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201 JUL 2005 1 PRODUCTI ON PROCESS OF COLORED FI NE PARTI CULATE RESI NS,
COLORED FI RE PARTI CULATE RESINS, AND COLORI NG PROCESS OF ARTI CLES 5
BACKGROUND OF THE INVENTION a) Field of the Invention This inventidd JUL 2005
relates to a process for producing colored fine particulate resins,

colored fine particulate resins, and a process for coloring articles by
using the colored fine 10 particulate resins. Mre specifically, the
present invention is concerned with the provision of a process for

econom cally producing colored fine particulate resins, especially col ored

fine particul ate resi nsplggfitrids BRLEEAR! §pf e ording nmaterials
such as devel opers for electrophotograpﬁg gﬁdep%bﬂﬁgtF?gﬁprinting i nks,

printing inks, powsletrf£ed fﬁsRﬁgggéluééﬂoﬂﬁ n%i b¥ﬁﬁé9g§ﬁ§%gn st eps

rationalized for mass pro uction Descripti on d Art A dry

o Govel oper -, has. camvERTT oaap| 5oL I8 He F¥aRRERaoR, PEETERERCa crush

granulation, that is, by coarsely grinding a colored resin with a crusher
or the like, finely grlndlng the coarsely-ground, colored resin with a
mll guch as ajet mll oartlcles and dust with
an air cIaSS|f|er The coI y 25 - netering,

m Xi ng andakne hggo% tge InL%%tgg% developer a 01 JUL 2005 2

Thisinventionrelatestozaprocessforpmoducingcolored
fine particulate resins, colored fine particulate resins, and
a process for coloring articles by using the colored fine
10 particulate resins. More specifically, the present invention
is concerned with the provision of a process for economically
producing colored fine particulate resins, especially colored
fine particulate resins useful as colorants for image recording
materialssuchznsdevelopersforelectrophotographyandink—jet
15 printinginks,printinginks,powdercoatingsandslurrypaints
by production steps ratiohalized for mass production.
b) Description of the Related Art
A dry developer for electrophotography, which may
hereinafter be called simply “a developer”, has conventionally
20 beproducaibyso—calledcrushgranulation,thatis,bycmarsely
grinding a colored resin with a crusher or the like, finely
grinding the coarsely-ground, colored resin with a mill such
as a jet mill, and then removing coarse earticles and dust with
an air classifier. The colored resin can be obtained by

25 - metering, mixing and kneading a resin for the developer, a



.col orant and optional internal additives such as a charge control agent
such that the colorant and optional internal additives are dissolved or
dispersed in the resin. It is proposed in JP 11-49864 A that in the0dbiel08

descri bed production process, production,steps such as grinding of the
resin, nmetering of the materials for eacﬁ batch, and mxing in a tunbler
or Henschel m xer can be inproved by feeding the resin into an extruder,
feeding the colorant and internal additives through automatic netering

devi ces, and kneading the 10 colorant and internal additives with the
rjibed crush granulation is,

nolten - resid¢ni t Th bove- de
ol die ok 5Hg§5n%% fﬁg?ﬁg?%a?§§+BHE%FiBHCHaéﬁiﬁe§héﬁﬁEoyed

however, acconpani ed by a drawbac

in the processyrdOr, S0P mll_such as a jet mll and an 15 air
classifier are Eeryaixpenéf%%?t%ﬁtt%%eo??ébr %d@nddéﬁéi@pélsihaeenbéen
finding i ncJeasi; tility.in various _environments owi ng to popul arization
of office auc%%glﬁdnltq%oéjn Alé%u‘%p"?v%%]t‘fe% i SR 22 @pimi Elhe t nesimove, new

requi renents haﬁ% arisen for(ﬂevel%pers, i ncl uding use of a resin having a
20 hi gher gl ass transi o PEihtimdfan e84 dekitat neastite andvethe |i ke

for iqprovg% sto&gb'lité; and changes of production conditions to neet the
nove toward devel C?SLPEO PCF i AR PIgsRsSe] Rrodiigei onrmt epar euph @i Gei §QMHE0l  Of

production conditions from the standpoint of a desire for inmage quality of
hi gher 25 885 tRiS (157101 MRYe AGa o f3 Ui sna treoviealer , £ d1ase aGHlebd {cHID $nd
difficult tq produce a
mixing in a tumkler or Henschel mixer can be improved by feeding
the resin into an extruder, feeding the colorant and internal
additives through automatic metering devices, and kneading the
10 colorant and internal additives with the molten resin in the
extruder.

The above-described crush granulation is, however,
accompanied by a drawback in that production machines employed
in the process, for example, a mill such as a jet mill and an

15 air classifier are very expensive. Onlthe other hand,
developers have been finding increasing utility in various
environments owing to popularization of office automation
equipment. Keeping in step with this move, new regquirements
have arisen for developers, including use of a resin having a

20 higher glass transition point as an anti-blocking measure and
the like for improved storability; and changes of production
conditions to meet the move toward developers of finer particle
size, and more precise control of production conditions from
the standpoint of a desire for image quality of higher

25 definition.




.target product efficiently at |ow cost, because the need for feeding of

the tequired conponents at controlled rates into a grinder and the need

for providing the product with a snaller 5 particle size and nar r owdr1 JUL 2005
particle size distribution have led to reduction in productivity.
Moreover, if these production conditions cannot be met by the existing

equi pnent, an econom cal problemal so arises in that a change to or

i ntroduction of new production nachi ne or nmachines is needed. 10 In
addition, a devel oper produced by crush granulation is in the form of

crushed particlestiofs] reega-@r shap and the djstribution of surface
charges is uneven. Conpared V\f‘th a e@ap ert ¢ i€ el Jdpetu b ddudamdice a

suspensi on fph yaerd Zak . the ljke, the production of a devel oper by
crush granul at('lyon EB15 re(gﬁlé)fsfllélp%%%wr%E BiCGtsi dipfatssttia reeayt datrer

anmount , saifled £ I, dust, being insufficient in performance as a
devel oper, and i%%tth%c%ﬁgﬁlégﬂ CSURRARY &Fa T HER 7 INVENT® ONF 208 S hien tiar @sent

i nventors \; e with an extensive investigation to solve the
above- desc:éﬁﬁglép%or?g%iqgﬁg‘eaﬁﬁefjo?OHeP/’éq’Bbdhlhge’él'émcnﬂqmlciamdtrmtai enall1process
for the mag; rtprcictzluct.i on_of a colored fine particulate resin of uniform

r

shape = and prop‘ec_ § 84 2€p879 THHAMET PR Tkds lleoahde tdiiat t i Ioot D6eth 48Sh By25

can be obt%i ned in the formof fine spherical particles by 01 JUL 2005 4
formng a col %rreﬁ ST MhPEAIRS LM syl Menesvat £,1 4 nhe sedppplEEsibA @
non- di ssol vi ng.rredi um cooling and solidifying the droplets to formthe
col ored reSPRUFMALEDS @&t iR @t by the existing equipment, an

economical problem zlso arises in that a change to or
introduction of new pProduction machine or machines is needed.
10 In addition, a developer produced by crush granulation is in
the form of crushed particles of irregular shapes, and the
distribution of surface charges is uneven. Compared with a
spherical developer produced by suspension polymerization or

the like, the production of a developer by crush granulation

15 resultsjjloccurrencecnfresidualdustjj1agreateramount,said
residualdustbeinginsufficientjJ]performanceaseadeveloper,
and 1s not economical,

SUMMARY OF THE INVENTION
20 The present inventors have proceeded with an extensive

investigation to solve the above-described problems and to
develop an economical and rational process for the mass

production of a colored fine particulate resin of uniform shape
and properties. BAs a result, it was found that a colored resin

25 can be obtained in the form of fine spherical particles by



collecting the fine particles by filtration, and then washing 5 and drying
the fine particles. it was also found that this process does not requjr%
ml'ling and classifying steps unlike the above-described various UL 2005
conventional processes, permts mass production of a colored fine
particulate resin of uniform spherical shape (for exanple, a dry devel oper
for electro 10 photography) through rati%nalized production steps, and is
al so excellent in econonmy. Based on such findings, the present inventors
proceeded further with the investig tlo t:0 RrOV C d i cul ate
resin, espe %ﬁW%?%i%kﬁﬂﬂqgﬁgrrFSrn Q}oﬁhgtoér%§%§?nrggﬁfgingﬁf% t he
conpletlon 3§ ml resent 15 |nve 1.0n ci.dent al
P19

QU e m;;

'non- di ssol i enRePutt S Vﬁﬂgnm8$§ o1v5001%%§iag% Lgiyﬁlfﬁﬂﬁ%re in
I one. aspactidHar reaent RV GE! OF CHErE T (S 9%¥§ ?agﬁ’*?f%?oiii's”
be. cal FSSCL.%%G‘?%S{QE%%' TPE Tasdnr a7 oot ¥ AP ERCRODIY SOeh REFHIT ow ng
(bi nder Br esi T A PL OV St ScRBRT Y St 1 FBUTER £ E““E@% SR T st bl e
ol o stat £r%€é§=e%o%%?%ﬁg RFOdG ST TS Gt néS%S LTl oHBpS gpRuker The
oo TR R RSB BT SABERO LB SR8, Ceptd 2000, o
not di ssol Ve the p%%ld%r% E’xegjf L, cgf(gréch?gne partlc_ulate resin of uniform

spherical shape (for example, a dry developer for electro-

10 photography)throughrationalizedproductionsteps,and.isalso
excellent in economy. Based on such findings, the present
inventors proceeded fﬁrther with the investigation to provice
a colored particulate resin, especially & developer for
electrophotography. resuitinngmthe completion of the present

15 invention. Incidentally, the term “non-dissolving ligquid
medium” or “non-dissolving medium” as used herein means a 1iguid
or gas which practically does not dissolve a colored resin.

In one aspect of the present invention, there is thus
provided a process for producing a colﬁred fine particulate

20 resin (which may hereinafter be called simply “colored fine
particles”), which comprises the following steps:

bringing a cclored resin, which comprises a thermally
fusible resin (binder resin) and a colorant evenly distributed

in the thermally fusible resin, into a molten state;

25 forming the colored resin, which is in the molten state, by
injecting through small openings c¢f a porous or multi-opening

material or a nozzle, or by spraying the same



cooling and solidifying the droplet-shaped fine particles. 5 In another
aspect of the present invention, there is also provided a colored fine
particul ate resin produced by the process. The is useful, for exanpllelULiZf05
an imge recording material, printing terial or paint. In a further
aspect of the present invention, there is 10 also provided a process for
coloring an article, which conprises coloring the article with the inmage
recording material, printing material or paint. Upon production of a
colored fine particulate resin, for exanple, a dry devel oper for

el ect rophotiogicapinsp lid: -has, entionally been the main streamto use
so-cal | ed crush g?anulatigﬁéiFEQF Pé%e?ghSér%%ﬁ%f?%qﬂ9ﬁﬁ%Q%ﬁﬁﬂ? B\ G Ui | |

such as aumgtcHndd y coarse particles and dust by a
classifier. Fbmevef?gt féq%%%§£¥ T onaf %?gﬁﬁﬁ?iB%Sbecégg theguires very

expensive productd - ines, and is. 20 experiencing increasing
difficulties in pro%g&g%rc]%qrﬁies%lalr YTt oﬁlfit)td%??}r%‘iéﬁ%@l?e@t fime cost due
to severer pLQ %ﬁgén1 conditions for the formation of a dry devel oper into
finer parPicIes, a ‘decrease in processed anount, a reduction in

produgtivity, anq t he {ike, whi ch are required or have arisen 25 to neet

the recent requir8neh? FOT aHRF qBal T2 PR skingherventivh, 2008re 65 also

definition, an%%ver, a _deve| oper produced by crush granulation is in the

form of crBSR&AISSr @i EPdTEA iTinggmant 1 @Hages  remich theodliséd i byt iloa of

surface charges i 'S uneven.
process. The is useful, for example, in an image recording

material, printing material or paint.
In a further aspect of the present invention, there is
10 also provided a process for coloring an article, which comprises
coloring the article with the image recording material,
printing material or paint.
Upon production of a colored fine particulate resin, for
example, a dry developer for electrophotography, it has
15 conventionally been the main stream to use so-called crush
granulation, that is, to perform fine grinding by a mill such
as a jet mill and to remove coarse particles and dust by a
classifier. However, this conventional production process
requires very expensive production machines, and is
20 experiencing increasing difficulties in producing the target
product efficiently at low cost due to.severer preduction
conditions for the formation of a dry developer into finer
particles, a decrease in processed amount, a reduction in
productivity, and the like, which are required or have arisen

