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WD 2007/ 100132 PCT/JP2007/ 054146 DESCRI PTI ON
ELECTROPHOTOGRAPHI C PHOTOCONDUCTOR,  PRODUCTI ON METHOD

wOoRkRAGHS32 | MAGE FORM NG METHOD AND | MAGE FORVPEIBIP2007/054146

APPARATUS USI NG 5 PHOTOCONDUCTOR, AND PROCESS

CARTRI DGE Technical Field The present invention
relates to a | ong-Ii vadiiSKIRJE N el ect r ophot ogr aphi c
phot oconduct or (hereinafter may be referred 10 to as

" phot om@eTmP YTl GRA TS ECIPRBPOCONTFOE TR | ng

menber I mage bearing nenber") that can provi de

%?'ﬂsﬂ%@bﬁm@i@ﬂi@&%@ oo o

phot oconduct or, an inage form ng nethod, an |ma%

for MEI‘&D@ﬁANHQ TMAGE E(DBMENGCAIBBAH@EUSGJ SING
Background Art Recently, organi c photoconductors (OPC)
have duck

hel 1 PR B e it aes,
and are often applied to copiers, facsimle rmachines,
| aser printers and conpl ex nmachi nes thereof. 20

Exanpl es of the reasons for this include (1) optical
Peeipeiday et as a wi de range of the wavel ength of

i ght absorption and a | arge amount of [ight

absor pki on 20 Se L

ana st LBPe rg%é%laﬁhggﬁﬁfg% PRISRED 1 o Torll B30 B i

mat eri al sel ection WO 2007/ 100132 PCT/JPZO 7/ 054146
electrophotographic photoconductor hereinafter may be referred

to as “photoconductor,” “latent electrostatic image bearing

member” or “image bearing member”) that can provide high-quality
image formation for prolonged periods, a method for producing the
electrophotographic photoconductor, an image forming mefh”od,‘fan

image forming apparatus, and a process cartridge.

Background Art

Recently, organic photoconductors (OPQ) have been
replacing inorganic photoconductor for their excellent performance
and various advantages, and are often applied to copiers, facsimile
machines, laser printers and complex machines thereof.

Examples of the reasons for this include (1) optical property such
as a wide range. of the wavelength of light absorption and a large
amount of light absorption, (2) electric property of high sensitive

and stable charging property, (3) a wide range of material selection,
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(4) easiness to produce, (5) |low cost, and (6)
non-toxicity. As reducing the dianeter of a

wohot7aoeseduct or is progressed by downsi zi ng oPCTURIE7/054146

form ng apparatuses recently and high-speed novenents
2nd mai nt enance-free of apparatuses are 5 foll owed,
fharginassdsl prashuteo€bhinrtaoss, and (6imm -desicisg.
Viewed fromthis point, as a surface |ayer of the

or gani s rBAALAEO TR iR ARE 0! SHER nad TR SEH: Blced
charge transport materials and I nactive polrym?rs, e
r.gani ¢ phot ocfonduct r is enerally soft. Because of
D Lo RatiBs ot siass forming BgpgantusanrornidE amilict or
has a di sadvantage of frequent wearing caused by

high=pieed moverleods drid angintdaasicepireg oysp piatlses are
cl eaning systens, when the organi c photoconductor is

faperbadhygNBedut b le'Sho & SAdRRHAL ggée %‘%E%gg e%%f%(ﬁ'

Furt hernore, "because ‘of I ncreasing

t/mage .qual i ty, rubber hardngss and contact 15 pressure
yﬁ%ﬁggﬁf’%%%s afé g ﬁEF@&@é@YﬁérOftW PEPYSe of

i mproving cleaning with the trend 'of reducing the

phdtervetdsrctof contatiars parinly lew, mabhebHlue i rg@ b hepBRE
is a cause for accelerating the wear of the

BIREREAR R hactiPb Dol 8. 13 BrBRBLCPRIS Girhuggor i
| ower i of, 20_char gi ng and causes | owering of image
%i%ﬁ%‘f%li%g@ghd Begrisee! thimeeemaealdpraneaciee ovgalsic

Scratches due to localized wears cause striped-dirt

phagesnduetoo hdefe didaty ol Rap o0frelfintowbarsid e0usid by
the life of the photoconductor is ratio-determ ned by

e¥Ra 2004 FO324 @ﬂé&gﬁ(’@e@qué%éf systems or cleaning

systems, when the organic photoconductor is repeatedly used in the
electrophotography process. Furthermore, because of incx;easing
demand of high image quality, rubber hardness and contact
pressure of cleaning blades are increased for the purpose of
1mproving cleaning with the trend of reducing the :diameter of
toner particles, and such a requirement is a cause for accelerating
the wear of the photoconductor. Thus wear of the photoconductor
impairs sensitivity and electric property such as lowering of
charging, and causes lowering of image densities and abnormal
images of dirty backgrounds. Scratches due to localized wears
cause striped-dirt images due to defective cleaning. The

exhaustion of the life of the photoconductor is ratio-determined by



wears and scratches and thereby the photoconductor are

led to the replacenent in the present condition.
wohow/106182 enhancing the durability of the orgaarapr2007/054146

phot oconductor (OPC), it is indispensable to |ower

wear degree and 5 it is in need of organic
vhpisogaddieeh baleed had therebylthehshetazohiduetounfaded ftorthe
superi or cleaning and adding transferring but also

ha i.es of places over
rSP!%‘%erlﬁgﬁ{%?ﬁg”Pta‘ﬁ%fEcS%g?gg‘??flﬁ%énd mai ntai n stabl e high

performance. For this reason, . .t.his s the nast urgent
pr obl ‘Ehuse foeeBbppetng khe r@é‘rﬁhliltz@féi‘&nﬂg@énﬁf t he

technol ogy for inproving wear resistance property of
g obbRiasRRS(OP TR, itagdndissénskblelo mweat Wedr fdmgree and
using curable binder in a surface |ayer (see Patent

Li.teratur ) ' .

s ik oabEorhred o TRaaebots MboRR only haye » in
surface | ayer (see Patent Literature 2) and (31;F a115h
svataerl fansuperiog clemnigehradraddisgstransierang hyf also have
surface | ayer (see Patent Literature .3). Anong these

AR 14108 S e rioh@e Soki d @cick Bfqlacde sver kidctirophbeo gretpind
(1) has a tendency of lowering the inmage density as

resi dual tential is .el evate 0 LRk |
RypPerie aoli e B Al KR RePipe P Re D TPBE kil Kodsom,
and the 20 presence of inpurities_such as a

ok jisshiezapsbmrgant ipapblemi® bespbead v theditdues.

Al t hough both the surface | ayer described in the

10 et hofxadh pldigdf AeNtedHisoldgs R denprciiagortablresistance
polymer naterial and the surface |ayer described in

Igrho% eq%r I%%%h&zsz)h(t)thoaste n%it\{\%)e %QQZ{' R ficiTA WHad 9051'4&s4ﬁng
curable binder in a surface layer (see Patent Literature 1), (2) a
method for using a high-molecular weight charge transpoft
material in a surface layer (see Patent Literature 2) and (3) a

15 method for using inorganic fillers dispersed in a surface layer (see
'Patent Literature -3). Among these methods, th_e surface layer .
described in the method (1) has a tendency of lowering the image
density as residual potential is elevated by poor compatibility of
the curable binder with charge transport materials and the

20 presence of impurities such as a polymerization initiator and
unreacted residues. Although both the surface layer described in
the method (2) that contains a charge transportable polymer

material and the surface layer described in the method (3) that
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contains dispersed inorganic fillers can inprove wear
resistance property to sone extents, the current

weitwranien is that fully satisfactory durabil PCY/JIP2007/054146

required for organi c photoconductors has not yet been

obt ai ned. Additionally, the surface |ayer described in
sonhainsedisperes] ihasganiceilens gasfiniprues wWegri resgetance
densities as residual potential is elevated by charge

:ﬁraﬁérﬁyh% s6MeSéx@WhtsNhe IR ERO R Udthdielis $HAT 4By For
is réason, any of these nethods (1), (2), and (gj

h

has. not, yet. succeeded in ful.ly achievi overal |
Saristrs iRy, dyrality i aeed for oBgRaHR PRotpeaRitctors has
mechani cal durability 1o that are required for
arogareitbeemobtangdct ckdditkonallyprle snyfaredayeediescribed in
property and scratch resistant property of the

$HEFAEEnd RYS) hd8SLEéREEn s of I!eﬁwf@ltihgcin{&ge de@sities as

phot oconduct or containing multi-functional curable

acry] ate nononers s proposed (see Patent Literature
TSRt 1 Sl vRLr Ry CRIE Tt Ak PESEoththe
phot oconductor in which its protective |ayer (or
snofgmeicl filler sudfaqeos eBon bhishee grvat, casnef these metheds (1),
contains the multi- functional curable acrylate

TN (3) hﬁg%te}n%tygl&é&reh:aasiﬂ ﬂg%& aGhibPale bPErall

prétective contain a arge transport
material and fails to proyvide a specific description...
ﬁﬁlrﬁbﬂtlﬁérlﬁﬁl‘é‘il%@]f?cﬁrllcd{\'f"f?gﬂg&fl i FReHANICA ?ig!éaglhty
transport nmaterial is sinply contained in the

phat edtinegdisyd for bt ganivophatddonlductore.t h t he cured
mat eri al of the foregoing nononmer beconmes a probl em

2007/ 1504 Hymabtie 5 R Bl Bty tnd RErdh ol

resistant property of the surface layer described in the method (1),
a photoconductor containing multi-functional curable acryiate .
monomers is proposed (see Patent Literature 4). Although this
Patent Literature discloses a photoconductor in which its
protective layer (or surface layer) disposed on the photosensitive
layer contains the multi-functional curable acrylate monomer, it
merely describes the fact that the protective layer may contain a
charge transport material and fails to provide a specific description.
Furthermore, when a low molecular weight charge transport
material is simply contained in the protective layer, its
compatibility with the cured material of the foregoing monomer

becomes a problem. As a result, this may cause deposition of the
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| ow- mol ecul ar wei ght charge transport material and
cracking in the surface layer, and finally | owering

woReo7meei3ani cal strength. This Patent Literat BCEIP209T054146

di scl oses that a polycarbonate resin is contained in
the surface layer for increased conpatibility;

lomeneleculsr waight zhsegedraedport ormtiemialhand enaekingin
the curable acrylic nmononer and thus a sufficient wear

E}?é 'sg Pa[b%elaﬁf% $ HAH ﬂﬁhll%%%ex@ﬁk%@%?ed’ﬂéﬁlchhbﬁrength

regards to a photoconductor mnt no

e tr ort mat urfagce .
% fatopf dapara o 5 disels e R dbat e Pe oA BEERLg GPSi is
wade th|n for 10 decreased exposed area potential,
tonaipedtiacidrdsatface lngaefer incleased cmop atibikity; however,
because of the thin surface |ayer. Besides, the

*é' éé’&HE%”%%dﬁEﬁ%h' id ¥nofk Ph@@nﬁﬁ?"tﬁé r&glregﬁ@a&fqmand '

e exposed area potential is poor, and the val ues of
t he charglng potenﬂug and the exposed rea tia
HRAmeE amd Yhs aciuiiicde Rl At Artanopshy G

the environnental tenperature and hum di ty, ther eby
thidined wothrehiy miethsdf f iWithniregatdeso aAshawconductor
alternative wear resistance technology for the

?f[lj PR éxt('%vfrir?s}b%rrt Iﬁafl@lrlQPsdh a@fle USife & g%;éln th Patent

tTon NONONEr s ving a car
doubl e bond, charge 20 transport materl al aém ng
Lasazoiuze dinlogonbhat BBacEurdaee layers o i §% or m
a charge transport |ayer is proposed (see Patent

HetRsdedr exosedTAte P popestid] bilideyhstdebndusted, dnsvévead
into tvvo types: one reactive to the charge transport

atsear Is ort ﬂ% 'bnga%sg oWh%%%ZQ%ge IfgéiJ PZEQZf&%“%ﬁ@

environmental stability of the charging potential and the exposed
area potential is poor, and the values of the charging potehtial and
the exposed area potential significantly fluctuate substantially
depending on the environmental temperature and humidij:y,
thereby failing to maintain sufficient values.

As an alternative wear resistance technology for the
photosensitive layer, a method for using coating solution
containing monomers having a carbon-carbon double bond, charge
transport materials having a carbon-carbon double bond, and
binder resins to form a charge transport layer is proposed (see
Patent Literature 5). The proposed binder resin is classified into

two types: one reactive to the charge transport materials having a
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car bon-carbon doubl e bond and one not reactive to the
charge transport materials having no carbon-carbon

wdaouiziieoisend. The phot oconduct or draws attent POWJIP2007/054146

because of the simultaneous achievenent of wear

resi stance property and superior electric 5 property;
Iferbonrcanhoandculbnenbord erid/ enbimutere actbianté $hesddrgebhe
conpatibility of the binder resin with the cured

RR4ABED G RIREHGES hé%Xngeﬁ&E%PﬂoﬂfcaEBSn'%%rbd’M.h e

charge transport material econmes poor, surface

upeyvenness occurs due to .l ayer separation at_ the tine
6’?‘0%?‘6%%-‘11?Wi %W% ﬁgFee‘b‘g}oeahféaaﬁ’g%et@heeﬁ%H&twwus
defective 10 cleaning. In this case, specifically
achievdrndnoné wdrat rexistanty propemgnasd iSie drideledteiw N
from nononer curing and but also is wused for

Pyt Gy ChOh-ded i | pnal, jaononer,;
B R NG FRER HohBh-eh B b RO R e
of functional,.groyps, thus resulting in failure to

SBmRAt Ly of the hindenresisswith thagargdnmatgriahproduced
t hereby wear resistance property is not yet
batiesfcamiroo thé/m envever witdnthe chhege asen¥heFtem@terial
reactive binder is used, due to a small nunber of

[ g ' .0t heynoporer and the.
RGeS R or s AkRe FRETMRES, bR B TRy of Peppiition at
gﬁng.anqﬂpt of the charge transport materials 20 and

oLENL Hirges dupking therehBsagising dhettengdeacyhefi ddfective
electric property and wear resistance property of the

plamingnduet tisakse, Bpbcifiddllf deboFibedBAR 885t nbb@nl
hot osensitive | ayer containing a conpound of a 6 w%

p
BP@Jér}tcéot]l?ézbﬁgéfJ ngngr%?nd'%gnomer curing and but also is

used for producing a photoconductor is a bifunctional monomer;
however, this bifunctional monomer has a small number of
functional groups, thus resulting in failure to obtain a sufficient
cross-linkage density and thereby wear resistance property is not
yet satisfactory. Moreover, even in the case where a reactive
binder is used, due to a small number of functional groups
contained in the monomer and the binder resin, the simultaneous
achievement of the bond amount of the charge transport materials
and cross-linkage density becomes difficult, and thereby electric
property and wear resistance property of the photoconductor are

not satisfactory.

