymerization process, the
monomer may preferably be a vinyl-type monomer,
examples of which may include: styrene and its

20 derivatives such as styrene, o-, m- or p-methyl-
styrene, and m- or'p-ethylstyreﬁe; (meth)acrylic acid
esters such as methyl (meth)acrylate, ethyl
(meth)acrylate, propyl (meth)acrylate, butyl

.(meth)acrylate, octyl (meth)acrylate, dodecyl
25 '(meth)acrylate, 2-ethylhexyl (meth)acrylare, stearyl
| (meth)acrylate, behenyl (meth)acrylate, dimethyl-

aminoethyl (meth)aerylate, and diethylaminoethyl

i



the material by heat and pressure application neans. In the present

i nvention, the binder resin may conprise various resins such as styrene-
(meth)acryl ate copol ymer, polyester resin, epoxy resin 15 and

styrene-but adi ene copolyner. In the case of directly producing the toner
particles through the polynerization proags t he nononer may preferably be
a vinyl-type nononer, exanples of which y include: styrene and its 20
derivatives such as styrene, 0o-, m or p-nethyl- styrene, and m or

p- et hyl styrene; (neth)acrylic acid esters such as met hyl (meth)acryl ate,

ethyl (meth)a &&Eg ate, oct
(me%/h) gacryl Zatg é%gﬂ}"l%%)g %%%&; ‘at'e, - 2-et é]ex;#ﬁ%a N acryl atg

stearyl (meth) %&HJ%&yﬂéﬂi&'ﬁ'le( NRinfa) %erﬁylmdéil netHade nHdMaidY|

(nmeth)acryl ate, dlethylan1noethyl -17- (meth)acryl ate;- butadi ene;
i soprene; ” cycmalyeveneisedmeiigas Wronin mikeuredMamy P ddrelhese mononers
may be used singly or in mxture of two or nore species. 5 The

above nononer speyielse used singly or in appropriate mxture so as to
provi de a theoretical glass transition point (Tg), described in "POLYMER
- S The above monomers may be used singly or in
appropriate mixture so as to provide a theoretical_
glass transition point (Tg), described in "POLYMER
HANDBOOK", second addition, III-pp. 139 - 192
(available from John Wiley & Sons Co.), of 40 - 75 Oc.
10 If the theoretical glass-transition point is below 40
Oc, the resultant toner particles:are lowered in
sforage stability and durability. On the other hand,
the theoretical glass transition boint is in excess of
75 ©C, the fixaticn temperature of the toner particles
15 is increased, whereby respective color toner particles
have an insufficient color-mixing characteristic,
particularly in the case of the full-color image
formation. As a result, the resultant toner particles
have é poor color reproducibility and undesirably
20 lower a transparency of an OHP film image.

In the p;eéent invention, the molecular-
weight distribution of the binder resin may be
measured by gel permeation chromatography (GPC) as
follows. The toner particles are subjected to

25 extraction with toluene for 20 hours by means of
Soxhlet extractor in advance, followed by distilling-

off of the solvent (toluene) from the extract liquid



HANDBOCK", second addition, Ill-pp. 139 - 192 (avail able from John Wley &
Sons Co.),. of 40 - 75 [err]. 10 If the theoretical glass transition point
is below 40 [err], the resultant toner particles are |lowered in storage
stability and durability. On the other hand, the theoretical glass
transition point is in excess of 75 [errh the fixation tenperature of the
toner particles 15 is increased, whereby Pespective col or toner particles
have an i nsufficient color-n1X|ng characteristic, particularly in the case
of the full-color inage formation. As a result, the resultant toner

particles havg? 5 giﬁEOLOEOEEBrOdﬂﬁi8%hghxcagg jdagdesi rably 20 lower a

transparency 0 resent 1 nvention, the nol ecul ar -

wei ght distri I?HE %Dtcﬁioi'ﬁfo?in'?dﬁﬁ WRsER a&xebewa&aagr ad say198k Bﬁgneat i on

chr omat ogr aphy as l ows. The toner particles are subjected to 25
extraction “ﬂthetﬁhﬂééﬁ £e5in0i80HHE BYsBBRVEAO sSa¥AkAt tBxXthactor in
advance, followed by distilling- off of the solvent (toluene) fromthe

extract |iqui §olidt andesntticaenthiydwadhedr gheirewiehvent ob&agn, ahl or of orm
in which ester wax is dissolved but the binder resin is not dissolved is
added to t%he sebiduendredacici efhéyreaifive phoduwit ist dissbavedain residue
product. The residue product is dissolved in
tetrahydrofuran (THF) and subjected to flltratlon with
a solvent-resistant membrane filter having a pore size
of 0.3 pm to obtain a samplé solution (THF solution)
The sample solution is injected in a GPC apparatus
10 ("GPC-150C”", available from Waters Co;) using columns
of A-801, 802, 803, 804, 805, 806 and 807
(manufacturéd by Showa Denko K.K.) in combination.
The igentification.of sample molecular weight and its
molecular weight distribution is performed based on a
15 calibration curve obtained by using monodisperse
polystyrene sténdard samples. In the present
invention, the binder resin (THF-soluble) may
-preferably have a number-average molecular weight (Mn)
of 5,000 - 1,000,000 and a ratio of weight-average
20 molecular weight (Mw) to Mn (Mw/Mn) of 2 - 100.
In the presgnt invention, it is particularly
preferred that the ester wax is enclosed within the
binder resin. For this purpose, it is particularly
preferred tb add a polar resin in the toner particles.
25 Preferred examples of such a polar resin may include
. styréne—(meth)acrylate'copolymer, maleic acid-based

copolymer, satufated polyester resin and epoxy resin.



tetrahydrofuran (THF) and subjected to filtration with a sol vent-resistant
menbrane filter having a pore size of 0.3 pmto obtain a sanple solution
(THF solution) The sanple solution is injected in a GPC apparatus 10
("GPC-150C', available fromWiters Co.) using colums of A-801, 802, 803,
804, 805, 806 and 807 .(manufactured by %gsﬂ@ Denko K. K.) in conbination.
The identification of sanple nol ecul ar iI"ght and its nol ecul ar wei ght
distribution is perforned based on a 15 calibration curve obtained by using
nonodi sper se pol ystyrene standard sanples. In the present invention, the

bi nder resin hid |dib|r@si@ha8r gﬁﬁ@wﬂ_éﬁ\iﬁf‘ﬁml-ﬁﬁ@qm{m| ecul ar

wei ght (M) of 5,000 - 1,000,000 and a rati o of weight-average 20 nol ecul ar
wei ght (MY t an¥atulYytdd) giloup cabdbld bf hRedytasRN iwith &fHd Binddris

particularly preferred that the ester wax is enclosed within the binder
resin. For thiresiw pase vinyls mpocmexulodnsit itudfislg athd ®iddién pol ar resin
In the toner particles. 25 Preferred exanples of. such a polar resin may
“include styremesimst hlddsylis decaysey gy thelpalanoesirades copol yner,
saturated pol yester resin and epoxy resin. -19- The polar resin may :
particul arPy pnspduzgted groure Hheatnsataraliesd gxaymigan gAyscting with

t he bi-nder . .
crosslinking reaction with the vinyl monomer, thus

resulting in a binder resin providing a toner showing
a poor color-mikipg charaéteristic. -
The colorant used in the present invention
16 may include a black colerant, yeilow colorant, a
magenta colorant and a cyan colorant.

Examples.of the black colorant may include:
carbon black, a magnetic material, and a colorant
showing black by color-mixing of yellow/magenta/cyan

15 colorants as shown below.

Examples of.the-yellow colorant may include:
condensed azo compounds, isoindolinone compounds,
anthraquinone compounds, azo metal complexes, methin
compounds and arylamide compounds. Specific preferred

20 examples thereof may include C.I. Pigment Yellow 12,
13, 14, 15, 17, 62, 74,.83, §3, 94, 95, 109, 110, 111,
126. 127, 128, 129, 147, 168, 174, 176, 180, 181 and
191.

Examples of the magenta colorant may inelude:

25 condensed azo cempounds, diketopyrrolpyrrole
compdunds, anthfaquinone compounds, quinacridone

compounds, basis dye lake compounds, naphthol



resin or a vinyl nonomer constituting the binder resin. This is because if
the polar resin has an 5 unsaturated group, the unsaturated group can cause.
crosslinking reaction with the vinyl nmononer, thus resulting in a binder
resin providing a tonéer showi ng a poor color-mxing characteristic. The-
- colorant used in the present invention 10__may include a bl ack col orant,
_29_

yel | ow col orant, a magenta col orant and a<tyan col orant. Exanples of the
bl ack col orant may include: carbon black, a nmagnetic material, and a .
col orant showi ng bl ack by col or-m xi ng of yell ow nagenta/cyan 15 colorants.
as shown bel ow S .yel rank _may. Lncl yde; condensed azo
conmpounds, iso?%%%?ﬁ%%%é %%%%gﬁﬁ%§?£g%1§§%§ﬂVréﬁé %B 63#&%? azo met al
conpl exes, methl upds | 2 ou . cil erred 20
cxanpl o5 hor copRSSRRE HCeaP01 R, BhE5uRARPC. BYSe1 PREChELECREERCT T ED
74, 83, 93, 9py9hp1d@%ndifos lidy i801ude?. c128, pigfentiBealsl 3174, 176,
180, 181 and 191. anpl es of the magenta col orant -y incl ude: 25
condensed azo spnppungds23(di ket pyageBpysgehe svepoupds1, ankh; agysnone
conmpounds, .qui nacri done conmpounds, basis dye | ake conpounds, napht hol

5 166, 169, 177, 184, 185, 202, 206, 220, 221 and 254. :

Examples of the cyan colorant may include:
cépper phthalocyanine compounds and their derivatives,
anthraquinone compounds and bésis dye lake compdunds.
Specific preferred examples thereof may include: C.I.

10 Pigﬁent Blue i, 7, 15, 15:1, 15:2, 15:3, 15:4, 60, 62,
and 66.

These colorants may be used singly or in
combinatiop of two or more species in mixture or in a
state of solid solution. The above colorants may be

15 appropriately selected in view of hue, color
saturation, color value, weather resistance,
transparency of OHP film, and é dispersibility in
toner particles. The above colorahts may preferably
be used in a proportion of 1 - 20 wt. parts per 100

20 wt. parts of the binder resin. A black colorant
comprising a magnétic material, unlike thé other
colorants, may preferably be used in a propdrtion of
40 - 150 wt. parts per 100 wt. parts of the binder
resin.

25 The charge control agent used as desired in
the present invention may preferablf be one which is

colorless and has a higher charging speed and a

A



-20- compounds,; benzi m dazol e conpounds, thioindigo conmpounds an peryl ene
conpounds. Specific preferred exanples thereof may include: C|. Pignent
Red 2, 3, 5, 6, 7, 23, 48:2, 48:3, 48:4, 57:1, 81:1, 144, 146, 5 166, 169,
177, 184, 185, 202, 206, 220, 221 and 254. Exanples of the cyan col orant
may i nclude: copper phthal ocyani ne COﬁﬁQEQQS and their derivatives,

ant hr aqui none conpounds and basis dye | akeé conpounds. Specific preferred
exanpl es thereof may include: C 1. 10 Pignment- Blue 1, 7, 15, 15:1, 15:2,
15:3, 15:4, 60, 62, and 66. These colorants may be used singly or in

conbi nati on oprbpBrey aabab'iaea'fegthmgi ¥b¢he¢n?hg B prékai¢pal solid
sol ution. The above col orants may be 15 appropriately selected in view of

‘hue, col or sathagfeoamoaakor val ke waskhef ueingt ahecdiieamsparency of OHP
film and a dispersibility in toner particles. The above col orants may

pref erably bepoldgnsernzatponpéori prodiicing 2Bewtonear parpéclé80o0I0 wt.
parts of the binder resin. A black colorant conprising a nmagnetic

mat eri al, unl tke phesenteinventian: stheaghprgktecabityobec agend maya
~proportion of 40 - 150 wt. parts per 100 wt. parts of the binder resin. 25
The char gé cordrsicujarlyupraiasahdyi pedops £Keepf&ES@Nt i nvention may

preferably be one which is colorless and has a higher. charging speed and a
polymerization-inhibiting properties and not

containing a component soluble in an aqueous medium.
The charge control agent used in the present
invention may be those of negative-tjpe or positive-
10 type. Specific examples of the negative éharge
control agent may include: metal-containing acid-based -
compounds comprising acids, such as salicylic acidg,
alkylsalicylic acid, dialkylsalichic acid, naphtoic
acid, dicarboxylic acid and deri&atives of these
15 = acids; polymeric compounds having a side chain
comprising sulfonic acid or carboxylic acid; boron
compound; urea compounds; silicon compound; and
calixarene. Specific examples of the positive charge
control agent may include: quaterhary ammonium salts;
20 polymeric compdunds having a side chain comprising
quaternary ammonium salts; guanidine compounds:; and
imidazole compounds.
The charge control agent may préferably be.
used in a proportion of 0.5 - 10 wt. parts per 100 wt.
25 parts of the binder resin. However, the éharge
control agent is not an essential éomponent of the

toner in the present invention. The charge control

ok



-21- property capable of stably retaining a prescribed charge anount.. In
the case of using the direct polynerization for producing the toner
particles of the present invention, the charge control -agent may 5
particularly preferably be one free from pol yneri zation-inhibiting
properties and not containing a conponent,-soluble in an aqueous nedium The
charge control agent used in the present 1 nvention may be those of-
negative-type or positive- 10 type. Specific exanples of the negative
charge control agent may include: netal-containing acid-based conpounds

conpri si ng acCiagents¢dh de BRlldCWs anaeptioNdty lawditavd GraGdhe _

di al kyl salicylic acid, naphtoic acid, dicarboxylic acid and derivatives of
these 15 aci deases.yndhn ¢heodasedF Riiny) tArcsicbmpunint ey licpiig sul fonic
acid or carboxylic acid;, boron conpound;. urea conpounds; sili-con conpound,
and cal i xar enemetSod;i fittc isx posisdiblel tiohatiddize waridoelgetanid rcdamgent may
I ncl ude: quaternary ammonium salts; 20 polyneric conpounds having a side
.chai n conpri siighg@acanrder .amionithe s@ses ofgmsiing ®e reymmagnistiand

i m dazol e conmpounds. The charge control agent may preferably be used in a
proporti onSof ofescompgngpt bdade ﬁ@FtI@@'%PV91°P1n9 method, it is

possible to omit a charge control agent by positively
utilizing'a triboelectric charge through friction with
- a blade member or a sleeve member. |
Examples of the polymerization initiator

10 usable in the direct polymerizatioﬁ'may include: azo-
or diazo-type polymerization initiato:s, such as 2,2'-
‘azobis-(2,4-dimethylvaleronitrile), 2,2'-
azob;sisobutylonitrile, 1,1'-azobis(cycldhexane—2—
carbonitrile), 2,2'-azobis-4-methoxy-2,4-

15 dimethylvaleronitrile, azobisisobutyronitrile; and
peroxide~type polymerization initiators such as
benzoyl peroxiée, ﬁethyl ethyl ketone peroxide,
diisopropyl peroxycarbonate, cumene hydroperoxide,
2,4-diéh10robenzby1.peroxide, and lauroyl peroxide.