25 - to meet the recent requirement for copy quality of higher



Crush granul ation is acconpani ed by occurrence of residual dust 5 in a
greater anount, said residual dust being insufficient in performance as a
devel oper, and is not economical. According to the present inventQdanjLd805
t he ot her hand, colored fine particles which are uniformin both shape and
properties and are useful especially as 8 devel oper for 10

el ect rophot ogr aphy can be nass-produced economcally through rationalized
production steps by formng a colored resin into fine particles in a

non- di ssol vi ng nmedi um such as a poor solvent or non-solvent |iquid,

the fine partroles By THtBQIet: oh dvs i drindupahname (hout
requiring fj ' i.ndi ng and cl assification steps as_essentiél steps unli ke
the wvario §Q§%H%%%gﬁ5ﬁa Jﬂ}5§€%§€§m-Pﬁ g8UFPEEnParhéctebooédirresuhagan be

used for various colori applications, for exanple, for inmage recording
mat eri al s, %&a%feesferﬁnéoqq% é@?%@%ﬁl%iﬁ ssuipqe i changes nks anekvéhe |i ke

by formng.t into particle sizes suitably predeterm ned corresponding to
y 9 S 8 5 i i N
the respectivé” EbfBrtAG1aPpIS 8aEPBRSN1 kA Maptioulancetd® realianed d@sin is
p . i
useful. for ,the production of dry devel opers for electro- photography, inage
_ g d y ! : . . e .
repor& ng rét 8ryafstas Arewrbr Mich resiawalbdusitnkejiay prsntEgi bAK, in
printing inks, electrostatic powder 01 JUL 2005 7 coatings, fluidized bed
powder coaPFRISIMARGesagr By dearstlopepai rirsl IREFAIL R IPRSGRIFATI ON OF THE
| NVENTI ON 5 AND PREFERRED EMBCDI MENTS
According to the present invention, on the other hand,
coclored fine particles which are uniform in both shape and
properties and are useful especially as a developer for
10 electrophotography can be mass-produced economically through
rationalized production steps by forming a colored resin into
fine particles in a non-dissolving medium such as a poor solvent
or non-solvent liquid, cooling and solidifying the fine
particles and, if necessary, collecting the fine particles by
15 filtration and then drying the same, without requiring fine
grinding and classification steps as essential steps unlike the
various conventional processes. In addition, the colored
resincxn1beusedforvariouscoloringapplications,forexample,
forimagerecordingnmterials,differentcoloredresins,paints,
20 printing inks and the like by forming it into particle sizes
suitably predetermined corresponding to the respective
coloring applications. In particular, the colored resin is
useful for the production of dry developers for electro-

photography, image recording materials as a color such as an

25 - ink-jet printing ink, printing inks, electrostatic powder



The present invention will next be described in further detail based on
preferred enbodi nents. The colored resin wuseful in the practice of the
present invention conprises a conventionally-known resin, which ﬁ % E%ﬁﬁ
used specifically 10 in an i mage recordlng materi al , pomder coat i 3 8
slurry paint, and a colorant. Descri bed’ mor e speC|f|caIIy, t he col ored
resin wuseful in the practice of the present invention conprises a
thermally fusible resin as its resin, and has been obtained by uniformy
di stributing, specifically di spersing or dissolving 15 the col orant and
optional . r.nal 1.V as a charge control agent, wax,
clroossl i nki %'8%5321 dfl delﬁeéjosh Jz]éjro‘“éFH?:W GiO kinFow| D@ts Absoy hesstein t he
thermal |y &%ﬁhgle re5|n The colorant or the colorant and internal
additives Rereinafter be call ed collectively "colorant and the |ike".
20 The process for formng the colored resin into fine particles in the
present invention features formng the colored resin, whichis in a nolten
state, into droplet- shaoed fine partlcles in a non- dlssoIV|ng medi um and
then cooling and sol LBy Lhg DRS Y ) Fe-JparanNTalaes f or m ng process
whi ch_25 requires neither a crushlng step nor a classification step as 8 01
JUL 2005 an essenti al RE FER A T echnol ogy.  Exanpl es
of such a process can |nclude the follomnng processes (1) A colored resin,
which is in a noTherrfesent iisivenilsi Wiad eexdi 5@%§§é‘riﬂe&hﬁqdﬁ{
dropl et-shaped fine 5 particles in a non-dissolving liquid nedium and is
t hen cool eekath bhaedt be poboeedetii BAbBAL hkbGkes, Mﬂécgogégeanrgg§nnnlten
state, are solidified (hereinafter called "the emuls

useful in the practice of the bresent invention comprises a

conventicnally-known resin, which has been used specifically
10 in an image recording material, powder coating or slurry paint,
and a colorant. Describednmrespecifically,thecoloredresin
useful in the practice of the present invention comprises a
thermally fusible resin as its resin, and has been obtained by
uniformly distributing, specificallycdispersingcn:dissolving
15 the colorant and optional internal addifives - such as a charge
controlggent,wax,crosslinkingagent,lightstabilizerand/or
ultraviolet absorber - in the thermally fusible resin. The
colorant or the colorant and internal additives will
hereinafter be called collectively “colorant and the like”.
20 The process for forming the colored resin into fine
particles:nuthepresentinventionfeaturesformingthecmlored
resin, which is in a molten state, into droplet-shaped fine
particles in a non-dissolving medium and then cooling and
solidifying them, and iseafine—particle—forndjm;process which

25 = requires neither a crushing step nor a classification step as




dependent, fine-particle-formng process”); (2) A colored resin, which is
in anolten state, is 10 injected, dispersed or sprayed into a cool ed,
inert liquid or gaseous nedium such that the resulting fine particul&{e
droplets are cooled and solidified (here%nafter called "the gL o

di spersed-cooling, fine-particle-form ng~process”); and (3) A process
maki ng conbi ned use of the above processes 15 (1) and (2). In the step in
which the fused, colored resinis forned into droplets, it is necessary to
keep the fused colored resin at as low a viscosity as possible. For this

pur pose, ity i ke,crystals of the resin conpletely nelt by
setting 20 at’*hZe Stgej‘grr’g{é%? u%geg?u?hé%o%gﬁi SeBVGNRGORBYI LAFARCACHEVel whi ch

falls wthi éﬁ#fgggﬁ;gncw@(ﬂ1the resin is not deconposed, and is higher

than the softeming poi RECoft PhECEESI AN LRclhE echbs ifieg 1 cavidh sprpdeEyeag

step, on the OtheQJh§QQﬂ%Lt %ﬁ% desired to cool the resulting fine

particul ate dropl it's “atC e i emeratch el P5imsa poskidh efsont has t he

droplets are Spol.dcgnd solidified 01 JUL 2005 9 w thout gathering

toget her. F e?afﬁpﬁ OF bl SR At i et fote ebnddoskot vshgpeedf e nay be

set at. about 80C to 200G, preferably about 100C to 160C in the

dr opl &t - f oPAi g St 1Bf2 ke Sddiserad noes i gy idnw diturgbant +4 8Gehoc29GCd

preferably about 5 0C to 10Cin the solidifying step. Upon formation of

the col or edUEsithatntbedeoprred, fimeldidron-ofs coHiaiitalreSi hi €8e @ ten

inorganic salt, a high- nolecular protective colloid or the |like as an

anti - gat heftA§e, are solidified (hereinafter called “the emulsion-
dependent, fine—particle—forming process”) ;

(2) A colored resin, which is in a molten state, is

10 injected, dispersed or sprayed into a cooled, inert liquid or
gaseous medium such that the resulting fine particulate
droplets are cooled and solidified (hereinafter called “the
dispersed-cooling, fine-particle-forming process”); and

(3) A process making combined use of the above processes

15 (1} and (2).

In the step in which the fused, colored resin is formed
into droplets, it is necessary to keep the fused colored resin
at as low a viscosity as possible. For this purpose, it is
desired to make crystals of the resin completely melt by setting

20 the temperature of the non-dissolving medium at a level which
falls within a range, in which the resin is not decomposed, and
is higher than the softening point of the resin. 1In the cooling
and solidifying step, on the other hand, it is desired to cool

the resulting fine particulate droplets at as low a temperature

26+ as possible so that the droplets are cooled and solidified




agent into the non-dissolving mediumis preferred for 10 preventing the
resulting droplets fromgathering together. The colored fine particles so
formed are collected by filtration, washed and then dried. |f coagsqyL 2005
particles or agglonerated fine particle§ are formed, it is also preferred
to crush thereby using a crushing or grinding machine in the course of the
production 15 as needed. If coarse particles or dust is forned, it is also
preferred to separate or renove them by using an automatic sifter or
classifier or the like in the course of the production as needed. The

above-descr@fﬁggggﬁgg?ﬂéym he fused, colored resin into droplets,
solidification, crushi ng,*rg atlsosq(?ﬁr%:ea]fi orll:pofo CXRTPIRe [hRe tRMPRraltysehe f
comonl y agﬁL' t o, processes to be described subsequently herein. The
mel ting of t %:%é)(ﬁ%ﬁfo%%%ﬁ$IWﬂ§“ﬁﬁ B3 Y ot edle ingerakeeehed O&nvior @omBnL al
pressure or evat.ed pressure., The non-dissol ving medi um enpl oyed i n each
of the 25 %&?ee—r g’s]é’r ia%é’(’ftpﬁ(ggé%sté% 1i69"G v drhes sirpedte torf carmmiony stkypeat 01
JUL 2005 Iigﬁid, whi ch practically does not dissolve the colored resin.
Descri bed spécFPiBaPfyrephitiditd atl pbprsf ot 0€d texan®l, epreferkbqyi shardi a
can i%plud o(gl col s _such as ethylene glycol, propylene glycol, diethylene
gl ycol®, di@r d%?éH%CgF§C6F?.Sglbéﬂﬁﬁﬂhylemepglycol and pol ypropyl ene
| ycol ; derivatives of these glycols, such as their nono and di al kyl
gly . € 9! Y : . .
ethers, their noHBONofodmeadwexpifi ¢haciadlegtest siesand itrhej rdyepiaad Kyl et her
monocar boxylic acid esters; glycerin, diglycerin and polyglycerins;
silicone oPPE1tAPRePdl codlpénel kdrldsiane aranthorganic salt, a high-
molecular protective colloid or the like as an anti-gathering
agent into the non-dissclving medium is preferred for
10 preventing the resulting droplets from gathering together.
Thecoloredfineparticlessofbrmedarecollectedbyiﬁltration,
washed and thendried. 1If coarse particles or agglomerated fine
particles are formed, it is also preferred to crush themby using
a crushing or grinding machine in the course of the production
15 as needed. If coarse particles or dust is formed, it is also
preferred to separate or remove them by using an automatic
sifter or classifier or the like in the course of the production
as needed. Theabove—describedformathmuofthefused,colored
resin into droplets, solidification, crushing, classification
20 and the like will also be commonly applied to processes to be
described subsequently herein. The melting of the colored
resin may be effected under either environmental pressure or
elevated pressure.

The non-dissolving medium employed in each of the

25 above-described processes is a poor solvent or a non-solvent



10 il lum nating kerosine, and hydrocarbon sol vents avail able under trade
names such as "lsopar" (product of Exxon Chem cal Japan Ltd.), "SHELL SO."
(product of Shell Japan Ltd.) and "HYSCOL" (product of N ppon 005
Petrochem cals Co., Ltd.); higher fatty_.acid esters, higher fatt91§UL&

triglycerides, and 15 vegetable oils; er; mxed nedia of water and
wat er-sol ubl e organic solvents, such as water-al cohol, water-ketone and
wat er-glycol ether. Illustrative of gaseous nedia, on the other hand, are

air of environnental tenperature, air cooled wth water or a cool ant, and

ai r cool ed 1By 7iXi NG+ £00l e 20 with liquid nitrogen or dry ice. The
above-descrié%ﬂk%ng?§?§ﬁ%]Q%?bg%%éééxaﬁﬁinOth %%F%ﬁ??éﬁ“béoé@§@ﬁib@@lmn

detail. The/seqylsion-dependent, fine-particle-forning rocess" (1)
i ncl udes engggin%%ﬁ%%35Q%ﬁacékgﬁkﬁﬁﬁ5¢;ﬁP#ﬁ£&Y P5f e epmples resin in
a nolten sﬁﬁé%ihsmdgspersed_in the 11 01 JUL 2005 form of droplet-shaped
fine particlés i aMén G s S 9h%finle ratium uratery Fergh-shessl stirring
or with inmpact or inpulsive force, followed by cooling and solidification
_ eBPGpylene  gn a - - |
into finePp8P¥iENEs ILRECr dichig thy Liemies grvsds s, d igtramgl esteeayliyigp 5, St r ess
is applied tE break and disperse the colored resin. As equipnent, a
convellti onBPLyehBE4CBRUBSY FPér 2Bdcic hepaohy fhne spbedo Agi dat i et val sid i er
a high-pressure inpact emulsifier, a pressure-resistant high-speed
nrgh-p 2 nmp L :
agi tator ofN@he&Idiirles, eamhbes timeritd noed antDd Theky dteaticandl tspeeGhfo
agitating blades in these equipment varies depending upon the particle
si ze requiqud¥§arboxyllc acid esters, and their monoalkyl ether
monocarboxylic acid esters; glycerin, diglycerin and
polyglycerins; silicone oils; mineral terpene, kerosine, and
10 illuminating kerosine, and hydrocarbor solvents available
under trade names such as "Isopar” (product of Exxon Chemical
Japan Ltd.), “SHELL SOL” (product of Shell Japan Ltd.) and
"HYSOL” (product of Nippon Petrochemicals Co., Ltd.); higher
fatty acid esters, higher fatty acid triglycerides, and
15 vegetable oils; water; mixed media of water and water-scluble
organic solvents, such as water-~alcochol, water~ketone and
water—-glycol ether. Illustrative of gaseous media, on the
other hand, are air of environmental temperature, air cooled
with water or a coolant, and air cooled by mixing gas cooled
20 with liquid nitrogen or dry ice.
The above-described individual processes will
hereinafter be described in detail.
The “emulsion-dependent, fine-particle-forming

process” (1) includes embodiments as will be described next.