Besides, the photosensitive layer containing a compound of a
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woub@aads2i s proposed

cured hol e transportabl e conpound having two or nore
chain polynerizable functional groups in the sane
(see Patent Literature 8LT/JP2007/054146
However, the photosensitive |ayer of the proposition
%eneéﬁigs strain within a curg?{e,because a bulkﬁ 5
yred hoindanensriabds fespeund Lavigedw osr anerrichaln
pol ynmeri zabl e functional groups, enhances an interna
polpmeritabldSuneterdrgiotip ssiir the @ahay afoleeubhirepsoposed
and cracking over tine, thereby failing to achieve

g Lt . o <
G FRLERt LAt ), HESEER e B Rhotorpneibivedagr of
cgoss-linked | ayer of a radically polynerizable
EBAITORGSIAGR gederpies straipov et ignd cusable beeause arbwiky
charge transport structure and a radically

ol y tedngeditable epaipvhitbhiaddveé Beord URGin ?Bﬁfﬂnfeﬁzable
with charge transport structure is proposed (see

A R T I

pol ynmerizabl e conpound with charge transport .
suripceliay ez givmedine sse andnenspkingd veliredmd, ddlereby failing to
durability and generation of cracking in the

RbRiaessffidivat ldau@bilitylowever, in case of formng
this cross-linked layer, an acrylic nononer having a

mul ti phe .nunber o cryligc funct.ional, groups, i s 20.
cur oo HEAERT Boe e dRb¥baforabtt Fhttod fthR hddine
the acrylic cured material significantly shrinks in
guredrerosibimdkied lagivesf ¥ endscally plolymetrisdisidompound
| ayer, that is, a |lower |ayer may becone

DI A SN
structure and a radically polymerizable compound having single
functionality with charge transport structure is proposed (see
Patent Literatures 7 to 20 for example). In these propositions,
using a monofunctional radically polymerizable compound with
charge transport structure controls mechanical and electrical
durability and generation of cracking in the photosensitive layer.
However, in case of forming this cross-linked layer, an acrylic
monomer having a multiple number of acrylic functional groups is
cured to achieve high wear resistance. In this case, the acrylic
cured material significantly shrinks in volume; thereby

adhesiveness with photosensitive layer, that is, a lower layer may

become insufficient. Besides, when an image forming apparatus
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that poses a high nmechani cal hazard to the
el ect rophot ographi ¢ phot oconductor is used, there is

wanoi7asus2 of yi el ding peeling of the cross-I|i REEAP2007/054146

| ayer and the el ectrophot ographi c phot oconduct or
cannot maintain sufficient wear resistance for
that pogesd apbighhaseclmiiical haizarddosilfe ékicerdphotographic
descri ption about the photoconductor tenperature
ok &\ i : f [ . =L
PRotoebritiitdd sl THTe gF anf Bull $TFIINAR Bkl of the
cont[ﬁkiggggépe E@ogpiﬂnduct%r tenperature at the
Frone e tas s16ftrop hotegranhisarhotospedactor
sufficient curing at around 50C of the 10
phonot emalintain sueffipesmt wear reyistancoeoe (rotése @pdriods.
there is no description of controlling photoconductor
trenpenat [ U (o P . t.hus re_i:S no way
R
hot oconductor . tenperatyre fraom exceedi ng 50C. )
gpturg duging cpsng o the foxmagion ehble cpeesrbimkend
of sufficient 15 polynerization reaction may not be
ey bext, thdrerielynlli disclwsed infesinsitane 6f tontRI1bnNaes
peri ods cannot be maintained. Furthernore, in case of
| C] I [ ' r.eact.ion, .there is no '
Bk ler g XL B8 e R U nE P BB Bt e not: to
tenperature. -Honobgeneous pol ynerization of the
gxered PPnkehomayer, putficigohcuzmgiataroumilis8°C of the
di fference between maxi num val ue and m ni num val ue of

phetquosiduetpp $uit craeahs neay mRRIRNEkPbetedNsnd h8eeBYs no

stabl e photoconductor property for prol onged peri ods

. ieved. Besides, ;there are proposals in.
denebyBE AR B iine B85 bB R rordBests BaBG i elline
method, thus there is no way but to shorten the exposure for

preventing the photoconductor temperature from exceediﬁg 50°C.

However, if the exposure time is shortened, promotion of sufficient

polymerization reaction may not be expected, thereby high wear

resistance for prolonged periods cannot be maintained.
Furthermore, in case of sufficient polymerization reaction, there is
no discussion about evenness of the photoconductor temperature.
Homogeneous polymerization of the cross-linked layer is undone
with subdued difference between maximum value and minimum
value of the post-exposure electrical potential, and thereby stable
photoconductor property for prolonged periods cannot be achieved.

Besides, there are proposals in which a prescribed
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phot oconductor tenperature at the tinme of exposure is
set by formng a cross-linked surface |ayer by curing

woho@/1opi3et opol yneri zabl e nononmer (see Patent PCT/JP2007/054146

Literatures 21 and 22). These propositions have no
det ai'l ed expl anati on about the nethod 5 for
photosm@ndurgot eeppetiines abtheotime dészpopuiens sét by
tenperature being controlled by air cooling in

’g’aggpilﬂr%a:cfrpgmmed shrBide Iy 498 cugmggphant medi a,

efficiency becones very | ow because of its

w thermal conductivity, ;anount of _heat which.is
B ﬁmmelgaaewza*g@r m?glqm% %mﬁ#%ﬂl{ M%‘%?%ﬁh 1 22)-
cannot be reduced, longtine 1o exposure becones
Tilees Prbbesitamas hiaweehy dethfledi exptlanpolommebbritthermethod
reaction is not conpleted. Besides, in case of nethod

b c&a%pﬁehgitgg@&m&g} ggle%ggg%su 1960 O thh¥rdte

and ~coolin ci enc becones bi gger and
thereby cured level of a cross-linpked surface,l ayer
beirg camtellerhhy aig coplagin ﬁé&éﬁﬂ&*ﬁci}%e‘fﬂra&&l%ﬁ used

wear resistance and electric property is large, the

di fcbelance dideh yeeslingdffiviorusl becands ey tum bedauese of its
t he post-exposure electrical potential with respect to

| ectri prQ canpot “ . t
B e R Blosl OF RERF Bl i ated by
mai nt ai ned. 20 Consequent|y,_ any of )
eneigtg wptp pegrerinl err@rdéabl@@nhgb¥ 6panof g reduced, longtime
cross-linked | ayer which is chemcally bonded with

6RPHYEre bbennReiinSddsibld)#nd shéfelsesaffivienti onal
technol ogi es has not yet provided sufficient total

gregs%elrft. | %é%gtég%gg; 2%@2§p?efteﬁf.f eﬁés?i'deg, ypcase of
method for controlling temperature, fluctuation of flow rate and
cooling efficiency by method becomes bigger and thereby cured |
level of a cross-linked surface layer fluctuates. That is, the
dependency of places of wear resistance and electric property 18
large, the difference between maximum value and minimum value
of the post-exposure electrical potential with respect to electric
property cannot be stemmed, and thereby stable property for
prolonged periods cannot be maintained.

Consequently, any of electrophotographic photoconductors
having a cross-linked layer which is chemically bonded with charge
transport structure in these conventional technologies has not yet

provided sufficient total property in the present state of affairs.
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Di scl osure of Invention An object of the present
invention is to provide a long-lived, high-end

wehemwephot ogr aphi ¢ phot oconduct or that mai nt aCMgPIgYbs4146

wear resistance for prolonged periods, has al nost no
el ectric 5@£roperty fluctuation, has little

i eslfemptianes of wear resistance and
el ectric property, has excellent durability and stable

el ectrjag @mﬁeerowhe%seh@%h@@nmo%“@ﬁ?hk@%de"&q ngilived

forn1ng for prol onged perlods pro

ec oto hIC t ocondyct or, an i nmage
Heh G50 e asaP R ranub i ongndoc ippeiek muradningbigh
process cartridge. To resolve t he probl ens descri bed

mresllseameeﬁmnpro]lonn\gedtmﬁodsuﬁaedxlﬁws@fnd blepid
reached a conclusion that for an el ect rophot ogr aphi c

at
?’?22?925”?%35@%' 108, Bee R diies B Blpcdl Ewegr
di cal | bl dwth I
RPPiARCY &1 %%ﬁéérzo%ﬁaﬁy Tameserilans Gurabiy indgeable

static power is 0.53nWand exposure energy is

4lodry pr@party, the pdiokide drigh- deilee imialpe folfBNnBUoy
val ue of the post-exposure electrical potentlal and

I osure ctri
%%?le%%‘%e’% BYEOR, S b Tab RoRREBEY M RePulhBgparnic
ved The present invention is based on the
RE‘&&P BPTL AB 1M ges fopming apetdiosd, arhemagerforing
resoIV|ng the issues are as follows. 11 WO
0Pl DAL, 32n PETH IRRRQ T0FHHLG .

To resolve the problems described above, the present
inventors studied carefully and reached a conclusion that for an
electrophotographic photoconductor having a cross-linked layer

with at least a cured material obtained by irradiation of a radically

polymerizable compound with light, when writing is conducted

under the condition that image static power is 0.53mW and
exposure energy is 4.0erg/cm?2 and the difference between the
maximum value of the post-exposure electrical potential and the
minimum value of the post-exposure electrical potential came
within 30V, the problems could be resolved.

The present invention is based on the knowledge by the
present inventors, the means for resolving the issues are as

follows.

11
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<1> An el ectrophot ographi ¢ phot oconductor, including=
a support; and a cross-linked |ayer formed over the

weuppanei3z2wherein the cross-1linked | ayer incl BAEIPR07/054146

cured material of a cross-linked |ayer conposition
containing at least a radically polynerizable 5
<genpound elevidopheteimphtie p hotecphducwon tdudingsa
exposed at a field static power of 0.53nw and

sgx)é(ﬁ)\%égfn g?ﬁ"he{:%ssofinicegdl%%%'%gmedt Serdthd upPeet, wherein

e maxi mum an ni num val ues of
ost -exposure _electrical potential js.within 30V.,.<2>
t%ﬁecr@rsetlm]é%é%glf A%Pﬂiugleﬁﬁ%ﬁ}é% dﬁejff‘d%lamlgegar‘a’ioﬁa #‘gged
<1>, | o wherein the maxi num val ue (Vmax) of the

lﬁgéi cOMPitidonet @ciaihteg at lohehhimldicslly Golyuorenieakle
<3> The el ectrophot ographi ¢ phot oconduct or accordi ng

to one of > . < [ ' I
e T apRc BRSNS BBeb g Ror By d at 2
jPolyner[zable conmpound with charge 15 traqu rt 9
seldustadie pawe Tt ) DMV ATRY POy HES CRSEBE o‘gﬂoqﬁ%cm=
with no charge transport. structure. <4> The

12lcCGiT ORI 088 tedt £ thB ah agiinduc havd adadmaimy tlaesdf,
wherei n the nunber of radically polynerizable

functional groups _in ' . ri zabl e
RﬁﬁﬁﬁﬁﬁﬂfqﬁeﬁﬁesﬁgFGLp?ﬁaﬁgg%%?%é%hg??ég?ure is 1. <5>
The el ectrophot ogr aphi ¢ _phot oconduct or accorglng to
< ofTheslectmophabognapdrie phatpeonduplr agcordyng 4p 1>
pol yneri zabl e functional groups in the radically

PRLYSR! KAk S GRIRPVATUAM Vi 39 AW 290k pOOIRRelectrical
PCT/ JP2007/ 054146

potential is -60V or less.
<3> The electrophotographic photoconductor according to one of

<1> and <2>, wherein the radically polymerizable compound

includes both a radically polymerizable compound with charge

transport structure and the radically polymerizable compqund

with no charge transport structure. -

<4> The electrophotographic phqtoconductor according to <3>,
wherein the number of radically polymerizable functional groups
in a radically polymerizable compound with charge transport
structure is 1.

<5> The electrophotographic photoconductor according to one of
<3> and <4>, wherein the number of radically polymerizable

functional groups in the radically polymerizable compound with no
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wona7aboi> to <5>,

charge transport structure is 3 or nore. <6> The

el ect rophot ogr aphi ¢ phot oconduct or according to any
wherein the radically pol yrerirabt/as4146
functional group in radically polynerizable conmpound
is any one of 5 acryl oyl oxy group and net hacryl oyl oxy
diDtge trafspbire selhecturepisdd ogmaphé.c phot oconduct or
according to any one of <1> to <6>, wherein the

SS- knk ' . -]
&6 acd TSt AU ot R AN R0t @R e cbPEfEY to any
and a cross-|inked charge transport. | ayer..10,.<8>.The
eneof FISiR SoTa TR eraiRgtsCERiGaL T Palses HIiZﬁg}% funetional
wherein a charge generating |ayer, a charge transport
beorgs in aadieally podgmerivedleswwnipeentagemnyaone of
sequentially di sposed over the support. <9> A nethod

0 cj i 5 phot oconduct or
i DR LRl el SRR BRSO RE Gl D r g ot

| east a radically polynerizable conqpound by .
f¥¥adi Bhe @lewrpnipﬁwqphW®i0ﬁ0%lﬁélcm# pe¢qding to any
bet ween the maxi mum and m ni rum val ues of the surface

bREPEALUES <Brgwhbfeiantlie ercusrfiakedofaylelds any one of a
el ect rophot ogr aphi ¢ phot oconduct or, neasured j ust

T A i R e L

the el ectrophot ographi c photoconductor is an
elczoss-digHordbghapie éranepeddadest or according to any
one of <1> to <8> 13 WD 2007/100132

RPEY/ IPPAR H1864bphotographic photoconductor according to <7>,
wherein a charge generating layer, a charge transport layer, and a
cross-linked surface layer ére sequentially disposed over the
support.

<9> A method for producing an electrophotographic
photoconductor inciudingi forming a cross-linked layer by curing at
least a radically polymerizable compound-by ir;’adiation with light,
wherein the difference between the maximum and minimum values
of the surface temperature over the entire surface of the
electrophotographic photoconductor, measured just before
completion of curing for the formation of the cross-linked layer, is
within 30°C, and wherein the electrophotographic photoconductor
is an electrophotographic photoconductor according to any one of

<1> to <8>.
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<10> The met hod for produci ng an el ectrophot ographic

phot oconduct or according to <9>, wherein the surface
woeopganeaiseir e  of the el ectrophot ographi c phot oeondembw054146

during curing for the formation of the cross-Iinked

| ayer is 20C to 170C. 5 <11> The met hod for producing
<d0>el @dier m@lﬁhbddbamﬁoducpt@me}e@mmphom@pgmg to

any one of <9> and <10>, wherein the electrophoto

pgnlrogg fdlﬁ&%&%‘&eﬁ&ﬂ%ﬁo L®>A PRLFAN the surface temperature

rophot ographi c ot oconduct or, and a heati ng
medi um exists in the holl|ow space qf th .
R therelbphepbGFABTHRIGHORICGHBILEE SuTHRK CHE RS, fomhe

for the formation of the cross-linked |ayer. <12> The
forhhob of tiné edoss-higland byeat iscpOHT ¢griddficc
phot oconduct or according to <11>, wherein the heating

| URRy S r ha@ an
T TsnmeiBb e for PrpRulite 28 DRCL EnSUABNEREE 16 one
of <11> and <12>, wherein an elas iclﬂﬁnﬁgr iﬁl ‘1 th
pdiadeeryduetoactre@riing fie anyspae ofr~handorlgg, wherein the
el ectrophot ogr aphi ¢ phot oconduct or during curing for

dlbéropBbt@Eiaphiefpidtecendnstds iskeddlbover and t he
heati ng medi um exi sts inside of the elastic nmenber.

0 <14> Th t-h j . . .
APPSR ngecing mecium st

wherein the tensile strength of the elastic nber is
iy botlowosmogkgf the eledtzsphptogia Hq%ﬁtoﬁngHEPWg

an el ectrophot ographic 14 WO 2007/100132
RirihgRAA945F6# A6 formation of the cross-linked layer.

'<12> The method for producing an electrophotographic
photoconductor according té <11>, wherein the heating medium is
water.
<13> The method for producing an electrophotographic
photoconductor acéording to one of <11> and <12>, wherein an
elastic member is closely attached to the inside of the hollow
electrophotographic photoconductor during curing for the
formation of the cross-linked layer and the heating medium exists
inside of the elastic member.
<14> The method for producing an electrophotographic
photoconductor according to <13>, wherein the tensile strength of
the elastic member is 10kg/cm? to 400kg/cm?2.