20 The addition amount of the polymerization initiator
varies depending on a polymerization degree to be
attained. Thé polymerization initiator may generally
be useqlin the range of abdut 0.5 - 20 wt. % based on
the weight of the polymerizable monomer. The

25 polymerization initiators somewhat vary depending on
the polymerization broéess used and may be selectively

used singly or in mixture with reference to 10-hour



25 parts of the binder resin. However, the charge control agent is not an
essential conponent of the toner in the present invention. The charge

cont rol -22- agent can be used as an-optional additive in sonme cases. In
t he case of using two-conponent devel oping nethod, it is possible to
utilize triboelectric charge with a carrh r. In the case of using a
~'non-magneti c 5 one-conponent bl ade coati S'developing nmethod, it is
possible to omt a charge control agent by positively utilizing a
triboelectric charge through friction with a bl ade nenber or a sl eeve

menber . ExanphgffQiikgepggi339£éﬁgégggugg[tiator 10 usable in the direct

pol ynmeri zati on may 1 nclu azo- I azo-type polynerization initiators,

such as 2,2'- azobis-(Zpdodadet Pyl ¥8her8ni thil Ableéufar weight of
azobi si sobutylonitrile, 1,1 -azobis(cyclohexane-2- carbonitrile),

2,2' - azobi s- 4tRet bexylLadt BoInddineéByhyaler @8i hlkbepossible to add
azobi si sobutyronitrile; and peroxide-type polynerization initiators such as
benzoyl peroxaderossligkirghsagehtt oaechainxtdansfiersagenpyl a
per oxycar bonat e, cunene hydroperoxi de, 2, 4-dichl orobenzoyl peroxide, and
| aur oyl pe? oxpdbymeoizFhiondimbibitanvuatcef the pol ynerization initiator
varies depending on & B Y N oher pheticios of the present invention
may be produced by variqus methods including: (i);
pulverization and classification process wherein a
tbner composition comprising a binder resin, an ester
10 wax, a colorant, a charge control agent, etc. is
uﬂiformly dispersed by a dispersing device, such as a
pressure knéader or an extruder and finely pulverized
into a desired tdner particle size by impingement of
the toner composition against a target by the action
15 of mechanical force or jet air stream, followed by
classification to obtain toner particles having a
sharp particle size distribution; (ii) melt-spraying
method: wherein é melt mixture of toner ingredients is
sprayed in fhe air by using a disk or a fluidic multi- =
20 nozzle to obtain spherical toner particles (as
disclosed in Japanese Patent Publication (JP-B) 56-
13945); and (iii) direct polymerization process
inclusive pf: (a) suspension polymerization for
directly providing toner particles as disclosed in JP-
25 B 36-10231, JP-A 59-53856, and J§+A 59-61842, (b)

~dispersion polymerization wherein an agueous organic

solvent in which a monomer is soluble but a polymer is’



attained. The polynerization initiator may generally be used in the range
of about 0.5 - 20 w. % based on the wei ght of the pol ynerizabl e nononer.
The 25 polynerization initiators somewhat vary depending on the

pol ymeri zati on process used and may be selectively used singly or in

m xture with reference to 10-hour -2324half-life period tenperature. In
order to control the nol ecul ar wei ght QF t'he resultant binder resin, it is
al so possible to add a crosslinking agent, a chain transfer agent, a 5

pol ymeri zation inhibitor, etc. The toner particles of the present invention

may be producegdsBYubabi PHSuBBiENPESak Peb¥iyNBbthiih RBhUE' badtiededNd

classification process wherein a toner coiposition conprising a binder

resin, an estghdl@cyasmas§ehopaiime2ichdiog,CcalchOhsag8ab-foe S
uniformy dispersed by a dispersing device, such as a pressure kneader or.

an extruder apdl¥maelixapibuerwhadeint a pollghmeiedablecmonafbrcl € si ze by
I npi ngenent of the toner conposition against a target by the action 15 of
mechani cal focompositébnais polgmerizelll inetthbypresesck oft aowaterebt ai n
toner particles having a sharp particle size distribution; (ii)
mel t - spr ay? ngsadubde: peharepalymesizcatignuinitfiatonetoi phtadnefoneirs
particles. '
Among the above.production methods, it is
however'difficuit.to cqntfol the shape of the
resultant toner particles by the pulverization and

10 . classification process. 1In the ﬁelt-spraying method,
the resultant'toner'particles are liable to have a
wider particle size distribution, and a large aﬁount
of energy is consumed in the melting step, so that
this method is not éreferred from a ?iewpoint of

15 effective energy utilization.  In the dispersion
polymerization, the resultant toner particles show a
very sharp particle size distribution but the
production apparatus is liable to be complicated in
view of a narrow latitude in selecting material used,

20 waste_solvent disposal and flammability of the solvent
used. The emulsion.polymg:ization or soép-free
polymerization is effective in providing a relatively
uhiform particle size distribution but is liable to
result in inferior environmental characteristics due

25 to the presence of thé emulsifying agent or
polymerization initiator at the surface of the toner

particles.



sprayed in the air by using a disk or a fluidic multi- 20 nozzle to obtain
spherical toner particles (as disclosed in Japanese Patent Publication
(JP-B) 56- 13945); and (iii) direct polynerization process inclusive of:
(@) suspension polynerization for directly providing toner particles as

di sclosed in JP- 25 B 36-10231, JP-A 59-53856, and JP-A 59-61842, (b)

di spersion pol yneri zati on wherei n an aqueous organi c solvent in which a
nononer i s soluble but a polyner is -24- insoluble is used to directly
obtain toner particles, and (c) emul sion polynerization, such as soap-free

pol yneri zation, wherei pra RUNETEHARIYE NP Y R he PRAHAL AhdenthYy Meri zed

I n the presence of a water- 5 soluble polar polynerization initiator to

obtain toner paRt igdrRS cUAENG Pie AR W yidRitd® ttiibugh ttHé however

difficult to control the shape of the resultant toner particles by the
pul veri zat i on saapbels it P liymeatizat i gastcess) Byhairid -s6pr ayi ng net hod,
the resultant toner particles are liable to have a wi der particle size
di stribution, pantizulatyge tarmamthasfinger gmalsl Earhindee isizeheofd t4 ng st ep,
so that this nethod is not preferred froma viewoint of 15 effective
ener gy uti i z& iRh.cam beheagiidye pyiosiuced with a uniformly -
controlled shape and a sharp pérticle size
distributioh. It is also possibie to suitably apply
the seed polymerization proéess wherein once-obtained
polymerizate particles are causedlto adsorb a monomer,

10 which is further polymerized.in the presence of a
polymerization initiator. It is aléo possible to
include a polar compound in the monomer adsorbed by
dispersion or dissolution.

In case where the toner according to the

15 present invention is produced through the suspensién
polymerization, toner particles may be produced
directly in the following manner. Into a
polymerizable monomer, an ester wax, a colorant, a
charge control agent, a polymerization initiator and

20 another optional additive are added and uniformly
dissolved of dispeféed by a homoéenizer or an
ultrasonic dispersing device, to form a polymerizable
monomer composition; which_is then dispersed and
formed into particles iﬂ a dispersion medium

25' containing a disperSion stabilizer by means of an

ordinary stirrer, a homomixer or a homogenizer

preferably under such a condition that droplets of the



polynerization, the resultant toner particles show a very sharp particle
size distribution but the production apparatus is |i ail Shebt®aDBech REFMULF AL €d

in viewof a narrow | atitude in selecting naterial us | vent
di sposal and flammbility of the solvent used. The ewjl“llﬁﬂ!l’ﬁ zation
or soap-free polynerization is effective jn providing ni form
particle size distribution but is Iiabl%?éb result in inferior

environnmental characteristics due 25 to the presence of the emul sifying
agent or polynerization initiator at the surface of the toner particles.

25 The L ONSoRRar i d hdrlndl SOBMOLIVEN | Ol TBYvE tAGuL ALY

preferably b ed throug ensi on polymeri zati on process by

whi ch a partigilhei @ d Weie oW it SrsdRl taR@rbte £ Saf€illes py> 8 pmcan

be easily produced with a uniformy controlled shape and a sharp particle
size distribuidbtirollind st iSO NS Sdpddd tand bt aDE VrADRY Yrihe, seed

pol yneri zati on process wherei n once-obtai ned polynerizate particles are
caused t o adsrhdreaftmonethe 1t i iy i may Wé hesnphys®rizesued d4he presence
of a polynerization initiator. It is also possible to include a polar
conpound i5n tdegremcrertadsstdiond the particles of the polymerizable
monomer composition thus formed and prevent the
sedimentation of fhe particles. The polymerizatioﬁ
. may be performed at a temperature of at least 40 9C,
generally 50 - 90 °C. The temperature can be raised
10 at a later stage of the polymerization. It is also
| possible to subject a part of the“aqueous system to
distillation in a latter stage of or after the
polymerization in order fo remove the yet-polymerized
part of the polymerizablé monomef and a by-product
15 . which can cause and.odor in the toner fixation step.
After the reaction, the produced toner particles are
washed, filtered out, and dried. In the suspenéion '
polymerization, it is generally preferred to use 300 -
3000 wt. parts of_wafer as the dispersion medium per
20 100.w£. parts of the monomer composition.

In production of toner particles by the
suspension polymerization using a dispersion
stabilizer, it is pfeferred to use an'inorganic or/and
an organic dispersion stabilizer in an aqueous

25 dispersion medium. Examples of the inorgénic

dispersion stabilizer may include: tricalcium

phosphate, magneéium phosphate, aluminum phosphate,



di spersion or dissolution. In case where the toner according to the 15
present invention is produced through the suspension pol ynerizati-on, toner
particles may be produced directly in the followi ng manner. Into a

pol yneri zabl e nononer, an ester wax, a colorant; a charge control agent, a
pol yneri zation initiator and 20 anot her gg i onal additive are added and
uniformy dissolved or dispersed by a hor genlzer an ultrasonic

di spersing device, to forma pol ynerizabl e nononer conposifion, which is

t hen di spersed and fornmed into particles in a dispersion medi um 25

ontalnlng a |I gﬁgﬂ§: e @M %ﬂﬁx stirrer, a
honmom xer %%nﬂ%%@%re era]bll% tUnider such a %on I on that dropl ets
of the -26- 3:%1 HFAr SHROS | hd Sile £ Al NBYEr S £igs1 T ed

resu

particle size of t t ant toner particles by contro |ng sflrrlng

speed and/ or %ldniirﬂﬂn iy Broxdithd catd Fiumh Mo €ddi1ifdtdRYcdEcH@nt i nued in
such a degree as to retain the partlcles of the polynerlzable nonomner

conposi tion t hisl farer bartwrayefdté heoastombrs AtsDNi e, téaedparticl es. The

pol ynmeri zati on may be perforned at a tenperature of at |least 40 [err],
general 'y %0 -aldtnina s | Emimplesf dthe oxganie dispedsion

stabilizer may include: polyvinyl alcohol, gelatin,
methyl cellulose, méthyl'hydroxypropyl cellulose;
ethyl cellulose, carboxymethyl cellulose sodium salt,
éolyacrylic acid and its salt and starch. These

_10 dispersion sfabilizers ﬁay preferably be used in:the
aqueous dispersion medium in an amount of 0.2 - 20 wt.
parts per 100 wt. parts of the polymerizable monomer
mixture.

In the case of using an inorganic dispersion

15 stabilizer, a commercially available product can be
used as-it is, but it is also possible to form the
stabilizer in situ in the dispersion medium so as to
obtain fine particles thereof. In the case of
tricalcium phosphaté, for example,_it is adequate to

20 blend an agueous sodium phoéphate solutibn and an
aqueous calcium chloride solution under an intensive
stirring to producé tricalcium phosphate particles in
the agqueous medium, suitable for suspension
polymerization. |

25 In order to effect fine dispersion of the
dispersion stabilizef. it is also effective to use

0.001 - 0.1 wt. % of a surfactant in combination,

fad



at a later stage of the polynerization. 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-polynerized part of the _
pol yneri zabl e nononer and a by-product which can cause an odor in the toner
fixation step. After the reaction, the pgg uced toner particles are washed,
filtered out, and dried. In the suspensiofi“polynerization, it is generally
preferred to use 300 - 3000 w. parts of water as the dispersion nmedi um per
100 wt. parts of the nononmer conposition. In production of toner particles

- by the SusPenstRBr 8L YIRbndRiha"Ha! BloBcli BAA! HiABLELANLE! LhE: 1 IS

preferred to use an 1norganic Or d an organic dispersion stabilizer in-an

aqueous di sperstapi Tedb¥ Exampies 6F the baekgabhAtdhapeincangstabilizer
may include: tricalcium phosphate, magnesium phosphate, alum num phosphate,

-27- zinc phospbaiém dedecylbensbneshtfonagasssuaiaar betah@ecyal ci um
hydr oxi de, magnesi um hydr oxi de, - al um num hydr oxi de, cal cium netasilicate,

cal ci um sul f at sulbatelnseditmt penbadéoplt snlsatecasodidmboekydi na. Exanpl es
of the organic dispersion stabilizer may include: polyvinyl alcohol,
gel atin, 5 sulfate, sodium oleate, sodium laurate, potassium
stearaté; and calciﬁm oleate.
The toner according to the'present invention
may preferably have a shape factor SF-1 of 100 - 160,
particularly 100 - 150. The shape factor SF-1
10 referred to herein is based on values measured in the
following manner.
Iﬁages of 100 toner p&rtiCles observed
through a field emission scanning electron microscope
(FE-SEM) ("S-800", available from Hitachi Seisakusho
15 K.K.) at a magnification of, e.g., 500 are sampled at
random, and the image data of the toner images are
inputted for analysis iﬁto aﬁ image analyzer (e.qg.,
"Luzex III", available from Nireco K.K.) thréugh an
interface, wherebj the shape facto:_SF-l is calculated’
20 by the following équation:
SF-1 = [(MXLNG)2/AREA] x (n/4) x 100,
wherein MXLNG denotes the maximum diameter of a toner
particle and AREA denotes the projection area of the
toner particle. The shape factor SF-1 referred to
25 herein is defined as a number-average value of SF-1
| values calculated ih the above-described manner for

the 100 toner particles selected at random. A smaller



met hyl cel lul ose, nethyl hydroxypropyl cellul ose, ethyl cellul ose,

car boxynet hyl

_ cel lul ose sodiumsalt, polyacrylic acid and its salt and
starch. These 10 dispersion stabilizers nay preferably be used in the

aqueous dispersion nediumin an anmount of 0.2 - 20 wt. parts per 100 wt.
parts of the polynerizable nmononmer m xturg, In the case of using an
i norgani c di spersion 15 stabilizer, a co rcially avail abl e product can

is, but it is also possible to formthe stabilizer in situin

be used as it

the dispersion nediumso as to obtain fine particles thereof.

of tricalcium

aqueous sodi um phosphate so
under an intenghVg Siué's

Qﬂ&ﬁ@hﬁéé%ofofcfagggﬂfb 1603 Sré&gPeLahesty £R ?Q|Eﬂgs§P

ution and an aqueous cal clum C

t he aqueous nedi um suitable for suspension pol ynerization. 25
order to effect fine dibpecss®rwidré hehdi SPEpsi DacEobAbSFLI€largéri s al so
effective to use 0.001 - 0.1 w. %of a surfactant in conbinati on,
t her eby pronotthan t &0 pretse ridmeslr fpacticlesfatdessbsbahtiallyExanpl es of
the surfactant may include: sodi um dodecyl benzenesul fonate, sodi um

t et radecyl 3

10

deviated from spheres but approach indefinite or
irregula:ly shaped particles and corfespondingly show
a lowering in transfer efficiency (or transfer ratio).

Particularly in the case of using an
intermediate transfer member so as to be applicable to
a wide variety of t:ansfer-recei§ing materials,

substantially two transfer steps are involved, so that

- a lower transfer ratio results in a lowering in toner

15

20

25

utilization efficiency. Further, in a digital full-
color copying machine.or a digital full-color printer
recently developed, it is necessary that a color image
original is preliminarily subjected to color
separation by using B (blue), G (green) and R (iéd)
filters, and dot latent images of 20 - 70 um are
formed on a photbsensitive member and developed with
respective toners in colors of Y (yellow), M
(magenta), C (cyan) and B tblack),.respectively, to
reproduce a multi-color image faithful to the original
or color data by subtractive color mixing of.the
toners. In this instance, large qﬁantifies of Y, M, C
and B toners corresponding fo the original or color
data from CRT are present on the photosensitive member

or intermediate transfer member, so that the

In the case

_ oride solution
£®. produce trical cium.phosphate particles in

In

-28-



sul fate, sodi um pentadecyl sulfate, sodiumoctyl 5 sulfate, sodium ol eate,
sodi um | aurate, potassium stearate, and cal cium ol eate. The toner according
to the present invention may preferably have a shape factor SF-1 of 100 -
160, particularly 100 - 150. The shape factor SF-1 10 referred to herein

I s based on val ues neasured in the followihg manner. |nmages of 100 toner
particles observed through a field enisST%ﬂT‘scanning el ectron m croscope
(FE-SEM ("S-800" , available fromH tachi Seisakusho 15 K K ) at a

magni fication of, e.g., 500 are sanpled at random and the imge data of

the toner | TS ASIPUGEL (AP AP e LIIRaR HRAEEo{ © O

"Luzex II1", aval romNi reco Rrou nt er f'ace, Wher eby the
shape factor Sfed demfildd! ehp a et faoll ﬁ’@f%&’é&?ﬂ . Shede = lerr]
X ([err]/4) x 1r00, er eﬁ MXLNG deanotees;lt 1eda{rratgﬁl%rrum |amatie¥r&of a toner

particle and AREAGSIONRS dutdh K Yoid P hrRaraliiey | oL #sndd cle. The
shape factor SF-1 referred to 25 herein is defined as a nunber-average

val ue of SF-1 skduled il fuilali1sd dohtdith Ay ealitpssrmdietli sl agsteor the 100
toner particles selected at random A snaller - 29-
5 wax and a shape factor SF-1 of 100 - 160.

Furthef, in -order to faithfully reproduce
minute latent image dots for providing a high quality
image, the toner according to the present invention

_ﬁay preferably have a weight-average éarficle size of
10 3 - é pm and a nuﬁber—basis variation coefficient of
particle size of atlmost 35 %. A toner having a
. weight-average particle size of below 3 pm is liable
to show a low transfer ratio, result in much transfer
resiaue toner on the photosensitive'member or
15 intermediate transfer member and cause fog and image
irregularity due to transfer failure. A toner having
a weight-average particle size in excess of 8 um is
liable to result in lower resolution and dot-
reprodﬁcibility and cause melt-stiqking onto various
.20 members involved. These liabiliiies are promoted when
the toner has a number-basis particle size variation
coefficient in excess of 35 %. | |

The toner particles constituting the toner of
the present invention may suitabiy have a capsule

25 structure comprising a core B of ester wax enclosed
within an outer shell A of the binder resin as shown

in Figure 1 which is a sketch based on microscopic



shape factor (closer to 100) represents a shape closer to a true sphere. In
case where the shape factor SF-1 larger than 160, the toner particles are
substantially 5 deviated from spheres but approach indefinite or
irregularly shaped particles and correspondingly show a | owering in
transfer efficiency (or transfer ratio). Particularly in the case of using
an internedi ate transfer nenber so as to'@é‘applicable to 10 a wide variety
of transfer-receiving materials, substantially two transfer steps are

i nvol ved, so that a |lower transfer.ratio results in a lowering in toner

or a argital 1 BPPEEAFapn b, FaRer bRrR ARy’ Rr, Bane®®nr apbaRE RS NI, 1T
sing B (bl ) CEAHRESST BRReRYpRCERTPep ?‘2%‘2%%%5‘“83%9 B rBetR. o 20

- 70 pmare thﬁeéoeeosepb@kn enswhéV%aﬁﬁﬁhérs%&ﬁc@%%%'Bﬁe@hW'EBn%Q
respective toners in colors of Y (yel , M (magenta), C (cyan) and B

(bl ack), respegki pekferiredr epr oddes ttonphrbmael @ godad ®aflancef dmohg t he
original or color data by subtractive color mxing of the toners. In this

I nstance, I5ar gtoguaiemperature ¥ixhbiCi2y,andtB-bdoekingorresponding to the
original or color data from CRT are present on the photosensitive menber or
i nternedi at e t charhcterastdc, and duxebifdty of the toner.