25 - (2) A colored resin in a molten state is dispersed in the



colored fine particles to be obtained, the melt viscosity of the
ngored resin, thg viscosity of the non-dissolving liquid medium and the
l'i ke, and therefore, cannot be specified in a 15 whol esal e nanner. It |%5
hence necessary to conduct a prelininarx i nvestigation befprehanﬁ]}ﬁbﬁﬂ _
exanpl e, when the particle size requiré for the colored fine particles is
inthe range of from7 pmto 10 }im it is preferred to set the rotational
speed at about 6,000 to 20,000 rpm preferably at about 7,000 20 to 15, 000
rpmas a standard and to proceed with the dispersing processing while

checki ng {agzacle ekepsite Al e £igsuling col ared fine particl e by an

optical mcraoscope or a parti Si e : VA i;ﬁigﬁfﬁﬁolored
inin ajk -an i.s.njected into > a _non-di ssol vin (
through smal T s Gor A3 et P RGeS PO GE ST SO0 2008 O A |Luped iy
material to.di Rerge t he co%o fd resinin the form of_droplet;shqped fine
particl es, ?gpﬁomgg byTEBol ﬂé ang %BI?%ﬁ*%%%l?QﬁLSQ%&ﬂﬂEﬂ@ﬁanmnemntd t he
| ti- _opening material include a variety of porous or
ﬁg{???og;n?%ﬁegpéﬁgéFg?gead%c%@rﬁh?%ht@stbiﬁvpdedeabthsppengngSeswahb
enoug to_prepare fine particles of desired particle size. As the
physi ¢al p?g5§$§F§§Fp§ﬂﬂéﬁbFﬁ BRee ke cllsHeastenébe ob lthed medesj alasof the
porous or multi-opening sheet, it is required for the material that, when
heat ed und®¥“ERIFRbnn@nEanvpREssnRel YOuSRdebruAted ipreSTthe aP@N high-
production, it does not undergo deformation or breakage and remains
cheni cal | ys%??%la@diéiﬁ(}iioﬁve?mulmifherha b$gH-poasdugeoimb et kbinglisd 1R UM Or
t he fused, colore
a pressure-resistant high-speed agitator or an extruder can be

mentioned.

10 The rotational speed of agitating blades in these
equipment varies depending upon the particle size required for
the colored fine particles to be obtained, the melt viscosity
ofthecoloredresin,theviscosityofthermwrdissolvingliquid
medium, and the like, and therefore, cannot be specified in a

15 wholesale manner. It is hence necessary to conduct a
preliminary investigation beforehand. For example, when the
particle size required for the colored fine particles is in the
range of from 7 um to 10 um, it is preferred to set the rotational
speed at about 6,000 to 20,000 rpm, preferably at about 7,000

20 to 15,000 rpm as a standard and to proceed with the dispersing
processing while checking the particle size of the resulting
colored fine particles by an optical microscope or a particle
size distribution analyzer.

(b) A colored resin in a molten state is injected into

25 - a non-dissolving medium through small openings of a porous or




resin. Specific exanples can include a perforated sheet of stainless
steel, a perforated sheet of brass, a stainless steel 15 net, a brass net,

a porous glass film a shirasu porous glass, and a porous ceranic.grb
particular limtation is inposed on the féze of the openings of O Iy Lp@P%us
or nmulti-opening sheet, and the size of ts openings varies dependi ng upon
the nelt viscosity and 20 injection speed of the colored resin and the
viscosity of the non-dissolving liquid medium As the droplet particles of
the nelt of the colored resin generally become greater than the dianeter

of the opemiungs; HpdNenHOL .Qr | {.i - openi ng sheet, ~a porous or
nul ti - openi ng, sheet W tﬁgogé%l%&s%; 415 Shaf I e d rapie Ha e toche
si ze requi rgd the red_.fine particles 01 JUL 2005 13 is used. For
the exanpl e, t]gﬁ%ggﬁfﬁgggagp?bQ?n%$5£§c 8%e &°lipyedabyspmabliag &ndm 1/ 2

to 1/5, preferaghly. from1/3 to0.1/4 of the particle size of the col ored
fine parti glogslq{iofylbceatolb?réi né}cfab]l,@ssed‘rﬁnﬁgletﬁﬁ&tf ttHee average gamutes size of
col ored figg %jparti les to be obtained is in the range of from7 to 10 pm
a di amet er 61 f#“&nf“él%&rr&ﬁlnépéwdf. 8§ Yar Bepm % rdesivsedr Welog-obbeing
abovegdescr'beqﬁproqess (a) .in_conbination, a high-speed agitation

emul si’fi er S6qGi"pped it R-perishai édrspaiinkes wisheebentylisndans1 as oungh
rotating blades may be used, or a colored resin 10 nay be subjected to

coar se enuFQiPF@E@F@n@%ﬂP(ﬂéﬁﬁﬂQﬁQﬂldf1deaﬁm&ﬁmp&mti@i@gsﬂz@igbﬁﬁgﬁﬁﬂ
agitation epulsifier or a high-pressure inpact enulsifier. (¢c) AWO

di sper si onPPY¥SPFEEpaPEPPRItttH &6 ,nGIT-rHssd gy chemical fastness of the

material of the porous or multi-opening sheet, it is regquired
for the material that, when heated under environmental pressure

10 or elevated pressure upon production, it does not undergo
deformation or breakage and remains chemically stable and inert
with the used non-dissolving liquid medium or the fused, colored
resin. Specific examples can include a perforated sheet of
stainless steel, a perforated sheet of brass, a stainless steel

15 net, a brass net, a porous glass film, a shirasu porous glass,
and a porous ceramic.

No particular limitation is imposed on the size of the
openings of the porous or multi-opening sheet, and the size of
its openings varies depending upon the melt viscosity and

20 injection speed of the colored resin and the viscosity of the
non~-dissolving liquid medium. As the droplet particles of the
melt of the colored resin generally become greater than the
diameter of the openings of the porous or multi-opening sheet,
a porous or multi-opening sheet with openings somewhat smaller

25 - than the particle size required for the colored fine particles



l'iquid nmedium (water) dispersed in the formof droplets in a 15 col ored
resin in a nolten state. By further feeding the non-dissolving liquid

medi um (water), the WO dispersion is converted into a reversed ph@ﬁelﬁqﬁg
that the droplet-shaped fine particles gre dispersed in the non-di o'| i
liquid medium (water) The dropl et-shapet fine particles are then 20 cool ed
and solidified. According to this process, a WO enulsion is first
prepared, and water is fed further to the enulsion to convert the WO

emul sion into an ON enul sion. Exanples of equipnent for use in this

process can eth i gh-speed agitation enulsifier, the extruder and
the Iike, nlz%q%ﬁ%gh vvér85 gégc‘?ﬁi Gb ARFEHL S aPProXImapGiy hiaeThe
"di spersed-coo0l ing, fine-particle-formng process” (2) includes

st ke

enbodi ment & &% W 58y Ifexito dd)°,Usirageanabily] écoor 1¢iB3mtbal /80 an

i njection ur;j% of a__head of a hot nelt ink-jet printer, a colored resin in
a molten 5 sHAE@ALiGl%eiza ahtbege lenesrfire padér ciets bo befolst PressUr €,
el ectrical force, magnetic force or gas generation such that sub-divided
dropl ets arfe SUEE dd'athtid e asTaae i cbed viige oBdtamordher grepl et s
are hence solidified into fine particles. In this process, a nozzle head
maki ng’nusep@f’:“&tﬂ@ét i‘én ber @b tEd nexdanpl en thderahbe act FeBmol ao 10 pm,
pi ezoel ectric element is used. As the cooled non-dissolving nmedium air,
ni trogen gasdieBeiergsk froonmedpyokemateiythes ahovq:rﬁia%cabbﬁgeﬂ(?“'@ﬁﬁ?' vi ng
liquid medium or the like can be used. (b) A production systemsimfar to
a spray Coéhpngbove~described process (a) in combination, a high-speed
agitation emulsifier equipped with perforated stainless steel
cylindersaroundrotatingbladesnmykxaused,oreacoloredresin
10 may be subjected to coarse emulsification and dispersion in
advance by using a high-speed agitation emulsifier or a
high-pressure impact emulsifier.
(c} A W/O dispersion is prepared with a non-dissolving
liquid medium (water) dispersed in the form of droplets in a
15 colored resin in a molten state. By further feeding the
nen-dissclving liquid medium (water), the W/O dispersion is
converted into a reversed phase such that the droplet-shaped
fine particles are dispersed in the non-dissclving liquid
medium (water). The droplet-shaped fine particles are then
20 cooled and solidified. According to this process, a W/0
emulsion is first prepared, and water is fed further to the
emulsion to convert the W/0 emulsion into an O/W emulsion.
Examples of equipment for use in this process can include the

high-speed agitation emulsifier, the extruder and the like,

25 which were described above under (a).



15 granul ation systemis used. According to this process, a colored resin
in anolten state is fed to a spray nozzle of the rotating disk, pressure
nozzle or two-fluid nozzle type. The fused, colored resin is dispeﬂéewldwﬁ
sprayed into a cool ed, non-dissolving iumeither directly or after
droplets are 20 caused to hit the disk rotating at a high speed, and the
dropl et-shaped fine particles are cooled and solidified. As the cool ed,
non-di ssol ving nedium a cooling gas or non- dissolving nmediumsimlar to
that nmentioned above under (a) can be used. 25 In the above-descri bed

"emnul si on- dependeffs i UL 2005 15.particle-form ng process” and
"dispersed-coolingf?f?ﬁgﬁegéﬁﬁiéfggggﬁhi36%6F8€§§§C}e§fmr@Hn@bPFPﬁgsﬁﬁint

sol vent haviong ; Jasgi Al 1.t ith the non-djssolving |iquid nediumcan be
added to I(O\r}\erlt lzﬂv%gscéo@q%l/%%efnq%ea%o"t’b}iedb‘?e@?ﬁCth?ﬁenﬁﬁtten state 5 or

to make the dropu%;suggghler..The high boi | i ng- poi nt solvent can be either
a sol vent capabl € “4f "8ir-88ofli Wy FReCE oF bR edaF 6P AN Ginie addlorentniitnodpabl e
f di | vi 0 th I d [ Th f th di | vi liquid
0] I ssolv ; C red.resin. The use o e non-dissolving [iqu
medi um i n b%%"p?gcaez‘&ot( 15 1t KT I QT iRY YR - st agéosadl B $ipati anmolbeThe
col ored fini garticles obt ai ned by any one of the above-described
rocedses RafeSrefatP1RFyEAF G EmRdRevede ehape s chisrausezundessthe,
PT O . S
action of sgrface tensi on of each nolten droplet of the colored resin in
the non-di §s6FVFAGaredPare, Bagheblt énrdeopreyatageseaaspbarieah Biat
rol ate spheroi dal 15 shape and its particle size can also be controlled by
prol pheroi, p > P \
setting su lvided droplets are injected into a cooled non-dissoclving
medium. The droplets are hence solidifizd into fine particles.
In this process, a nozzle head making use of pulsation, for
10 example, under the action of a piezoelectric element is used.
As the cooled non-dissolving medium, air, nitrogen gas, cold
gas from dry ice, or the above—described.non—dissolving'liquid
medium, or the like can be used.
{b) A production system similar to a spray cooling
15 granulation system is used. According to this process, a
colored resin in a molten state is fed tc a spray nozzle of the
rotating disk, pressure nozzle or two-fluid nozzle type. The
fused, colored resin is dispersed or sprayed into a cooled,
non-dissolving medium either directly or after droplets are
20 caused to hit the disk rotating at a high speed, and the
droplet-shaped fine particles are cooled and solidified. BAs
the cooled, non-dissclving medium, a cooling gas or non-
dissclving medium similar to that mentioned above under (a) can

be used.

25 In the above-described “emulsion-dependent, fine-




conditions in advance and in the course of the production. Conpared with
colored fine particles of irregular shapes obtained by crush granul ation
as conventional art, the colored fine particles obtained by the prdcggsigf
the present invention, 20 therefore, have. superior electrical properties
such as chargeability in applications such as devel opers for

el ect rophot ogr aphy and powder coatings or superior properties in
applications such as image recording materials and paints. Usable as the
thermally fusible resin for use in the 25 present invention are

condensat i og, rgzati ' »~01 JUL ,2005 16 addition pql ymerization
resins anhoﬁigﬁﬁggg ?ﬁgﬁéﬁﬁ,ﬁgﬁ?géF aﬁﬁchdﬁﬁegrésanﬁPhéthl%lﬁéén Lgedlin

such vario ap i'c Lons_as descrjbegwﬁﬂfveh Especi al | y, condensati on
. r = : . .

pol yneri zat} on r[gséleng8 %Q?%@ﬁ%ﬁﬁ%%arﬁ Rgd1aPa-peipts Rl eent haying
because, ev psi{ tre% ha%ﬁ}rﬁlativglﬁ | ow ol ecul ar ~ wei ghts, they show
hi gh gl ass T+3RsPt1HhY 36 Th SREW MY €55 FREVLRY Vst i chineg iarar padIe 2866 t he
hydr ocar bon rin%% ag have low mnelt viscosities for their relatively |ow
mol ecul ar weT gIPET LERaRbTERS bEY He thBovel ¢lead midsdd dantlemsulitem s0ate
ponnEéization resins - the glass transition points and nelt viscosities
of whi¢h ar®F hPdif shEheswCHledsesriv ey . - Bumhiphdiide eemeriat kylpehyest er
resins, epoxy resins and the like, each which contains hydrocarbon rings,
for exanpl &£2aP6énaiFeer g agd venshcamabbardndisbndvion taphtdiairenkeresngs or
alicyclic 15 rings such as cycl ohexane rings. Polyester resins having
aromati c rigfigs? e laldndy dincapnatigs cfamisacti Waolthal med arsicdngesin. The

use of the non-dissolving liquid medium in the process (1}

results in multi-stage emulsification.