<15> The method for producing an electrophotographic

14
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phot oconduct or according to one of <13> and <14>,
wherein JIS-A hardness of the elastic nenber is 10 to

w@QW7/19d82> The net hod for producing an PCT/JP2007/054146

el ectrophot ographi ¢ phot oconductor according to any
one of <13> to <15>, wherein the 5 thernal
phothwoniduictyr atcdttingl @sone offetidsr ansl ©14%/ mherkin JIS-A
10Wm - K. <17> The nethod for producing an
ﬁh?&ﬁ%&%@%ﬂ&%i’&é},‘é& mgﬁeteeqenfm(s Qippaccording to any

one of <11> rein during curing for the
formation of the cross-linked | ye hol | ow | o
eheet rtgﬁdpﬁbb%fgﬁ%%ﬂ@}lﬁ’&%aﬁc‘% {nog’tba%a@é%v ¥ that
the length of the el ectrophotographi c photoconduct or
pBotudosidartonhyondinig wahny otkBof ¥FA8>niet KdE>f erherein the
produci ng an electrophotographic phot oconduct or
&%Ql B8n Qcﬁ{}}‘t mhéris 'ﬁfv‘??ln K 'Bﬁ 10W/m-
ea Ing nmediumi C|rcu ate uring curing for the
formation of the 15 cross-linked surface layer in a
Frection fromtop to bottomof the hollow
el ectrophot ogr aphi ¢ phot oconduct or. <19> The net hod

£07>pr tdeahBthed fer pebdaphnt agrelpbiwphutogeaphituct or
according to any one of <10> to <18>, wherein the ‘

exposur . t

f%??oc%f%idf%ﬁﬁinwd&%’t# SR S L
el ect r ophot %J%%@IC photoconductor accordlng to any
duping cuning sformataonet thecropodinked lavrigdhe hollow
formng unit to forma latent electrostatic inmage on

alepbfd oekaphfe ghetddorhaitegiaplnced BoWha2Ohe It B2of
PCT/ JP2007 0%31469 grilaced S0

" the electrophotographic photoconductor is substantially vertical.

<18> The method for producing an electrophotographic
photoconductor according to any one of <11> to <17>, whei‘ein the
heating medium is circulated during curing for the formation of the
cross-linked surface layer in a direction from top to bottom of the
hollow electrophotographic photoconductor.

<19> The method for pro‘ducing an electrophotographic
photoconductor according to any one of <10> to <18>, wherein the
exposure intensity for light curing is 1000mW/cm? or more.

<20> An image forming apparatus including: an
electrophotographic photpconductor according to any one of <1> to
<8>; a latent electrostatic image forming unit to form a latent

electrostatic image on a surface of the electrophotographic
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phot oconduct or; a developing unit configured to
devel op the latent electrostatic inmge using a toner

woaod7anm3a vi si bl e image; a transferring unitPCT/JP2007/054146

configured to transfer the visible inmge onto a

recordi ng nediu and a fixing unit configured to fix
tnh@tscwgmtfogﬁ ﬁ&eve&agmg anipsopdiearedry develom theplatent
An image form ng nethod including: formng a | atent

Rllectrb ot taé li b dgRP@SingNa o8k ftadBraf adfisible image; a
el ectrophot ographi ¢ phot oconductor according to any

ne of <l1>to.<8> .form a__Viesibl el e.h
Fevaftertinte phit Papasprgn dd Rontiet If vif ifhgeonte =
toner; transferring the visible inmage onto a recording
recexdngame dinméiand aHexng uplit configared tohlaxtheor di ng
medi um <22> A process cartridge including: an

ek 2aE2PEQLHAHAPHY the RRESATRIREIRGACCOr ding to any
one of <1> to <8>, and at |east one of a charging

unjt_ configured.to .char a.surface af, the 15

St ¢ APhobge o B s hBA el B nel fobiag miatant
configured to expose the surface of the exposed
phettoostatic Laageon ar smifacatodran ebdasropbstagiraphicnge
thereon, a developing unit configured to develop the

'p@fo%&ox?ﬂﬁ@ﬁcfroa?éc%}&&% 18963P0nk ¥ €12¢5 <@ ALeaIABM C

phot oconduct or using toner 'to forma visi bl'e | mage, a

transferring, 20 unit,. a ¢l eanin nif, and a charge.
s Thn G bt v lda o Cp St ¢ Bt b edmrges Prepe @
1 is a block diagram of potential property eval uation

équepnenan séié tren g eheosisilele ha¥® o200 A tOGIrd2ng medium; and
PCT/ JP2007/ 054146

fixing the visible image to the recording medium.

<22> A process cartridge including: an electrophotographic
photoconductor according to any one of <1> to <8>, and at ieast one

of a charging unit configured to charge a surface of the

electrophotographic photoconductor, an exposing unit configured to

expose the surface of the exposed photoconductor to form a latent
electrostatic image thereon, a developing unit configured to
develop the latent electrostatic image on the electrophotographic
photoconductor using toner to form a visible image, a transferring
unit, a cleaning unit, and a charge elimination unit.
Brief Description of Drawings

FIG. 1 is a block diagram of potential property evaluation

equipment after exposure.
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FIG 2A is an exenplary schematic sectional view of
the single-layer el ectrophotographi c photoconductor of

woOher7awesent i nvention. FIG 2B is anot her exedplupIoy7/054146

schematic sectional view of 5 the single-Iayer

el ect rophot ogr aphi ¢ phat oconduct or. of the ;fre,sent

i nventfHa. 2A1s an sxpRRlaTEaehsmaic serberal viewce they
view of the |am nated el ectrophotographic
phadleclai@uasloet10p hoegiisisenp hotovvadiicosr of Ohé lpPes8Bt
i s anot her exenplary schematic sectional view of the

LM d el ectrophot ographi ¢ phot oconductor of the
1 . , : .
presen invention. FIG 4 is an exenplary schematic
view of _an inmage formng a

L par at us of the present
i nventifia. 2Bsispumther %X@npia@hﬁclwlyawn%ﬂmabvw of

a process cartridge of the present invention. FIG 6A
tBe aikEhe kayHradlleatt cfhctogeap htdp he¥xds ietbl of dfle present
systemused in Exanples. FIG 6B is a block diagram of

a hori.zgntal exposing U/ lanp 20 systemused in
E?(‘é%iflggf Best Mode for Carrying Qut the invention

( El eCt]{‘)ﬁﬁhOt ogr aphi ¢ Phot oconductor) The

el ect riBhoBAgisaahieseptdasy ciehem atic sectionapvaewne! the
WO 2007/100132 PCT/ JP2007/ 054146

laminated electrophotographic photoconductor of the present
invention.

FIG. 3B is another exemplary schematic sectional view of
thé laminated electrophotographic photoconductor of the present
invention. |

FIG. 4 is an exemplary schematic view of an image forming

apparatus of the present invention.

FIG. 5 is an exemplary schematic view of a process cartridge
of the present invention.

FIG. 6A is a block diagram of a vertical exposing UV lamp
system used in Examples.

FIG. 6B is a block diagram of a horizontal exposing UV lamp
system used in Examples.

Best Mode for Carrying Out the invention

(Electrophotographic Photoconductor)

The electrophotographic photoconductor of the present
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i nvention includes a support, at |east a cross-linked
surface | ayer disposed over the support, and ot her
woOayEreoids necessary. The cross-linked [ ayer i BCTGP2007/054146
particularly Iimted and may be properly sel ected
according to the application. However, a 5 | am nated

ivent e thiclu@e sN@ ¥ uipPpohrtioet Be 4506 &rd)ssﬂliﬁﬂke@h@iﬂﬁce layer
transport layer, a cross-linked surface | ayer, or the

eI 48 O PR T

surface |ayer, or the like. O these t he
cr oss-Theksessslimkeselayaras net particelanly|ljmited endonay
to the others. 10 For the el ectrophot ographic

W piopeRgusdlocte ML MIihE I B HeSap pHRAtORhed MBdeFvekhg
condl tion that the inmge st atic power is O. 53m\ and

RRACR AR nitisfor R, SiSndf ciber Bl pRgres ™"

potential and the m n| mum val ue of the post-exposure
tahaspere Mygwweendsarlinked Bwifaee hagey orprbef Bkabl A
within 20V, nore preferably within 10V. This leads to

ﬁmg@é Dapér Eh%&édmh@ét@%ﬁﬁ | 511 PROEREGANGHEE A p HdtRkenSRive
ave a cross-1linked layer having uniform property and

BT8R 1 2oy O SRERGY 1R8PT rrb EBRQOE pePfdheseotht
the di fference between maxi num val ue and m ni mum

araksdinke disuvfa@OMyamisvear tiewkirly praferaddertodihet dtchers.
time of image outputting that is easily visible for

u neVeFﬂ?%ﬁe(ﬁleﬁ‘ﬁ%ﬁﬁﬁogi'Qﬁ‘hl@ﬁhgmdo?lddc'tgﬁ WAkL %PReng is

From the viewpol nt of wear resistance,

. 2007/ 10Q132., PCT/ JP20 05414
con c% 8 under t{1e congqlon that the image static power is

0.53mW and exposure energy is 4.0erg/cm?2, the difference between
the maximum value of the post-exposure electrical potential and
the minimum value of the post- exposure electrical potential is
within 30V, preferably within 20V, more preferably within 10V.
This leads to obtain an electrophotographic photoconductor that
can have a cross-linked layer having uniform property and
compatibility between wear resistance and stable electrostatic
property for prolonged periods.

If the difference between maximum value and minimum
value is above 80V, uneven density may occur at the time of image
outputting that is easily visible for unevenness of exposed area

potential like half tone. From the viewpoint of wear resistance,
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the | evel of polynerization reaction becones different
fromparts where the post-exposure electrical

woab@niiak is high to parts where the post-expOSUPEO7/054146

el ectrical potential is |low, and nore specifically,

in parts where exposed area potential is hlgh
Fhensvehgt pobrmentaatzen reaciiendqcomes Haff ermfsfnqnh RETts
surface | ayer has property of high hardness, whereas

iwh@ed tlse poet expopaselecieteal pitenti-l isl ﬁigIIDW) parts where
har dness becones | ow. Therefore, stable wear

I n G 0 nV| r onment,. of
tﬁ? Lﬁ’cfs% ecjg) sq:\[,\%aéle?g ifL{ 8%?&9‘01&? V%vg,r ﬁ re Ssgelczlsflcally,
Iom;(parts where e Eosed 10 area potential is lo
BRAVHES Wherk exPaged arpatiofentisdishighnky myromatinge
initial state becomes clarified over tine. Here, the

ipBRps e At 6n RWRtioNE 3RS @¥POIIHIEed BakfAaARS drhad he
mal n scanning direction only (only polygon mrror

a 0e an in.the vertic scannin

G BRERL AT Bie FOE dntas, Siend boFanie VheRt eXpRSTRatea
C|rcunferent|al direction). For the
@otentiaphistloys Aahioepsdesomesuovor , Thaeefonej stahjei wear
conducted under the condition that the inmage static

Re¥RMtahge cgnﬁ%M@ﬂﬁa@ﬁgaﬁiﬂcﬁaﬁﬂ% Mviorfn BT 9F @¥Bual use,
t he maxi num val ue (Vrrax) of the post exposure

electri tenti al ref erabl

T e R crprte BaVASP S AR Pesty S e sxposed
pol yneri zati on reaction within cr oss i nked | ayer may
agearadgnésd issof)ildcom ¢y lamge, shdistinctine umgvray devrity
of wear resistance may not be achi eved. Hal ftone

dendiet dhitBd R8tdibkhbmidlt cl%ﬁf?éi%’vé? t¥hkh 19 WO

2007/ 100132 PCT/ JP2007/ 054146

Here, the image static power means exposure that scans in
the main scanning direction only (only polygon mirror rotetes) and
does not scan in the vertical scanning direction (photocohdﬁctor
does not rotate in ’phe circumferential direction).

For the electrophotographic photoconductor, when writing is
conducted under the condition that the image static power is
0.53mW and exposure energy is 4.0erg/cm2, the maximum value
(Vmax) of the post-exposure electrical potential is preferably
within -60V, more preferably within -80V. If Vmax exceeds -60V,
polymerization reaction within cross-linked layer may not progress
sufficiently and significant improvement of wear resistance may

not be achieved. Halftone density may be difficult to acquire with
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an increase of shrinkage over the thickness of the
cross-linked |layer. Here, the post-exposure

wehermiwosal potential can be neasured using f8CT/JP2007/054146

i nstance a property eval uati on apparatus disclosed in
5 JP-A No. 2000-275872, which is capable of evaluation
e inweasendighinwhkugproveerthe tifickhess of the cross-linked
el ectrophot ogr aphi ¢ phot oconductor; however the
gypbpation apparatus is not linmted to this and any
eval uati on apparatus which can neasure the
post - exposur.e el ectric potential can be used. 10 FIG
| showsehecuHi POt sEPOsUE slasteical okenpied sam; he measured
eval uation apparatus. The property eval uation
appag donisnfimdehe prepecty ephhiLigsantranhatabiesdisetan
in FIG 1 is equipped with a charging unit 202, an

e ht = [ ion,unj.t
o2 2000 2 22 O il 3 UhpBUIE B cR AN Glibp the
surface 15 potential meter 210 between the chargin
SRRELDTSY IH@PEREY obtbeleetroribotogmphis m@m@%w%m
a surface potential neter 211 between the exposure
owte v2@ I hanelv A el tien apdlara 8t 08 nédilim3Q tIWBis and any
drum shaped phot oconductor 201 is attached to the

j ' i as to-be rot.atable. The .
AralE IBE SRS V8% G ke Sk Port vpeswepelectic
the surface potential neter 210, and the surface
petaraphrandiensed1 are installed to a common table so
as to be novable to the circunferential direction, the

radi alFIGl 1 etiowa condiddie tieiekhudh130df dheEeid it pf
t he phot oconduct or 201.g 20 WO 200%00132 oty

' E’gfda%gg gp%sa%'%%gs. The property evaluation apparatus for the

electrophotographic photoconductor in FIG. 1 is equipped with a
charging unit 202, an exposure unit 203, and a neutralizaﬁon unit

204 around a photoconductor 201, is equipped with a surface

potential meter 210 between the charging unit 202 and the

exposure unit 203, is equipped with a surface potential meter 211 .
between the exposure unit 203 and the neutralization unit 204.