In case of a toner not having an ester wax
enclosuré structure, the production thereof by
_éulverization cannot be effected without resort to a
10 special freeze-pulverizatién technique, so that the
toner can only be provided with a broad particle size .
distribution and can cause unpreferable melt-sticking
onto,the apparatus. On the other hand, the freeze—
pulverization is accompanied with dlfficultles that a
15 complicated apparatus is required so as to prevent
moisture condensation theretg and the operability is
liable to be lowered dué to moisture absorption of the
toner, thus requiring a drying step sometimes. As a
specific method of enclosing the éster wax, it is
20 possible to apply a polymerization process of using a
combination of a monomer principally providing the
binder resin and a minor amount of,a.polar polymer or
polymer shpwing a higher.polarify in an aqueous
medium, thereby being able to provide a toner having a
25 core-shell structure wherein even an estér wax having
a large polarizatioh can be encapsulated within an

outer shell of the binder resin. A prescribed toner

Iﬂ‘l



-30- respective color toners used in the present invention are required to
show a very high transferability. For maintaining such a good
transferability, the toner should preferably contain the above-nentioned
ester 5 wax and a shape factor SF-1 of 100 - 160. Further, in order to
faithfully reproduce mnute |atent inmage dots for providing a high quality
I mge, the.toner according to the presem:%Twention may preferably have a
wei ght - average particle size of 10 3 - 8 pmand a nunber-basis variation
. coefficient of particle size of at nost 35 % A toner having a

ot ght fost ag%&%rrtd %lqel’ ans I’eSI glvg §mnt%’on %ﬁ%‘%q’%ta(s)se &Aﬂ\,&é ranSf °

ratio, result Tin mic ue ‘toner.on t 1'Ve nenbe

or 15 intermeg] ctlrea@afz%r ISR Jf&ﬁ%ﬂﬂﬁ% il ari ty due

to transfer failure. A toner having a weig t average particle size in

excess of 8 pigays pd %J?Jt%ﬂ:&d &Y dppridgrdiitle IR G dRirdly
reproduci bility and cause nelt-sticking onto various 20 nenbers invol ved.

These |i abi | i Watersisd luBI® iR tVan dikpdr¥ivn hafert Muweig kasi s particle
size variation coefficient in excess of 35 % The toner particles

constitutihg Proteatdveoficadllleig dunttiion and @djustment af jadditeian capsul e
25 structure conprising a core B of ester wax encl osed
amounts thereof, control of apparatus conditions,
e.g., stirrinQ conditions, such as rofor peripheral
speed, number of passes and stirring blade shape, and
vessel shape, and adJustment of soliad matter content
10 in the aqueous medlum.

The cross—sectioh of toner particles may be
observed in the following manner. Sample toner
particles are sufficiently dispersed in a cold-setting
epoxy resin, which is then hardened for 2 days at 40

15 ©C. The hardened product is dyed with triruthenium
tetroxide optionally together with triosmium tetroxide
and sliced into thin flakes by a microtome having a’
diamond cutter. The resultant thin flake sample is
observed through a transmission electron michSCOpe

20 (TEM) to confirm a sectioﬁal structure of toner
particles. The dyeing with triruthenium tetroxide may
preferably be used in order to provide a contrast
between the low-softening point compound and the outer
resin by utilizing a difference in crystallinity

25 therebetween. A typical preferred cross-section of
toner particles is shown in Figure 2, wherein the

‘ester wax B is enclosed within the outer shell resin



within an outer shell A of the binder resin as shown in Figure 1 which is a
sketch based on . m croscopic -31- photograph of toner particles of
Exanpl e 1 appearing herei nafter observed through a transm ssion el ectron
m croscope (TEM. The capsule structure of the toner is preferred in order
to provide a good balance among 5 | owtenperature fixability, anti-blocking
characteristic and durability of the tonéf. In case of a toner not having
an ester wax enclosure structure, the production thereof by pulverization
~cannot. be effected without resort to a 10 special freeze-pulverization
techni que, soathat the toner can only be provided with a broad particle
size distribution and can cause.unpreferable nelt-sticking onto the
apparatus. On the ot herneaméneirhackotaifag ftdl thie paleseht Indkeddieami ed with
difficulties that a 15 conplicated apparatus is required so as to prevent :
noi st ur e condmayapirefierhblgt beabdenldedopdthbiekitieynad ladditdves be | ower ed
due to noisture absorption of the toner, thus requiring a drying step
soneti nes. Adnglusdvef of :ndubsd cantepowdemg suieh @ster wax, it is 20
possible to apply a polgnerization process of using a conbination of a

monorer  pr? nc PRAVERtEASInerRgthydeprn BOWdeEsi F186d SAeaTate RAWART of a

pol ar polynerag% polyﬁinylidene flﬁoride powder; abrasives, such as
cerium oxide, silicon carbide, and strontium titanate;
flowability improvers, such as silica, titanium oxide,
and aluminum oxide; anti-caking agenté; and |
10 electroconductivity—imparting agents, such as carbon
black, zinc oxide, and tin oxide.
It.is'particularly preferred to add inorganic
- fine powder, such as fine powder of silica, titanium
oxide or aluminum oxide. It is preferred that the
15 inorganic fine has been hydrophobized with a |
hydrophobicity~imparting égent, such as a silane
coupling agent, siliconé 0il or a combination thereof.

Such an external additive'may ordinarily be

added in an amount of 0.1 - 5 wt. parts per 100 wt.
20 parts of the tomner partiéles.

The toner according_to the presenf invention
may be used to constitute a one.component—type
developer or a.two_component-type developer.

| Iﬁ order to constitute a one component-type
25 - developer, a magnetic material may be incorporated in
the toner particles to constitute a magﬁetic toner.

In a one'component type developing method, such a



pol ymer showi ng a higher polarity in an aqueous nedium thereby being able
to provide a toner having a 25 core-shell structure wherein even an ester
wax having a | arge polarization can be encapsul ated within an outer shel

of the binder resin. A prescribed toner -32- according to the present

I nvention having a controlled particle si and a controlled distribution
t hereof may be obtained by appropriate sef®ction of a hardly water-soluble
‘salt or dispersion agent having a 5 protective colloid function and '
adj ust nent of addition anmounts thereof, control of apparatus conditions,

e.g., stirrin ééﬁgﬂ L A, r . Derd ﬁwéiﬁh gﬁgber of passes
and stirring g'fa e s’%%pe, eaxf] .veﬁeél&‘é alpetga%,ig %cf;]) QZ‘JE?JS'[ nt of solid matter
content 10 in dhiprJettieshiSa Nl aliop ke ﬁé@%%&éw@iﬂ{; 40REEnPRI LI Ehes may

be observed in the foll ow ng manner. Sanple toner particles are
sufficiently dirffdigieeddveRopiid metiodd £0y-nf&gnétidhtshetrs t hen

har dened for 2 days at 40 15 [err]. The hardened product is dyed with
trirutheni um tedntadrdieng pio ameedriet i@ geterial tiay rbesappbiédt onkodae and
sliced into thin flakes by a mcrotone having a dianond cutter. The
resul tant I hi rdevelapingileewe dne aeans t9f cugeatinakhadei od el ectron

m cr oscope _
coating roller or a fur brush so as to forcibly

triboelectrically charge the toner to form and Convey
a layer of charged toner on fhe developing sleeve. |
In case where the toner according to the

10 present invention is used for coﬁstituting a two- .
component type developer, the toner is used together
with a carrier. The carrier need not be restricted
particularly but may principally comprise a magnetic
ferrite of elements such as iron, copper, zinc,

15 nickel, cobalt, manganese and chromium, or a magnetic
composite of such ferrites. The carrier particles may
be shaped spherical, flat or irregular in view of the
saturation magnetization and electrical résistivity.
The surface microscopic structure, such as surface

20 unevenness, of the carrier may also be controlled
desirably. Generally, the.above—mentioned inorganic
oxide or ferrite may be caicined, and formed into core
particles, which may be then coated with a resin}
However, it is possible to produce a low-density

25 dispersion type'carrier.by kneading the inorganic
oxide and a resin, followed by pulverization and

classification, so as to reduce the load of the



20 (TEM to confirma sectional structure of toner particles. The dyeing
with trirutheniumtetroxide may preferably be used in .order to provide a
contrast between the | ow softening point conpound and the outer resin by
utilizing a difference in crystallinity 25 therebetween. A typical
preferred cross-section of toner partlcle§ I's shown in Figure 2, wherein
the ester wax B is enclosed within the oG8 shell resin -33- A The
toner according to the present invention may preferably be bl ended with
external additives inclusive of: |ubricant pomder such as 5

pol ytetrafl “OrBSEF%E‘E”SnBB"‘QﬁE £6hB% ;S beaka! grg.a ' %‘}ﬁegg%x\égri}éalde”e |

fluoride powder rasi ves, such as éeriumo I con ca

strontium titapakperkionelalcribri BRY %ﬁ%ﬁ%ctiﬁ aaﬁuiltUr%aoft it@ni um oxi de,
and al um num oxi de; anti-caki ng agénts; "and :

eIectroconducthﬁb&gahqaabkhag aganhsmoggﬁara%ocghgggngh@ﬁk zi nc oxide, and
tin oxide.- It is particularly preferred to add inorganic fine powder, such

as fine powder pollymelrigationt dni am agueéeous’ meddumium oxide. It is preferred
that the 15 inorganic fine has been hydrophobized with a -
hydr ophobi c¥ty-i nparti njtagenparsiculasly prefesred to provide a

carrier coated with a resin. The coating may for

example be performed by dissolving or'dispersing a

coating resin in a solvent, followed by attachment

ento carrier, or by powder mixing of the coating resin

10 with the carrier. |

Examples of the coatlng material flrmly
applied onto the carrier core particles may include:
polytetrafluoroethylene,-monochlorotrifluoroethylene-
polymer, polyvinylidene fluoride, silicone resin,

15 polyester resin, styrene resin, acrylic resin,
polyamide, polyv1ny1 ‘butyral, nigrosine, and
aminoacrylate resin. These coating materials may be
used singly or in combination of plural species.

' The coating material may be applied onto the

20 core particles in a proportion of 0.1 - 30 wt. %,
preferably 0.5 - 20 wt. %, based on the carrier core
particles. The carrier may preferably have an average
particle size of 10 - 100 pm, more preferably 20 - 50
nm. .

25 . A particularly preferred type of carrier may
eomprise particles of a magnetic ferrite such as Cu-

Zn-Fe ternary ferrite surface-coated with a fluorine-



coupling agent, silicone oil or a conbination thereof. .Such an external
additive may ordinarily be added in an anount of 0.1 - 5 w. parts per 100
w. 20 parts of the toner particles. The toner according to the present

i nvention may be used to constitute a one conponent-type devel oper or a two
conponent -type devel oper. In order to cbqgéitute a one conponent-type 25
devel oper, a magnetic material may be incorporated in the toner particles
to constitute a nmagnetic toner. In a one conponent type devel opi ng mnet hod,
such a -34- magnetic toner may be carried to be conveyed and charged on

~ a devel opi ng %&?yﬁm%%%%r@géﬁb%ﬁﬁrrgﬁ’&' OPpAGeOPLORD. 2

non- magneti c toner i'ning no magnetic material nmay be applred onto a 5

devel opi ng sl e@a&m%mpélé P AL B S ORi x Bu FER L 0a T PLUSEIRE @ fur
brush so as to forcibly triboelectrically charge the toner to form and

convey a | ayercoit&hidréOnerand 4 herfied opbpel Phee)y esudl £85€ Where the
toner according to the 10 present invention is used for constituting a.

t wo- conponentmixperslcye| pokyvinykidener £flsoride and cstereneéthethghrrier.
The carrier need not be restricted particularly but may principally '
conpri se aSnmageethacrylate resin, and a mixture of
| polytetrafluoroethylene and étyrene-methyl
methacrylate resin. The fluorineécontaining resin may
also be a copolymer, such as vinylidene
fluoride/tetrafluorqethylene (10/90 - 90/10)
10 copdlymer. Other exéﬁples of the styrene-based resin
may include_styrene/2¥ethy1hexy1 acrylate (20/80 -
80/20) copolymef and styrene/2-ethylhexyl _
acrylate/methyllmethacrylate (20 - 60/5 - 30/10 - 50)
copolymer. The fluorine—containing resin and the
15 styrene-based resin may be blended in.a weight ratio
of 90:10 - 20:80, preferably 70:30 - 30:70.

The above-mentioned coated magnetic ferrite
carrier shows a preferable triboelectric charging
performance for the toner according to the invention

20 and provides a two-component type devéloper with
improved electfophotographic'performances.

The toner according to the invention and a
carrier may be blended in such a ratio és to provide a
toner concentration of 2 - 15 wt. %, preferably 4 - 13

25 wt. %, whereby.good results are ébtainedlbrdinarily.

The carrier may preferably have a

magnetization at 1000 Oersted after magnetic



ferrite of elements such as iron, copper, zinc, 15 nickel, cobalt,
manganese and chrom um or a nagnetic conposite of such ferrites. The
carrier particles may be shaped spherical, flat or irregular in view of the
saturation magnetization and electrical resistivity. The surface

m croscopi ¢ structure, such as surface 20,,unevenness, of the carrier may
al so be controlled desirably. Gbnerally,'?ﬂé above- nenti oned i norganic
oxide or ferrite may be calcined, and fornmed into core particles, which may
be then coated with a resin. However, it is possible to produce a

| ow-density 2555ehsREf 'Oﬂaiggﬁ)C@fr§§r-b§05”§ﬁ3y883ﬁhfukﬂﬂéga”iC oxi de and

a resin, followed by pulver lon and classification, so as to reduce the

| 6ad of the préPeraBiyi #6000t P56 NembpBR?; P6r!RiGHOGHEE By LMBgEPheri cal
di spersion carrier by subjecting a m xture of the_rnorganic oxide and a

NONONEr t0 SUSPeatlioNs! YIRréXEeESON0E N300 equpond, MeNetd i5 a |t
Is particularly preferred to provide a carrier coated with a resin. The
coating may f otemdempy ethat pit f s n@dilf bicdlssbdvohtabn Higheqeahfjtm coati ng
resin in a solvent, followed by attachnent ogto carrier, or by powder

m xi ng of Bhe teRernimagesn 1BelowtB0temulemy eparrier attachment is

liable to occur because of decreased magnetic
constraint.
Hereinbélow,.the image forming method
éccbrding to the present invention will be explained
10 more specifically with reference to Figure 2.
Referring to Figure 2, an image forming
apparatus principally includes a photosensitive member
1 as an electrostatic image-bearing member, a charging
roller 2 as a chérging means, a developing device 4
15 comprising four developing units 4-1, 4-2, 4-3 and 4-
4, an intermediate transfer member 5, a transfer
roller 7 as a transfer means, and a fixing device 11
as a fixing means.
Four developers comprising cyan'toner
20 particles, magenta toner particles, yellow toner
particles, and black toner particles, respeétively,
are incorporated in the developing units 4-1 to 4-4,
respéctively. An electrostatic image is formed on the
photosensitive member 1 and developed with the four
25 color toner particles by a developing method, such as
a magnetic brush developing system or a non—magnetic

monocomponent developing system, whereby the



" Exanpl es of the coating material firmy applied onto the carrier core
particles. may include: polytetrafluoroethyl ene, nonochlorotrifluoroethyl ene
pol ymer, polyvinylidene fluoride, silicone resin, 15 polyester resin,
styrene resin, ‘acrylic resin, polyamde, polyvinyl butyral, nigrosine, and
am noacryl ate resin. These coating material s may be used S|ngly or in

conbi nation of plural species. The coatlﬁé “material may be applied onto the
20 core particles in a proportion of 0.1 - 30 wt. % preferably 0.5 - 20
wt. % based on the carrier core particles. -The carrier may preferably have

an average pacbbpbsibicthelOinabll beb korilBh®oR g8 a0l 20 - 60 pm 25

A particularl erred type o arrrrer may conprise particles of a

magneti c ferrbh@té&ﬁﬁsiilgﬂ méRbES 4EM N@hk Bﬁb&b%%n gEE@%% RS ?é%ﬁth a

fl uorine- -36- containing resin or a styrene-based resin. Preferred

coating matertampriBesi ACkippoitXiE 8830k phbltesende teval Aaperd1besin and a
styrene copol yner, such as a m xture of polyvinylidene fluoride and

st yr ene- met hythéresehheomprabtngeai photddoadiicktivike iakulating

pol ytetrafl uoroet hyl ene and styrene-nethyl nmethacrylate resin. The

fl uori ne- ont shbshgnresi sughyas a-Si, CdS, Zn0O,, OPC (orgamic
photoconductor), and a-Si (amorphous silicon). 'Thé
photosensitive member 1 may preferably comprise an a-
Si photpsensitive layer or OPC photosensitive layer.
The photosensitive ﬁember 1 is rotated in a direction

10 of an arrow by a drive means (not shown).