10 The colored fine particles obtained by any one of the
above-described processes have relatively uniform and even
shapes, because under the action of surface tension of each
molten droplet of the colored resin in the non-dissolving medium,
each molten dreoplet takes a spherical or prolate spheroidal

15 shape and its particle size can also be controlled by setting
conditions in advance and in the course of the production.
Compared with colored fine particles of irregular shapes
obtained by crush granulation as conventional art, the colored
fine particles cbtained by the process of the present invention,

20 therefore, have superior electrical properties such as
chargeability in applications such as developers for
electrophotography and powder coatings or superior properties
in applications such as image recording materials and paints.

Usable as the thermally fusible resin for use in the

25 present invention are condensation polymerization resins,



a diol having one or nore of such rings and/or a dicarboxylic acid having
one or nore of such rings. Illustrative of the diol having one or nore
aromatic rings 20 or alicyclic rings are (C2-C4)alkyl ene oxide addhbﬂﬁ_ﬂMg
bi sphenol s such as bi sphenol A, bisphenolg F and bi sphenol S, and their

hydrogenation products; p-xylene glycol; = bis(hydroxyethoxy)benzene;

1, 4-cycl ohexanedi ol ; 1,4- cyclohexanedi methanol. 25 Illustrative of the
di carboxylic acid having one or nore 01 JUL 2005 17 aromatic rings or
alicyclic rings are terephthalic acid, isophthalic acid,

1, 9- cycl ohexanedigrardiopyd € ACt dony g%ﬁ%?geggge&}xgag%gﬁgtggééic agad, and

£, & ]
met hyl nadic acid; and ‘their |ower a esters, aci 7 af aBfd

a”hydrideswﬁid@“ﬁﬂﬂéﬁkdﬁv%dgéﬁﬁéffﬁ'6§e9i&9@905"iC cid usable together

with these diols, each of as’ one or- nore ar ohati 32X rPHEs or

alicyclic rj , i (cqacid, funmaric acid, adipic acid,
sebasi c aciagﬁgﬁ' a;t?gdasrfc%]éz;g?ed%%aen%l% Ot t hePed i CUF TR

t th i di.car hoxylic ,acids, .10 each of which has one or nore

a?gﬁatﬁg r%%ggagﬁﬁa%%ﬁﬂ::%?%%QﬁﬁgaviﬁﬂlW¥Qﬁ?ﬁﬁ¥§ﬁ%y¥é?@sgf?%g??rﬁr?pylene
I l., b | ene gl ycol .~ hexyl ene. glycol, neopentyl glycol, diethylene

8| §§8|5, aggyfegieﬁf%ﬁgﬁgﬁéhjﬁy'céf’?nEjag Y e redEyddtdly Ao In@l@anfnaof

which has one or 15 nore aromatic rings or alicyclic rings has a glass

transitionweﬁgﬁﬁf'o?hgyoﬁpogoélﬁp AlgR&r LrpaPLtéaPapPynEsepwiabl yoothér om

C, a softenin oint of fromabout 100C to 150C,
W to 65 crys%a ?nlt%r fvallable from the hydrocarbon rings and have low

melt viscosities for their relatively low molecular weights.
Examples of the above-described condensation
10 polymerization resins - the glass transition points and melt
viscosities of which are high and low, respectively - can
includeespeciallypolyesterresins,epdxyresinsandthelike,
each which contains hydrocarbon rings, for example, arcmatic
rings such as benzene rings or naphthalene rings or alicyclic
15 rings such as cyclchexane rings. Polyester resins having
aromatic rings or alicyclic rings can each be obtained using
a diol having one or more of such rings and/or a dicarboxylic
acid having one or more of such rings.
Illustrativeof1juadiolhavingonecnrmorearomaticrings
20 or alicyclic rings are (C,-C,)alkylene oxide adducts of
bisphenols such as bisphenol A, bisphencl F and bisphenol S,
and their hydrogenation products; p-xvliene glycol;
bis{hydroxyethoxy)benzene; 1,4-cyclohexanediol; 1,4~
cyclohexanedimethancl.

25 Illustrative of the dicarboxylic acid having one or more



preferably from 100 to 130C, has sharp nelt property of a narrow nelting
tenperature width, and is solid at roomtenperature. 20 The preferred

wei ght average nol ecul ar weight of the resin is fromabout 1,000 tﬁ]JU 2005
50, 000, preferably from 3,000 to 10, 000.;; Exanples of the epoxy resin c&n

i ncl ude pol ygl ycidyl ether-type epoxy resins of bisphenols such as

bi sphenol A, bisphenol F and bi sphenol S; and their ester derivatives. The
25 preferred wei ght average nol ecul ar wei ght of the epoxy resin 01 JUL 2005
18 is fromabout 1, 000 to 50, 000, preferably from3, 000 to 10, 000.

L1 ustrat] werofatie ddjd ion olyRerd 23100 #8119 86, (P POLYTET s each

of which has a high glass-transition poin are | ecul ar

wei ght . |l ligIgratd e @arg-; p st yrene-{ et h) acryl ate copol yners,
styrene-naleafgﬁié%polyn§?§,3%%§rlcﬁﬂﬁ%ﬁi?%ﬁéﬁﬁ%&&ﬁ§¥ Tfetdatdyl at e- acryl at e

copol yners 18- but adi_ene copol yners. Usabl e as these addition
polynerizaf?gggﬁgg¥%§nggyé%%%1yﬁ%?i;lQMﬁq6ﬁEaP8du§88hY#ﬁaﬁﬁé acid; and
crushi ng- cl ifi i.0 cess for the production of 10 conventional dry
developerstg% régga%élg%?&gl§S?Sﬁﬁfnaﬁﬁgr%@gldﬁﬁle%%@aQCM@i%ﬂhydridGS-

I nci dental |y, cogxg%tﬁonalfs%ﬂerL al_dry devel opers neking use of addition
pol yneri zation ré&sing €an° L nélfude *&ydda 8d pebprerliimtacan pragdess toners
whi ch are tobtgihned u in% suspensi on pol ynmeri zati on. Because of 15
characteri stiPcs of "%Jué]bé &6 Yot §nBRrhAS whichdvevene atheoreesuina g

addi tion pal. nerizailon resins have hi gher nolecular weights. In the
above- descFiléga Yr Bees¥ed 16X ks prasemcliutenaleonc acid, fumaric acid,

adipic acid, sebasic acid and azelaic acid. Examples of the
aliphatic diol usable together with these dicarboxylic acids,
10 each of which has one or more aromatic rings or alicyclic rings,
canincludeethyleneglycol,propylenegiycol,butyleneglycol,
hexylene glycol, neopentyl glycol, diethylene glycol, and
dipropylene glycol.
Each of these polyester resins each of which has one or
15 more aromatic rings or alicyclic rings has a glass transition
point of about 50°C or higher, particularly preferably of from
50C to 65, a softening point of from about 100C to 150°C,
preferably from 100 to 130°C, has sharp melt property of a narrow
melting temperature width, and is solid at room temperature.
20 The preferred weight average molecular weight of the resin is
from about 1,000 to 50,000, preferably from 3,000 to 10, 000.
Examples of the epoxy resin can include polyglycidyl-
ether-type epoxy resins of bisphenols such as bisphenol A,
bisphenol F and bisphencl S; and their ester derivatives. The

25 preferred weight average molecular weight of the epoxy resin




h roduction of colored fine particles, it is inportant 20 that the
Lg{oﬁeg Pesin nmelts and has a nolten viscous state, in other words, a nelt
viscosity suited for its fine particle-formng process. Al though t hie1 il €005
viscosity of the colored resin and that,;pf the resin used for the _
preparation of the colored resin vary in data depending upon the nmeasuring
25 - nethod, each nelt viscosity referred to in the present invention 01
JUL 2005 19 is a nelt viscosity (Pas) as nmeasured under the follow ng
measuring conditions by using "Capillograph 1C' (trade nane; manufactured

by Toyo Seiid f¥emnsaksnbho,cdd @o) sgdeghan n fact ina cordance
m{th ¥he "%éstlng N@t%od of Flgw Charggierlé¥gp % ﬁeﬁﬂ%ﬂFﬁ% i &

ey tics
Pl astics by Capi lfanyst t LS K7199 mhlch |t characteris
of a ther xal Iy fusible regf]% Ogﬁrreh(r(re\]eg?ﬁir chl‘} i pgl POW G A HE™ E§iSA NS0 2 TFl ow

ﬁﬁﬂ% I dianeter (D), 100mmin
?Ce)\r,\\gt:]hrig I(B:L) L/Dé_lasrloeaﬁggrﬂeﬁ% hsé‘a rmh dhafefsp trRBFEREPENPELAE: 3

tes. A en 0 eeds and the correspondi ng shear
Ta?gs in the@" %aﬁ%lr}] ogr ap V%w i“go% Ce‘@eaffe"éeli}stt n I‘Iiéfmsetrlatl'l%légqt
Rel at ionshig en Pi ton Speed and Shear Rate in Visconeter i ston
speed ShearQWQ%ggglg{ et Sife rORUE e Ty T yjeqenralgatemt nin) (sec-')

copolymers, methacrylate copolymers, methacrylate-acrylate
copolymers,andstyrene-butadienecopolymers. Usable as these
addition polymerization resins are copolymers, which are used
in the crushing-classification process for the production of

10 conventional dry developers and are relatively low in average
molecular weight. Incidentally, conventional spherical dry
developers making use of addition polymerization resins can
include so-called polymerization process toners which are
obtained using suspension polymerization. Because of

15 characteristics of suspension polymerization, however, the
resultingadditionpolymerizationresinshavehighernmlecular
weights.,

hltheabove—describedprocessescﬁfthepresentinvention

for the production of colored fine particles, it is important

20 that the colored resin melts and has a molten viscous state,
in other words, a melt viscosity suited for its fine-
particle-forming process. Although the melt viscosity of the
colored resin and that of the resin used for the preparation
of the colored resin vary in data depending upon the measuring

25 nethod,eachmeltviscosityreferredtojjlthepresentinvention



10 122 100 1216 20 243 200 2432 50 608 500 6080 MNbnoners,

wei ght aver age

nol ecul ar wei ght (My) as 20 neasured by GPC and converted based on that of

pol ystyrene, and 01 JUL 2005 20 thernal properties (glass transitlbdlUl 2005

points Tg and nelting points Tnm of the*pally fusi bl e pol ystyrene resins
bl'e

resins usa I n dry devel opers
el ectrophot ography in the present invention are presented in
JUL 2005 z 0 It (D7y 77 0 SZxrorom(naWNr H
HaHHp Nr NN NN~-r1r wN WNrr P. rr{ n13 CT cn
wWN to ~' ;d
Oywcrr a

(R-1to R6) as exanples of

awrt wa
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measuring conditions by using “Capillograph 1C” {trade name:
manufactured by Toyo Seiki Seisaku-Sho, Ltd.} designed and
manufactured in accordance with the “"Testing Method of Flow
5] Characteristics of Thermoplastic Plastics by Capillary
Rhecometer”

{JIS K7199) in which melt characteristics of a

thermally fusible resin are measured by allowing the resin to

flow down through a capillary.