The drum-shaped photoconductor 201 is attached to the
drive mechanism unit so as to be rotatable. The chargiﬁg unit 202,
the neutralization unit 204, the surface potential meter 210, and
the surface potential meter 211 are installed to a common table so
as to be movable to the circumferential direction, the radial

direction, and the longitudinal direction of the photoconductor 201.
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The exposure unit 203 includes a |laser witing device,
is novable to the radial direction and the
woaogimude nal direction of the drum shaped PCT/JP2007/054146
phot oconduct or 201 (novable to the circunferentia
direction only when the photoconductor is rotated), 5
wher efThetdi dsadeakniti 262 indudes 4 hesqphetriiogdlatioe, 01
i s designe to have an interval by the distance of
t he 0t 0 : r e t : i
pdEaPIITERRS UL ARt pniide PRciBian AR RiSh of
appar at us havi n

a configuratjon as Zho in FIG 1,
theedrumashaped mhotpgopduetos 4Gl EW&V@@ RO 201 is
nmeasured, the surface of the photoconductor 201 is

ABeN AT i cffa bilire bR 6aly #didrothe phot@@hdintough rotated),
rotating the polygon mrror of an exposure unit 203

as well .as the. ph n 0 a :
FheltrmiFepadt! SRR EhneRbAGRER IEL desigppd
is charged ,untjl predeterm ned surface 15 potentia
toyhave aghintgirmgl byi theodstpace o4 dhedpbatnsonducton, suriase
the exposure unit 203 is applied to the charged

PRALAE FOENT 1M 13035 1aRy Wersng ifbdenbe surface
potential of t%e charged phot oconductor 201 by the

surface. pot.enti al ter 21 b ' : urface
pot enW’iE‘ e Pﬁ%p%&eo%vea&“ﬂ‘gg{%)égﬁgg%?%% T%)‘/’tlﬁgeassurf ace
potential 20 nmeter 211, and by calcul ating the exposed
eomfigtr4tRen cireshowneing¥Y Gr bowiheadths) spasidntity of ddeay
fromouter dianeter of the photoconductor, |inear

éﬁ&ﬁ%oﬁfddc"ﬂ&r p0atRCARINGES,, tHEEakEHde0st tie phbeodashictor
can in the vertical scanning direction, charging

fthﬁs nezujir:\a{gzgg%y %Orgelu %aﬁ%/’ci]o%zggﬂ %Bﬁlﬁprough rotating
the polygon mirror of an e:?posure unit 203 as well as the
photoconductor 201 at a constant rotating speed, the surfﬁce of .the
photoconductor 201 is charged until predetermined surface
potential by the charging unit 202 is reached, and laser beam of the
exposure unit 208 is applied to the charged phqtoconductor 201.
By measuring the surface potential of the charged photoconductor
201 by the surface potential meter 210, by measuring the surface
potential of the exposed photoconductor by the surface potential
meter 211, and by calculating the exposed amount (Reached
energy ) required by potential decay from outer diameter of the
photoconductor, linear speed of the photoconductor, resolution of

the laser scan in the vertical scanning direction, charging time,
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depl oyed position of exposing tinme and the charging
unit in the circunferential direction, and surface

woab@niiak of the photoconductor, the rel ati oremiP2007/054146
bet ween the cal cul ated exposure dose and neasured
exposed potential or electric change anount of 5
defloyedqrosifivarofexpesding tisalahdndt esatdiagsenty i vhé y
of phot oconduct or. <Cross- Linked Layer > The

ﬁlfttétr@gt bR AN SR rMled B80Indal BELRE Y
nerlza e co oun necessary a cured
naterlal of a Cross- I|nked Iayer conposi tion

RipfospRAMGtRsR rtbre nedgbiomship befweepathe anloplated exposure
Pol yneri zabl e Conpound The radically polynerizabl e

deyepanddnpsehesdbkposodpaioatial orasle6idit ¥hange amount of
poI ymeri zabl e conpound with no charge transport

T B R

poI yneri zabl e compound. wi th charge. transport
Bheteconductatans a conpound whi ch cont a| ns no hole
transport structure such as triallyl am ne, hydrazone,

POreFeLinked Iagfdazol yl, el ectron transport structure
such as fused poncycIic 20 qui none, di phenoqui none,

ar oup 157 100 DBt sever ECTTEHRs ot |4HR a Ry "0

pol ynmeri zabl e functional gr oup The radically
pdyyranizablel componod;, emal wiresememsshey anguidd nfeterial of
group is radically polynerizable, 22 WO 2007/ 100132

$eddsPRAREA0RE4Romposition containing other ingredient(s).

-Radically Polymerizable Compound-

The radically polymerizable compound preferably contains a
radically polymerizable compound with no charge transpot't
structure and a radically polymerizable compound with charge
transport structure.

The radically polymerizable compound. vtrith charge.
transport structure means a compound which contains no hole
transport structure such as triallyl amine, hydrazone, pyrazoline,
carbazolyl, electron transport structure such as fused polycyclic
quinone, diphenoquinone, and electron attracting aromatic rings
having cyano group or nitro group, etec., and a radically
polymerizable functional group. The radically polymerizable

functional group can be any if the group is radically polymerizable,
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i.e., has a carbon-carbon doubl e bond. Exanples of the
radi cally polynerizable functional group include

wa-2607080i3t ut ed et hyl ene functi onal group and PCT/JP2007/054146

1, 1-substituted ethyl ene functional group represented
by the 5 following Formula (a). (1) Exanples of
i-esybssia cadibrechybemeldublethootal group are

functional groups represented by the followi ng Fornul a

(a). (EkanifiesiodfMte AIEcadyopPIyRReriaab B Yhn &i0HRA1 rgroup
segnent, or arylene group “segnent, the functiona

G 5HEi. SO S T e

represents an aryl ene group such as phenyl ene group,
dapteubstangedreilylendifuhctimpabersupstapresedted by the
al kynyl ene group which may be substituted, -CO

FoAHRins FEEm AL, - CON 15 (R10)- group (wherein R10
represents a hydrogen atom an al kyl group such as

nmet hyl ,_group and ethyl graqup ral kyl group.such as
benzyl (]3 r%’iﬁpﬁ%ﬁ H%H\]?\’fg?ﬂgﬁm‘dfﬁﬁ}&’%ﬁﬁ é’rﬂecr?é‘i’ group are
group, or aryl group such as phenyl group and

fapbtioylal grroupk repres&ategt byptheSfodtoving Fvamilas(apf (If

t hese substituents include vinyl group, 20 styryl

. nts i _ | - |
358 fomchadBl Wy, BaRUP Tl Sl I0RY eroup
vi nyl t hi oether group. (2) Exanples of 1,1-substituted
seam e tharddmcsienalgrulp 15 penneetedninshe asyLesavad

by the followi ng Formula (b) 23 WO 2007/100132

Regmdt00r tRO4r¢#fene group segment.
CH,—=CH—-X;— (a)

wherein X; represen’;s an arylene group such as phenylene
group, naphthylene group, which may be substituted, alkynyler_le
group which may be substituted, -CO- group, -COO- group, -CON
(R19)- group (wherein R10 represents a hydrogen atom, an alkyl
group such as methyl group and ethyl group, aralkyl group such as
benzyl group, naphthylmethyl group and phenethyl group, or aryl
group such as phenyl group and naphthyl group), or -S- group.

Specific examples of these substituents include vinyl group,
styryl group, 2-methyl-1,3-butadienyl group, vinylcarbonyl group,
acryloyloxy group, acryloylamide group, vinylthioether group.

(2) Examples of 1,1-substituted ethylene functional group

include those represented by the following Formula (b)
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G2=CY) -- 2-- (b) wherein Y represents an al kyl
group which may be substituted, aral kyl group which

woryo7neosubsti tuted, aryl group such as phenyPCguR2p7/054146

and napht hyl group which may be 5 substituted, hal ogen
atom cyano group, nitro group, alkoxy group ~such as
nmet hoxy group and et hoxy group, -COOR11 group (wherein
F{j}i@:ﬂEi@(ﬁééir]ﬁngegen atom al L) group such as
met hyl group and "ethyl group which may be
substituted, aral kyl group such as benzyl,

napht hyl net.h and phenet hyl oups which ma e 10
subst i‘%ﬁ?%‘-’d,ﬂ F)?Prﬁg%tﬁﬁf %Hcar]rkgi gﬁﬁgﬂywhbﬁbﬁg%ﬁﬁ
napht hyl group which may be substituted), or
sAOMREGRIB dratlkybigno®p Ivhinh Rify beeprhedenited, byst ggenp
atom al kyl group such as nethyl group and et hyl

' | oroh ¥icH" Bwich as
e R RN T e
group. whi y be 15 substituted, aryl group such as
5ﬁhﬁwu5qcﬁﬂlbar5§ﬁsnr%mhwa@? SHRUPyAL ﬁﬁg}lﬂyeaﬁmxy group
substituted, and may be identical or different), X2
saph esemethaxs Wrsuipt ard tethdeptgroalp, - EOQRh grbep (wherein
Formula (a), a single bond, or alkylene group,

PV t : ' 0
BACHLSRE et Bk Gach oB0%, LY BtuDlch aBHEROBup
ring. Specific exanpl es _of these supsti ﬁeﬂts i ncl ude
andrgidid srempywhyeh myay heupubsiaty ,ﬁr@E} B GTYHB fych as
a- cyanoet hyl ene group, 24 WO 2007/100132

BeRLYE2000Hh f15A bt hyd-arcd pheaetiybygrouys grioieh, may be
a- cyanophenyl ene group,

substituted, aryl group such as phenyl group and naphthyl group

which may be substituted), vor -CONR!2R!3 (wherein R12 and R!3
represent a hydrogen atom, alkyl group such as methyl grbup apd
ethyl group which may be substituted, aralkyl group such as benzyl
group, naphthylmefhyl group, and phenethyl group which may be
'substituted, aryl group such as phenyl group and naphthyl group
which may be substituted, and may be identical or different), Xz
represents a substituent identical to X; in the Formula (a), a single
bond, or alkylene group, provided that at least one of Y and X2 1s
oxycarbonyl group, cyano group, alkenylene group, or aromatic
ring.

Specific examples of these substituents include a-chloro

acryloyloxy group, methacryloyloxy group, a-cyanoethylene group,

24



10

15

20

met hacryl oyl am no group. Exanples of substituents by
whi ch the subsituents X1, X2, and Y are further

weubwtiotst ed i ncl ude a hal ogen atom nitro gr oROT/IPIH07/054146

cyano group, alkyl groups such as nethyl group, ethyl
group, al koxy groups such as net hoxy group, ethoxy

ageyaumoaayoghoxy @focuis-syanophephtaexgrgupyp, aryl
groups such as phenyl group, naphthyl group, and

ﬁ%fﬂ&@%qé&%ﬁ%ﬁﬁ§gﬁg§gs benzyl group, and phenethy

rou radlcally polynerlzable

functional groyps, acrylo group an
ot haBRGMIRE0) RS UeLs i hgh deysuhpsents X1, X,
Conmpounds havi ng one or nore acryl oyl oxy groups may be

agld ¥i vedfusftbler el ttite B)inebids ar Balide@admentiffo group,
exchange reaction usi ng conpounds havi ng one or nore

QLD HBS LRl L A P o9

BeS|des conpounds havi ng one or nDre met hacr yl oyl oxy
aék@%mgrﬁuyswmam@dlcgqy@rwp,yethnw graliR.altyloxy
pol ynmeri zabl e functional group in a nonomer havi ng

gr¥Ap8suthl &s fpwl@@lbbcgr@lddp esryl B uRe dwlenhk el group,
di fferent. Anong these radi cal y O polynerlzable

R S L

nunber of a radi cal ly polynerizabl e functional group
phengtbyhgreunol ecul e can be one or nore, but the
nunber of a radically polynerizable 25 WO 2007/ 100132

PCT/ IR Qﬁélé'élﬁadfcﬁmﬁi ?Qﬁ%eﬁfzﬁ%ﬂ’e iranktishal atbupane

in general to control ernal

‘acryloyloxy group and methacryloyloxy group are particularly
useful. Compounds having one or more acryloyloxy groups may be
obtained, for example, by ester reaction or ester exchange feaction
using compounds having one or more hydroxy groups in the
molecule, acrylic aéid or salt, acrylic acid halide and acrylic acid
ester. Besides, compounds having one or more methacryloyloxy
groups may be obtained similarly. The radically polymerizable
functional group in a monomer having two or more functionalities
may be identical or different. Among these radically
polymerizable functional groups, acryloyloxy group and
methacryloyloxy group are particularly useful. The number of a
radically polymerizable functional group in a single molecule can

be one or more, but the number of a radically polymerizable
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stress of the cross-linked surface |layer, to easily
obtain snooth surface nature, and to sustain good

weheriwos2 property. By using charge transport PCOOPINTIOS4146

havi ng these radically polynerizable 5 functi onal
groups, both durability inprovenent and electric
fumgeony] ghadp iis petfrladly onepiwgenges] feebatiwldhgernal
attained. As charge transport structure of char ge

th e nerlzabl
%%%E?F’Zﬁa G388 R bt LA, 88 et By S5y,
g{;érmbl lity perspective, and anong triallyl am ne 10
SErigee paddires gpeo ﬁma&swavﬁpqdwelmrmxmrm@ gByensing

Formula (2) or (3) structure can nmaintain electric

el opsy tyarsdpoirt @snsenshd ihdving tﬂﬁa@eﬁ%ﬁh@ﬂﬂ'y g&&%ﬂiﬂéble
in a good condition. RL A 1 11 r3 -

|
gl ?%’“rﬁsx B @ﬁﬁﬁwn&gr%ﬂgﬁpﬁm slectBieml a
(2) and ,. R1 represents a hydrogen atom a hal ogen
RYQIATTY 1grsd;ab e o1 pvolgmgied, perikys apecattamheédh Asay
be substituted, aral kyl group which may be

chubsdd st orﬁ@ﬂructﬁﬁr@%ﬂ'dﬁ'& @dh st i &%
al koxy grrgﬁ)p, - COORY (V\herEIl‘I:‘]éb R7 rég%rresentlbs a aving a

lhélcﬁcgﬁy po r1zam/e ftgn(%ugnﬂ] group, ¥rlaﬁyl amine structui‘e

suits from high mobility perspective, and among triallyl amine
structures, compounds shown in the following general Formula (2)
or (8) structure can maintain electric property such as sensitivity

and residual potential in a good condition.

[ ATy
CH2:C~CO~—(Z}m-Ar3~Xr*Arg—N\
Ary (2)
Ry O
T (Arg |
CHy=C—-CO0—{Zm— X~ Ar,-N
Az, (3)

In Structural Formula (2) and (3), R; represents a hydrogen
atom, a halogen atom, cyano group, nitro group, alkyl group which
may be substituted, aralkyl group which may be substituted, aryl
group which may be substituted, alkoxy group, -COOR7 (wherein

R7 represents a hydrogen atom, alkyl group which may be
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26 WD 2007/100132 PCT/JP2007/ 054146 substituted,
aral kyl group which may be substituted, or aryl group

wohoawhomsy be substituted), hal ogenated car bonpCTgPmOP)s4146

or CONRBRO (wherein R8 and RO each represents a

hydrogen atom  hal ogen atom al kyl group which may be
suhstitutedd araltkstlkgtougr eiyichSmealyi lhsubytibeted, or aryl group
substituted, or aryl group which may be substituted

arBi B Ay bBX uFRYi thg e Y €A io“g%lna%(gj@dcrixg gggg?ﬂ% If)ggnd

Are each represent the substituted or un

gr.o whi ¢h be identical or different. An
QR R Her a5 BE et Feeastbemtareads o hydrogen atom,
unsubstituted 1o aryl group, which nay be identical
draldgenaxtont, alkyl eppapewmhiclansaybeasdtnituts abakhlgflegkoup
or unsubstituted al kyl ene group, substituted or

WISt iy Uh & gu&%ﬁﬂt;&% &YbLE Egﬁy g%l!?P %ﬁﬁgfﬁ?&%gd ‘rgﬁituted

unsubsti tut ed yl ene’ et I va

at sul ato or vi.nyl ene_group; Z represents the
éﬁ?ﬁﬁﬁf{ggﬂ) }Byde Hiﬁs‘l?ﬂ@ﬂ endades®ni)t ene group,
substituted or unsubstituted al kyl ene ether bival ent

gr oup,Anr anHidteewedx yeprdxemt tH ¥abefitutd] 8¥Rins Ul stAed
"n" each represents an integer fromO to 3. The

Lot gy necifi £S5, of ounds
re%rese ?%"315 &Eﬁgﬁehﬁﬁg?xigégg}gbg?‘%ﬁmﬁ?@?n md (3). 20
In the, substituents of RL in the general Fornul ae (2)
and (3}7s aBd 4t eachorentrseattiiile swbsiitutart oy timsubishituted
group, ethyl group, propyl group, butyl group,
axphpt@sp oWhidle neay Ibegideuscd Ny i€ rdifteny! group,
napht hyl group, exanples of the aral kyl groups

X represents a single bond, substituted or unsubstituted
alkylene group, substituted or unsubstituted cycloalkylene group,
substituted or unsubstituted alkylene ether bivalent grouﬁ, oxygen
atom, sulfur atom, or vinylene group; Z represents the substituted
or unsubstituted alkylene group, substituted or unsubstituted
alkylene ether bivalent group, or alkyleneoxycarbonyl bivalent
group; “m” and “n” each represents an integer from 0 to 3.