The organiC'photosensitivé layer may be
composed of'a'single layer comprising a charge-
generating substance énd a charge-transporting
substance or ﬁay be function-separation type

15 photosensitive layer comprising a charge Qeneration
layer and a charge transport layer. The function-
separation type photosensitive layer may preferably
comprise an electroconductive'support, a charge
generation layer, and a charge transport layer

20 arranged in this order. The organic photosensitive
layer may preferably comprise a binder resin, such as
polycarbonate resin, polyester resin or acrylic resin,
because such a binder resin is effective in improving
transferability and cleaning characteristic and is not

25 liable to cause toner sticking onto the photosensitive
member or filming of external additivés.

In the present invention, a charging Step may



al so be a copol yner, such as vinylidene fluoride/tetrafl uoroethyl ene (10/90
- 90/10) 10 copolyner. QG her exanples of the styrene-based resin nmay

i ncl ude styrene/ 2-ethyl hexyl acrylate (20/80 - 80/20) copol yner and
styrene/ 2- et hyl hexyl acryl ate/ nethyl nethacrylate (20 - 60/5 - 30/10 - 50)
copolynmer. - The fluorine-containing re5|n3§nd the 15 styrene-based resin
may be bl ended in a weight ratio of 90:10° = 20: 80, preferably 70:30 -

30: 70. The above-nentioned coated magnetic ferrite carrier shows a
preferable triboelectric charging perfornmance for the toner according to
the invention g péPfoPhey| ﬁfsuglﬁq_oaceamﬂsnéhay%erdﬁn%ﬁpfé_mﬁ;hihrmroved
electrophotographlc per f ormances he toner according to the invention and
a carrier nmay dentaebdeiithnthechhatéSénditbvé Oom@nberde artbPetsing a
concentration of 2 - 15 w. % preferably 4 - 13 25 wt. % whereby good
results are obtemtmct ochihirger) ysudheasaarckargiygprelrenbl yThave a

magneti zation at 1000 Cersted after nagnetic -37- saturation [err] of 30
- 300 emu/cnB, contadierchargingbay shown L80Figure, 2fwayhpyefquablyy image 3
formation. In excess of 300 [err] , there is a

5 be used in view of efficiency of uniform charging,
simplicity and a lower ozone—genérating
Characteristic._ The charging roller 2 comprises a
core metal Zb.and an electfoconductivefelastic layer
2a surrounding a periphery of the core metal 2b. The

10 charging roller 2 is pressed agéihst the
photosensitive member 1 at a prescribed pressufe
(preésing force) and rotated mating with the rotation
of the photosensitive member 1.

The charging step using the charging roller

15 may preferably be performed undér process conditions
including an applied pressure of the roller of 5 - 500
g/cm, an AC voltagé of 0.5 - 5 kVpp, an AC frequency
of 50 - 5 kHz and a DC voltage of 0.2 - 31.5 kV in
the cése qf applying AC voltage and DC voltage in

20 superposition; and an applied pressure of the roller
of 5 - 500 g/cm and a DC voltage of 0.2 - x1.5 kV in
the case of applying DC voltage.
| Other charging means may include those using
a charging blade or an electroconductive brush. 'These

25 contacf'charging means are effective in omitting a
high voltage or decreasing the occurrence of ozone.

The charging roller and charging blade each used as a



tendency that it is difficult to obtain high-quality 3 5 toner inmages.
Bel ow 30 emu/cm, carrier attachnment is liable to occur because of
decreased nagnetic constraint. Hereinbelow the inage form ng nethod
according to the present. invention will be explained 10 nore specifically
with reference to Figure 2. Referring tchfgure 2, an image formng :
apparatus principally includes a photosensitive nenber 1 as an

el ectrostatic inmage-bearing menber, a charging roller 2 as a charging

" nmeans, a developing device 4 15 conprising four developing units 4-1, 4-2,

4-3 and 4- 4, QpiddeIRAAN W Hay PR erably (GRS fle 'Qh! 67 7 as a

transfer neans, and a frxi'ng device 11 as a fixing neans. Four devel opers

conpri sing cya ddiicofiud@ivd GhiSbe Bad tntay ided11¢! @Smpy£sé o4 toner
particles, and bl ack toner particles, respectively, are incorporated in the

devel opi ng unidelehsing fiMn creyiRsisurface Athetst / OStind | feld@§eng s f or med
on the photosensitive nenber 1 and devel oped with the four 25 col or toner
particles by didavaaypicumpEised, e such anylomgpreted besign, devel opi ng
system or a non-nagneti c nonoconponent devel opi ng system whereby the
5 polyvinylidene fluoride (PVDF) or polyvinylidene
chloride (PVDC).

The toner image formed on the photosensitive
member is transferred to the intermediate transfer
ﬁember 5 to which a voltage (e.g., $0.1 - +5 kV) is

10 applied. It is also possible to transfer the toner
image on the.photosensitive member directly to a
transfer—receiéing mémber without via such an |
intermediate transfer member.

The intermediate'transfer member.5 comprises

15 a pipe—like electroconductive core metal 5b and a
medium resistance-elastic layer 5a (e.g., an elastic
rolier) surrounding a periphery of the core metal 5b.
The core metal 5b.can comprise a plastic pipe coated
by electroconductive plating. The'medium resistance-

20 elastic layer 5a may be a solid layer or a foaméd
material layer in which an eléctroconductivity-
imparting substance, such as carbon blaék, zinc oxide,
tin oxide or silicon carbide, is mixed and dispersed
in an elastic material, such as silicone rubber,

25 teflon rubber, chloroprene rubber, urethane rubber or

ethylene~propylene-diene terpolymer (EPDM), so as to

control an electric resistance or a volume resistivity

3



-38- respective toner inmages are forned on the photosensitive nmenber 1. The
phot oconductive nenber 1 conprises a support la and a photosensitive |ayer

| b thereon conprising a photoconductive insulating 5 substance, such as
a-Si, CdS, ZnQ2, OPC (organic photoconductor), and a-Si (anorphous
silicon). The photosensitive menber 1 ha 1_preferably conprise an a- S

phot osensitive | ayer or OPC photosensitive |ayer. The photosensitive nenber
1l is rotated in a direction 10 of an arrow by a drive nmeans (not. shown).
The organi c photosensitive |ayer may be conposed of a single |ayer '

compr i Sing a ChRrPSiedRiF Al SIS AL 208 PoBhar gt aangit i ng
e

subst ance or nay unction-separation type 15 photosensitive |ayer

conprising a GFEfcwrieiati®h 1 ayek0 asih aemharfite t{fNShREdi dgyer . The
function- separation type photosensitive |ayer nmay preferably conprise an

el ect r oconductt venSEgP Qidmber (5 ai el Pepedad | midénYelie PGS Etve
transport |l ayer 20 arranged in this order. The organic photosensitive |ayer

may pref er abl ynembeor i kesa thaideirt riess n saxis afop o yshwabohad tspesed,

pol yester resin or acrylic resin, because such a binder resin is effective
in inprovihg timregrabigl ivithnthat caihi the dhotesensitive anembar nbt 25
liable to.cause toner sticking onto the photosensitive nenber or filmng of

external addi t3%%ksis |in (gRNERGE ok th ke (Rhntosensikive Jramker nhy
The intermediate transfer member 5 is rotated in the
direction of an afrow (counterclockwise direction) at
a peripheral speed ;denticai to that of the
10 photosensitivé member 1.

The fespective color toner images are
successively intermediately transferred to the
-peripheral surface of the intermediate transfer member
5 by an elastic field formed by épplying a transfer

15 bias to a transfer nip region between the
photosensitive membef 1 and fhe intermediate transfer
membér 5 at the time of passing through the transfer
nip region.

After the intermediate transfer of the

20 respective toner image, the surface of the
intermediate transfer member 5 is cleaned, as desired,
by a cleaning means 10 which can be attached to or
detached from the imége forming apparafus. In case
where fhe toner image is placed on the intermediate

25 transfer member 5, the cleaning means 10 is detached
or released from the surface of the intermediate

transfer member 5 so as not to.disturb the toner



-39- be performed by using a corona charger which is not in contact with

t he photosensitive nenber 1 or by using a contact charger, such as a
charging roller. The contact charging as shown in Figure 2 may preferably 5
be used in view of efficiency of uniformcharging, sinplicity and a | ower
ozone-generating characteristic. The charging roller 2 conprises a core
nmetal 2b and an el ectroconductive el astit4 ayer 2a surrounding a periphery
of the core netal 2b. The 10 charging roller 2 is pressed agai nst the

phot osensitive nmenber 1 at a prescribed pressure (pressing force) and

rot at ed nating.m%%h the rotation of the photosensitive menber 1. The
charging step Tt %‘the charging roller 15 nmay preferably be perforned

der diti | | | | gd he f 5-
500 0/ b _an AC vol 1 age B GreheEer HediR | &6 Pt PACkERSrek BRI TES, 1 ana

~a DCvoltage of {gralshdedd difef 26k inB@PhyaNgtACe¥ohtage ABRLEE ¥O! tage

in 20 superposition; and an applied pressure of the roller of 5 - 500 g/cm
and a DC vol t age thateit]nhad dheagise(of apphyity &fsyeséagen O her

chargi ng nmeans may include those using a charging blade or an
el ect roconfuctpaeabiellwifiinetitat of the intermediate transfer member
5 and is in contact with the intermediate transfer
member 5. The transfer means.(roller) 7 is rotafed in
the direction of an arrow (clockWiseldirection) at a
peripheral speed identical to that of the intermediate
10 transfer member 5. The.transfer roller 7 may be
disposed so that it is directly in contact with the
intermediate trahsfer member 5 or in contact with the
intermediate transfer member 5 via a belt, etc. The
transfer roller 7 may comprise an electroconduéti#e
15 elastic layer 7a disposed on a peripheral surface of a
core metal 7b.-

The intermediate'tfansfer member 5 and the
transfer roller 7 may comprise known materials as
generally used. In the present invention, by setting

20 the volume resistivity of the elastic layer 5a of the
| intermediate transfer member 5 to be higher than that
.of the elastic layer 7b of the transfer roller, it is
possible to alleviate a voltage applied to the |
transfer roller 7. As a result, a good toner image is -
25 formed on the transfer-receiving material and the
transfer-receiving material is prevented from winding

about the intermediate transfer member 5. The elastic



25 contact charging neans are effective in omtting a high voltage or
decreasing the occurrence of ozone. The charging roller and charging bl ade
each used as a -40- contact charging means may preferably conprise an
el ectroconductive rubber and may optionally conprise a releasing filmon
.the surface thereof. The rel easing filnmnﬁg conprise, e.g.; a nylon-based
resin, 5 polyvinylidene fluoride (PVDF) o6r>pol yvinylidene chloride (PVDC
The toner imge forned on the photosensitive nenber is transferred to the
internedi ate transfer nmenber 5 to which a voltage (e.g., [err]) is 10

ied. 1t is. i ' |
appl i e | t |fﬁg%%g?gog§lg%§y£8t££ﬁ§§igﬁetQ?aﬁg?gi.hgﬁﬂgrog &&?thout via

phot osensi tive dire to a transfer-recelving nenber

such an internpgbabeabignihee HEUBEume TPEsiBLEVTRY ALC1E 395535 menber 5
conprises 15 a pipe-like electroconductive core netal 5b and a medi um

resi stance-el agimés! €8t &8 tReJelastiel aayee 78! berinsutraHBebRy a
peri phery of the core netal 5b. The core netal 5b can conprise a plastic

pi pe coated byreikerr®conductive plating. The mediumresistance- 20 .
el astic layer 5a may be a solid |ayer or a foaned material layer in which
an el ectrodonductivity-The intermediate transfer member 5 may
preferabiylcomprise an elastic layer 5a having a
hardness of 10 - 40 as measured by JIS K-6301. Oh the
.other hand, the transfer roller 7 may preferably
eomprise an elastic layer 7a having a hardness higher
10 than that of the elastic. layer 5a qf the intermediate
transfer member 5, nore preferably a hardness of 41 -
80 as measered by JIS K-6301 for preventing the
trangfer-receiving material from winding about the
intermediate transfer member 5. If the hardness of
15 the elastic layer 75 of the transfer roller 7 is lower
than that of the elastic layer 5a of the intermediate
transfer member 5, a concavity (or a recess) is formed
on the transfer roller side, thus being liable to
cause the winding of the transfer-receiving material
20 about the intermediate transfer member 5.

The transfer roller 7 may be rotated at the
same or different peripheral speed as that of the
intermediate transfer member 5. The transfer-
receiving material 6 is conveyed to a nip, between the

25 intermediate transfer member 5 and the transfer roller
| 7, at which a toner image on the ihtermediate transfer

member 5 is transferred to the_front surface of the



I mparting substance, such as carbon bl ack, zinc oxide, tin oxide or
carbide, is mxed and dispersed in an elastic material, such as sil

rubber, 25

tefl on rubber, chloroprene rubber, urethane rubber or

silicon
cone

et hyl ene- propyl ene-di ene terpolyner (EPDM), so as to control an electric
resi stance or a volume resistivity -41,,at a nmediumresistance le
[errJohmcm particularly [err]Johmcm Thé internediate transfer nenber 5
i s di sposed under the photosensitive nenber 1 so that it has an axis
shaft) disposed 5 in parallel with that of the photosensitive nenber

is in contact prahstOe-pPEELDGEA§I ha¥ErIBIVE! b¥- ap: kaﬂ%eane%ﬁése&ra

menber 5 is rotated in the direction of an arrow (coun

ercl ockw se

direction) at Bigerhakeng asperdritgnbppokite tbathat bke 10
phot osensitive nenber 1. The respective color toner inmages are successively
i nt er medi at el yttiboelecteiict ohahgepefi pher tbneunr paceielesheoi ther nedi at e
transfer nmenber 5 by an elastic field forned by applying a transfer 15

bias to a trantfanrsfep regien Bet ween the photosensitive nenber 1 and the
internedi ate transfer nmenber 5 at the tinme of passing through the transfer

nip region?

10

15

20

25

The transfer roller 7 may comprise materials
similar to those constituting the charging roller 2. .
The transfér step may be performed under conditidns
including a presspre of the transfer roller of 5 - 500
Q/cm and a DC voltage of 30.2 - #10 kV. More
specifically, the transfer rollef 7 may comprise a
core ﬁetal 7b and an electroconductive elastic layer _
7a comprising an elastic material having a volume
resistivity of 106 - 1010 phm.cm, such as polyurethane
or ethylene-propylene-diene terpolymer (EPDM)
containing an electroconductive substanée, such as
carbon, dispersed therein. A éertaih bias voltage
(e.g., preferahly-of +0.2 - +10 kV) is applied to the
core metal 7b by a constant-voltage supply.

The'transfer-receiving material 6 is then

.conveyed to the fixing device 11 comprising two

rollers'including_a heated roller enclosing a heating
member (e.g.; a halogen heater) and a pressure. roller
pressed against the heated roller at a prescribed
pressure. The toner image on the tfansfer-receiving
material 6 is passed between the heated roller and the
.pressure roller to fix the toner image on the

transfer-receiving material 6 under application of

vel of

(or a
1 and
nsfer



After the internediate transfer of the 20 respective toner inmage, the.
surface of the internediate transfer nmenber 5 is cleaned, as desired, by a
cl eani ng neans 10 which can be attached to or detached fromthe inmage
form ng apparatus. In case where the toner inmage is placed on the
internmedi ate 25 transfer nmenber 5, the gleaning means 10 is detached or
rel eased fromthe surface of the interne®Pate transfer menber 5 so as not
to disturb the toner -42- image. The transfer neans (e.g., a transfer
roller) 7 is disposed under the internediate transfer nmenber 5 so that it

h [ 1af ' j . I ith that of the
iﬁfe?gegﬁgfe(ﬁé%ﬁé%@$-%%%%%?B§§Sndﬁgsé}%fégn%gé?mﬁ%¥ha?ﬁg ﬁﬁternediate

f ; I | ST N, {he
i rocti on of Saroorie By CAPREy LGRSt 0 Fhe fobdx BRALETYTLE®, (i ca

to that of thfediiRréEdh af £1mOby t4 aed€er Menber 5. The transfer roller 7
may be di sposed so that it is d?rectly in contact with the internediate

transfer menber 5 or iAftenttté widmsfée 6Ot Ehaedbbde t6A8s EhagBgber 5 via
a belt, etc. The transfer roller 7 may conprise an el ectroconductive 15
el astic | &yerfdom dilsgobete omedi pke | phanstes unémiser 05 Bo the
transfer-receiving material 6, residual toner
particles on the transfer roller 7 may be cleaned by a
cleaning member, such as a fur-brush cleaner. 1In the
pfesent invention, a higher transfer efficiency
10 (traﬁsfer ratio) cén be attained by using the toner
particles having a shape factor SF-1 of 100 - 160
(preferably-loo - 150, partiCulérly 100 - 125), so
that a cleaning member can be omitted.
Examples of preparation of ester waxes
15 according to the present invention and comparative
ester waxes will now be described.
[Preparation of ester waxes (according to the present
invention)]
Each ester wéx was prepared in the following
20  manner.
Into a four-necked flask equipped with a
Dimroth reflux condehser‘and a Dean-Stark water
separator; 1740 wt. parts of benzene, 1300 wt. parts
of long-chain alkyl-carboxylic acid, 1200 wt. parts of
25 long-chain alkyl alcohol and 120 wt. parts of p-
toluenesulfuric acid were charged and sufficiently

stirred for dissolution. Then, the system was



core netal 7b. The internediate transfer nenber 5 and the transfer roller 7
may conprise known materials as generally used. In the present invention,
by setting 20 the volune resistivity of the elastic |ayer 5a of the
intermedi ate transfer nenber 5 to be higher than that of the elastic |ayer
7b of the transfer roller, it is possibl'g4 0 alleviate a voltage applied to
the transfer roller 7. As a result, a good toner image is 25 fornmed on
the transfer-receiving material and the transfer-receiving material is
prevented from w ndi ng about the internediate transfer nmenber 5. The

elastic  -43gubjueteadt8f 5t ABukB! 8EMRdELR 1hgAARCtnERTRE S5 My _
preferably have a volune resistivity at |least ten tines that of the elastic

layer 7b of thazéberepet 82ktEL14tidn by openingTll€ vialker GEdithlee transfer
menber 5 may preferably conprise an elastic |ayer 5a having a hardness of

10 - 40 as neasated bgpdrSttr630Aft&r the dtisedlhatdontheher aosftentrol ler 7
may preferably conprise an elastic |ayer 7a having a hardness hi gher 10
than that of the shasflsskayes suffficipotiy wasbédawd thr sodiam nenber 5,
nor e preferablﬁ a hardness of 41 - 80 as neasured by JIS K‘6301.f0[
prevent|n95the ydrogen carbonate and dried, followed by dlstllllng

off of the benzene. The resultant product was

recrystallized, washed and purifiéd to obtain an ester

wax.