Capillary: 1.0mm in diameter (D), 10.0mm in length
10 (L), L/D = 10.
Barrel: 9.55 mm in diameter.
Retention time: 3 minutes.
A relationship between piston speeds and the
correspondingshearrates:hlthe“CapillographILY’ispresented
15 in Table 1.
Table 1
Relationship between Piston Speed and Shear Rate in Viscometer
Piston speed Shear rate Piston speed Shear rate
(mm/min) (sec™) (mm/min) (sec™)
10 122 100 1216
20 243 200 2432
50 608 500 6080
Monomers, weight average molecular weight (Mw) as
20

measured by GPC and converted based on that of polystyrene, and
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F-a:b'l7'l7'Vti '6CDQoo0oXxXx Og00~ w ananma Ntr nrr
n'<rrrrro Naa It' HaN wr- rrnrr nr-ca(DnONNrrO

r x N

thermal properties {(glass transition points Tg and melting
points Tm) of thermally fusible polystyrene resins (R-1 to R-6)
as examples of resins usable in dry develcpers for

electrophotography in the present invention are presented in

5 Tzble 2.
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c aN.U Table 2 Compositions and Properties of Resins
c _»
—— @ )
Oc- Eg¢ Monomer components of resin Properties of resin
© O —
a1 o> Resin . . .
=z - e Dicarboxylic acid _ g °
OID.\.LM m component Diol component Mw (x 10,000) Tg (C) Tm{°C)
- O
o _
@0 o5 m R-1 Terephthalic acid BPA-EQ 1.2 60 100
c -
@ =0 m o R-2 Telephthalic acid BPA-PO 0.6 55 100
058085
% - Telephthalic _
©®0oa:3 R-3 acid/fumaric acid BPA-PO 1.3 46 92
C cC cC -
o~ 28 R-4¢ Telephthalic acid BPA-EO/CHDM 1.4 64 108
- C B O
o .= 4 R-5 Fumaric acid BPA-PO 2.5 55 104
C oo ]
T =24 R-6 Telephthalic acid BPA-PO 2.7 64 115
F(n\~ 2 w. (Note) BPA-EO: Bisphenol A-ethylene oxide adduct
MM_VHM o BPA-PO: Bisphenol A-propylene oxide adduct
Pz cRT CHDM: Cylohexanedimethanol
OHW\.W.M Mw: Weight average molecular weight
Oc 22 Tg; Glass transition point measured by a differential scanning calorimeter
< rN g Tm: Melting point measured by a differential scanning calorimeter
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the nelt viscosities of the above-described thermally fusible polyester
resins (RR1to R6) at 120C to 160C were neasured. 5 The results are

presented belowin Table 3. 01 JUL 2005 z z x x ml I H d Cn quUE2g¥H
PL C&Y (DroWrnO rr OLn NNNN % rt O0OOOOOF COP. ~.0O
O!D~ 't3 O rt Wr ~ rr[D NWNNANNNMONwWWO

To investigate the relationship between the composition
of each resinand its physical properties and fusing temperature,
the melt viscosities of the above-described thermally fusible

polyester resins (R-1 to R-6) at 120°C to 160°C were measured.

5 The results azre presented below in Table 3

o
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s - Table 3 Relationship between Fusing Temperatures and Melt Viscosities of Resins
nDuC Fusing temperature (C)
— © _ Piston speed
D.W Resin (mm/min) 120 130 140 150 160
OC Melt viscosity (Pa-s)
o -
~ R-1 20 153 20 7 4 5
Oo R-2 50 2 2 - - -
T3
00 R-3 20 20 40 - 3 -
VM R-4 10 ‘21 21 21 - 15 q
S ca R-5 50 186 77 35 7 4
Z o
r/D.\t R-6 10 322 160 40 8 6
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data descri bed above, it has been found that it is the tenperature
condition that affects nost significantly the nelt viscosity of afnegj 2005

that at a low tenperature close to a Ig?ger limt of the fusing
tenperature, 5 the nelt has a high viscdSity and exhibits extraordi nary

viscosity properties, and that a tenperature higher than such a |ow
tenperature is needed to inpart normal nelt viscosity. It has also been
found that the nelt viscosity drops substantially and stabilizes as the

fusing tenperaturge i 0 raised. Tyrnjng next to influence of the

nol ecul ar wei ght E&‘dng th:eeénle S&{qqe?%prd’@ﬁgr dessrak@hiipsiveal ipr bper bees, a

resin | ow fiorgmadv%rhac&eir{pl.ec \l%ar weight nelts at a |ow tenperature. A resin
|

| ow in softening point <5 Wi hEPPEEEEPTY sRADItAbN thes af féBtkomest

t enper at ur es. n’ﬁ“tfihia%}f enperatures, glass transition point considerably
affects thé Vscosifty.*¥a i ght §5P i tas o f ta anss 11 ontlpdt nét r equbkes a

hi gher ter’rQeratur to lower its nelt
emperature close to a lower limit of the fusing temperature,

5 the melt has a high viscosity and exhibits extraordirary
Viscosity properties, and that a temperature higher than such
a low temperature is needed to impart normal melt viscosity.
It has also been found that the melt vViscosity drops
substantially and stabilizes as the fusing temperature is
10 raised.

Turning next to influence of the molecular weight of a
resin on its properties and physical properties, a resin low
in average molecular weight melts at a low temperature. A resin
low in softening point is low in Viscosity and stabilizes at

15 lower temperatures. At high temperatures, glass transition
point considerably affects the viscosity. Aresinhigh in glass
transition point requires a higher temperature to lower itsmelt
viscosity.

Further, the melt viscosity of a colored resin at a given

20 temperature is dependent significantlonn the melt viscosity
of the resin, which was used to prepare the colored resin, at
the same temperature, and is also affected by the added pigment,
charge control acent and the like. The value of melt viscosity,
therefore, varies from one colored resin to another.

25 Accordingly, upon forming a colored resin into fine particles,



viscosity. Further, the nelt viscosity of a colored resin at a given 20
tenperature is dependent significantly on the nelt viscosity of the resin,
whi ch was used to prepare the colored resin, at the sane tenperat Ureylatids
is also affected by the added pi gnent, é:é;ar ge control agent and the |ike.
The value of nelt viscosity, therefore,“varies fromone colored resinto
anot her. 25 Accordingly, upon formng a colored resin into fine particles,
0 1 JUL 2005 25 the colored resin is prepared, and by the above-descri bed
"Capillograph 1C', its nelt viscosity is nmeasured at varied fusing

t enper at ur I n ds, The nelt viscosity also differs depending
upon t he fiq%e%g?%?: (g- %?%gnbsﬁﬁgggg?dt aﬁHdSbbfa%ﬁét apevepdesfirédedn a
whol esal e RINeS i S wever, referred to set the fusing tenperature
such that the rre]I]tAé{/?%}%og(?ty %é’fl@gmtﬁiﬁcﬁsﬂﬁcéﬁiIﬂyasangé af fraomedbout
1to 500 R -Ssi,ncpgeferabl from1l to 100 Pa-s, and to formthe fused
colored reésinin Smf)?ﬁé‘tégﬁﬁi e P ighger speeds hustisenel enperatarey 40so

condi tion igncf%ccor%ance W th the above-described procedure. The

t enper at ur & '¢diidi® FEReRey "argen e fevwmar tfirom -ahouti rBPErote s5808naw t h
a range of from90C to 160C being preferred. The colored resin is produced
by addi ng CARETES SearmPemidf iahelnl ikevhiol ¢drel abovendescrithad,r egibyeaand no
particular 15 limtation is inposed on its production process. For exanple,
the col or P&SitRTeas e medduded fass proposeseracdfe 1dud49864 A thdage] y, by

feeding a resin into an extruder, also feeding the colorant and the |ike
t hrough t h&tEcpespactnlésawt Omit iscviscosity range of from about 1 to 500
Pa-s,preferablyfrom].tolOOPa-s,andtoformthersedcolored
resin into fine particles under the thus-set temperature
10 condition in accordance with the above-described procedure.
The temperature condition may range, for example from about 80°C
to 180C, with a range of from 90°C to 160C being preferred.
The colored resin is produced by adding the colorant and
the like to the above-described resin, and no particular
15 limitation is imposed on its production process. For example,
the color resin can be produced as proposed in JP 11-49864 A,
namely, by feeding a resin into an extruder, also feeding the
colorant and the like through their respective automatic
netering devices into the extruder, and kneading the colorant
20 and the like with the molten resin in the extruder.
Especially when the resin is a resin obtained by a
condensation polymerization reaction like a polyester resin,
a rationalized production process can be used, for example, as
proposed in JP 11-46884 A. According to this process, the

25 colorant and the like are either dissolved or dispersed in



nmetering devices into the extruder, and kneading the colorant 20 and the
like wwth the nolten resin in the extruder. Especially when the resinis a
resin obtained by a condensation polynerization reaction like a poﬂ}éﬁkéwﬁ
resin, a rationalized production proce§% can be used, for exanple, as
proposed in JP 11-46894 A. According to this process, the 25 col orant and
the like are either dissolved or dispersed in 01 JUL 2005 26 i ndi vi dual
stages of synthesis of the resin, that is, into raw material conponents,
the resin in the course of the polynerization reaction, the resinin a

mol ten st atig@htiefudihe + ;6R%pL et d t he yneri zation, and/or the resin
taken-out 5 in a nDItenag%até?féiﬁkég?%%éyf%hev5§§épf.twqtﬂﬁb into raw

pol ymer i zatj@ r il-8a¢L] is.still. on the way, the reaction is allowed to
proceed further to co I{eet%léogri. %oﬁ%ﬁqéﬁn@%&%%%@ﬁh@se processes

can each bgf d. int.g fin articles in a non- dissolving nmedi um by such
a procedurgoag&%g§gfgﬁgﬁlg%osg?oTO WS (5 I3t dBed ¥t eme tartasefit ernvieat | on

for the pr t of .colored. fine particles, it is particularly preferred
to feed aegi‘)*?&s??é’%’ Pés?h? QAL ¥Rehidabéen  obbai Aedthy besbndemkat i ont

pol ynmeri zatjon reaction, directly in a nolten state or in the formof fine
part ingjl es }Lht%mgﬁ%g%sﬂiﬁfe‘? IYFR akeaGtémnt Yesasl metief thg me\mes: i 4 eedimg a
col orant apd tge like into the extruder via their correspondi ng automatic
met eri ng devitEs®n Ehadtdddi My tieeWent ditentreand ibhei  iske cwrtdt bhe-d@sid.
From t he §tangoint of production steps, it is nost rational and

econoni cal * b 8GbsEQuERTPYeEbpm t Heo i died obt inedolbbh0ned BOStAese

brocesses can each be formed into fine particles in a non-
dissclving medium by such a procedure as described above.

10 As the process of the present invention for the production
of colored fine particles, it is particularly preferred to feed
a polyester resin, which has been obtained by a condensation
polymerization reaction, directly in a molten state or in the
form of fine particles into an extruder via an automatic

15 metering device, feeding a colorant and the like into the
exXxtruder via their corresponding autométic metering devices,
and adding the colorant and the like into the resin. From the
standpoint of production steps, it is most rational and
economicaltosubsequentlyformthethus—obtainedcoloredresin

20 into fine particles in the above-described non-dissolving
medium.

The colorant and the like for use in the present invention

can include, in addition to the colorant, internal additives
such as a charge control agent, a ferromagnetic material, a wax,

25 a@ crosslinking agent, a light stabilizer and an ultraviolet



20 into fine particles in the above-described non-dissolving nmedium The
colorant and the like for use in the present invention can include, in
addition to the colorant, internal additives such as a charge confriolUl 2003

agent, a ferromagnetic material, a wax, a crosslinking agent, a light
stabilizer and an ultraviolet 01 JUL 200 27 absorber. No particul ar
limtations are inposed on their kinds and anounts. The col orant may
conprise one or nore colorants selected fromoil-soluble dyes of chromatic
or black colors, dispersible dyes, organic pignents, carbon bl ack

pi gnent - ancifsd s .9aning, PLgoe Lfine ferromagnetic materials, and white
organi c pignments and i no}?gani ghgfigrrlel%sgae%(oa% 8§ VPR ordit enkinds

i ncl ude or gaH Gl @rent stguUc a igments, high nolecular weight azo
pi gnent s, azomsthine-congggn??\gg%é9 ﬁ?gﬁ%?ﬁ%?l%%dﬁﬁ%Hﬂhﬁoﬁﬁgﬁ@hpsants

ant hraqui n i pht hal.acyani ne pi gnents, perynone/ peryl ene

pi gment s, Q?%é?g%%?ﬁ%%?héﬁ&os ﬁdﬁ§ﬁ¥§§“ﬁiGgéfpﬁ@mﬁﬁgﬁeﬁﬁsblqakna@ibdane

pi gnents, i5Qi ..none, pi gnents, .isoindoline pignents,

di ket opyrro g%%%?#%ﬂéa6¥§ﬁ%nF§?a&&Fh8BﬁPﬁ§¢§neCﬁF@@@nbéﬁckngtamenbn@mex

pi gments, and . Ekine.black; and inorgani c 15 pignments such as iron oxide
pi gments, Composite SXiAEPigment™€ L anPia Ineh Lon fuxt elel pl gneat @ . white
Il'lustrative of .the.charge control agent as an internal additive to

devel oper s °f 6F "ée &t 0Greh Ry BRI ihydrient e Exmetdlescapliéxes, azo
dye-netal conpl exes, and cationic 20 conpounds. Illustrative of the

f er r omagnefPcOmaler¢&} 18Fdude organic pigments such as azo pigments, high

molecular weight azo pigments, azomethine-containing azo
pPigments, azomethine pigments, anthraquinone pigments,

10 phthalocyanine pigments, perynone/perylene pigments,
indigo/thioindigo pigments, dioxazine pigments, quinacridone
pigments, isoindolinone pigments, isoindoline pigments,
diketopyrrolopryrrole pigments, quinophthalone pigments,
metal complex pigments, and aniline black; and inorganic

15 pigments:muj1asironoxidepigments,compositeoxidepigments,
and titanium oxide pigments.