The following are specific examples of compounds
represented by the previous Formulae (2) and (3).

In the substituents of R1 in the general Formulae (2) and (3),
examples of the alkyl groups include methyl group, ethyl group,

propyl group, butyl group, examples of the aryl groups include

phenyl group, naphthyl group, examples of the aralkyl groups
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27 WD 2007/100132 PCT/JP2007/ 054146 include benzyl
group, phenet hyl group, naphthyl net hyl group,

weoexeampbes2 of the al koxy groups include net hoxyPgrTaRmO7/054146

et hoxy group, and propoxy group. These groups may be
substituted furthernore with'a halogen atom nitro

pdufe tand o) plﬁiﬂ@thyl TreuplPaphihyds TRy D Eroup,
group, ethyl group etc alkoxy group such as net hoxy

SKOMMLELPIRY ALBUD - AN GR0 IR BT BRoBRCR Yy

group
group, aral kyl group such as benzyl group, heneteai/
§rOUD. anf dregery Zrompandlheshgroupsmparihe pabstitutest | v
preferable 10 anong substituents of RI. An and Ar4

Anehsvisiret withla HaldpeH ot Uh R¥o ?rblupg rc%lﬁ% g’"ﬂﬁp, alkyl
exanpl es of the aryl groups i ncl ude fused pol ycyclic

BRSIRTD pl BVl BT TE LSS 1 RIFHOEZRRD cuch o

polgcycllc hydr ocarbon group is preferably one having
PXY @roupaebboxygsaupf eryloaxygfamancbmsalienoxy group,
exanpl es thereof include pentanyl group, indenyl

SFAUBroiABhER s ShORP! grédp! ﬁQiﬂhtHinF@uﬁ eQI’@l‘k‘?ﬂyéroup

group, biphenylenyl group,” as-indacenyl group

S-1i ndachﬁr}gq &%goyl% fl uortgé(igﬁg]rﬁgtjﬁemz/lo ngzg,{mt hyl enyl

phenal e gr oup, phenant hryl group, antholyl group,
f 1 uor Hw%mwhn afroon @ daoegthyh @rohpyd renyartgewlarly preferable
aceant hryl enyl group, triphenylenyl group, pyrenyl

AW st HEMs & RYP, and

| Arsand Ar4 are substituted or unsubstituted aryl groups and
examples of the aryl groups include fuséd polyeyclic hydrocarbon
groups, non-fused cyclic hydrocarbon groups, and heterocyclic
groups.

The fused pélycyclic hydrocarbon group is preferably one
having 18 or less carbon atoms for ring formation and examples
thereof include pentanyl group, indenyl group, naphthyl group,
azulenyl group, heptarenyl group, biphenylenyl group,
as-indacenyl group, s-indacenyl group, fluorenyl group,
acenaphthylenyl group, pleiadenyl group, acenaphthenyl group,
phenalenyl group, phenanthryl group, antholyl group,
fluoranthenyl group, acephenanthrylenyl group, aceanthrylenyl

group, triphenylenyl group, pyrenyl group, chrysenyl group, and
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28 WD 2007/100132 PCT/JP2007/ 054146 napht hacenyl
group. Exanpl es of the non-fused cyclic hydrocarbon

wgnroewrasoisncl ude nonoval ent group for nonocycl PCT/JP2007/054146

hydr ocar bon conpounds such as benzene,
bi phenyl ' et her, pol yet hyl ene di phenyl ether, 5

naphehytdidylogtdigr. and di phenyl sul phone, the nonoval ent
group for non-fused pol ycyclic hydrocarbon conmpounds

such ' V. Y, i nyl ak kane .

such SSx BRI o ROLVRTEAM, 1 ROSRAANA oo include
di styryl benzene, 1, 1-di phenyl cycl oal kane,

%Wﬁiﬁm greup don moperyehitehyl sotaahon epmppands such as

nonoval ent group 10 for cyclic hydrocarbon conpounds
beicterts BipSetiydRehyl | polgethsledodpbleas] @thbhe

het erocyclic groups include nonoval ent groups such as

. G zof Wr an i.b ot hi ghene oxadi azol e,
SRR Y AR ARG M Blin e IE0 RFSuRfor
Ar4 may be 15 substituted with any of substituent
rerdpspd palyicydic hydregarhsimeompolinddaseete asdiphenyl,
cyano group, nitro group. (2) A kyl groups, preferably
ﬁél@rgihﬁli*ﬁyi,cﬂﬁiH@ﬂyl@ﬂkbﬁé,naﬁﬁli’enﬂaﬁkbngf QPP B 1atkyRe 12

carbon atons, nore preferably 1 to 8 carbon ™ at onms,
and, nos eferably 1 to 4 carhon atons, .wherejn al kyl
S8BT Bl S ehialmtriteacetuy h GbRRBSI oA
hydrox¥@§roup, cyano group, al koxy group for 1 to 4

ralypbenyiabanephndypolypbepylatke nphenythgnmiwvalent group
substituted with a hal ogen atom alkyl group for 1 to

B PR P AR rBbn APy u i WRichds B, 9QAifheayPorene.
atons. Specific

Examples of the heterocyclic groups include monovalent
groups such as carbazole, dibenzofuran, dibenzothiphene,
oxadiazole, and thiadiazole.

The aryl groups represented by Ars and Ars may be
substituted with any of subsﬁtuent described in (1) to (8) below.
| (1) Halogen atom, cyano group, nitro group.

(2) Alkyl groups, preferably straight-chained or branched
alkyl groups of 1 to 12 carbon atoms, more preferably 1 to 8 carbon
atoms, and most preferably 1 to 4 carbon atoms, wherein alkyl
groups may be substituted with a fluorine atom, hydroxy group,
cyano group, alkoxy group for 1 to 4 carbon atoms, phenyl group, or

phenyl group substituted with a halogen atom, alkyl group for 1 to

4 carbon atoms or alkoxy group for 1 to 4 carbon atoms. Specific

29



29 WD 2007/100132 PCT/JP2007/ 054146 exanpl es ther eof

i nclude methyl group, ethyl group, n-butyl group,
woO-2pi7apyis2 group, t-butyl group, s-butyl group, POTOPDPYDS4146

group, tri-fluoronethyl group, 2-hydroxyethyl group,

2- et hoxyet hyl group, 2-cyanoethyl group,

cZaiEp heateirby! clade, meehyl braupuethyd greoatyd, ar-blwgnk group,
group, 4- nethylbenzyl group, 4- phenylbenzyl group.

(3 kox u

1 h‘%?)ﬂylf%rroo I g[s@%es%r%?éc? N (]2?%1@? %%E'B?es

t hereof include nethoxy gro ethoxy gr Qup,
tmi-fhusroxethiyd gyoup, gria pé tg'dp groyp; 2b®ﬁ%92&>’e§1‘18b§r°‘1p’
n- but oxy group, s-butoxy group, i-butoxy group,

Rehy oottt oup, B-edthdxgezlyDxyoap pbpnzyl group,
tri-fluoromet hoxy group. (4) Aryl oxy groups Aryl

s BEBHBR Rl B BRE aBR BN RS Pﬂ%ﬂ?%ﬂ@’alfﬂon

atons, alkyl 15 group for 1 to 4 carbon atons, or
gmha(pgen atom Specific exanples thereof incl ude
phenoxy group, 1-naphthyloxy group, 2-naphthyl oxy

grou p(3)4AI]&J)J3>O YREH GORYY, GrRe rdinnRE kb pbsurcbsyan glkyb.

(5) A kylnercapto groups or aryl mercapto groups 20

eC'f' exalggg mpféé féfqﬁc(}ﬁgrwe gféshyl%‘%wl%oghgny

group (6) G oups expressed by the foll ow ng
wethotygabupoethdxy g80up, n-propoxy group, 1"propoxy group,

10 t-butoxy group, n-butoxy group, s-butoxy group, i-butoxy group,
2-hydroxyethoxy group, benzyloxy group, tri-fluoromethoxy groﬁp.
(4) Aryloxy groups
Aryl groups may be phenyl group and naphthyl group, Which
may be substituted with alkoxy group for 1 to 4 carbon atoms, alkyl
15 group for 1 to 4 carbon atoms, or a halogen atom. Specific
examples thereof include phenoxy group, 1'naphthyloxy group,
2-naphthyloxy group, 4-methoxyphenoxy group, 4-methylphenoxy
group.
(5) Alkylmercapto groups or arylmercapto groups
20 Specific examples thereof include methylthio group,
ethylthio group, phenylthio group, p-methylphenylthio group.

(6) Groups expressed by the following Structural Formula.
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WD 2007/ 100132 PCT/JP2007/054146 R3 t -N R4 wherein
R3 and R4 each independently represent a hydrogen

wabtemioalskyl group as described in (2) or aryl PQTOR®O7/054146

Exanpl es of the aryl group include phenyl group,

bi phenyl group, and naphthyl 5 group which may be
substituted wthy, al koxy group for 1 to 4 carbon

atons, al kyl gr for 1 to 4 carbon atons, or a

hal ogen at Qqm. and R4 may forma ring together.
Speci fic exanplyes thereof include am no group,

di et hyl am no gr@Qp, N- net hyl - N-phenyl am no group, 1o
N, N-di phenylam no group, N, N di(tryl) am no group,
di benzyl am no group, piperidino group, norpholino

gr oupwhntein R Oind Ry ea¢h indppshéyhtlyeripregegt ahgdoogen
al kyl enedi t hi o groups such as nethyl enedi oxy group or

thyI dithio d
iy e TR p S By s (o PHR] BEPFS Txamplos of
unsubstltuted (3 henyl styryl group, di p
c@rnhpny 1 arowpybinhamgraionr. gl parhibyl
arylene groups represented by Arl and Are include

%M&% HicHRYP D OSib et fodowith YlkaxpEpoup €pf dswd edrbon
a and 2o Ar4 X represents a single bond,

:gtuo%gl ztlﬂiﬁdgr%rup P%t Iéf Cart on atoms, or a halogen atom. R3

and R4 may form 4 ring together.

Specific examples thereof include amino group,
diethylamino group, N-methyl-N-phenylamino group,
N,N-diphenylamino group, N,N-di(tryl)amino group,
dibenzylamino group, piperidino group, morpholino group,‘
pyrrolidino group, .

(7) Alkylenedioxy groups or alkylenedithio groups such as
methylenedioxy group or methylenedithio group.

(8) Substituted or unsubstituted styryl group, substituted or
unsubstituted p-phenylstyryl group, diphenylaminophenyl group,
ditolylaminophenyl group.

The arylene groups represented by Ari and Ars include
divalent groups derived from aryl groups represented by Ar; and
Ary. |

X represents a single bond, substituted or unsubstituted
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31 WO 2007/100132 PCT/ JP2007/ 054146 al kyl ene group,
substituted or unsubstituted cycl oal kyl ene group,
unsubstituted al kyl ene et her gPOUPP2007/054146
oxygen atom sulfur atom or vinylene group. Exanples
of the substituted or unsubstituted al kyl ene 5 groups

A&/ 1phefgoa! ¥ubktiaugbd oehahsulestibuadctpdoatiaylene group,
al kyl ene groups of 1 to 12 carbon atons, preferably 1

t I
& hiEHAIED: Fo b e TR PE APty Brfecaiton,
wth a fl uorl ne atom hydroxy group, cyano group, and
sulfox atgroqrsvgtylene 9 uPar bon at ons, phenyl group, or
1o phenyl group substituted with a haI ogen atom al kyl

gr oup BEx@{mpldPof #hé aubebitated®r wiswhsmrytegt alipyleae 1
to 4 carbon atons. SpeC|f| c exanpl es thereof include

net hyl ene _gr eth r
L S0 AL A5 YOG 00 AR KO IR M one
group, n-propyl ene group, trlfluoroneth Iene group, 15
grayps ok dohll eacbom atpms2 paefrrakdyhly t@e)ﬁ/} begpatoms, and
2- cyanoet hyl ene group, 2-nmethoxyethyl ene group,

BRARYS I HEPELIST PB4 cRFSILY hEb Y| eMFh@alkiPlene groups may be
4- chlorophenylethylene group, 4- nethylphenylethylene

p, 4-Di nyl et r ou | es of
Sugbbr utresRerelneude A dnt orsaf il &e Hrobborunne
i nclude cyclic al kyl ene groups of 5 to 7 carbon atons,
pheug and dkoyy|groupiskyfl ke 4eathan atgmise phentli gnoudy or
with a fluorine atom hydroxide group, alkyl group

% ggl tgeo& A AEAWith Qmﬁbgeﬁya&mum]iﬂrgr%apofdk 1 to
n ato Speci fic exanpl es t hereof

"4 carbon atoms, or alkoxy group for 1 to 4 carbon atoms. Specific

examples thereof include methylene group, ethylene group,
n-butylene group, i-propylene group, t-butylene group, s-b'utyle.ne
group, n-propylene group, trifluoromethylene group,
2-hydroxyethylene group, 2-ethoxyethylene group, 2-cyanoethylene
group, 2-methoxyethylene group, benzylidene group,
phenylethylene group, 4-chlorophenylethylene group,
4-methylphenylethylene group, 4-biphenylethylene group.
Examples of the substituted or unsubstituted cycloalkylene
groups include cyclic alkylene groups of 5 to 7 carbon atoms,
wherein the cyclic alkylene groups may be substituted with a
fluorine atom, hydroxide group, alkyl group for 1 to 4 carbon atoms,

or alkoxy group for 1 to 4 carbon atoms. Specific examples thereof
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32 WD 2007/100132 PCT/JP2007/ 054146 i ncl ude
cycl ohexyl i dene group, cycl ohexyl ene group,

waG 2807dioese hy| cycl ohexyl i dene group. Exanpl es oPCTHR2007/054146

substituted or unsubstituted al kyl ene ether bival ent
group i nclude al kyl eneoxy bival ent group such as 5

anhlidmepsdphgrplide ner gyorims myckghexydepe giowr, poly

(oxyal kyl ene) oxy bival ent group induced from such as

@,SIM&!I%IQ&MB%XEHH%%@&JHH_G“G glycol , tripropylene

glycol, wherein alkylene ethér bivalent group and
al kyl epe grau be substituted with . hydroxyl

group, ﬁﬁ@f&ﬁaﬁg@'}%ﬁ S‘é}?%Tutﬁ’ldo%ynfﬁi’?ﬁé“%?ay?ﬁ%ﬁkene ether
group may be represented by the followng Formula. R5

bicalhtagrarp RicludeCHlk@ibheotnbiGhlendt gyoalp Facklnalsa, R5
represents a hydrogen atom al kyl group that is

l4RPid d ' ' ) %
PRIy Brdul RAAPREELP Rob, Blr My ok yalBylene)
Ara and.the Ar4; "a" represents an_integer of 1 _or 2,
QXY Piyalerpgeeundiadysed; ﬁ@@g%\wlaﬂaﬂdne&ig?e@ ebpiodsent s
the substituted or unsubstituted al kyl ene
tetraethylene glycol, tripropylene glycol, wherein alkylene ether
bivalent group and alkylene group may be substituted with
hydroxyl group, methyl group, ethyl group.

The vinylene group may be represented by the following

Formula.