Various types of waxes (Ester waxes (A) -

10 (H)) were prepared by changing the species of and
‘-relative amounts among the long-chain alkyl-carboxylic
acid components and the long-chain alkyl alcohol
components, respectively, while retaining the total
amounts of the carbokylic acid and the alcohol,

15 respectively, at constant. The long-chain alkyl-
carboxilic acid componénts and the long-chain alkyl
a;cohol componénts used are shown below, and several
properties of the resultant ester waxes are ihdicated
in Table '1 appeéring hereinafter wherein the ester

20 compounds contained are represented by their total
number of carbon.atoms; Ester wax (A), for example,

provided a gas chromatogram as shown in Figure 4.

Long-chain alkyl-carboxylic acid components

palmitic acid C16H3202
25 stearic acid _ Cy18H3602
arachidic acid C20H4002

behenic acid ] C22H4002

i



transfer-receiving material from w nding about the internedi ate transfer
menber 5. |If the hardness of 15 the elastic |layer 7a of the transfer roller
7 is lower than that of the elastic |ayer 5a of the internediate transfer
menber 5, a concavity (or a recess) is forned on the transfer roller side,
thus being liable to cause the mﬁnding(y4¢pe transfer-receiving materi al
20 about the internediate transfer nenber 5. The transfer roller 7 may be
rotated at the same or different peripheral speed as that of the .

i ntermedi ate transfer nenber 5. The transfer- receiving material 6 is

conveyed to a nip;ibelorMedd Reidd | Lej j.ate transfer menber 5 and the
g Sher SRR

transfer roller 7, a which a toner the internedi ate transfer

menber 5 is tLong-ehadé h@.)’_cﬂeaflrcﬁlﬁols'd:@ﬁ;éﬁté he - 44- :
transfer-receiving material 6 by applying a transfer bias having a polarity
opposite to that phlimitiydelasdeiohod Ccltye@y,& the toner particles to the
transfer roller 7. 5 The transfer roller 7 may conprise nmaterials
simlar to those stesrylualephdle clfqgdiza® roller 2. The transfer step may
be perforned under conditions including a pressure of the transfer roller

of 5 - 500 g/ cm aRr&ashidigoalsghaods 420 Mor e
| behenyl alcohol  Cy,HugO

[Preparation of comparative ester waxes]

Comparative Ester wax (a
- Coﬁparative Ester wax (aj was prepared
10 similarly as above_but.by éhanging the compositions of
the long-chain alkyl-carboxylic acid components and
the long-chain alkyl alcohol components (generally by
reduging_the amount of behenic acid and behenyi
alcohol) so that the ester compounds having any number
15 of total carbon atoms occupied below 50 wt. % of the
resultant ester:wax.
Comparative Ester wax (b)
Comparative Ester wax (b).was prepared
similarly as above except for using behenic acid as
20 the sole acid component and behenyl alcohol as the
sole alcohol component. '
-The broperties and compositions of Ester
.waxes (a) and (b) and contents of ester compounds
contained are shown in Table 2. |

25
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10 specifically, the transfer roller 7 may conprise a core netal 7b and an
el ectroconductive elastic |layer 7a conprising an elastic material having a
vol une resistivity of [err] ohmcm such as pol yurethane or

et hyl ene- propyl ene-di ene terpolyner (EPDM 15 containing an

el ectroconducti ve substance, such as caLQ n, dispersed therein. A certain
bi as voltage (e.g., preferably of [err]) 'S applied to the core netal 7b by
a constant-vol.tage supply. The transfer-receiving material 6 is then 20
conveyed to the fixing device 11 conprising two rollers including a heated
roller enclosing a heating nenber (e.g., a halogen heater) and a pressure
roller pressed against the heated roller at a prescribed pressure. The
toner inmage on[tThe trjanst er-recervimg 25 marertar—6 i s passed between the
heated roller pgl thq ppesgurerableg tefig tge' tloner inmage on the
transfer-receijinhg teri a® 6<undar §ppﬁ§cati0ﬂ of -45- heat and
pressure. The fTXTNg |Step may al so be performed—by appl ying heat to the
toner inmage by| ghe nqdi@mgf &figm By @ hepte. Akfter the transfer of the
color toner inpges 5 |f rém Phevt nt'er medi & e ‘0ravsfegr nmenber 5 to the

t ransf er - r ecei prng—gtert+atr—6—tresttual—toner
. 10} .

o™ N
. .
- —

1.1

-
.
-

e o) wn b N
L2 L] . .
L o - L L

Dhl&hg

peint
(°C)
73.8
73.2
65.7
74.5
69.8
74.7
69.1
70.1

Other
1.0
1.1
2.3
1.8
2.5

0.3
1.9
2.4

c46’
1.5
2.2
0.5
0.3

Table 1
(wt.%)

C44
60.0
52.0
-0
75.0

0
80.0

0

0

c42
21.0
27,0
0
16.4
0.7
12.9
1.1
1.9

1.4

C38
5.5
3.9 '
5.9
0.3
21.0
24,7
19.6

c36
0
0

51.0
0
9.0
0

14.4
6.0

c34
0
0
29.1
0
2.5
1.9
0.1

C32
1.3

For examplé, C44 represents ester compounds respectively having totally 44 carbon atoms

0

0
10.0

0

Contents of ester compounds
Cc40
11.0
13.8
1.7
6.0
63.0
5.1
56,0
70.0
* Ester.cou@ounds contained are represented by the number of total carbon atoms.

Ester

wax
@)
(B)
(C)
(D)
(E)
(F)
(e)}
(H)




particles on the transfer roller 7 may be cl eaned by a cl eani ng nenber,
such as a fur-brush cleaner. In the present invention, a higher transfer
efficiency 10 (transfer ratio) can be attained by using the toner particles
havi ng- a shape factor SF-1 of 100 - 160 (preferably 100 - 150, particularly
100 - 125), so that a cleaning nmenber can be omtted. Exanples of
preparation of ester waxes 15 accordi ng4% the present invention and
conparative ester waxes will now be described. [Preparation of ester waxes
(according to the present invention)] Each ester wax was prepared in the
~following 20 manner. Into afour-necked flask equipped with a Dinroth
reflux condenser and a Deap-Stark water separator, 1740 wt. parts of
benzene, 1300 wt. parts of Ebng-chagn alkyl carboxylic acid, 1200 wt. parts
of 25 long-chain al kyl alc arts of p- toluenesulfuric acid
were charged and sufficienc%g stifrred fpr dissolution. Then, the system was
-46- subjected to 5 hours pfErefljux@g and §hen to azeotropic distillation
by opening a valve of the hater sleparator. JAfter the distillation, the
cont ent
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in the flask was sufficiently washed with sodium5 hydrogen carbonate and
dried, followed by distilling- off of the benzene. The resultant product

was recrystallized, washed and purified to obtain an ester wax. Various
types of waxes (Ester waxes (A) - 10 (H)) were prepared by changing the
species of and relative anounts anong ths | ong-chai n al kyl -car boxylic acid
conponents and the | ong-chain al kyl alco or conponents, respectively, while
retaining the total anounts of the carboxylic acid and the al cohol, 15
respectively, at constant. The |ong-chain al kyl- carboxylic acid conponents

and the Iong-ﬁgghglgIEyI al cohol conponents used are shown bel ow, and
several prope he resultant ester waxes are indicated in Table 1

appearing hereinafter gb@?ghntgggre?gga 28 tﬁggpg*gﬁélgogggined are
represented by their total nunber of carbon atons. ster wax (A), for

exanpl e, provpgegaredasnChheMEboybAingSmahawR.i n Figure 4. Long-chain _
al kyl - carboxylic acid conponents palmtic acid Cl6H3202 25 stearic
acid . C18H3602 ar anhbdiac2atiiter-fpatr hekkeanift aski dquippederr] -47-
5 with a high-speed stirring device ("TK homomixer",
mfd. by.Tokushu Kika Kogyo K.K.), 710 wt. parts of
deionized water and 450 wt. parts of 0.1M-Na3PO4 were
added. The mixture was stirred at 12000 rpm and
warmed at 65 °C. Further, 68 wt. parts of 1.0M-CaCl,
10 aquedus solufion was added thereto to form an aqueous
dispersion medium containing Ca3(PO4); (fine

dispersion stabilizer with little water-solubility).

Styrene : 165 wt. parts
n-Butyl acrylate ' 35 wt. parts
15 Cyan colorant 14 wt. parts

(C.I. Pigment Blue 15:3)

Polar resin ' 10 wt..parts
(saturated polyester (terephthalic
acid/p:opylene oxide—mbdified

20 bisphenol A, acid value = 15,

‘peak molecular weight (GPC) = 6000))

Charge control agent . _ 2 wt. parts
(mefal-containing dialkyl salicylic |
acid compound) |

25 ' Ester wax (A) | 60 wf. parts
The above ingredients were dispersed for 3

hours by an attritor. Into the mixture, 10 wt. parts



| i gnoceric acid [err] Long-chain al kyl al cohol conpaonents pal mtyl

al cohol [err] stearyl alcohol [err] 5 arachi di c al cohol [err] behenyl
al cohol” [err] [Preparation of conparative ester waxes] Conparative Ester
wax (a) Conparative Ester wax (a) was prepared 10 sinilarly as above but
by changi ng the conpositions of the |ong-chain al kyl-carboxylic acid
conponents and the | ong-chain al kyl al coltdt™ conponents (general ly by
reduci ng the amount of behenic acid and behenyl al cohol) so that the ester
conpounds havi ng any nunber 15 of total carbon atons occupi ed bel ow 50 w .

% of the. resulfan fs_tﬁn?#g%q @-%%ﬁ@ﬁ&éf&q%f@ Conparative Ester

- wax (b) was prepared si %’as above ‘excep or usinhg behenic acid as 20
the sole acid 665%?55¥E25¥Ebﬁm¥51§4 EﬁfPhﬁésa§d§Q§,3&%@f€%§°§0|'Conponent-
- The properties and conpositions o %Ster waxes (a) an and contents of
ester conpoundso Gk @i Zh A Mforfdiw ddnpei€ich wes prepared. The
polymerizable'monqmer composition was added into the
5 above aqueous dispersion medium and stirred at 12000
rpm for 15 minutes by the high-speed stirring device
to dispérse the polymerizable monomer composition into
particles. The mixture was maintained at 60 °C and
étirred at 206 rpm for 10 hours by a propeller blade
10 stirring device to complete polymerization. After the
polymerization, the resultant slurry was cooled,
.followed by addition of di}ute hydrochloric acid to
remove the dispersion stabilizer, washing and drying
to recover electricall&.insulatihg-cyan toner
15 | particles having a voiume resistivity (Rv) of at least
| 1014 ohm.cm, a weight—average particle size (Dw) of 6
pm, a number-basis particle size variation coeffiéient
(A) of 23 %, and an SF-1 of 115.
The cyan toner particles were subjected to
20 observation of cross-section thereof through a
transmission electron microscope (TEM). The cross-
Section of the cyan toner particles showed a cdre-
shell structure (as schematicélly illustrated in
Figure 1) in which the ester wax B was covered with an
25 outer resin A (wéight-average molecular weight (Mw) of
61,000 and number-average molecular weight (Mn) of |
14,500).



-48-

exanpl e was prepared in the followng manner. Into a 2 liter-four necked
flask equi pped 5 with a high-speed stirring device ("TK hononi xer", nfd. by
Tokushu Ki ka Kogyo K K. ), 710 w. parts of deionized water and 450 wt.

parts of [err] were added. The m xture
at 65 [err].

[err]

-49- [err] -50- . Exanple 1 A cyan toner used in this

di spersion stabilizer with little water-solubility). Styrene

165 wt. partsgkﬁﬁﬂ,_ls acrylgate 35 wt. parts 15

Cyan col or ant

Pol ar

resin

10

15

20

25

14 wt.. parts (C. 1. Pignent Blue 15:3)"

Electrically inguMtiMp¥éllow toner (Example
2), magenta toner (Examplée 3) and black toner (Example
5) were prepared in fhe same manner as in Example 1
éxcept for changing the colorant to C.I; Pigment
Yellow 17, C.I. Pigment Red 202 and graft carbon
black, respectively.

Several properfies of the toners prepared in
ﬁxémples 1 -.4 are shown in Table 3. appearing
hereinafter. | |
Comparative Examples 1 - 4.
| Four color toners of cyan, yellow, magenta
and Qlack were prepared in the same manher as in
Examples 1 - 4 except for using paraffin wax (Mw =
550) insteéd of Ester wax (A). Properties of these
comparative toners are shown in Table 4 below.

Comparétive Examples 5 - 8

Four color toners of cyan, yellow, magenta

and black were prepared in the same manner as in

Examples 1 - 4 except for using polyethylene wax (Mw =
1000) instead of Ester wax (A). Properties of these
comparafiVe toners are shown in Table 5 below.
Comparative Examples 9 - 12

Four color toners of cyan, yellow, magenta
and black were prepared in the same manner as in
Examples 1 - 4 except for using polypropylene wax (Mw

= 1100) instead of Ester wax (A). Properties of these

stirred at 12000 rpm and war ned
Further, 68 w. parts of 1. Cad 2 10 aqueous sol ution was
added thereto to form an aqueous di spersion nmediumcontaining [err] (fine



(saturated polyester (terephthalic acid/propyl ene oxide-nodified 20
bi sphenol A, acid value = 15, peak nol ecul ar weight (GPC) = 6000)) Charge

control agent 2 wt. parts (netal -containing dial kyl
salicylic acid conmpound) 25 Ester wax (A) ' 60
wt. parts The above ingredients were disppjysed for 3 hours by an attritor.
Into the mxture, 10 wt. parts -51- of '

2,2' -azobis(2,4-dinmethylvaleronitrile) (polynerization initiator) was
radded, whereby a pol yneri zabl e nonomer conposition was prepared. The

. pol yneri zabl e donpyEit BATRUHdD AR SRAHE G abide6 Delsye aqueous
di spersion nediumand stirred at 12000 rpm for 15 m nutes by the high-speed

stirring devi cCogparitsipnas Exdnyel 30| d3rey i bl e nononmer conposition into

particles. The m xture was nmintained at 60 [err] and stirred at .200 rpm
for 10 hours by a propdidur dalaie tiherst ioff iogxpnleweld aw, omagenta

pol yneri zation. After the polynerization, the resultant slurry was cool ed,
fol | oned by adid iRkpel¥ were tRreparest Hitbrihe KINE (RANNSIH\AS t¥R di spersion -

stabilizer, washing and drying to recover electrically insulating_%xan
t oner 5 Examples 1 - 4 except for replacing Ester wax (A) wit

montan ester wax ("Montan Ester Wax_E“, mfd. by
‘Hoechst A.G.) principally comprising ester compounds
represented by the formula of R3-COO(CH,~CH,),, OOCRy4
wherein R3 and R4 independently denote.linear alkyl
10 having 19 - 29 carbon atoms and n denotes an integer.
Properties of these comparative toners are.shown in

Table 7 beiow.

15

20

25




15 particles having a volune resistivity (Rv) of at |east ohmcm a
wei ght - average particle size (Dw) of 6 pm a nunber-basis particle size
variation coefficient (A) of 23 % and an SF-1 of 115. The cyan toner
particles were subjected to 20 observation of cross-section thereof
through a transm ssion el ectron mcroscope (TEM. The cross- section of the
cyan toner particles showed a core- shePB-structure (as schematically
illustrated in Figure 1) in which the ester wax B was covered with an 25
outer resin A (weight-average nol ecul'ar weight (My) of 61,000 and
nunber - aver age nol ecul ar wei ght (nh) of 14, 500). -52- Exanples 2 - 4

El ectrically insulating yell ow toner (Exanple 2), nagenta toner (Exanple 3)
and bl ack toner (Exanple 5) were prepared in the sanme manner as in Exanple
1 5 except for changing the colorant to C.I. Pignment Yellow 17, C I.