Illustrative of the charge control agent as an internal
additive to developers for electrophotography are salicylic
acid-metal complexes, azo dye-metal complexes, and cationic

20 compounds. Illustrative of the ferromagnetic material are
conventiocnally-known fine ferromagnetic materials such as
black, brown or reddish brown magnetic iron oxides and magnetic
metals. Examples of the wax can include conventionally-known
waxes, for example, high fatty acid esters such as stearyl

25 palmitate, stearyl stearate, behenyl behenate, behenyl



conventional | y-known fine ferromagnetic materials such as black, brown or
reddi sh brown magnetic iron oxides and nagnetic netals. Exanples of the
wax can include conventionally-known waxes, for exanple, high fatgﬁ&%éﬁd
esters such as stearyl 25 palmtate, st%?ryl stearate, behenyl béHelat ﬁ
behenyl 28 01 JUL 2005 stearate, stearyl behenate, and hydroxystearic acid
glyceride; paraffin waxes; polyethylene oligoners, ethylene copol yner

ol i goners, and propyl ene oligoners. Internal additives usable in
applications such as powder coatings can include, for exanple, 5

or ool ki ne cagenis ol i e o A el sheaiie s At

fluidizing agents. Wen t ored 'resi

dry devel oparq f&iGh contr nt, a.fluidizing agent, a wax and/or a
ferromagnetic mater ?';alg(%ésr’e%é)&g)ée ,%g’glser}?eé’c}étﬁonéq’b%g SN I £RPBYTBRE . The

contents of, it l.orant and internal additives, such as the charge
contr ol agtejr%:lg%fn%(}t”he%rl% irr?pgrlfnes?ﬂ’rg%rfle}%'tH@%W%%E@‘ﬁdi%g%m@ﬁs in

t he develogg&gﬁ#no . to date. Wien the colorant is a pignent, for exanple,
the conten e Yhertc PNgBT Gk iditruEan i 120iam for ebsmple,
prefe%ably fromabout 2 to 8 wt.% based on the resin. The content of a
char gé coanSFggéggf?gdﬁg?%Esoﬂﬁéﬁﬂhéﬁépl#ﬂyeﬁémg@ltfa@hoabbuﬂaﬁoﬁhnﬁﬁ)
wt.% prefergbly fromabout 2 to 6 w.% based on the resin. The content of
a wax, on ?ﬂg Siﬁéglﬁéﬁa,aﬁﬁﬁtﬁange fromabout 3 to 20% with a range of
fromabout 5 to 15% being 20 preferred, both based on the resin. The

col orant and int BBl thedreioredsietinmsis hsehafge thoomraludgedt o mhi ch

are added to the resin as descri bed above,
dry developer, a charge control agent, a fluidizing agent, a

wax and/or a ferromagnetic material are added, as needed, along

10 with a colorant. The contents of the colorant and internal
additives, such as the charge control agent, in the resin are
similar to the corresponding contents in the developers known
to date. When the colorant is a pigment, for example, the
content of the pigment may range from about 1 to 20 wt.§%,

15 preferably from about 2 to 8 wt.% based on the resin. The
content of a charge control agent, on the other hand, may range
from about 1 to 10 wt.§, preferably from about 2 to 6 wt. % based
on the resin. The content of a wax, on the other hand, may range
from about 3 to 20%, with a range of from about 5 to 15% being

20 preferred, both based on the resin.

The coclorant and internal additives such as the charge
control agent, which are added to the resin as described above,
can also be used as high-concentration products (master
batches). For example, it is also very preferred to use the

25 colorant or charge control agent in the form of a master batch



can al so be used as high-concentration products (nmaster batches) For
exanple, it is also very preferred to use the 25 col orant or charge control
agent in the formof a master batch 0 1 JUL 2005 29 with the col ofdntULoib05
charge control agent finely dissolved orgq di spersed in the polyester resin
or aresinreadily mscible wth the resin, that is, in the formof a

hi gh-concentration pignment-resin conposition or a high-concentration
charge 5 control agent-resin conmposition. The content of the colorant or
the like in the master batch may range fromabout 10 to 70 w. %

preferably ffomahou; 120 40 39 %a%e%oﬁpgaieg Ond Ofirg%]\%aionlsgsggt. [£3gnt

invention has a low nelt viscosity, a dry devefoper, er i g°5r t he

i ke 10 {ch. tai ne Si e colored fine particles.exhibit
superb pr \ggae#tlljéefss%dcaﬂ 2@%%&&%&&% ixabi'tity,? &ps&n &éa\?éfldﬁi Hldsﬁrlﬁﬁgrty,
vi vi dness coat  snoot hness when ijmges .or coatings are forned on base
material s gﬂ%hh Calcghepd:peesrms’hgcz}a& 154 IJTPS,“%r?Etfé)Imbﬁ efls 69%5F8P5§n5frait|18ﬁ,

al um num or. .narﬁegnes_i un% 15 or m)%ded $roducts. The colored fine particles
accordi ng O IR presem COPRRA Fntart askteh FADEBRTEALLBRaFPFTRAOWN
coloring a Iicaﬁions in which colored fine Earticles are used. As

nent i ched zfgﬁ%t,o REPTar e TUSEHPRS 1& 81 -or ARE FRNERYT devdingpepdoczantor
el ectr ophot ography,. i mage recording naterials such as ink-jet printing

i nks, print9ndhshidd keertBcthgshasterpbatel Mevatings, L reuiahowd WedopdRder

coatings, and slurry paste Pai nts; and can al so be used for coloring
articl es witth udtreferably from about 20 to 50 wt.%.

As the resin for use in the present invention has a low

melt viscosity, a dry developer, powder coating or the like
10 which is obtained using the colcred fine particles exhibits

superb properties such as excellent fixability, color-

developing property, vividness and coat smoothness when images

or coatings are formed on base materials such as paper sheets,

films, metal sheets or plates of iron, aluminum or magnesium,
15 or molded products.

The colored fine particles according to the present
invention are useful in conventiocnally-~known coloring
applications in which colored fine particles are used. As
mentioned above, they can be used as a colcrant in dry developers

20 for electrophotography, image recording materials such as
ink-Jjet printing inks, printing inks, electrostatic powder
coatings, fluidized bed powder coatings, and slurry paste
paints; and can also be used for coloring articles with such
products by methods such as image recording, printing and

25 coating.



products by nethods such as inmage recording, printing and 25 coating. 01
JUL 2005 30 The present inventi on will next be described specifical

based on Exanples, in which all designations of "parts" or "part" Oand/L" 35
are on a weight basis. Exanple 1 5 [1] Q%pduction of high-concentration
products (master batches) of pignment and charge control agent Master

bat ches of pignments and a charge control agent were each prepared by
provisionally mxing fine particles (70 parts) of a polyester resin (Resin
R-1), which had been obtained by 10 the bel ow descri bed process, and the

cor espondi ng onofis) o3t Hhe: bel.out deseried PLOTRIL S, ol gent. der L3t ves

and charge contro gent in a Speed mxer, - d the

resul ting pn i.N-SCrew, extruder ogling the resulting  pellets,

and t hen c[%?%%#ymgr}if%\édr?n%ge?hel?h’ﬁ%y&%o‘%g Q%HQFQEI%SF@& np%-rfsus&ﬁ as

descri bed abhove M@%H? p%Jyester resin, of the. bisphenol A type, which had
e

been obt ai néfby s ctingr et P epht®LPt 28F4Sand a propyl ene oxide adduct

of bi sphen A {hydroxyl val ue: 321) to condensation polynerization at a

mol ar  ratiGBPA€ 1t in the presence of tetrabutyl titanate as a 20-
condeg;ing catal yst. The properties of the resin are shown above in Table
2, and®t he el £TPR8EEIPN @5 Ndhrkencesity aad opapreduct asinms tanbetaheses are
presented above in Table 3. Incidentally, the pignents, pignment derivatives
and charge coffr Bl 9BgaHt aBSedhiag geheocabawd mosdddure were as

Master batches of pigments and a charge control agent were
each prepared by provisionally mixing fine particles (70 parts)
of a peclyester resin {(Resin R-1), which had been obtained by

10 the below-described process, and the corresponding one(s) of
the below-described pigments, pigment derivatives and charge
control agent in a high-speed mixer, sufficiently kneading the
resulting mass in a twin-screw extruder, cooling the resulting
pellets, and then coarsely grinding the thus-coocled pellets.

15 Resin R-1 used as described above was a polyester resin
of the bisphencl A type, which had been obtained by subjecting
terephthalic acid and a propylene oxide adduct of bisphenol A
(hydroxyl value: 321) to condensation polymerization at amolar
ratio of 1:1 in the presence of tetrabutyl titanate as a

20 condensing catalyst. The properties of the resin are shown
above in Table 2, and the melt viscosities of the resin at varied
fusing temperatures are presented above in Table 3.

Incidentally, the pigments, pigment derivatives and
charge control agent used in the above procedure were as

25 follows:



25 folltows: O 1 JUL 2005 31 - Yellow pignent: A mxture of C. 1. Pignent
Yel l ow 128 (23, parts) and phthalim donet hyl at ed di sant hr aqui nonyl -

monophenyl ami no-s-triazine (3 parts). - Red pignent: A mixture of d1UUL 2005
Pigment Red 122 (27 parts) 5 and phtha@ m donet hyl at ed
di met hyl qui nacri done (3 parts). - Blue pignment: A mxture of C.I. Pignent

Blue 15:3 (27 parts) and phthal i m donet hyl at ed copper phthal ocyani ne (3
parts). - Black pignment: A mxture of CI. Pignment Black 6 (27 10 parts)
and pht hal i m donet hyl at ed copper phthal ocyanine (3 parts). - Charge

control agent: Negafi : C [ agent of he chrom um conpl ex_type
(30 parts). [2) Prod%%?#%%ﬁ%gﬁébﬂgéégk?ﬁgi:écig'ThégWEEH T EPWil 28 fédin at
an aut onat | t.er.li vice_ of a twi.n-screw extruder and the feed rate of
one of theb%ég?éran%gggﬁgguan%§?@ﬁﬁ§%ﬁﬁ§?:r%ﬁ%ﬁ@?ﬁf%ﬁﬁ%n%ﬁybfside f eeder
arranged an,internedi ate part of a cylinder of the extruder were set
Abg? henﬁiﬁ?ﬁﬂ%ﬂﬁﬂ%ﬁ%ﬁﬁfQﬁuﬁ&1HﬂﬂQﬁMi n Table 4. The 20 pol yester

bef orehand 0 "give
W%s.fed into a hopper of the tw n-screw nolder via the

resin (Resin R-1) )
aut omati c met eri ng YEHETEN bk e L1t géHedI p&idiEierdt Retel hd 23f pa hies hast er

bat ches was_ auto ically nmetered and fed by the automatic netering unit
and wés th&Rd; ﬁ%&%@&”&ﬁi@%@é’&ﬁ% Gt pidiera of  ddres efd romters) 25
Wthin the extruder, the crushed powder was kneaded with the
- Blue pigment: A mixture of C.I. Pigment Blue 15:3 (27
parts) and phthalimidomethylated copper phthalocyanine (3
parts).
- Black pigment: A mixture of C.I. Pigment Black 6 (27
10 parts) and phthalimidomethylated copper phthalccyanine (3
parts) .
~ Charge control agent: Negative charge control agent of
the chromium ccmplex type (30 parts).
[2] Production of colored resins
15 The feed rate of a resin at an automatic metering device
of a twin-screw extruder and the feed rate of one of the master
batches at an automatic metering unit of a side feeder arranged
at an intermediate part of a cylinder of the extruder were set
beforehand to give the proportions shewn below in Table 4. The
20 polyester resin (Resin R-1) was fed into a hopper of the
twin-screw molder via the automatic metering device, while a
crushed powder of the one of the master batches was
automatically metered and fed by the automatic metering unit

and was then injected and added into the cylinder of the extruder.

25 Within the extruder, the crushed powder was kneaded with the




01 JUL 2005 32 polyester resin which had been brought into
The <colored resin was then discharged in the formof a thin
and then coarsely crushed into flakes. 01 JUL 2005 n n; mm (D (D ©i\Wrk 2805
CNO rw(Dar to Oan(DrH—ichQXO(DaaE COD n wuw, it EII
<O0O(nrt Owr "7 (Dit (Dti (nO r 1t (DFy it Fi Ori ri CY (D10 O
arr FG CODtTr t awit nrra wrt nwrt Qnrtr F- (DnOit a/ rt
C wafD c CD

a nolten state.
film cool ed,

polyester resin which had been brought into amolten state. The
colored resin was then discharged in the form of a thin film,

cooled, and then cecarsely crushed intoc flakes.
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Table 4 Formulations for Production of Colored Resins

Formulation (parts)

Colored resin

Yellow Red Blue Black
Resin R-1 76.7 72.4 78.3 72.4
Yellow master batch 14.0 - - -
Red master batch - 18.3 - -
Blue master batch - - 12.4 -
Black master batch - - - 18.3
Charge control agent master batch 9.3 9.3 9.3 9.3
Color developed with developer Yellow Red Blue Black




F- ~~1Ivl |l co(DWw(DcoFJr all Na nwwnn x x 01 JU
2005 34 Melt viscosities of the thus-obtained, respective colored resins
of yellow, red, blue and black colors are presented bel ow in Tabl e (3. Jyrhio%
pi ston speeds in the table were pistonggpeeds in a visconeter
("Capillograph 1C'). The colored 5 resins were not sufficiently lowered in
nmelt viscosity at 130C, and showed stable |ow viscosities at approximately
140C to 150C. 0 1 JUL 2005 35 Table 5 Rel ationship between Fusing
Tenperatures and Melt Viscosities of Colored Resin Colored Piston Melt

Vi scosi t Pas) i B ed ( i 3 4 5 _ vel | ow
100 77 37 (18 Zegfeﬁ%zgé%gg”g??ﬁ?g %16‘68%?% ggu%5%t]a§%d' Telpethitn

colored resins of yellow, red, blue and black colors are
presented below in Table 5. The piston speeds in the table were
pilston speeds in a viscometer (“Capillograph 1C”). The colored
5 resins were not sufficiently lowered inmelt viscosity at 130%C,
and showed stable low viscosities at approximately 140%C to

150°C.