Ffs
C=CH
a
or

\ '
-—c:ow%cmcm}b—‘

In the Structural Formula, Rs represents a hydrogen atom,
alkyl group that is identical to the one described in (2), or aryl
group that is identical to the one represented by the Ars and the
Ary; "a" represents an integer of 1 or 2, and "b" represents an
integer of 1 to 3.

Z represents the substituted or unsubstituted alkylene
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33 WD 2007/100132 PCT/JP2007/ 054146 group,
substituted or unsubstituted al kyl ene ether bival ent

wgnroenrapoi3er al kyl eneoxycar bonyl bi val ent gr oupPCTHR2007/054146

substituted or wunsubstituted al kyl ene groups include

al kyl ene groups defined as X The substituted or

@roups sitbatiddted oy wreilstthartedi atiydane Btheoupsalem gotsip,
al kyl ene et her bival ent groups defined as X The

%&Wh{?[@&é@éﬁ%ﬁ@%ﬁ%ﬂ Dy Aot ﬁﬁﬁﬂ PSThB C.Jdlﬂ;%ltuted or

caprolactoné -nodified b|v ent groups. Exan'p es of

ST ko TERs eotipR nkidrTeuRpsutun s SoaRPars

have the structure of the follow ng Structural For mul a
) . ThRafubstHated o ﬂas}lbstlﬂsuteRl alkerch)e eﬂhrelt bivalent

Structural Formula (4), "o, ", and "q" each
r r
g Bt ggg%&g%cg{‘naggl%% %t?/{erg?%é%n Rg% gQ d%%ﬁf&dsgé X. The

[ |cal or differen 5 rep ent aIkyI gr oups. ..
@gﬁz QU605 Y AT BRRY BP en? §roRRg InFlude P alasy laptanesmadified
an integer of 0 to 3, and Za represents a single bond,
et dleindnerogrpaup, et hyl ene group, or groups expressed

by the follow ng Formulas: .-CH2CH2O , -CHCH20- or
Cl—QCl_lexamgl“es 3% the preferable radically polymerizable
compounds with charge transport structure include compounds

which have the structure of the following Structural Formula (4).

e @@7
OOrera,.

In the Structural Formula (4), "o," "p", and "q" each
represents an integer of O or 1, Ra represents a hydrogen atom or
methyl group, Rb and Rc may be identical or different, and
represent alkyl g.roups of 1 to 6 carbon atoms. "s" and "t" each
represents an integer of 0 to 3, and Za represents a single bond,
methylene group, ethylene group, or groups expressed by the

following Formulas:

(4)

—CHZCH,0— -—(I3HCH7_O~— or @CH20H2—.
CHg
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WO 2007/ 100132 PCT/ JP2007/ 054146 | n conpounds
represented by the Structural Fornula (4),

weubwtiotsent s of Rb and Rc are preferably a nmepaylpr2007/054146
group or an ethyl group. The radically polynerizable
conmpounds with charge 5 transport structure
r epr esenrbetp dynddeepresmitedaby Fhe Biraet i)l Foepnuladdy,
(3), particularly those represented by the Structura

r tJ
ot e 06 SHIERE AR ARG Ay A H T O O b
because pol ynerization is acconplished by opening a
gHUFen- car bon doubl e bond at both sides. The 1o
radi cal ly pol ynerizabl e conpounds exi st within

cr ossTihenkedicall§! polmsefianbbe coinipo urall wath gharge
pol yneri zabl e nononers having three or nore

; ti e : e :
BariRef Bde BRs TRt Eaen @ ML OB G DR TR @,
i nterpol ecul ar cross-1|inking chains between a p kgggﬂﬂa

amd (3}, eartienlssly fhepse rantesantediby dbal %frructuralo

cross-1linking chains between parts which have fol ded

(MBivbcohnd DScoripoRrhbe @ iRt YoBEinditthOp llgmPathainsimetead of
originate from nononers polynerized in distant

ositigns .fr the parts in thg nai L.n. .
beRecatrimibh) MatS B P ooty Rl ra i e iFtished
functionality exist in the 20 main chain _or the
by opsningla eayloimicarbensouhlebpnghahdoshrsidesr e The
attached to the chain having at |east three aryl

Eédi%ﬁﬁyp%ﬁ?%?eﬁﬁaﬁle tefipdurliy &6ist GRithifBrbbe linlkddgen
atom 1S ‘bulky; however, 'three aryl groups are not

gc')fy%‘l:ér@' foartntlg& I%&?i%htroa({ilggllgrhpaglg%ieI!igaslﬁfeaglotnhoe ofd ﬁa%?ng
three or more functionalities as well as in the cross-linkin‘g chain
between main chains. This cross-linking chain contains
intermolecular cross-linking chains between a polymef and other
polymers, and intermolecular cross-linking chains between parts
which have folded main chains within a polymer and other parts
which originate from monomers polymerized in distant positions
from the parts in the main chain. Whether radically
polymerizable compounds having single functionality exist in the
main chain or the cross-linking chain, the triarylamine structure
attached to the chain having at least three aryl groups placed in a
radial direction from the nitrogen atom is bulky; however, three

aryl groups are not directly attached to the chains; instead they are
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WO 2007/ 100132 PCT/ JP2007/ 054146 indirectly attached
to the chains through carbonyl group or the like, so

woOhed7/1mei3ar yl am ne structure is fixed flexi bl yPCWIP2007/054146

t hree-di nensi onal arrangenent. Because the

triarylam ne structure has appropriate configuration
Mdikbetla atvheked ¢o the dhainb threaghedrbbatyl gineup or the like,
i ntranol ecul ar structural strain is |less and

' -SLT -a.Nes ' -escape the

b LhBE L i b b R F B TS
cross-|linked surface | ayer of_ photoconductors. .
Hergegdtmengianal dFrangemenk enBeeause 536#?%?3’46%%

acid ester 10 conpound represented in the foll ow ng
gartale BRrsnap prdpiateyonfigurationusetleis a maticudeé) it is

pol yneri zabl e conpound with charge transport

structure. - - = - 1
Bhiaphpatn e fltaibEelly siltvaaPabibin R Jel€ and

15 bival ent group having substituted or unsubstituted
wntoamoleculguipamitboe cararedativelresappe dherdigeennestion of
hydr ocar bons include benzene, naphthal ene,

@Hﬁf@tfﬁﬁiﬁ)rt%aﬂﬂlﬁfw khe krésslinked surface layer of
4-t et rahydronapht hal ene. Exanpl es of substituent group

i hclude al kyl group of 1 to 12 20 carbon atons,
BBQ%?&PDéﬁb%ér%f 1 to 12 carbon atons, benzyl group,
and a hal ogen atom The al kyl group, al koxy group nay
f urt hdesidaseiththegaesenb imvemtons spreiic agrolip agid ester
substituent group. Ar6 represents a nonoval ent or
BoMPoRHd HepHRsBAYdDon tBE following general Formula (5) may
suit in use as a radically polymerizable compound with charge
transport structure.

BI“AI';‘“CHT—“—CH*—ALS—BZ (5)

In the general Formula (5), Ars represents a monovalent or
bivalent group having substituted or unsubstituted aromatic
hydrocarbon skeleton. Examples of aromatic hydrocarbons
include benzene, naphthalene, phenanthrene, biphenyl,
1,2,3,4-tetrahydronaphthalene.

Examples of substituent group include alkyl group of 1 to 12
carbon atoms, alkoxy group of 1 to 12 carbon atoms, benzyl group,
and a halogen atom. The alkyl group, alkoxy group may further

have halogen atom, and/or phenyl group as substituent group.

Arg represents a monovalent or bivalent group having

36



10

15

20

WO 2007/ 100132 PCT/ JP2007/ 054146 aronmatic hydrocar bon
skeleton with at | east one tert-am no group, or
wouomvadat or bival ent group havi ng het er ocycPCT/IP2007/054146
conpound skeleton with at | east one tert-am no group.
The foll ow ng general Formula (A) represents an
araaticChheseabdohosiselekeh etith atbldwtionp tdg-amino group,
tert-amno group. -13 A7 NI1.14 (A) In the general

EERR ke PR AR naR B EY e Bofang,

or . unsubstituted aryl group. Ar7 represents_an aryl
giedgbon anibh ot least in bertraminn greudyer L pe fallowiges,
Exanpl es of acyl groups of R13 and R14 incl ude acetyl

génein] Formpilafi) repoeegentandn beoamtic Giydipcarbons skeleton
Substituted or unsubstituted al kyl groups of R13, Rl14

re._ siml to tho r Arm 15 Exanpl es of the
§E§E?$Fg%égg%%%ﬁﬁghéiﬁgékned aryl groups for R13 and
R14 i ncl ude phenyl group, naphthyl group, biphenylyl
group, tert-phenylyl group, pyrenyl group, fluorenyl

group, 9,%-%3“ t hyl - 2-fl uorenyl group, azul enyl
group, { any b yl{ group, triphenylenyl group, chrysenyl
gpggg, d fundtional group 20 represented by the
folloO nq%g?neral Formula (B). 37 WD 2007/100132
PCT/ JPR00 4146

Padfos (A)

In the general Formula (A), Ris and Ris represent an acyl
group, substituted or unsubstituted alkyl group, substituted or
unsubstituted aryl group. Ar7 represents an aryl group, and “w”
represents an integer from 1 to 3.

Examples of acyl groups of Ri3 and Ri4 include acetyl group,
propionyl group, and benzoyl group.
| Substituted or unsubstituted alkyl groups of Ris, Ri14 are
similar to those for Ars.

Examples of the substituted or unsubstituted aryl groups for
R1z and R4 include phenyl group, naphthyl group, biphenylyl
group, tert-phenylyl group, pyrenyl group, fluorenyl group,
9,9-dimethyl-2-fluorenyl group, azulenyl group, antholyl group,
triphenylenyl group, chrysenyl group, and functional group

represented by the following general Formula (B).
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R21 (B) In the general Formula (B), B represents -0-,
-5-, -8O, -S2-, -CO, or bivalent group represented

woyod7neo3sl | owi ng Formula. CH= C ~_CH2 5 I n t RET/JP2007/054146

Formul a, R21 represents a hydrogen atom substituted
or unsubstituted al kyl group defined in Ar5, al koxy
group, halogen atom substityted or unsubstituted

ar group, nitro group

and ¢ ents a hydrogen atom

Substy ¥ ed al kyl group defined in (13)
10 An,nand/ substit ut unsubstituted aryl group
defined in R13, "i" represents an integer of 1 to 12,

and "j" represents an integer of 1 to 3. Exanples of

al koxylmgthegentoal Rptm ulal (B)e Bredpwmegngs oOp, -S-et8Oxy-SOs-,
group, n-propoxy group, i-propoxy group, n-butoxy
gC@"E’or Qa!lelli’yéi)&(%%g'ﬁﬁi"@serﬂeh%f)fﬁe% BRvinls f"b‘hﬂ’ﬁia
group, hydr oxye rou 2-‘cyanoet hoxy ~gr oup
benzyl oxy group, 4-nmethyl benzyl oxy group,
trifluoronethoxy grou . Exanpl est of hal ogen atom for
R21 i ncl ude _fluorine 2007/ 100132

PCT/ JP2007/ Q54146 ch o o bronine atom i odine
ato s of am o grou R21 i ncl ude
dlphénylan1 Q group ditory o gr oup,

di benzyl am nd group, 4- nethylben%yl

In the Formula, Rs; represents a hydrogen atom, substituted
or unsubstituted alkyl group defined in Ars, alkoxy group, halogen
atom, substituted or unsubstituted aryl group defined in Ris,
amino group, nitro group, and cyano group. Raz represeﬁts a
hydrogen atom, substituted or unsubstituted alkyl group defined in
Ars, and substitutéd or unsubstituted aryl group defined in Ris, “1”
represents an integer of 1 to 12, and “}” represents an integer of 1
to 3.

Examples of alkoxy groups for Rz; include methoxy group,
ethoxy group, n-propoxy group, i-propoxy group, n-butoxy group,
i-butoxy group, s-butoxy group, t-butoxy group, 2-hydroxyethoxy
group, 2-cyanoethoxy group, benzyloxy group, 4-methylbenzyloxy

group, trifluoromethoxy group.

Examples of halogen atom for Rs; include fluorine atom,
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group. 5 Exanples of aryl group for Ar7 include phenyl
group, naphthyl group, biphenylyl group,

woeod7Apsnyl yl group, pyrenyl group, fluorenyPCgup2p7/054146

9, 9-di net hyl - 2-fl uorenyl group, azul enyl group,
antholyl group, triphenylenyl group, chrysenyl group,
chloripeRitdm abrbRide mligmpaodidrsatomt. ed Wi th t he al kyl
group, 1o al koxy group, hal ogen atom defined in Arb5.
Exanpl EﬁaﬁfpltaE%f@?ﬁa?ﬁ&gi‘&ﬁ § 6P qﬁélﬁ@ﬁ?ﬂ&@nm\ﬂlﬁ%
a tert-amno group include heterocycllc conpounds
havi ng ;am structure rroI yrazo

Bap Ry g Taminb ol gRheoer kg, Sreb flsraﬁha%\b@nzyl
benzi m dazol e, benzotrlazole ben20|soxa2|ne

gaohpzol yl , phehoxazine. These may have al kyl group,
al koxy group, and a halogen atomdefined in Ar5 as a

B ea ikaRIpISt Wfhey] dhohd oI AN BloIfRE Bildhyl Prort 20
i I I I
%ﬁbﬁ%{m&g ?ﬁﬁ%gfylgawoy Oé%sh%ﬁfvﬁg!gﬁlwggww PRFOY.

20 acryl oyl oxy group, nethacryl oyl oxy group, and

gr&apy flgrorupyl igavipg 9y9-dyneghoin- fi&okyhybeoomp aagulenyl
al koxy group are applied to the An aforenentioned

e L3
prSE, A6enpR R 1SR Ry $Rbufl tHEreelh Bl
2007/ 100132 PCT/JPZOO?/ 054146 In the acrylic_acjd
est er AbhpousndnshBuwnmay basuhstaiudedpwithithe etkyl group,
conpounds represented by the foll ow ng general

hbkoxy grotp, Andogsehesmbiiefined in Ars.

Examples of the heterocyclic compound skeleton having a
tert-amino group include heterocyclic compounds having amine
structure such as pyrrol, pyrazole, imidazole, triaque, dioﬁyazole,

indole, isoindole, benzimidazole, benzotriazole, benzoisoxazine,

carbazolyl, phenoxazine. These may have alkyl group, alkoxy

group, and a halogen atom defined in Ars as a substituent group.
In the general Formula (5), B; and Bz each represents
acryloyloxy group, methacryloyloxy group, vinyl group, acryloyloxy
group, methacryloyloxy group, alkyl group having vinyl group,
acryloyloxy group, methacryloyloxy group, and alkoxy group
having vinyl group. Alkyl group and alkoxy group are applied to
the Ars aforementioned likewise. Note in the formula that either

B; or Bz appears; they do not appear at the same time.
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(R)u (R9 BSI B2 Ar -B4 (6) 5 In the general
Fornmula (6), R8 and RO each represent the substituted

wonoamseisst i t ut ed al kyl group, substituted or PCT/JP2007/054146

unsubstituted al koxy group, and a hal ogen atom Ar7
and Ar8 each represents the substituted or

unsubskn the egraliglagd @sper camyicaned ghowm i thsetganerad
or unsubstituted benzyl group. Al kyl 10 group, al koxy

TRl L), 20080 APEls 2EPRR AR AP tRE fBH_oWiﬁgA%eﬁleral
af orenenti oned 11 kew se. The aryl” group is aryl group

fined in R13, 4 |ikewi se. The arylene group is
iAFE k&g‘?"iﬁjﬁr%ﬁ&%‘ fromthe aryl group. Bl to B4
are Bl, B2 of the general Fornmula (5) |ikew se. 15 Qut

of Bl to{l&Ju only one of {Ba}¥ exists and existence of
"u" represents an integer of

n integer of 0 to 4. The
b\ onpggind%have t he
S | X er tFaim” conmpound havi ng

c@hj“ugai@ structure

20 Ot "stI'pene type and has a
devel oped conj ugate syst Usi i t_h? 40 WO (5)
2007/ 100132 PCT/ JP2007/ 052146 \VFel 6ffed char ge

transport conmpound of the conjugate system charge

|0 eCti PRI ARSLhY ypfa&ni@% @)O%}éé%@lf?gdeétﬂi/ﬁé%tégegftfﬁfee

i mproves re and ih'ta Cr 0SS~ I ng bond
bei ng fixed, internolecular interaction is hardly
isp;bg%,tyﬁ@@d)’r ypsebstafategealkyl group, substituted or

unsubstituted alkoxy group, and a halogen atom. Ar7 and Ars
each represents the substituted or unsubstituted aryl group,
arylene group, substituted or unsubstituted benzyl group. Alkyl
group, alkoxy group, and a halogen atom are applied to thé Ars
aforementioned likewise.