Pigment Red 202 and graft carbon black, respectively. Several properties of
the toners prepared injExanpl e % &« 4 age shgwn ig Tabl g 3 appearing 10
hereinafter. Conparatiye Exanpfes 9,- 4 & <L
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Four col or toners of cyan, yellow, nagenta and bl ack were prepared in the
same manner as in Exanples 1 - 4 except for using paraffin wax (Mv = 15
550) instead of Ester wax (A). Properties of these conparative toners are
shown in Table 4 bel ow. Conparative Exanples 5 - 8 Four col or toners of
cyan, yellow, nmagenta and bl ack were pr egar ed in the sane manner as in 20
Exanples 1 - 4 except for using pol yet hyP8ne wax (Mv = 1000) instead of
Ester wax (A). Properties of these conparative toners are shown in Table 5
-bel ow. Conparative Exanples 9 - 12 Four col or toners of cyan, yell ow,
magenta 25 and bl ack were prepared.in the sane manner as in Exanples 1 - 4
except f.or using pol ypropyl ene wax (Mv = 1100) instead of Ester wax (A).
‘Properties of these -53- conmparative toners are shown in Table 6 bel ow
Conparative Exanples 13 -_16 Four color toners of cyan. yellow, nagenta and

bl ack were prepared in the sane nger ag, in g Exagpl es 1t - 4 except for
replacing Ester wax (A) with noatgn—ester wax—~"Ma#atan Esger Wax E', nfd.
by Hoechst A .G ) principa IEy coﬁprl s8ng Ster orrpo%nds riepresented by the
fornula of [err] o~ A
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A

29
[err]

-55-

10 having 19 -
Properties of these conparative

[err]

-54-

wherein R3 and R4 independently denote |inear alkyl
carbon atons and n denotes an integer.
toners are shown in Table 7 below. 15 20 25

-56-

[err]

-57-

[err]

-56—
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-58- [err] -59- ‘Conparative Exanple 17 A cyan toner was prepared in the
sanme manner as in Exanple 1 except for changing the addition anpbunt of
Ester wax (A) to 4 wt. parts. The resultant 5 cyan toner contained 1.9 wt.
parts of Ester wax (A) per 100 wt. parts of the binder resin. Conparative
Exanpl e 18 A cyan toner was prepared in the sane manner. as in Exanple 1
except for changing the addition 10 anp®@ht of Ester wax (A) to 110 wt.
parts. The resultant cyan toner contained 52 wt. parts of Ester wax (A) per
100 wt. parts of the binder resin. Conparative Exanple 19 A cyan toner was
prepared in the sane manner 15 as in Exanple 1 except for using Conparative
Ester wax (a) in place of Ester wax (A). Conparative Exanple 20 A cyan
toner was prepared in the sane manner as in Exanple 1 except for using
Conpar ative Ester wax 20 (b) in place of Ester wax (A).
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Exanpl e 5 Each of the cyan toner, yellow toner, magenta toner and bl ack
toner was externally blended with 2 wt. % of hydrophobic titani um oxide
fine particles to 25 provide four color toners having an inproved
flowability. Further, each of the four color toners thus obtained in an
anount of 6 wt. parts was bl ended -60- with 94 wt. parts of resin-coated
magnetic ferrite carrier having an averadgd-particle size of 50 pmto
prepare four two-conponent type col or devel opers. The thus-prepared four
col or devel opers were 5 charged in devel opi ng devices 4-1, 4-2, 4-3 and
4-4, respectively, of an image form ng apparatus having a sectional view as -
shown in Figure 2 and including an internediate transfer nenber 5.
Referring to Figure 2, a photosensitive 10 nenber 1 conprising a support

| a and a photosensitive |ayer | b disposed thereon containing an organic
phot osem conductor was rotated in.the direction of an arrow and charged so

as to have a surface potentt+at—gtabott—=600—V-by—a—<chargtng roller 2
(conprising an 15 el ¢ctrqconddtijve Bl astFc | ayer 2§ and g core metal 2b).
An el ectrostatic inmage haw ng %tht fexpggureR partgpotential of -100 V
and a dark part potentfial of < Al P At Al
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-600 V was fornmed on the photosensitive nenber 1 by exposing the

phot osensitive nenber 1 to light-inage 3 20 by using an i nage exposure
nmeans effecting ON and OFF based on digital image information through a
pol ygonal mrror. The electrostatic inmage was devel oped with yell ow toner
particles, magenta toner particles, cyan toner particles or black toner
particles contained in 25 plural developT%%runits 4-1 to 4-4 by using
reversal devel opnment to form color toner inages on the photosensitive
menber 1. Each of the col or toner -61- imges was transferred to an

i nternmedi ate tr, £ &y éngyising an elastic layer 5a and a core
netal 5b as a - n a superposed four-color inage.

Resi dual toner particles qu.d.he |41 1 er_the
transfer are recovered bngy c{ea‘%}égpg%ngnggfé%é%/%d be' cont a?%ﬁ%_ TR esi dual
toner contai nerad.inlMBsfand 182N WP £ é}ﬁaﬂi_{ﬁ#}rfﬁéﬂ afe popr! e bias
roller or by not using the cleaning nenber w t'hout causing a problemsince
10 spher e- shapethdunteroH Etiend afaxiSEX) ittb tavl gsePts | NVERL | AP EYhEles a
hi gher transfer efficiency than irregul ar-shaped toner particles. The -

i nt er medi at @ t rcreasf dronwnirentaimesl flarded bypan YohEsStepaiangA)j quid for

.the elastic |layer 5a
per 100 wt. parts of the binder resin.

Comgarative Example 18

A cyan toner was prepared in the same manner
as in Example 1 except for changing-the addition
10 amount'of Ester wax (A) to 110 wt. parts. The
resultant cyan toner contained 52 wt. parts of Ester
wax (A) per 100 wt. parts of -the binder resin.
Comparative Example 19
A cyan toner was prepared'in the same manner
15 as in Example 1 except for using Comparative Ester wax
(a) in place of Ester wax (A).
Comparative Example 20
' ‘A cyan toner was prepared in the same manner
‘as in Example 1 except for using Comparative Ester wax
20 (b) in place of Ester ﬁax (A)..'
.Example 5
Each of the cyan toner, yéllow toner, magenta '
toner ahd black toner was externally blended with 2
wt. % of hydrophobic titanium oxide fine particles to
25 provide fpur color toners having an improved
. flowability. Further;'each of the four color toners

thus obtained in an amount of 6 wt. parts was blended



15 conprising carbon black (as an el ectroconductivity- inparting material)
sufficiently dispersed in acrylonitrile-butadi ene rubber (NBR) onto a
pi pe-like core netal 5b. The elastic |layer 5a of the intermediate transfer

menber 5 showed a hardness of 30 20 degrees as-neasured by JIS K-6301 and a

vol une resistivity (Rv) of [err] ohn1cn1_€€§ transfer fromthe

phot osensitive nenber 1 to the internedia transfer nmenber 5 was perforned
by applying a voltage of +500 V froma power supply to the core netal 5b to
provi de a 25 necessary transfer current of about 5 [err]. The superposed

four-color | Mgpriess then saAEs! o I FsiR-Godt8AShagndPrE! ¥Lppsgaterial 6 by

-62- using a transfer roll'er 7 having a di aneter e transfer

roller 7 was fO4FEfePYnAPPhY 88 AvEPadé Naltibid £PsetHE Sbaghi €0l ayer 7a
conprising carbon (as an el ectroconductivity-inparting material)

sufficiently dboB@edtedfour atweeddmbeidiyt ChHEpdr OPYOENGevel SPErs er pol yner
(EPDM) onto a 10 mmdia.-core netal 7b. The elastic |ayer 7a of the

transfer roller 7 showtha thushpsspafedStoeyr eebonsdevaboperds byedéS K- 6301
and a volune resistivity of [err] ohmcm The transfer fromthe
i ntermedi afe tekarged imrdrveboring idevicesférls ete?yifrg3nandréad, 6 was

performed by . . . _
respectively, of an image forming apparatus having a

sectional view as shown in Figure 2 and including-an
iﬁtermediate transfer member 5.
| Referring to Figure 2, a photosensitive -

10 membér 1 comp:ising a support la and a photosensitive
layer 1lb disposed thereon containing.an organic
photosemiconductor was rotated in the direction of an
arrow and chafged so as to have a surface potential of
about -600 V bf_aacharging roller 2 (comprising an

15 electroconductive elastic layer 2a and a core metal
2b). An electrostatic image having a light (exposure)
part potential of -100 V and a dark part potential of
-600 V was formed on the photosensitive member 1 by
exposing the photosensitive.mémber i to 1ight—image 3

_20 | by using an image éxposure means effecting ON and OFF
based on digital image information through a polygonal
mirror. The electrostatic image was developed with
yellow toner partiqlés, magenta toner particles, cyan
tonér particles or black toner particlés contained in

25 plural developing units 4-1 to 4-4 by uéing reversal
development to form color toner images on the |

photosensitive member 1. Each of the color toner



applying a voltage to the transfer roller 7 to provide a transfer current
of 15 [err]. Thus, the respective color toner imges were forned by the
respective col or devel opers contained in the respective developing units
(4-1 to 4-4) under the above-described conditions. The respective col or
~toners showed triboelectric charges of ;g§_to -18 [err]. The respective
toner images formed on the photosensitive nmenber 1 were successively
transferred to an intermediate transfer nmenber 5 and further transferred to
a transfer-receiving material 6 (plain paper having a basis weight of 199
g/ n2) to formimagepewpssedahsfierealiotot aneinteenedeateherbhatfiaker -
receiving material 6. After each of the above transfer of the color toner

i mges from t hember- 63{ compeistdgate elastier lageivebaSand theoteansfer -
receiving material 6, the surface of the internedi ate transfer nenber 5 was
successi vel y spéahe8bbgsaackunnpry)ntabéermotheneonr anstiperpdsedper posed
four- 5 color toner inmage was subjected to heat fixation by using a fixing
neans 10 util| EPRRAGCAPPFi éBREBn oReRdguadngoprEsRarsicitgsnons thge t hus

formed four color toner .
5 photosensitive member 1 after the transfer are

recovered by a cleaning member 8 to be contained in a
residual toner container 9. This_cleaning step can be
performed by a simple bias roller or by not using the
cleaning member without causing a problem since
10 sphere-shaped toner particles uséd in the present
invention brovides a higher transfer efficiéncy than
“irregular—shaped toner particles.
i .The intermediate transfer member 5 was formed
by applying a coating liquid for the elastic layer 5a
15 comprising carbon black (as an electroconductivity-
imparting material) sufficiently dispersed in
acfylonitrile—butadiene rubber (NBR) onto a pipe-like
core metal 5b. The elastic layer 5a of the
intermediate transfer member.5 showed a hardness of 30
20 degrees as measured'by_JIS K-6301 and a volume |
resistivity (Rv) of 10g ohm.cm. The transfer from the
photosensitive member 1 to the intermediate transfer
member 5 was performed by applying a voltage of +500 V
from a power supply to the core metal 5b to provide a
25 . necessary transfer current of about 5 pA.'
The superposed foﬁr—color image was then

tranSferréd to a transfer-receiving material 6 by



i mages showed a high transfer efficiency including a 10_LL§H§1§E_IEEIJ%£;E?
(fromthe photosensitive nenber to the inage transfer nenber) of 95 - ()
a transfer ratio (T2) (fromthe internediate transfer nmeli3Sheet BasiBaG R,

transfer-receiving material) of 99 % and an overall trang '

eplaced
(Toverall) (fromthe 15 photosensitive rrg_rgtie_r to the tran ,mmumm
material through the internedi ate transfer “nenber) of 94.1- , e

resultant toner inmage was al so excellent in color-mxing characteristic and
was a high quality imge free fromhollow transfer failure. 20 Further,

when doubl e-si q@ihgaget&%g%&%o\i@ggpeyr haiRd, ARG e ¥Ee R @l Of f set

phenonenon on both sides of a transfer-receiving material was not observed.

Wien a copyi ngTheskrahsFer09@13a9ets wadurditindd byt apph My Re'doateg an

i-mage density of 25 " the resultant inmage was not changed between at an
initial stage aaduatit €ort khedenabithict §ayest 7andomprdisisly Serb@drotay t he
respective nenbers of the inage -64- form ng apparatus was not caused.
Exanpl e 6 Four anwelectpocenducytisity-dmpaetdngpaatefrdalidagneti ¢ brush
devel opnment were prepared by using the 5 cyan toner, yellow toner, nagenta
toner and B ackufficiently dispersed in a foamed ethylene-propylene-
diene terpolymer (EPDM) onto a 10 mm dia.-core metal
7b. The electrostatic image 7a of the transfer roller
7 showed a hardness of;35 degrees as measured by JIS
K-6301 and a volume resistivity of 106 ohm.cm. The
10 transfer from the intermediate transfer member 5 to
the transfer-receiving material 6 was performed by
applying a voltage to the transfer roller 7 to provide -
a transfer current of 15 pA.
Thus, the respective color toner images were
15 formed by the respective color developers contained in
the respectire'developing units (4-1 to 4-4) under the
above-described conditions. The respective color
toners showed triboelectric charges of -15 to -18.
ne/g. |
20 The respective toner images formed on the
photosensitive member 1 were succeséively transferred
to an intermediate transfer member 5 and further
transferred to a transfer-receiving material 6 (plain |
paper having a basis weight of 199 g/mzj to form a
25 superposed four-color toner image 6n the transfer-

receiving material 6. After each of the above

transfer of the color toner images from the



toner prepared in Exanples 1 - 4, respectively, in the same nmanner as in
Exanpl e 5, and charged and used in devel oping devices of a digital

full -col or copying nachine ("CLC 500", nfd. by Canon K K) to forminmages
10 on plain paper and an OHP film according to nonochromatic nodes and a
full color node to evaluate the fixability, anti-offset characteristic,
col or mixing tenperature range, and transégrency (clarity) of the toners.
The itens were respectively evaluated 15 in the fol |l owing manner. 1)
Fixability, Anti-offset characteristic and Col or- mxing range: The

devel oper was meérméafaﬁérmﬁéﬁééééyméﬂﬁé?kaﬁ'EoCPHé%réhs?%fa"CLC' 500" by

Canon) to form 20 vyet-unfixed i mges e toner was a ck toner, the

unfi xed toner reegEsingrRatebisrTted trefsxpthios by @Hee¥ﬁ€éPﬁédQQEer°||er
fixing device equipped with no oil applicator, thereby evaluating the

fixability andt2dnsfer -méfiset Shadsciectessivelyt BPe4ne@ by & the toner was
a color toner for providing nonochromatic or full-color inmages, the unfixed
i mges - 65-Ccleaning bhenbed 10. f|?he|twaﬂgfenreatsmﬁefpbgédrﬁbhe# fixing
device eqUIéapegoJ\.%:}' htc?r?eglimggpglvlzacsatggbjgéted to heat fixation by
u51ng a f1x1ng means 10 utilizing application of heat
and pressure.
Each 6f the thus formed four color toner
images showed a high transfer efficiency including a
10 transfer ratib (Tl) (from the photosensitive member to
the image transfer member) of 95 - 98 %, a trénsfer
ratio (TZ).(from the intermediate transfer member.to
the transfer-receiving material) of 99 %, and an
overall transfer ratio (Toverall) (from the
15 - photosensitive member to the transfer-receiving
material through the intermediate transfer member) of
94.1 - 97.0 %. The resultant toner image was.also
excellent in color-mixing characteristic and was a
high quality image'free from hollow transfer failure.
20 Further, when double-side image formation was
performed, an occﬁrrenéé of an.offset phenomenon on
both sides of a transfer-receiving material was not
observed. When a'copying_test of 50,000 sheets
(durabiiitf test) was performed, an image density of
25 the resultant image was nét changed between at an

initial stage and after the dutability test and toner

sticking onto the respective members of the image



fixation by the fixing device of the commercially available full-color
copier ("CLC-5000" available from5 Canon K K) while applying a snal
‘amount of oil (e.g., 0.02 g/Ad4-size) onto a fixing roller, thereby
evaluating the fixability, anti-offset characteristic and col or-m xi ng
range and al so obtaining a fixed toner ip@g@ for evaluation of the
transparency. 10 ~ The fixing rolTers had surface |ayers of a
fluorine-containing resin. The hot roller fixing device had a |ower roller
and an upper roller each having a roller dianmeter of ca. 60 nmand surfaced

with fluorine gialdidipdEasis wad¥ ddti dugaddi tions 15 included a nip of
- 6.5 mMm and a process speed of 105 mmsec for fixation on plain paper (e.g.,

"SK paper, nf xdipid gon Seishi K K), and a nip of 6.5 nmand a process
speed of 25 nmisec for fixation on an OHP sheet (e.g., "CG&200", nfd. by 3M
Co.). The fixation 20 tRmir ctwdtconpenenipapese Veslperdevabopenst her
tenperature range of 80 - 230 [err] under tenperature control while

changi ng t he magreticrirush developmant wiéreé prepiredchy ddbtngi&lei on test
on the OHP-filmwas perfornmed at a constant tenperature of 150 [err]. 25
The fixabi Pi t \C¥RE QR Lat¥RLISW iR hg RAFeNR| toprY andigelack a sense of

I ncl udi ng an image having caused | owtenperature offset) with a |l ens
tonier prepared in Examples 1 - 4, respectively, in the

same manner as in Example 5, and charged and used in
developing devices of a digital full-color copying
machine ("CLC-500", mfd. by Canon K.K.) to form images
10 on plain paper and an OHP film.aécording to
monochromatic modes and a full color mode to evaluate
the fixability, anti-offset characteristic, color
mixing temperature range, and fransparency {clarity)
of thé toners. _The items were reséectively evaluated
15 in the following manner.
1) Fixability, Anti—offset_Characteristic_and Coloxr-
mixing range: |

The developer was used in a commercially

available copier (i.e., "CLC-500" by Canon) to form
20 yet-unfixed images.