50 96 41 - 100 87 39 - Red resin 200 77 37 - 500 57 31 - 50 80 36 - 100 73
34 - Blue resin 200 66 31 - 500 51 26 - 50 123 53 37 100 239 55 34 Bl ack
resin 200 92 49 30 500 67 - - 5 [3] Production of colored fine partilclgs?005
(devel opers for el ectrophotography) ("emylsion-dependent, fine-
particle-form ng process”) (1) Blue developer for el ectrophotography 01 JUL
2005 36 Ethylene glycol was chosen as a non-dissolving liquid nediumfor
forming the blue resin into particles. In view of the nmeasurenment results
of nmelt viscosities of the blue resin at varied fusing tenperatures
presented in Table 5, the 5 tenperatqubfg fﬂhylene glycol as the liquid
medi um was set at 150C. Into a stainless steel vessel fitted with a heater

sndan agitatar. tjy|gne gLyegl (300 pagts) and 2 20% dfspersior

and Melt Viscosities of Colered Resin

Colored Piston Melt viscosity (Pa-s)
resin spegd
(mm/min) 130°C 140°C 150°C
50 85 40 19
Yellow 100 77 37 18
resi
n 200 69 33 17
500 53 28 15
50 96 41 -
100 87 39 -
Red resin
200 77 37 -
500 57 31 -
50 80 ‘ 36 -
100 73 34 -
Blue resin
200 66 31 -
500 51 26 -
50 123 53 37
100 239 55 34
Black resin
200 92 490 30
500 67 - -
) [3] Production of colored fine particles (developers for

electrophotography) (Yemulsion-dependent, fine-
particle-forming process”)

(1} Blue developer for electrophotography



(100 parts) of silica in ethylene glycol were charged. The contents were
agitated to disperse the silica. 10 Into the dispersion, blue resin

fl akes(500 parts) which had been obtained as described above was a@dedL 2005
After the resulting mxture was agitatgg to disperse the blue resin, the
resul ting dispersion was heated to about 150C so that the blue resin

fl akes was caused to nelt. On the side, ethylene glycol 15 (100 parts) and
a 20% di spersion (100 parts) of silica in ethylene glycol were charged
into a stainless steel vessel fitted with a heater and a hi gh-speed

agitator, followedtiyerkeafing 1t Q\'a]ésqlq;lots%rpra%}’iad%%c\}]@iu%se%vgiartﬁ;h'?lqurﬁio %h a

porous gl ass plate the average opening Size 0O IC e
above- prepaked udli R8T $HLOR lue resin in ethylepne glycol was
i nj ected under upr essure | rlngtoj £F§eg%%§grre%la? ?hntr?aipr?trgilﬁgﬁ%ndgp 'gb%/‘t’a?fon at

hi gh speed¢nhBY L.OusS plate,. the fused blue resin was di spersed
in the form o?eg?géleglte?lghggégiilsn%gpné%:lttl CIPESCAMIYSE CdntPRUPHge P 3 he

hi gh- speed_agi .on of .the .outer hath, the progress of 0 1 JUL 2005 37
fornation i%tg%?ﬁﬁg 5§F?igﬁgfqﬁﬁfa &V &F FENGH &t 1GrRRd e e -

m cr ogcope r..confirm 1 hat st fine particles fell in the particle
si ze ?angetgﬁg r%(%r#getS*l%t S Ehe Biiter 2Bathe W kdsledd.umaresr sehet
tmmmauN?BIth%OMerbMChvms5Iowyedt0jomntmmmauua
solidified PPie blidOpar EFafBLeSfeskeeblvasaadd iy ted wiahi arhedher gughl y
washed with water, and then dried to obtain uniformfine blue particles of
the presenf™ FAVEREPBN $hRRLepRerleenl f(GOR pPavitsy andawerCigeliardrsdlon si ze

{100 parts} of silica in ethylene glycol were charged. The
contents were zgitated to disperse the silica.

10 Into the dispersion, blue resin flakes (500 parts) which
had been obtained as described above was added. After the
resulting mixture was agitated to disperse the blue resin, the
resulting dispersion was heated to about 150C so that the blue
resin flakes was caused to melt. On the side, ethylene glycol

15 (100 parts) and a 20% dispersion (100 varts} of silica in
ethylene glycol were charged into a stainless steel vessel
fitted with a heater and a high-speed agitator, followed by
heating to 150 to provide an outer bath.

Through a porous glass plate the average opening size of

20 which was 2.7 pm, the above-prepared dispersion of the fused
blue resin in ethylene glycol was injected under pressure into
the outer batch maintained under agitation at high speed. By
the porous glass plate, the fused blue resin was dispersed in
the form of droplet-shaped fine particles. While continuing

25 the high-speed agitation of the outer bath, the progress of




of about 8 pm 10 To the fine particles, colloidal silica was added as a
fluidizing agent in a manner known per se in the art, followed by the

m xing with magnetic iron powder as a carrier to afford a blue devildped0ls
for el ectrophot ography. Using the blue vel oper, copying was performed by
a copying machine for 15 negativel y-charging two-conponent col or

devel opnent. As a result, a vivid blue inmage was obtained. (2) Red, yellow

and bl ack dry devel opers for el ectrophotography Follow ng the
above-descri bed fine-particle-formng process for the blue resin, uniform

fine spherigtatmpasdhclgs 29 Qf .red, |l gw and bl ack resins were
o:at ai ned,h tsep_ar ately. Dry dev F‘ggéfggéf@ﬁo@%s%&’% §€fr01r0ddlcal.lby (ljlndber
el ect r ophotpgiafhy U i-n_a.si ar manner as described above.
Separately - using th seg d?ﬁggggl&ﬁé@}n@g}s{??ﬁg‘“%% Here graatd e Hell

copying maghi I ativel y-chargi ng_t wo- conponent col or 25
devel opnent . Atgl%afp%é‘étu%%e vitvicd riaﬁﬁﬁeé’?offrP@d? Vel Qwmand s acited batbl

2005 38 c ) re, obt ai ned, .respectively. Using the blue dry devel oper
for el ect r?ﬁtcooﬁaep%y EJ‘;c@jyﬁ_'te&i s 5%6\@9%‘%1}%% T €1 )batnch tees
above-5descrliob%d re el |l ow and bl ack devel opers for el ectrophotography,
copyi ng was 5 ﬁéercfoorre%a% YT rRy neehidef fed hHbgatbletyeshat giag

t wo- conponent Coé\,gi devel opnment. As a result, a vivid full-color inage of

the four c8FEFsCRaseobeditiedllfRasionm iy rowginky washien &heh akawe- dgsar i bed

proceduresthLal] to [3] except that Resin R-1 in the fornulation shown in
ndried to obtain uniform fine blue particles of the present

invention in a spherical form having an average particle size
of about 8 um.

10 To the fine particles, colloidal silica was added as a
fluidizing agent in a manner known per se in the art, followed
by the mixing with magnetic iron powder as a carrier to afford
a blue developer for electrophotography. Using the blue
developer, copying was performed by a copying machine for

15 negatively-charging two-component color developmeﬁt. As a
result, a vivid blue image was obtained.

(2) Red, yellow and black dry developers for electrophotography
Following the above-described fine-particle-forming
process for the blue resin, uniform fine spherical particles

20 of the red, yellow and black resins were obtained, separately.
Dry developers of those colors for electrophotography were
prepared in a similar manner as described above. Separately
usingthosedrydevelopers,copyingwasperformedkufthecopying
machine for negatively-charging two-component color

25 development. As a result, vivid images of red, vellow and black




10 Table 4 were replaced by Resins R2 to R 6, respectively, dry devel oper
for el ectrophot ography naki ng use of the colored fine particles of the
four colors were prepared. Full-color copying was performed in a sl iijiladtds
manner as descri bed above. As a result,ég vivid full-color imge of the
four colors was 15 obtained. Exanple 2 ?1] Production of colored fine
particles (dry devel opers for el ectrophotography) ("dispersed-cooling,
fine-particle- form ng process”) 20 Provided was a nolten-resin injecting,
fine-particle- form ng apparatus on which a heated injection head of the

on-demand tyges Rkl &8 Usst 9f i L ric element in a simlar way as
in an injection unit of a he%%dgfgggﬁéggn%ﬁyrnk-j et printer was nounted.

The injection tenper e heated 25 injection head was set at 150C
The nolten-resin | njrg‘%ﬁrﬁ%?g]oﬁlg\]ﬁy 2%%%(9%%9%?1%5 PRt €F er @b ot ad ngrlappar at us

was al so s in y. at _cold air _cooled to 5C woul d be caused to
flow as a ?(?O%E{hnrgé&ngglggﬁel%%gﬁtpéo% YLy afhrhebotjeectaat idtaxt eddf i ne

particles.g%} éﬁaég%ﬂpohored esins of the yellow, red, blue-and 5 black
col ors, whi‘ch Had®Beén vt AFKRUCPAT BEXGHRLea] DPPhobeyr ABhY eddry iE0G and
filled in %Qgikpigc ibon unit of the fine-particle-formng apparatus. while
appl yi'ng a*VvoltTaded &Y dris &Hhe 1 e%re) ides rier glegrntye theclototeg resin
was conti@%pusk%iin'ected and dispersed. In this manner, uniform 10

g icqlE Havheprant, - bRge aame sbllagk ac oliarisi

col ored finé pa

full-color image of the four colcrs was obtained.
In a similar manner as in the above-described procedures
[1] to [3] except that Resin R-1 in the formulation shown in
10 Table 4 were replaced by Resins R-2 to R-6, respectively, dry
developer'forelectrophotographynmkingusecﬂfthecoloredfine
particlescxfthefourcolorswereprepared. Full-color copying
was performed in a similar manner as described above. As a

result, a vivid full-color image of the four colors was

15 obtained.
Example 2
(1] Production of colored fine particles (dry developers for
electrophotography) (“dispersed-cooling, fine-particle-
forming process”)

20 Provided was a molten-resin injecting, fine-particle-
forming apparatus on which a heated injection head of the
on-demand type making use of a plezoelectric element in a
similar way as in an injectionunit of a head of a hot melt ink-jet
printer was mounted. The injection temperature of the heated

26 injection head was set at 150C. The molten-resin injecting,




were separately obtained in a spherical formof approximately 7 pmin
average particle size. Colloidal silica was added as a fluidizing agent to
the colored fine particles of the individual colors, respectively, §ildUk 2003
manner known per se in 15 the art, follgaed by the m xing of magnetic iron
powder as a carrier to prepare dry devel opers. Using the devel opers as dry
devel opers for electro- photography, copying was performed by the copying
machi ne for negatively-charging two-conponent full-col or devel opment. As
20 a result, vivid imges of yellow, red, blue and black colors and a

vivid fuII{Qmeypaﬁﬁmyaéﬁcdﬁ@I{ UG Ql obta Further, col ored
fine particles (devel opers f&kgg %gtrggk§f%%%§%h§3 Hélép§ DIGIUERELi n a

simlar nmagpar od th ins R2 to R 6 presented
in Table 25 5 ﬁilr 5@3’3%8 ?‘ﬁ%p g‘(’c)ée/‘?% ?%5%29} ﬁ%%ﬁédawoé@@pm@dam] 01

JUL 2005 4Qubtich,those devel.aners., r?gy%&gtc uas, perfored by, the copying

machi ne for negatively- ch glng nt.

result, vivid sipglezgo es and a vivid full-color image of the four
colors were obta?%edO% £@x Eg?grﬁd[ifsﬁpﬁd%tt?%ﬁ YeltoVoreeds dslus -dmd a

siml gr mapgper,as . kn. the production of colored resins in Exanple 1 [2 ],
col or ed reglmnE ; EP%OWEX% ‘of |a|do%eepe@bt@|1@@d did Bz <l 6tls oont ai ned

t herei n, ct,i roduced 10 by addi ng conponents in accordance
with the fo?%ﬁFSt?{ 1581@@1%10 5éll|1§§péﬁdté@ dojecs ifoor urhe prfodues i on of

t he coloreg respartlcle formin . .

g apparatus. While applying a voltage to
drive the piezoelectric element, the colored resin was
continuously injected and dispersed. 1In this manner, uniform

10 colored fine particles of the vellow, red, blue andblack colors
were separately cbtained in a spherical form of approximately
7 pm in average particle size. Colloidal silica was added as
a fluidizing agent to the colored fine particles of the
individual colors, respectively, in a manner known per se in

15 the art, followed by the mixing of magnetic iron powder as a
carrier to prepare dry developers.

Using the developers as dry developers for electro-
photography, copying was performed by the copying machine for
negatively—chargingtwo—componentfull—colordevelopment. As

20 a result, vivid images of yellow, red, blue and black colors
and a vivid full-color image of the four‘colors were obtained.