The aryl gronup is aryl group defined in Ris, Rl4 likewisé.
The arylene group is bivalent group induced from the aryl group.

B: to B4 are B, Bz of the general Formula (5) likewise.
Out of B1 to B4, only one of four exists and existence of two or more
is excluded. “u” represents an integer of 0 to 5 and “v” represents
an integer of O to 4.

The specific acrylic acid ester compounds have the following

feature. It is a tert-amine compound having conjugate structure

of stilbene type and has a developed conjugate system. Using the
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5 nmobility is in a good condition as well. It also has
a highly radically polynerizable acryl oyl oxy group,

wonoomabiiaer yl oyl oxy group within a nol ecul e, PCOURL08%054146

gelation pronptly at the tine of radica

pol yneri zation, and does not yield extrene
drevetopadkhagge sransportDoubpeupdnefsthef conjugdadnesystem,
within nolecules join partly 1o polynerization. In

Udirkb 9Rje REERPTBpEAY FEELE LGN IIHIQRETdper fhtek PNRN
t han tha% of acryPoonxy group, or methacryl oyl oxy

roup, it revents xi mum styai n fromoccurring by..
FIPIOVRS TaRt kAR INCGAREs0) SHARSTIGn PRk PPBf] betng fixed,
Furt hernore, because it is possible to increase the
nubdenoldfcudavsstdiackionyis bacdlynsterenphed cwblich charge
wei ght by using a double bond within a nolecule, it is

hle o i ' i !
RSBl i ;%M(F@(ﬁ?dlttnﬁl %‘sgfér.l. | 7K 2988 BlalsYa Tﬂg}ﬁ%:ye.

attaln. urt I mprovenent. ) wear resi st

The . dqubl e bond. c adj ust degree of pol rizatjon
ae@&aﬁfmww&rb@ﬁﬁ%ﬁxvi@yl@& 10 orggethasryloy
produce optimal cross-linked |ayer easily. The
@roap-withiihng nidlepald, ippiopad iedngdlaticadpeainptly at the time of
polynmerization is a specific property to acrylic acid

ST TRl B0H, SAREAOER pOFRAEH kRiefo (ERGE 1iine
use of a radically polynmerizable 41 WO 2007/100132
ptriyp2089nbir bapds of Hidibeaepart whhigemolegiglssipin partly
structure shown in the general Fornula (5),
pobesicizatidhe Fanaiditidmrivadaaisetpolyimeérization Sriiritoris
el ectric property, can forma filmof extrene high

%&?ggya?#t}?agpgf 5¥r3'71\6@7i(;18}]§r&9ff,01)1}/ 'nPegthQarc?‘ﬂ(dﬁng group, it

prevents maximum strain from occurring by the time difference in
cross-linking reaction. Furthermore, because it is possibie to
increase the number of cross-linking reactions per molecular
weight by using a AOuble bond within a molécule, it is possible to
‘increase the cross-link density and attain further improvement of =~
wear resistance. The double bond can adjust degree of
polymerization according to cross-linking condition, so that it can
produce optimal cross-linked layer easily. The cross-linking
participation to radical polymerization is a specific property to
acrylic acid ester compound, and does not happen in the described
a-phenyl stilbene type structure.

From the above, the use of a radically polymerizable

41



10

5 possible to satisfy the properties of the
phot oconductor, to prevent fine silica particles from

webkowkiomg2t o t he phot oconductor, and to reduceCTir2007/054146

occurrence of image failures such as white dots. The
foll owi ng are non-excl usive exanples of the radically
sompaund atith dumgeundsspporhsthemtyee tshavepdntthe general
structure, which 10 are used in the present

m\fmaocmN%apmaagozﬁ%%%%@afmmg%@O%mai%@g' e

NO 8 NO D NO.

BPDREIOT I8P PEORORG: coiiou Slibmphektrams piek K
NO. 16 NO 1 7 NO 1. 8 NO 19 NO 20 C ?~ ono
oregs-tink' @ensity)without ipivodvihg GtackifeNwhereby it ﬂs i
NO 21 NO. 22 NO 23 NO. 24. NO 25
possible to satisfy the properties of the photoconductor, to prevent
fine silica particles from sticking to the photoconductor, and to
reduce the occurrence of image failures such as white dots.

The following are non-exclusive examples of the radically‘

polymerizable compounds with charge transport structure, which

are used in the present invention.
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Y. T~ N/ r NNO 73 NO 74 NO 75 NO 76 NO 77
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<Exanpl es of Synthesizing Method for Monofunctiona
Radi cal |y Polynerizable Conpound 1 with Charge
wonrerTsipest Structure> 5 Exanpl es of the synt heBCTiPO7/054146
met hod for the conpound having a charge transport
structure according to the present invention include
Balet i@d di scl osed in JP-B No. 3164426. An exanple
thereof is shown as follows. The nethod for Exanple
includes the following two steps (1) and (2). 10 (1)

yntRestSs pf—ydroxysGraup=—Substitut e TrEgrylanners 137

A WD 20077100132 PCT7JPZ2007/0%4146 Conpound o
represented by the followng Formula (B')) To 240n1£(
[ sul f obahe Was addedm;$§4859 of a pRLhQ¥Y. .~

I oup- BUBSt i t yt ed tri@f I 'am ne|(représent ed the (3
ol | o ;hg Fornula’%é! _and ' 138¢g giggnnl) of slodiu
pdidgi-~and the 5 r&sulCant m xt ur@ywas) heated at| 60C A

n gﬁﬁzgfbgen ga§:§tfgaﬁ?T;jo the m xture, 99g tb
D.91nol ) of t|rinethylchlorosillane was added dropmﬁgg“rfj

xxxxx

=}

R

—hQ O~ U1

e NG =gE the M XGare wes StiTTed alo.abpgt 60C I 0ko. 141

Shj t hereby [confpleting the reactLbe The reactijon
xtue. was m xed.wi th about 1.5L of.-tol uene and the

esul tapt sol ytion was 1o cool ed to room tenperatjure,,,
ol | oweek, by washi ng fthe solution repgatedly with r}\
at er amd an gqueous_sol ution of sodi um carbonatle. %~/
nereafter, fromth Jgoluene sol ution,~the sol vent Wﬁ@ﬁ(j

stillédoff land the’resul tant residug was puriflied”

N

y colepm-~ hronagﬁyTaﬁmy?(adscrptigﬂDhﬁﬁﬂu, sillica
< 52&e#ﬁ%irq 15 “sol veritl_nmi xture of tol and

PnQoTAo-Hs *"S3hO~T

&

4 ‘\
—(Pz\ —/._.\ o = — = ,0
N—, s CH.CH, A OCH:CH(CHY OCH: CHCHJOCH:CH(CE:)O ——<0 <N—@—— CH:CH: -<\\\_ './>—| OCH, CH(CH/OCH,CH(CH,JOCH, CHCHJO —-§_

o8 -

-

|,
hyl acetate¥®nlg?2n xing ratid NO. 143

Vi
NO. 144 NO. 145 NO. 148 NO. 147
A

= CH: H:C:s H2C=s -
L P BN >
H ] 1 . J R
7

e, N

|
e N
. N PN s N, [
l;,f ]l-wﬁj ,/[:;;,:xj, \L\,J e \orl‘/‘\\../l'l T, u\ - i 'J:/ Li‘/"l‘\

N L.AI

51



(tol uene:
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et hyl
noily

acetate) of 20:1),
subst ance.

t her eby obt ai ni ng
The obtained light-yellow oily

weubwiiance was m xed w th cycl ohexane and cryBCaliB2007/054146

were precipitated,

thereby obtaining 88.ig (yield

80.4% of white crystals of a compound represented 20

Bpbled-181 1 owing Fornula (B').
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of a hydroxyl group-substituted triarylam ne conpound
10 (represented by Fornmula (B')) obtained in (1), and
woOaod7neom3esul t ant  sol ution, an aqueous sol uti 8aTaP2007/054146

sodi um hydroxi de (prepared by 56 WO 2007/ 100132
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OQbserved Val ue 85.06% 6.41% 3. 73% Cal cul ated 85. 44%
6.34% 3. 83% Val ue Each value of the Table 3

woem7asensts an el enental analysis value in pePCEUPINB054146
(3) Synthesis exanple of acrylic acid ester conpound
%‘ Preparatlon of 2-hydroxybenzyl phosphonat edi et hyl)
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<Examples of Synthesizing Method for Monofunctional Radically
Polymerizable Compound 1 with Charge Transport Structure>

5 Examples of the synthesizing method for the compound
having a charge transport structure according to the present
invention include a method disclosed in JP-B No. 3164426. An
example thereof is shown as follows. The method for Example
includes the following two steps (1) and (2).

10 (1) Synthesis of Hydroxy Group-Substituted Triarylamine
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20

2- hydr oxybenzyl phosphoni c acid diethyl and 5.44g of 4-
(N, N-bis(4-nethyl phenyl) am no) benzal dehyde were

wdizewabwvised 5 was slow y added dropw se to t hePCEARINTO54146

vessel at room tenperature in a nitrogen gas stream
followed by 2hr reaction at the sane tenper ture. The

Cemyavart (sgiresenteddy dsofadlnw it Sormihen and
added with 2N hydrochloric acid solution for

aci di fri,CP10.410 of BRefAahbak as bddedn Vs G4 3ha WastHexyoved
by an 10 evaporator, and the crude product was

SR Pl e ST e STV R Bhgine

carbonate solution and saturated saline, and
Hetmailat(Ad) and 1B8gd0c92mob) of sedigmesodide andthe

After filtration, toluene was renpved to obtain an

ﬂiév)l ) dﬁgx@ﬁ ?%s heAsd LRSS P n & Hi8ogén %"a@,dét%aﬂﬁs

pur| um chronatography on silica gel

talllzedl h h t.aj hi ng.,5. 09
LN RN GIEM BN e R
(yield = 72% nelting point = 136.0C to 138.00).
dFrepasecad van1hfa@d the -m{urh-was (stimetatl pbewly BI) C for
am no) stilbene 2 -ylacrylate) To a reaction vesse

R G N S L e r‘i‘gﬁ‘fylgrﬁg%ﬁi“@?“as

NI T B ) Sl bere do0r o8 O
21.5g of 12% sodi um hydroxi de solution, and to the
d;(ggggtﬂon@o‘mltuhipﬁhatﬁréJ foltdwed st mshlilhg) rthdesolmsion
repeatedly with water and an aqueous solution of sodium
carbonate. Thereafter, from the toluene solution, the solyent was
distilled off and the resultant residue was purified by coluﬁln
chromatography (adsorption medium: silica gel, developing
solvent: mixture of toluene and ethyl acetate in a mixing ratio
(toluene: ethyl acetate) of 20:1), thereby obtaining an oily
substance. The obtained light-yellow oily substance was mixed
with cyclohexane and crystals were precipitated, thereby obtaining
88.1g (yield = 80.4%) of white crystals of a compound represented

by the following Formula (B’). The compound has the melting

point of 64.0°C to 66.0°C.
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dropw se at 5C over 30mn in a nitrogen gas stream

fol |l owed by

|
a
C

and t hen

zed
H-aw

reaction for 3hr at the sane tenperature.

woher7rie@cki on solution 5 was i mrersed i n wat er PCWaB2007/054146
subj ect to toluene extraction,
col um chromat ography on silica gel.
TBahilkde2 pr oduct was re-crystal
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The obt ai ned
wi th et hanol,

t her eby ebt-al-ning—313-5¢g—6f—y gw—cotored,
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3 leal Bd446% 6.|08814A% 8%6.84bcul dt38388. 571% 6. 11%
3.14% Val ue Each value |of the Table 4 represents an
mental analylsis 15 vialue in percentilg. Fromthe
above, by reactfing 2-hydroxybenzyl phosphonate ester
derivatives and various am no- substituted )
benzaFaehyveluaef thelliahde 2 mepresenty grolementanalysis

derivatives can be synthesized,
vari ous
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60 WO 2007/100132

acrylic acid ester conmpounds can be
In the el ectrophot ographi c phot oconduct or

(A7)

(B")

(2) Triarylamino Group-Substituted Acrylate Compound

(Example Compound No. 1 in Table 1-1)

In 400ml of tetrahydrofuran was dissolved 82.9g (0.227mol)

of a hydroxyl group-substituted triarylamine compound

(represented by Formula (B’)) obtained in (1), and to the resultant

solution, an aqueous solution of sodium hydroxide (prepared by
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i nvention, using a radically polynerizable conpound
Wi th charge transport structure and the radically
woabyrmeeiszabl e compound 5 with no charge transporiP2007/054146
structure is preferable. The radically polynerizable
compound with charge transport structure enployed in
diseolyingelfl. 4grofasudiom hydessadd imll100mt]l pf endtdrhyas added
cross-linked surface |layer with charge transport
N AV § o[- f iC [

b R R MR AR
nor e. pref erabl.y 3Q% by, mass 70% by nmass, based on
“toﬁle‘% g?g a@gé t@f’&%f gpladdon,; %ge?cg @?f%%lcpslf@wﬂry agid
the content is bel ow 20% by mass, charge transport
girlopielet wasfadile & dospwihse kedr dimhacdollayerd beystiatingeat
sufficiently maintai ned, and causes deterioration of

s SO 86y HARBH bARRIAS BRRIAdI Y FRe EANELON
and resi dual potentl I NnCrease under repeated usages.
Wien the cantent of .radically polynerizabl e_conpounds
PrFé’a'“ﬁ solutignewagdpixeshMith ywaternpnd theaiesydbamy mizgyre
the content of radically polynerizable nononers
way engradiedewith toluenef urithe erétadti was Vyshed @8Beatedly
i nevitably deficient, reducing the 20 cross-I|ink

S| ' ' i ciant esi gtance,

RN AR BF b e BBl 0T, WAEE:
resistance differ depending on the processes, and
Thegeatter, fppmgdg tolaemgssolusion dheas@lventiovas distitledroff
radi cally pol ynmerizabl e conmpounds is 61 WO 2007/ 100132

10 al?ﬁ]'tﬂé’&@@ﬂlt@%%@id@@ﬁé@Eh@fﬂié/dWyeé%bhbinh 30% by mass
to 70% by mass when the al ance of two properties is

' c‘fﬂ;gﬁiadc%rg?gphy (adsorption medium: silica gel, developing
solvent: toluene), thereby obtaining an oily substance. The
obtained colorless oily substance was mixed with n-hexane and
crystals were precipitated, thereby obtaining 80.73g (yield = |

15 84.8%) of white crystals of the compound No. 1 in Table 1-1. The

compound has the melting point of 117.5°C to 119.0°C.
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Exanpl e of the radically polynerizable conmpound with
no charge transport structure includes a radically
woabyrmeeizzabl e 5 conmpound with charge transpor PCT/JP2007/054146
structure having a radically polynerizable functiona
roup. As the radically polynerizable functiona

eble 3
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3 EPPERAIS U & peeatal pggiysis

obt ai ned

in nnnoner having three or nore a radically

palyeren ipeabbetilencti onal  groups nay be identical or

different. 20 Specific exanples of radically

pol y V| h 5

Funot (Ghan i pea P PRE e SPHAR e ehimaynd.
re not [imted, and are pro selected ccordi ng
Brenawatagmof &hydﬁomemmﬁl@ép Pngbed r opane

triacrylate 62 WD 2007/ 100132 PCT/ JP2007/ 054146
( TMPTA)o atdeaeiohyt@dsalredpappetirwit hacgitation device, a

HPA- nodi fi ed-trinmethyl ol propane triacryl ate,
thermometer and a dripping funnel was added 38.4g of
2-hydroxybenzylalcohol (by Tokyo Chemical Industry Co., Ltd.) and
80ml of o-xylene and 62.8g of triethyl phosphate (by Tokyo‘
Chemical Industry Co., Ltd.) was slowly added dropwiee at 80°C in
a nitrogen gas stream for 1hr reaction at the same. Thereafter,
the produced ethanol, p-xy_lene solvent, and unreacted triethyl
phosphate were removed by reduced-pressure distillation, thereby
obtaining 66g of 2-hydroxybenzylphosphonatediethyl (boiling point
= 120.0°C/1.5mmHg) (yield = 90%).