I1f the toner was a black toner, the unfixed
toner imageé were subjected to fixation by an external
hot rbller fixing device equipped with no oil
applicator, thereby evaluating the fixability and

25 anti-offset characteristic of the toner.
If the tone;'was a color toner for providing

monochromatic or full-color images, the unfixed images



-66- cl eani ng paper ("Dasper (R ",

| oad of 50 g/cm, and the fixability was evaluated in terms of a fi«xi

initiation tenperature TFI

the 5 image after the rubbing was bel ow 10 % The anti-of fset
characteristic was evaluated in terns a |§)§EI’ limt tenperature (I ower
wh

offset initiation tenperature) at or abov

and a hi gher

at or bel ow which of fset was unobservabl e,

mages. obt ai neloTh TEIRECRanCarTLErtPes Bh by Suhondo ofat PoalE., ' (7]

| mges obtained In regi o y

nfd. by Ozu Paper, Co., 2 Ltd.) at -a

ng

[err] at or above which the density decrease of

ich of fset was unobservabl e

limt tenperature (higher 10 offset term nating .tenperature)

ndy gl oss checker

respectively by eye observation.

("I G

310", nfd. by Hegikg SeLsakue§qifpla) wabd R¥abuat SSF!LEJ_cE;%E‘} gt the range

between the lower |imt tenperature and the higher

Imt tenperature,

wherei n the gl psgatvdbhebypathd Pixbhgheévid@ 3f thaneemmepeyafdy clarity)
The transm ttance and haze were neasured with respect to fixed toner

at varying i nageatibasléi fsllandlohecbphaspal€hCy50a6" canhiidtbleb¥rbhe

| mages

transmttance Tp [A4 and haze [-] at an inage density 25 of 1.2. The
transm ttafce GandsjKakKd) hehtlée- appryingeassnalli amohntfof| okidng manner.

10

15

20

25

{({e.g., 0.02 g/A4—éize) onto a fixing roller, thereby
evaluating the fixabilify,lanti-offset characteristic
and color-mixing range and also obtaining a fixed
toner image for evaluation of the transparency.

| The fixing rollers had surface layers of a
fluorine-containing resin. The hot roller fixing
device_had a lower roller and an upper roller each
having a roller diameter of ca. 60 mm and surfaced
with fluorine containing resin. The fixing cohditions
included a nip of 6.5 mm and a process speed of 105
mm/sec for fixation on plain paper (e.g., "SK paper,
mfd. by Nippon Seishi K.K.), and a nip of 6.5 mm and a
process speed of 25 mm/sec for fixation on an OHP
. sheet (e.g., "CG3200", mfd. by 3M Co.). The fixation
test on the plain paper was performed in the :
temperature range of 80 - 230 Oc under temperature
control while changing the temperature at an increment
of 5 °C each. The fixation test on the OHP film was
performed at a constant temperature of 150 °C.

The fixability was evaluated b& rubbihg a

fixed toner'image (in a sense of inclﬁding an image

having caused low-temperature offset) with a lens



The transmttance Tp [%4 of an OHP i mage was -67- nmeasured relative to
that of an OHP sheet per se as Tp = 100 % by usi ng an auto-recordi ng

spect rophot onet er at naxi num absor pti on wavel engths for the respective
toners (i.e., 650 nmfor a magenta toner, 500 nmfor a 5 .cyan toner, and
600 nmfor a yellow toner). The haze [-] was neasured by using a haze nmet er
(" NDH 300A", nfd. by N ppon Hasshoku Kog?é'K K.). The results of evaluation
are shown in Tables 10 8 - 10 appearing hereinafter. Evaluation of
Conpar ati ve Toners Two-conponent type devel opers of various colors for

Conpar ot 1 ve. EvARE38; BEBbs " ¥ BaB8bBRE (& v miRl o P Dot PR €% - ana

evaluated in pl.habeBNIgeY BF 5O 5?@51&' oo TR G20 Toty Gas

characteristic was eva uate by -usi our sets of toners, I.e

Conpar ative ExgaRuatéd( LACke¢nag off.oar f@.QllQL@ @AY 2@ g0 PR d Mt D)
Exanples 1 - 4), Conparative Exanple B (Conparative Exanples 5 - 8),

Conpar at i ve Exghpl(€cg é@omwahbbWéewﬁx&mpkmﬁ %ensk%b'@m@ﬁaaﬁﬁﬂdﬁlﬁﬁéEﬂaﬂp|e
D (Conparative Exanples 13 - 16).
5 image after the rubbing was below 10 %.

The anti-offset characteristic was evaluated
in terms a lower limit temperature (lower offset
initiation temperature) at or above which offsét was
uhobservable and a h;gher iimit temperature (higher

10 offset terminating temperature) at or below which
offset waé unobservable, respectively by eye
observation. |

.The coldr—mixing range was evaluated by
measuring the gloss of the fixed.images obtained in

15 the non-offset region by a handy gloss checker ("IG-
310", mfd. by Horiba Seisakusho K.K.) and evaluated in
terms of the range between the lower limit temperature
and the higher limit temperature, wherein the gloss
value was 7 or higher.

20 2) Transparency (or clarity)

‘The transmittance and haze were measured wifh
respect to fixed toner images at varying image
densities, and the transparency was evaluated by the
transmittance Tp [%] and haze [-] at an image density

25 of 1.2. The transmittance Tp [%] and hazé [-] were
measured in the following manner.

The transmittance Tp [%$] of an OHP image was



The cyan toners of Conparative Exanples 17 - 25 20 were eval uated only
according to the nonochromati c node. The results of the evaluation are al so

shown -68- in Tables 8 - 10. Table 8 5 Col or toner of Exanple
Fi xed i mages on OHP filmor Conp. Exanple Transparency (% Haze [-]
Cyan (Ex 1) 68 29 Yellow (Ex. 2)

33 10 Magenta (Ex. 8y~ 66
31 Cyan (Conp. Ex. 1) 31 65 Yellow (Conp. Ex.
2) : .27 : 69 Magenta (Conp. Ex. 3) 29

ol 15 Ovan = meb&BFBaHerative to tndd of.,ap, OHP, she?EbﬁgrYgglgg >

(Conp. EX. 6)

18 = 10078 E¥aﬁs1ng aﬁCQHEoE¥ec8¥d1ng spec%goghotometer 72
20 Yel | ow (Cbnp Magent a

(Conp. Ex. 11) at maxlmﬁﬁ absorptlon waveléﬂggﬁénfor théCEEBPE&tlﬁQ
33 67 Yell ow (Comp. Ex. 14) - 70
toners (i.e., 650 nm for a magenta toner, 500 nm for a -
5 .cyan toner, and 600 nm for a yellow toner).
The haze [~] was measured by using a haze
meter ("NDH-300A", mfd. by Nippon Hasshoku Kogyo
K.X.).
The results of evaluation are shown in Tables

10 8 - 10 appearing hereinafter.

Evaluation of Comparative Toners

Two-component type developers of various
N colors for magnetic brush development were prepared by
using color tonéfs of Comparative Examples 1 - 20 in
15 the same manner as in Example 5, and evaluated in
similar manners as in Example 6.

The color-mixing characteristic was evaluated
by using four sets of toners, i.e., Comparative
Example A {including four color toner of Comparative

20 Exaﬁples 1 - 4), Comparative Example B (Comparative
Examples 5 - 8), Comparative Example C (Comparative
Examples 9 - 12) and Comparétive Example D
(Comparative Examples 13 - 16).

.The'cyan toners of Comparative Examples 17 -

25 20 were evaluated only according to tﬁe monochromatic
mode.

The results of the evaluation are also shown



Magenta (Conp. Ex. 15) 32 _ 69 25 Cyan- ( Conp. Ex.
17) *xo * - -69- Cyan (Conp. Ex. 18)" 39
55 Cyan (Conp. Ex. 19) 51 51 5 Cyan '

(Conp. Ex. 20) 64 : 35 ** Eval uation was inpossible as

. the OHP fil mwas wound about the upper roller. 10
Table 9 (Col or-m xing characteristic accoﬁglng to full-color node) Four

col or Lower limt Upper limt Non-offset toner set t enp.
[err] t enp. [err] tenp. range 15 (color toners) Exanple 6
210 Lao®! ?[8’81?%0814010 o El)EXCérrp 4)Exacorrprr})e 5P e o 0
220 150 - 200 20 (Conp.Ex. 5 - 8) Conp. Exanple C 145
225 155 - 205 (Conp. Ex. 9 - 12) Conp. Exanple D 130
220 140 - 175 (Conp. Ex. 13 - 14able 8
5 Color toner of Example Fixed images on OHP film
or Comp. Example
Transparency (%) 'Haze [-].
Cyan (Ex. 1) 68 29
.Yellow (Ex. 2) 64 33
10 Magenta (Ex. 3) 66 31
| Cyan éComp.Ex; 1) 31 65
Yel;ow (Comp.Ex. 2) 27 69
Magenta (Comp;Ex. 3) 29 67
15 . :
Cyan (Comp.Ex. 5) 19 73
Yellow (Comp.Ex. 6) 15 77
Magenta (ComeEx. 7) 18 75
Cyan (Comp.Ex. 9) 18 72
20 Yellow (Comp.Ex. 10) 14 76
Magenta (Comp.Ex. 11) 16 74
Cyan ~(Comp.Ex. 13) 33 67
Yellow (Comp.Ex. 14) 29 | 70
- .Magenta (Comp.Ex. 15) 32_ 69
| Cyan {Comp.Ex. 17) k% *k




25

-70- Table 10 Cyan toner

[err]

Anti -of fset of Exanple

or Conp. Exanple [J[err] Lower Upper Non-of fset limt

limt tenp. range 5 ' tenp.[err] tenp.[err]

[err] Ex. 1 130 130 210 80 Comp. Ex. 1 135

130 210 80 Comp. Ex. 5 145 - 140 220

80 Conp. Ex. 9 150 145 0089- 80 10 Conp. Ex. 13 135
- 130 200 70 Comp. Ex. 17 130 130 145 :

15 Conp. Ex. 18 130 - 130 220 90 Conmp. Ex. 19- 135

130 210 80 Conp. Ex. 20 130 - 130 210

80 15 Exanpl
Exanpl e 1 exc
Esters wax (A

7 - 13 Cydamm {Oners Werd

ERlyanOl USi(tdmpsSES. WaXey

. "The resultant cyan ton

prepared T m thesgme manner {20 as in

(B) 39 (H),

ers were respectivgly fornul

st ead of
ted into

respedtivejsy, i

t wo- conponent

type col or devel opers Ttd

r magnetic

Cyan (Comp.Ex. 19) 51 51
5 Cyan (Comp.Ex. 20) 64 . 35
*% Evaluation was impossible as the OHP film was
wound about the upper roller.
10 Table 9
(Color-mixing characteristic according to
full-color mode)
Four color Lower limit |Upper limit | Non-offset
toner set temp. (°C) temp. (°C) temp. range
15 j(color toners) ' . (°C)
Example 6 130 210 140 - 190
(Ex.1 - 4)
Comp. Example A 130 210 140 - 190
(Comp.Ex. 1 - 4) - :
Comp. Example B 140 220 150 - 200
20 (Comp.Ex. 5 - B)
Comp. Example C 145 225 155 - 205
(Comp.Ex. 9 - 12)
Comp. Example D 130 220- 140 - 175
(Comp.Ex. 13 - 16)

25



brush devel opment and evaluated in the sane manner as 25
The results are shown in the follow ng Tables 11 and 12.
Exanpl e

B

D

11

31 13
TFI
limt
B

200

130

20

Est er Fi xed images on OHP film Transparency (% Haze [-] 5
65 32 8 C 64 33 9
71 26 10 5U 68 28
Fo 7 73 235 12 G 66
H 69 27 Table 12 15 Exanple Ester
Anti-offset wax [err] Lower Upper Non- of f set
limt tenp. range teingﬁﬁéllotenp.[err] [err] 20
130 - 210 _ C 130 130
70
Cyan toner Tpy Anti-offset
of Example or
Comp. Example | (°C) | Lower Upper Non-offset
limit limit temp. range
5 temp. (°C) | temp.(°C) (°C)
1Ex. 1 130 130 210 80
Comp.Ex. 1 135 130 210 80
| Comp.Ex. 5 145 140 220 80
10 Comp.Ex. 9 | 150 145 225 80
Comp.Ex.13 135 130 200 70
Comp.Ex.17 130 130 145 15
Comp.Ex.18 130 130 220 90
Comp.Ex.19 135 130 210 80
15 Comp.Ex.20 130 © 130 210 80
Examples 7 - 13
Cyan toners were prepared in the same manner
as in Example 1 except for using Esier-waxes (B) to
(H), respectively, instead of Esters wax (A). The
resultant cyan toners were respectively formulated
into two-component type color developers for magnetic
brush development and evaluated in the same manner as
25

I'n Exanpl e 6.

-71- Table 11

in Example 6. The results are shown in the following

Tables 11 and 12.

7

7



9 D . 130 130 210 80 10 E 130

130 205 ' 75 11 F 130 130 210
80 25 ° 12 G 130 130 205 75 13 H
130 130 205 75 -72- WHAT |S CLAIMED | S: 1. A

toner for devel oping electrostatic |nage§, conprising: at |east a binder
resin, a colorant and an ester wax; wher 4y said ester wax is contained in
3 - 40 wt. parts per 100 wt. parts of the binder resin, said ester wax
conpri ses ester conpounds represented by a formla of [err] wherein [err]
and [err] independently denote a hydpaedebgy group of 15 - 45 carbon at ons,
and said ester wax contains 50 - 95 w. % thereof of ester conpounds haV|ng

an identical nunber of total -carbon atons. 2. The toner according to
Claim1, whereinf[err] denptes a fpaturated hydrocarbon group. 3. The
toner -accordi ng | exGmpile 2| E¢ftere| n Faxeld dmaeiess on OMPK\Hi1gr oup. 4. The
toner according fo Caimlf where{n R2 '
Transparency (%) Haze [-]
5 .
7 B 65 32
8 Cc 64 33
9 D 71 26
10 E 68 28
11 'F 73 23
10 :
12 G 66 31
13 H 69 27
' Table 12
15
Example | Ester | Tpy Anti-offset
wax : :
(°C) | Lower Upper Non-offset
limit limit temp. range
1 temp.(°C) | temp.(°C) (°C)
20 7 B 130 130 210 80
8 Cc 130 130 200 70
9 D 130 130 210 80
10 E 130 130 205 75
11 F 130 130 210 80
25 12 G 130 130 205 - . 75
13 H 130 130 205 75




denotes a saturated hydrocarbon group. 5. The toner according to Claiml1,
wherein R2 denotes an al kyl group. -73- 6. The toner according'to
Claim 1, wherein [err] and [err] respectively denote anbhsidedmaaBlaRe

7. The toner according to Claim®6, wherein R and R2 r ﬂ&lﬂ EI/I ote an

al kyl group. 8. The toner according to_4haim1, wher

| i near -al kyl group having 15 - 45 carbon atons and [err] near
al kyl group having 15 - 45 carbon atons. ‘9. The toner according to Claim
1, wherein the ester wax has a nelting point of 40 - 90 [err]. 10. The

toner accordi nguA® & atrAMENES i n the ester wax has a nelting point of 55
- 85 [err]. 11, The toner according to Caim1, wherein the ester wax has a

hardness of 0.5 - B.0. AZtordée foanadevelopihdoelecttostaticwheages,t he
ester wax is contained in 5 - 35 w. parts per 100 wt. parts of the binder
resin. 13. Thecdmpmrisimgoralk Ngedst @ dinder whesinn & heokbstant wvandhas a
wei ght - aver age nol ecul ar wei ght (My) of 200 - 2000 and a number-average
nol ecul ar wei gﬂ:ﬁter wax; wherein
5 said ester wax is contalned in 3 - 40 wt.
parts per 100 wt. parts of the binder reSin,
said ester wax comprises ester éompounds
‘represented by a'formula of
R1~COO-R;,
10 wherein R; an Ry independently denote a hydrocarbon
group of 15 - 45 carbon atoms, and
said ester wax contains 50 - 95 wt. % thereof
of ester compounds having an identical number of total
carbon atoms.
15

2. The toner according to Claim 1, wherein R;

denotes a saturated hydrocarbon group.

3. The toner according to Claim 2, wherein Ri'

20 denotes an alkyl group.

4.. The toner accotding to Claim 1, wherein R,

denotes a saturated hydrocarbon group.

25 5. The toner according to Claim 1, wherein R,

denotes an alkyl group.

LR O A R



-74- (WMh) of 150 - 2000. 14. The toner according to Claim1, wherein the
ester wax contains 55 - 95 wt. % of the ester conpounds having an |dent|cal
number of total carbon atoms. 15. The toner according tgmqhgét
the ester wax contains 60 - 95 w. % of the ester corrpou;w lu

i dentical nunber of total carbon atons. The toner
wherein the ester wax contains totally 86 3 95 wt. %the
conmpounds having total carbon atons in a range of nunber of said identical
nunber [err]. 17. The toner according to Caim16, wheréein the ester wax

contains totally 9@ - 51%@ toﬁbtthE?Bfrdﬁ&ge Be"c:l%‘l qun% \ilnngztot al

carbon atons in a range of nunber sal entlca ndnber err] 18. The
toner accordi NgnoR g&ka@béctw%w Behbe el BydtdeasViAigtouptal |y 50 - 90
wt. %thereof of est’er conpounds represented by [err] (wherein [err] and
[err] independently denote a linear |ong-chain alkyl group having 15 - 28
carbon atons) and having :

7. The toner according to Claim 6, wherein Ry

5 and R,y respectively denote an alkyl group.

8. The tqner'according to Claim 1, wherein R;
denotes a linear alkyl group having 15 - 45 carbon
atoms and Ry denotes a linear alkyl group having 15 -

10 44 carbon atoms.

9. The toner according to Claim 1, wherein the

ester wax has a melting point of 40 - 90 Oc.