Further, colored fine particles (developers for
electrophotography) were also produced in a similar manner as
describedaboveexceptthatResinsR—21x>R-6presentajinIEble

25 2 were used in place of Resin R-1 employed in Example 1[2].




presented in Table 4 of Exanple 1[2] except that behenyl behenate as a

hi gher fatty acid ester was added in place of 10-part portions of Resin
R-1 in the individual forrmulations 15 and fully mxed with the renaﬂﬂii% 2005
portions of Resin R-1, namely, 66.7 parfs of Resin R1 in the case of the
yellow resin, 62.4 parts of Resin R-1 in the case of the red resin, 66.3
parts of Resin R 1 in the case of the blue resin, and 62.4 parts of Resin
R-1 in the case of the black resin. 20 [2] Production of colored fine
particles (dry devel opers for el ectrophotography) ("dispersed-cooling,

fine-parti dd€ind ArHANY JUROESS .the colored resjns of the yellow,

red, blue and black colors, ivT’:‘ﬁn'isc'h ﬁfgylbnegen “ObPAEITET Pie tABoGePBEBEeduUr e

25 [1], waszheatgd 49 angfilled in the injection unit of 01 JUL 2005

41 the fine-particle-formng a%f r%lil%rsgje%l%%‘ PRPEx@pl 8ubl1¢olamil e

appl yi ng a 4eldy: dripve the piezoelectric elenent, the colored resin

was conti nuousl %%?ﬂrﬁtngc't eg\éaan eapgﬁér‘éle‘ﬁl.gFﬁngllﬁl‘§0|1rﬁﬁrﬂéf|‘r5}g%ﬁ1iaﬁdrarwi;m©red

fine partigl@gs_containing the ellow, red, blue and bl ack waxes,

respecti vel ;L/J?ﬁvv(e\c%e‘o?egé“rag’teelcﬁ/f o@l%i iGP P SpheaTe fbfaimedf approxi nat el y

7 pm sin a eLage particle size. Colloidal silica was added as a fl uidizing

agent to the col Sred fine particles of the individual colors,

respectivel i.n manner known per se in the art, 10 followed by the
ihdngeee

mi xi ng of YFdRPpoddér lay efl gmsdirer to  prepare dry devel opers.
Using the develO?SQ?S?%i?E%1%5X§é?2£gfnlgﬂa:ng;ggion i

of colered resins

in Example 1{2], colored resins with waxes of yellow, red, blue

andblackcolorscontainedtherein,respectively,wereproduced

10 by adding components in accordance with the formulations of the

corresponding colors for the production of the colored resins
presented in Table 4 of Example 1(2] except that behenyl

behenate as a higher fatty acid ester was added in place of
l0-part portions of Resin R-1 in the individual formulations

15 andfullymixedwiththeremainingportionsofResinR-l,namely,

66.7 parts of Resin R-1 in the case of the yellow resin, 62.4
parts of Resin R-1 in the case of the red resin, 68.3 parts of
Resin R~1 in the case of the blue resin, and 62.4 parts of Resin
R-1 in the case of the black resin.

20 [2] Production of colored fine particles (dry developers for
electrophotography) (“dispersed-cooling, fine-particle-
forming process”)

One of the colored resins of the'yellow, red, blue and

black colors, which had been obtained in the above procedure

25 (1], was heated to 150C and filled in the injection unit of



phot ogr aphy, copying was perforned by the copyi ng nmachi ne for
negati vel y-char gi ng two-conponent full-col or devel opnent. As 15 a result,
vivid i mges of yellow, red, blue and black colors and a vivid ful(? ¢l #5
i mage of the four colors were obtained. ,,Further, colored fine particles
(devel opers for el ectrophotography) were"al so produced in a simlar manner
as described above except that Resins R-2 to R 6 presented in Table 20 2
were used in place of Resin R 1 enployed in Exanple 1[2]. Using those

devel opers, copying was perfornmed by the copying machine for
negati vel y-+hakghRg Lo o] t. full-color developnent. As a result,
paWngggpg%%%in '8pp?EPEPEOWTPI? GelfExenelfodt 1ol or s

vivid single-color inages and a vivi

wer e obtai ggd.; O . 5 AINS 1. A process for producing a colored
fine parti cuﬁéteeagjgslgh,n% é’ﬁ%&ﬁﬁr rReerike the| Poarpglectpsc ¢hymbntngi ng

a col ored res| Lch conprises al) a thermally fusible resin; and (a2)
a col or ant t@%eﬁ?%%%étﬁ%ﬁgﬁsi fo8 FH?J?Héilﬁa%rlliye@t@ linsl désbarsednt olm
nol t en sta%ﬁn (9% faormn .%gid colored resin, which is in said nolten

bT) TERP |ﬁ§%

state, by &Ct frSUGRL osEl £y nenaialx toppaire sngsordifa ian oy atttse of
nu|ti$openin9 material; or le-Z)‘a'no%zle; or by _(b2) spraying the sane
into dropl 8E24RYped SFi nE1p&r E6l &4 sick @aaes, dirssgladtrigre Ingdiseparhi ch does
not di ssolve said colored resin; and then
Separately obtazined in a spherical form of approximately 7 um
in average particle size. Colloidal silica was added as a
fluidizing agent to the colored fine particles of the individual
colors, respectively, in a manner known per se in the art,
10 followed by the mixing of magnetic iron powder as a carrier to
prepare dry developers.

Using the developers as dry developers for electro-
photography, copying was performed by the copying machine for
negatively-charging two-component full-color development. As

15 a result, vivid images of yellow, red, blue and black colors
and a vivid full-color image of the four colors were obtained.

Further, colored fine particles (developers for
electrophotography) were also produced in a similar manner as
described above except that Resins R-2 to R-6 presented in Table

20 2 were used in place of Resin R-1 employed in Example 1(2].
Using those developers, copying was performed by the copying
machine for negatively-charging two-component full-color

development. As aresult, vivid single-color images and a vivid

full-color image of the four colors were obtained.



(c) cooling and solidifying said dropl et-shaped fine particles. 2. A
process according to claim1l, wherein said colored resin has a nelt
viscosity of from1l to 500 Pa-s at a tenperature of from 80C to 18DTjy| p5A
process according to claiml1l, wherein said colored resin has a nelt
viscosity of from1l to 100 Pa-s at a tenperature of from90C to 160C. 4. A
process according to claiml1l, wherein in_said formng step of said droplet-
shaped fine particles, said non-dissol v\*r:lg mediumis set at a tenperature
of from80C to 200C, and said cooling and solidifying step is conducted at
a tenperature of from-10 to 20 C. 5. A process according to claim1,
wherein in said formng step of said droplet 0 1 JUL 2005 k-3 shaped fine
particles, said non-dissolving nediumis set at a tenperature of from 100C
to 160C, and said cooling and solidifyFhd!¥Sep is conducted at a '
tenperature of fromO to 10C. 6. A process according to claim1, wherein
said thermally fusible resin is a polyester resin having aromatic rings or
al i cycH.c rimgsocess for prpaxyinges tolordhihe paaiceratiiresihi WischokorabiisyEHL
rings. 7. A process according to claim1l. wherein said thermally fusible
resin is a Ig8PY¥g stensesin having aromatic rings or alicyclic rings, a
gl ass transigtpon 1 : . a softening point of from
100 to 1500:(%%. Ab'g'?%fg%sé;Egyé%%sﬁghﬁﬂmg%gmrﬁggsmerei n sai d pol yester
resin has a wei gh(a1)avertagana’dyﬁmiﬂylarres\ia}a;m of from1,000 to 50,000. 9. A
process according, t.,Qq claiml1, whereip sald thermally fysible resin is an
epoxy resin of a fRaphéis Orﬁ'&tﬁtj?ﬂ}@icg?fpg@ﬁqép Sﬁ;gg‘,eyrﬁ'ra“&ﬁ“%@?e’resﬂbri vative
t hereof. 10. A pr;p,q:@gsmgﬁgﬁrsqlét@ﬂ to claim9. wherein said epoxy resin or

a

said ester derivative thereof s a wei ght average nol ecul ar wei ght of
from 1, 000 t{B) forming said colored resin, which is in said molten state, by

{b1) injecting through;

(b1-1) small openings of a porous or multi-opening
material;or -
(b1-2) a nozzle; or by

(b2) spraying _
the same into droplet-shaped fine particles in a non-dissolving
medium which does not dissolve said colored resin; and then

(c} cooling and solidifying said droplet-shaped fine particles.

2. A process according to claim 1, wherein said colored resin has a melt

viscosity of from 1 to 500 Pa-s at a temperature of from 80°C to 180°C.

3. A process according to claim 1, wherein said colored resin has a melt
viscosity of from 1 to 100 Pa-s at a temperature of from 90°C to 160°C.

4. A process according to“¢laim 1, wherein in said forming step of said droplet-
shaped fine particles, said nondissolving medium is set at a temperature of
from 80°C to 200°C; and said cooling and solidifying step is conducted at a

temperature of from -10 to 20°C.

5. A process according to claim 1, wherein in said forming step of said droplet-



50.000. 11. A process according to claim1, wherein said colorant is at
~least one colorant selected fromthe group consisting of a yellow pignment:

a 27:3 by weight parts mxture of C 1. Pignent Yellow 128 and 01 UL zggj
pht hal i m donmet hyl at ed di sant hr aqui nonyl - nronophenyl am no-s-triazine, ar
pigment a 27:3 by weight parts mxture of C. 1. Pignent Red 122 and
pht hal i m donet hyl ated di net hyl qui nacr\jr done, a blue pignent: a 27:3 by
wei ght parts mxture of C. |I. Pignment Blue 15:3 and phthal i m donet hyl at ed
copper phthal ocyanine, and a 01 JUL 2005 black pignent: a 27:3 by wei ght
parts mxture of C. 1. Pignent Black 6 and phthal i m donet hyl at ed copper
pht hal ocyanine. 12. A colored fine particulate resin produced by a process
according to_.an e of . claime 1-11, wherein inh step (a) (he colored resin
has a melt VEHU fge PRMIEISrT Y fpTdieseiuing Mediung s fetidka (B PBOC t o
180G and (afdmniigs=e: fb 980! 848 EBId doding] SHcPoGIRRyIG S1ep B @bHABLRIL 5ES1 N
having (al -1) a wel ght average nol ecul ar "wei ght o rom1,000 to 50, 000;
(al-2) arondempearehge arframi&lehOtCrings; (al-3) a glass transition point
not lower than 50 C, and a softening point of from1l DO to 150C, or (a2)
wherein said thermally fusible resin is an epoxy resin of a bisphenol
pol ygl yg:i dyl A @irb8sss ¥8€orditig R clafh el w%%?émaédid/&:érhfang%sibme@ﬁq *ﬂsaﬁ a
wei ght average nol ecul ar wel ght of .fr_om 1.000 to 50,000. 13. A colored fine
parti cul at e pagesiencesndiaving aranatiemings ehaltydlis ringsf af aivepaxy resimge
recordi ng -1 al kAt Lal - paint. 14. A process for coloring
an articl emvﬁ'}éﬁaé%@%wgg@gc%%?&ﬁgé% M article with an i mage recordi ng
material, printing material or paint conprising a colored fine particulate
resin afcor dA ggoct:é)sscagéorpd}n?’g to claim 1, wherein said themmally fusible resin is a

polyester resin having aromatic rings or alicyclic rings, a glass transition

point not lower than 50°C, and a softening point of from 100 to 150°C:

8. A process according to claim 1, wherein said polyester resin has a weight

average molecular weight of from 1,000 to 50,000.

S. A process according to claim 1, wherein said thermally fusible resin is an

epoxy resin of a bisphenol polyglycidyl ether type, or an ester derivative
thereof.

10. A process according to claim 9. wherein said epoxy resin or said ester
derivative thereof has a weight average molecular weight of from 1,000 to
50,000. |

11. A process according to claim 1, wherein said colorant is at least one
colorant selected from the groub consiéting of a yellow pigment: a 27:3 by
weight parts mixture of C.l. Pigment Yellow 128 and phthalimidomethylated
disanthraquinonyl-monophenylamino-s-triazine, a red pigment: a 27:3 by
weight parts mixture of C.I. Pigment Red 122 and phthalimidomethylated
dimethylquinacri done, a blue pigment: a 27:3 by weight parts mixture of C.1.
Pigment Blue 15:3 and phthalimidomethylated copper phthalocyanine, and a



12.

13.

14.

01 JUL 2005

My

black pigment: a 27:3 by weight parts mixture of C.1. Pigment Black 6 and
phthalimidomethylated copper phthalocyanine.

A colored fine particulate resin produced by a2 process according 1o any one
of claims 1-11, wherein in step {2) the colored resin has a melt viscosity of
from 1 to 500 Pa-s at a temperature of from 80°C to 180°C, and

(a1) wherein said thermally fusible resin is a polyester resin having

(at-1} a weight average molecular weight of from 1,000
to 50,000; |

(a1-2) aromatic rings or alicyclic rings;

(21-3) a glass transition point not lower than 50 °C, and

a softening point of from 100 to 150°C; or
(a2) wherein said themmally fusible resin is an epoxy resin of a bisphenol
polyglycidyl ether type, or an ester derivative thereof, which has a

weight average molecutar weight of from 1,000 to 50,000.

A colored fine particulate resin according to claim 12 which is useful in an

image recording material, printing material or baint.

A process for coloring an article, which comprises coloring said article with
an image recording material, printing matenal or paint comprising a colored

fine particulate resin according to claim 13.