15 10. The tomer according to Claim 9, wherein the

ester wax has a melting pbint of 55 - 85 ©c.

11. The toner according to Claim 1, wherein the

ester wax has a hardness of 0.5 - 5.0.

20
12. The toner according to Claim 1, wherein the
ester wax is contained in 5 - 35 wt. parts per 100 wt.
parts of the binder resin. -
25 13. The toner according to Claim 1, wherein the

ester wax has a weight-average molecular weight (Mw)
of 200 - 2000 and a number—average-moiecular weight
—;,#—d___’_'___#
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-75- totally 44 carbon atons. 19. The toner according to C

aim1l, wherein

sai d binder resin contains a tetrahydrofuran (THF)-soluble content—wh-ch
has a nunber-average nol ecul ar wei ght (M) of [err] and a rat|o Mv Mh) - of

wei ght - average nol ecul ar wei ght (Mw)/ nunber - average
of 2 - 100. 20. The toner according to Caim 1, mhere
encl osed within the binder resin. 21. 1Wﬂ?%13ner accor

('Vh)
x is

wherein the col orant conprises a cyan colorant. 22. The toner accordlng to

Claim1, wherein the col orant conprises a nagenta col orant.

according to gl %%frel e colorant conprises a yel
The toner acc H%) fﬁp

23. The toner
ow col orant. 24.

‘which is in the formof toner particles

whi ch have been prepared directly froma nonomer conposition conprising at

| east a pol ynmeri zabl e nononer providing the binder resin, t
ester vax and a pqlyMeripAlideyd HdddHding tATBHYEAUS

he col orant, the

'é!m the - /6- 25.

The toner according to Claim 24, wherein the toner particles conprise cyan

color toner padted ¥ax contains 55 - 95 wt. % of the ester
5 compounds having an identical number of total

atoms.

carbon

'15. The tomer according to Claim 14, wherein the

. ester wax contains 60 - 95 wt. % of the ester
10 compounds having an identical number of total

atoms.

16. The toner according to Claim 1, wher
_ester wax contains totally 80 - 95 wt. % ther
15 ester compounds having total carbon atoms in

of number of said identical number 2.

17. The toner according to Claim 16, whe
ester wax contains totally 90 - 95 wt. % ther
20 ester compounds having total carbon atoms in

of number of said identical number +2.

18. ‘The toner according to Claim 1, wher

ester wax contains totally 50 - 90 wt. % ther

R;' and Ry' independently denote a_linear lon

alkyl group having 15 - 45 carbon atoms) and

carbon

ein the
eof of

a range

rein the
eof of

a range

ein the
eof of
25 ester compounds repreSented by Rl'-COO—Rz"(wherein
g-chain

having
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26. The toner according to Caim24, wherein the toner particles conprise
magenta col or toner particles. 27. The toner according to C aim 24, wherein
the toner particles conprise yellow color toner particles. 28. The toner
according to Claim 24, wherein the ester wax contains 55 -
ester conpounds having an identical nunber_of total canRgp.
toner according to Caim28, wherein the B&er wax cont

~of the ester conpounds having an identical nunber of t({M ;
30. The toner according to Cla|n128 or 29, wherein the Jlsl )
50 - 95 w. %t f r conmpounds, each having totaIIy 44
carbon atons an rag%r%sente y t%&i’#sgrrmla of [err] wherein [err] and
[err] independently denote a linear |ong-chain al kyl group having 15 - 28
carbon atons. -77- 31. The toner according to Claim1, which has a

shape factor SF-1 ofg 100rhe 6&bned- a&&aﬁr@rt@mﬁh@ téhétai M sdigwhi ch
has a. shape factor SF-1 of 100 -

binder resin contalns a tetrahydrofuran (THF)-soluble

5 content which has a numbér-average molecular weight
(Mw) of 5x103 - 10° and a ratio (Mw/Mn) of weight-
average molecular weight (Mw)/number-average molecular

weight (Mn) of 2 - 100.

10 : 20. The toner according to Claim 1, wherein the

ester wax is enclosed within the binder resin.

21. The toner according to Claim 1, wherein the
colorant comprises a cyan célorant.
15
22. The toner according to Claim 1, wherein the

colorant comprises a magenta colorant.

23. The toner according to Claim 1, wherein the

20  colorant comprises a yellow colorant.

24. .The toner according to Claim 1, which is in
the form of toner particles which have been prepared
directly from a monomer composition comprising at

25 least a polymerizable monomer'providing the binder
resin, the colorant, the ester wax and a

polymerization initiator in an aqueous medium.

A




33. The toner .according to Claim1, which has a wei ght-average particle
size of 3 - 8 [err], and a nunber-basis particle size variation coefficient
of at nmost 35 % 34. An inmge form ng nethod, conprising: form ng an
~electrostatic inmge on an el ectrostatic inage-bearing nenber, developlng
the electrostatic image with a toner to fggma toner inage on the

el ectrostatic image-bearing nenber, transférring the toner image fromthe
el ectrostatic image-bearing nenber to a transfer- receiving nmateri al
directly or via an internediate transfer nenber, and fixing the toner inage

onto the transfer- zsecefménsoﬁaieakébraﬂﬂsrtapéhamt 220 Rhebg2h 2#8d
pressure, wherein said toner conprises at | east a bi ndér resin, a col orant

and an ester wegnewhpaeticiasdcempeisvayyhfi e60ba asﬂernpartléﬁ!ew_t.- -78-
parts per 100 w. parts of the binder resin, said ester wax conprises ester
compounds represented by a formula of [err]
26. The toner according to Claim 24, wherein the
5 toner particles comprise magenta color toner

particles.

27. The toner according to Claim 24, wherein the
toner particles comprise yellow color toner particles.
10
28. The_toner according to Claim 24, wherein the
ester wax contains 55 - 95 wt. % of the ester
compounds having an identical number of totél carbon
atoms. ' |
15
29. The toner according to Claim 28, wherein the
ester wax contains 60 - 95 wt. % of the ester
compounds having an identical number of total carbon
atoms.
20
30. The toner according to Claim 28 or 29,
wherein the ester wax contains 50 - 95 wt. % thereof
in total of ester compounds, each having totally 44
carbon atoms and represented by the formula of
25 Ry'-COO-Ry' wherein R;' and Ry’ independeﬁtly denote a
linear long-chain alkyl group having 15 - 45 carbon

atoms.

A



wherein [err] and [err] independently denote a hydrocarbon group of 15 - 45
carbon atons, and said ester wax contains 50 - 95 wt—9% thereof of ester
conpounds having an identical nunber of total carbon @l QB 4.3 Been Rifade®t hod

according to Caim34, wherein said transfer-receiving aused
to carry toner inmages at |east two cOIors7§eIected fro W lﬂ[
consi sting of cyan, nmamgenta, yellow and BIFack. 36. The ing to

Claim34 or 35, wherein [err] denotes a saturated hydrocarbon group. 37.

The met hod according to C aim 36, wherein R denotes an al kyl group. 38.

The nmet hod accordigg to Egakghﬁg QEc§§d‘WgeE8iE Qi h dGRQLES ndsSat ur at ed
. The Ferhod ai %

hydr ocar bon group. accor g to aim 38, wherein [err]
denotes an al kghagkO¥Rctor SF21 48 168€ UgEhod according to Caim 34 or 35,
wherein [err] and [err] respectively denote a hydrocarbon group. 5

41. The nethod according to Caim40, wherein R and R2 respectively denote
an al kyl group. 42. The nethod according to Cl aim 34 or 35, wherein [err]
denotes a linear aBRyl gheupohevi agcdrdingSto Claim 31, which has a

5 shape factor SF-1 of 100 - 150.

33. The toner according to Claim 1, which has a
weight-average particle size of 3 ~ 8 ym, and a
number-basis particle size variation coefficient of at

10 most 35 %.

34. An image forming method, comprising:
forming an electrostatic image on an
'electrostétic image-bearing member, |
15 developing the electrostatic image with a
toner to form a toner image on the electrostatic'
image-bearing member,
transferring the toner image from the
electrostatic image-bearing member to a transfer-
20 receiving material directly or via an intermediate
transfer mémber, and | |
fixing the toner image onto the transfer-
receiving material under application of heat ad
pressure,
25 wherein séid toner comprises at least a
binder resin, a coloiant and an ester wax; wherein

said ester wax is contained in 3 - 40 wt.

A



10 carbon atonms and [err] denotes a |linear alkyl group having 15 - 44
carbon atons. 43. The nethod according.to Claim34 or_ 35, wherein the
ester wax has a nelting point of 40 - 90 15 [err]. 44. The nethod

according to Claim43, wherein the ester wax has a nelThisis

[err]. 20 45. The met hod according 58 d ai m 34 or

ester wax has a hardness of 0.5 - 5.0. 46:%The nethod a a|n134
or 35, wherein the ester wax is contained in 5 - parts per

w. parts of the binder resin. 47. The nethod accordlng to Caim34 or 35,
-80- wherein t efy wei ght (Mn) of
£rESt 5L R0 NGE. % h%faEEé?Eﬁn8€£ f&é?ﬁl

200 - 2000 and a nunber-average nol ecul ar wei ght 50 - 2000. 5

48. The method accor di gi&Oe&té Mg 86mpPrisébeE8tort B8mBehRAsAX cont ai ns
55 - 95 wt. % of the ester conpounds having an identical nunber of total

carbon atons. dépresenti®d byhe fethm@laastording to C aim48, wherein the
ester wax contains 60 - 95 wt. % of the ester conpounds having an identical
nunber of total carbon Rje0G80-R,,
5 wherein Rl an Rz independently denote a hydrocarbon
group of 15 - 45 carbon atoms, and
said ester wax contains 50 - 95 wt. ¥ thereof

of ester compounds having an identical number of total

carbon atoms.

10
35. The method ‘according to Claim 34, wherein
said transfer-receiving material is caused to carry
toner images at least two colors selected from the
group consisting of cyan, magenta, yellow and black.
15

36. The mefhod according to Claim 34 or 35,

wherein Rl denotes a saturated hydrocarbon group.

37. The method according to Claim 36, wherein R;

20 denotes an alkyl gioup.

38. The method according to Claim 34 or 35,

whérein Ry denotes a saturated hydrocarbon group.

25 39. The method according to Claim 38, wherein Ry

denotes an alkyl group.

-_——
-
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15 50. The method according to Caim34 or 35, wherein the ester wax
contains totally 80 - 95 wt. % thereof of ester conpounds having total
carbon atons in a range of nunber of said identical nunber [err]. 20

51. The nethod according to Caimb50, wherein the ester wax contains
totally 90 - 95 wt. % thereof of ester cgzggunds havi ng total carbon atons
in a range of nunber of said identical nunber [err]. 25 52. The

met hod according to Claim34 or 35, wherein the ester wax contains totally
50 - 90 wt. % thereof of ester compounds represented by [err] - 81-

(wherein [err] andaerrineé nfserodeattyrdengt €oaci anmase! epgsshai n al kyl
group having 15 - 28 carbon atons) and having totally 44 carbon atonms. 53.
The nethod accwhelreintR; Gaad NR4resp8otiwaky edeénstedabhpdeocaebon cont ai ns
a tetrahydrofuran (THF)-sol ubl e content which has a nunber-average

nol ecul ar wei ghrodmh) of 5x103 - 106 and a ratio (Mwv Mh) of weight-average
nol ecul ar wei ght (M) / nunber - aver age nol ecul ar weight (M) of 2 - 100. 54.
The net hod according to Caim34 or 35, wherein the ester wax i s encl osed

wi thin the_binder resin. 55. The method_according to Cl aim 34 or 35,
5 41. The method according to Claim 40, wherein Ry

and Ry respectivelj denote an alkyl group.

42, The method according to Claim 34 or 35,
wherein R; denotes a linear alkyl group having 15 - 45
10 carbon atoms and R, denotes a linear alkyl group

héving 15 - 44 carbon atoms.

43. The method according to Claim 34 or 35,
wherein the ester wax has a melting point of 40 - 90

15 ©c.

44. The method according to Claim 43, wherein the

ester wax has a melting point of 55 - 85 Cc.

20 45. The method according to Claim 34 or 35,
wherein the ester wax has a hardness of 0.5 - 5.0. ,i-
4
46. The method according to Claim 34 or 35,
wherein the ester wax is contained in 5 - 35 wt.

25 parts per 100 wt. parts of the binder resin.

47. The method according to Claim 34 or 35,

R



wherein the col orant conprises a cyan colorant. 56. The method according to
Claim 34 or 35, wherein the colorant conprises a nagenta col orant.
met hod according to Caim34 or 35, wherein the colorant conprises a yell ow
colorant. 58. The nethod according to Caim34 or 35 whichis in the form

of toner particles which have been prepalgg_directly froma nononer

conposition

-82- conprising at |east a pol ynerizabl e nononmer providing

the binder resin, the colorant, the ester wax and a pol ynerization

initiator in an aqueous nedium 5 - 59.  The nethod according to Caim
58, wherein thgndAEH PRl [dSEES wADRAS Ca WETGOL Vet P mPRELLTARS. 60.

. The nmethod according to"Claimb58, wherein the toner particles conprise

magenta col or yorgt LMwprét 266 . - 62000 Nendes heenBEE0a¢e PEgé 0 C ai m 58,
wherein the toner particles conprise yellow color toner particles. 15

62. ~The net hasobecul s ngeightl @) S&f Véerei 2000 ester wax contains 55 -
95 wt. % of the ester conpounds having an identical nunber of total carbon
63. The nethod according to Claim62, wherein the ester wax

atons. 20
- cont ai ns Gg -

10

15

20

25

95 wt. % of the ester
48. The method according to Claim 34 or 35,

wherein the ester wax contains 55 - 95 wt. % of the
ester compounds having an identical number of total

carbon atoms.

'49. The method according to Claim 48, wherein the
ester wax contains 60 - 95 wt. % of the ester
compounds having an identical number of total carbon

atoms.

50. The method according to Claim 34 or 35,
wherein the ester wax contains totally 80 - 95 wt. %
thereof of ester compounds having total carbon atéms

in a range of number of said identical number +2.

51. The method according to Claim 50, wherein the
ester wax contains totally 90 - 95 wt. % thereof of
ester compounds having total carbon atoms in a range

of number of said identical number +2.

52. The method according to Claim 34'or_35,

wherein the ester wax contains totally 50 - 90 wt. %

thereof of ester compounds represented by R;'-COO-Ry'

57. The
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conpounds having an identical nunber .of total carbon_atons. 25 64.
The nmethod according to Caim62, wherein the ester wax contaims—56——95

w. %thereof in total of ester conpounds, each havi nahit SHegly &4 car bon
atons 11111111 1121111 112111121111111 -83- and repre l mul a
of [err] wherein [err] and [err] indepehdently denote i I % hai n
al kyl group having 15 - 28 carbon at oms.~%5. The met hod ) C aim
34 or 35, which has a shape factor SF-1 of 100 - 160. 66. The nethod
according to C aim65, which has a shape factor SF-1 of 100 - 150. 67. The

met hod accor di im 3 ro 3D, - | C ﬂ?ﬁ | -avera article
size of 3 - 8 %‘;F’]o?%ramédl a %bér)m%* - blél\;&l]ésp%ér | c&@%%%%% l?E?(;aﬁpcoef ficient
~of at nost 35 P4ng-chain alkyl group having 15 - 45 carbon atoms)

and having totally 44 carbon atoms.

5 53. The method according to Claim 34 or 35, 
wherein said bihder resin contains a tetrahydrofuran
(THF )-soluble content ﬁhich has a number-average
- molecular weight (Mw) of 5x103 - 106 and a ratio
(Mw/Mn) of wéight-ayerage_moieculér weight

10 (Mw) /number-average molecular weight (Mn) of 2 - 100.

54. The methéd according to Claim 34 or 35,
wherein the ester wax is enclosed within the binder
resin.

15
55. The method according to Claim 34 or 35,

wherein the colorant comprises a cyan colorant.

56. The method according to Claim 34 or 35,

20 ﬁherein fhe colorant comprises a magenta colorant.

57. The method according to Claim 34 or 35,

wherein the colorant compriSes a yellow colorant.

25 58. The method according to Claim 34 or 35, which
is in the form of toner particles which have been

prepared directly from a monomer composition

AN




10

15

20

25

-82-

comprising at least a polymerizable monomer providing
the binder resin, the colorant, the ester wax and a

polymerization initiator in an aqueous medium.

59. The method according to Claim 58, wherein the

tbner particles comprise cyan color toner particles.

60. The method according to Claim 58, wherein the
toner particles comprise magenta color toner

partiéles.

61. The method according to Claim 58, wherein thé.

toner particles comprise yellow color toner particles.

62. The method according to Claim 58, wherein the
ester wax contains 55 - 95 wt. % of the ester
compounds having an identical number of total carbon

atoms.

63. The method according to Claim 62, wherein the
ester wax éontains 60 - 95 wt. % of the ester
compounds having an identical number of total carbon

atoms.

64. The method according to Claim 62, wherein the
ester wax contains 50 - 95 wt. % thereof in total of

ester compounds, each having totally 44 carbon atoms

* C L M 0§ x



10

15

20

25

-83-

and represented by the formula of Rl'-COO-Rz' wherein
R;' and Ry' independently denote a linear long-chain

alkyl group having 15 - 45 carbon atoms.

65. The method according to Claim 34 or 35, which

has a shape factor SF-1 of 100 - 160.

66. The method according to Claim 65, which has a

shape factor SF-1 of 100 - 150.

67. The method -according to Claim 34 or 35, which
has a weigﬁt—average particle size of 3 - 8 pym, and a
number-basis particle size variation coefficient of at

most 35 %.

i
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