(Preparation of
2-hydroxy-4’-(N,N-bis(4-methylphenyl)amino)stilbene)

To a reaction vessel equipped with an agitation device, a

thermometer and a dripping funnel was added 14.8g of potassium
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EOQ nodified-trinmethyl ol propane triacryl ate,
PO nodi fied-trinethylol propane triacrylate, 5

woamr7abeack one- nodi fi ed-tri met hyl ol propane tri aCTyPEDT)S4146

HPA- nodi fi ed-trinmethyl ol propane trinmethacryl ate,
pentaerythrytoltriacryl ate,

feerhthagoxide yind §6trladrtettealey d RETGFAD, and an aqueous

gl yceroltriacrylate, ECH nodified-glyceroltriacrylate,

flusiBBeb betal Gl th 38K D oL - modi 1 ed-

glyceroltriacryl ate,

HHENEREPSBAY (RN HBOIE AR Kotk repnd 544812 act one

-nodi fi ed- dipentaerythrytol hexaacrylate, dip e
4 NeNyb ta(yttmlebigltphemy 1paindnoy bahealddhgile were dissolved

-nodi fi ed-di pent aeryt hrytol pentacryl at e,

RO QAR YA AR o 1

di met hyl ol propanetetracryl ate (DINPTA), .
tﬁéﬁ*@%\ﬁ/t}kfﬁflﬁ gméi:ms@w éii%/ st¥eams dollowed bygdprreacyiqn at
hosp hatetriacryl ate,

the2s &n’s- teah p edwyidmex y ik & yb sy Itaopesvl ationewakr@olyd a4 @ded
These 20 radically polynerizabl e nononers may be used

.  AtioR, ) di cal .
BLA Gty Ty SOULL SR O RS RAMAL S8l Yotution to
functionalities with no charge transport structure, to
Feadthicagiopp Awreadters tepahysizaforan vas semgyedchy an

spaced cross-linking bonds in the cross-linked |ayer,
dviagoraddt, ard thel @ededsrotRic@hirat @ xithectedWeth 8bluene.

functional groups in the
The toluene phase was sequentially washed with water, sodium
hydrogen carbonate solutio‘n and saturated saline, and dehydrated
by the addition of magnesium sulfate. After filtration, toiuene
was removed to obtain an oily crude product. Then the oily crude
product was purifiéd by column chromatography on silica gel,
crystallized in hexane, thereby obtaining 5.09g of 2-hydroxy-4"-(N,
N-bis(4-methylphenyl)amino)stilbene (yield = 72%, melting point =
136.0°C to 138.0°C).
(Preparation of
4’-(N,N-bis(4-methylphenyl)amino)stilbene2-ylacrylate)

To a reaction vessel equipped with an agitation device, a

thermometer and a dripping funnel was added 14.9g of

2-hydroxy-4’-(N, N-bis(4-methylphenyl)amino)stilbene, 100ml of
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nmonomer (nol ecul ar wei ght/ nunber of functional group)
is preferably 250 or less. If this ratio exceeds 250,
wea 2007098613k i nked 5 surface | ayer becones soft aRdTMREN7/054146
resi stance drops to sonme extents. Thus, using an
“extrenely long group alone is not preferable in a
ratnahpd rdfnranga nd d ¥.5g bl 2% postiah Ay dideAidESblutias, £e4
of the exenplified nmononer. The content of the
. . 7ah . ‘ h
PR R B 5L TR BP ARy ¥ Ihial e e
tructure, °&/hich is used for the cross-1linked |ayer,
‘g‘t%werﬁatsé @VEro3 BpIn Fask nitrogess sruptream) Mligwed py
the total anount of the cross-linked |ayer, 30% by
reaesi oo foi0%h by tridsss 418 enfenep @F haeablBhe kbattien solution
content of the nononer is bel ow 20% by nmass, a
- ] | 5_Gross-:| Lnki ond density of e
o R HHL IR Wleek nBENIICLEN PONIRN RARHON. Bpd em
casg of using a traditional thernoplastic binder
R%@?W,d ky galymanehrompiegranhs onfsilisargelesiBhanbsained
not achieved. If the content of the nononmer is above

adeyrohss, wab e -egrtaNized watk Rahdaol, 85R®5tobtaining
compound i s reduced and 20 deterioration of electric

e ury Theye_ i,s. .no specific answer
fi%ggu({sft ev%e%;eré § Zélfesq’a %ee({lgnst}laé?eegp%et@ipr operty required
for _used process are different, but considering the
LANNEbiget- methy lphepebamino)stitpmed-ybootybgtarfiEzsanple

_ 70% by mass is particularly 64 WO 2007/ 100132
10 @5{%&&3@@6.054)1656@1@&{79@@ el poARS=1100K4C! Ry er
IS

ormed by light-curing at |east a
105.2°C).

Results of element analysis are as follows:

Table 4

C H N

Observed Value | 83.46% 6.06% 3.18%

Calculated :- 83.57% 6:11% 3.14%

Value

Each value of the Table 4 represents an elemental analysis
15 value in percentile.
From the above, by reacting 2-hydroxybenzylphosphonate
ester derivatives and various amino-substituted benzaldehyde
derivatives, many 2-hydroxystilbene derivatives can be

synthesized, and by acrylation or methacrylation of these, various
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radi cal | y pol yneri zabl e conpound. Furthernore,
radi cally polynerizable nononers, functiona

wounomees? and radically 5 polymerizabl e ol i gORETAP2007/054146
having one or two functionalities may be used
si mul taneously for viscosity control during coating,
5bFESE acikbbtir @dmpoandssedn bkeymthebaaal.| ayer,
surface energy degradation, and friction coefficient

redu

10 B 9F|es PRHPRAphIE r°$9h2€?ﬁgf°§ﬂ GEmOBresat
unctionality include 2-ethyl he | at

ipveptiopy yeing|a srdipedbyepol anﬁwfiﬁ? ﬁPBB%“‘h‘g withicharge

tetrahydrofurfuryl acrylate, 2-ethyl hexyl carbitol

t8&h¥p@testracieid axnylbthie radivaylyapelymenizable aomp ated
cycl ohexyl acryl ate, isoanyl acryl ate, isobutyl

vﬁ@h é%ttggfnggé%’tt Lhekpukene Pep L GAbIECT 1R FadiBally

t I I yCO I e, cetyl acrylate,

i so eary acryl ate, stearyl acr ate st
podymvesizatiesoosnpeund wiA @w%ﬁnwﬁ %%%r%mployed
having two functionalities include 1, 3-butanedi ol

il @ Yrédent ThviitisRnedsedntidl foi peoyiding, a cross-linked
1,4-butaned|ol dlnethacrylate 1, 6- hexanedim

Cr‘%i@l’ef ‘G'FQ&F I%)ﬁ(%g gl?ig%)%gﬁ?ﬁgﬁﬁ%ol |acry ai% Eyl °

EC}nDdIfled bi sphenol B diacrylate, EOQ nodified
Yiaidki piy qlolFntiraza yleatampe8nde is qurfa iy 20% by mass to
PCT/ JP2007/ 054146 neopentyl gl ycol di acryl ate. Exanpl es

S AP &l 4 QN3h o FO PPERITA LN Gl0YE B yf d@ki toa?@% by mass, based
on the total mass of a cross-linked surface layer. When the
content is below 20% by mass, charge transport property of a
cross-linked surface layer may not be sufficiently maintaiﬁed, and
causes deterioration of electric property such as sensitivity
reduction and residual potential increase under repeated usages.
When the content of radically polymerizable cqmpounds having
single functionality is more than 80% by mass, the content of
radically polymerizable monomers having three or more
functionalities may become inevitably deficient, reducing the
cross-link density and causing insufficient wear resistance.
Although required electric property and wear resistance differ
depending on the processes, and there is no specific mass

percentage, the content of radically polymerizable compounds is
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nononers such as octafl uoropentyl acryl at e,

2-perfluorooctylethyl acrylate, 2-perfluorooctylethyl
worbtdtaoonk at e, 5 2-perfl uoroi sononyl et hyl acrybPargap20p7/054146

vi nyl nononers, acrylate and nethacrylate having

pol ysi | oxane group such as -

ety dplrby py dieredbiy 1341% dyameesstpl 70% by mass when the

nmet hacryl oyl pol ydi net hyl si | oxaneet hyl ,

i |, 10

e arS BB b € SYARRRAREY
di acry] oyl p et h lSI oxanedi et hyl., whi ch have. 20
Lo ot amBle b Resad el pairaerithle ompRRnt fith no
Japanese Patent Application Publication (JP-B) Nos.
e 1ER563 apd ro 6tvbct e ibchniées widichHyrpdynysmzablebl e
ol i goners include epoxy 15 acryl ates, urethane

0 r : er,
Ab b ah Aoy hRike PRLE AN AL RS, BIIRE & radioURY
blfunctlonal radical ly pol ynerjzable. oner and.
polymeenizgble funetionahgEoupy | o Epdicad erigable
t hr ee- di nensi onal cross-1inking bond density of a
furg son aIngesds Wdrgtey lokyegr clggrace sn sttstrghdylakly ygro2H
resulting wear resistance degradation. For this

LE2DEMet R, CRLENROUiLIBIRBIONE S Snllov hIARTEY ekt

preferably 30 parts by mass or less relative _to 100
resistanne, padicadly palymarizabie mepemeas haipgdiges or more
having 66 WD 2007/100132 PCT/JP2007/ 054146 three or

S0F £dicHIG pSIFahétizeble Tlectio08E grbifedflazyloylexy groag,
by light-curing of at |least a

“or methacryloyloxy group suit in use.

A compound having three or more acryloyloxy groups can be
obtained by ester reaction or ester exchange reaction using a
compound having three or more hydroxyl groups within a molecule
for instance, and acrylic acidate, acrylic halide, and acrylic ester.
.A compound-having three or more methacryloyloxy groups can be
obtained likewise. A radically polymerizable functional group in
monomer having three or more a radically polymerizable functional
groups may be identical or different.

Specific examples of radically polymerizable monomers
having three or more functionalities with no charge transport
structure are not limited, and are properly selected according to

the application but include trimethylol propane triacrylate
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radi cally pol ynerizabl e conpound; however, a.
pol ynerization initiator may be used to progress this

wonroews0di3nki ng reaction 5 efficiently as necesBaryr20fes4146

pol yneri zation initiator may be any of heat

Bﬁk¥nerization initiators and photopol ymeri zation
R'BAbrtrimethsilasropfanenbrintesbasry batiey ner i zat i on

initiator include peroxides such as 2,5-di et hyl

PEPRAR0 difPe Bt PitAE FhyA8] P¥bf8ne kRiskhg0m¥d, per oxi de,
benzoyl peroxide, t-butylqunyl peroxide, 2,

-di e | +2,. 5-di roxybenzoyl ) hexane-3, di-t-butyl
Rl apaidted Frigin i IR] BPOHERE SRR (e ffane

hydr ober oxi de, | auroyl peroxide, etc. and azo
Porpwedidie & tuimethydebprepasetbutadryiate, | e,
azobi scycl ohexane carbonitrile,

BZPRIIA LAY S diFTERE- Dm0 th 18F BPO 54 RS R¥L TR, N

hydrochl ori de, 4, 4-azobi s-'4-cyanoval eric “aci d.
| | es. of .t he ot.opol yneri zable jniti.ators are not
R a6 i e teim DR 7 SplP Ry J3met bRt ng to & he
application, but include acetophenone
phntaqotthrgteltrislceylatie pandasrytbatyablizbracrylate (PETTA),
phot opol yneri zable initiators, benzoi nether
: I it !

B e B 14 ECH, BodHeRt 81y RDTAREIARE

ot opol rizabl e initiator and .qt her )
%‘%@&f‘ﬁ'gh&%p rﬂwqxla{é%rﬁo'wgggleaagﬂmer?}&éwcab’%’
or in 67 WD 2007/100132 PCT/ JP2007/ 054146

teigtd oral ooy t iyt Heptyesn wia tag dipphtnanahriedldlexaacrylate
phot opol yneri zati on

" (DPHA), caprolactone-modified-dipentaerythrytolhexaacrylate,

dipentaerythrytolhydroxypentacrylate,
alkyl-modified-dipentaerythrytolpentacrylate,

alkyl-modified-dipentaerythrytoltetracrylate,

alkyl-modified-dipentaerythrytoltriacrylate,

dimethylolpropanetetracrylate (DTMPTA),
pentaerythrytolethoxytetracrylate,
EO-modified-phosphatetriacrylate,
2,2,5,5-tetrahydroxymethylcyclopentanonetetracrylate. These
radically polymerizable monomers may be used alone or in
combination.

As the radically polymerizable monomer having three or

more functionalities with no charge transport structure, to form
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initiators include diethoxyacetophenone,
2, 2-di met hoxy-1, 2di phenylethan- lone, 5

wa-2tndoesy - cycl ohexyl - phenyl - ket one, 4- (2 PCT/JP2007/054146

- hydr oxyet hoxy) phenyl - ( 2- hydr oxy- 2- pr opyl ) ket one,

2- benzyl - 2- di met hyl am no-

dexgelypspnsid exnsiselipking bandsanithe pregsdtigkedolayerhihe
1- phenyl pr opane- 1- one,

Eaﬂstdf.\/ﬂnofedmw Rediiche (6 -t A B ophamdtien aPgrsupdlin the

-one, and

R A A T

initiators include benzoin, benzoinnethyl ether,,
besfeonhbyt BfDanhkess. Bémbis natioberopedsti(, angoss-linked
benzoi ni sopropyl ether. Exanples of benzophenone

QBALY B Hetd i s dffiad RWlaT re%@s’daﬁfdeuﬁfops to some
enzophenone 4- hydroxybenzophenone nmet hyl

o benzoyl henzoat 2-b ht h
Zozl 'b?;re‘ﬁ%%g ap e%@ﬁ?%‘f&%ﬁ%ﬂ?%?ﬁ@raloé’@r?l 10k g

benzophenone and 1, 4-benzoyl benzene. Exanpl es of
phéfexabldhime muciompet hawving abodifiédhigroap sush 20 HPA, EO,
i ncl ude such as 2- isopropylthioxanthone,

%ﬁgﬁﬁer%{%é)él 0 od ngoﬁlé%iegpt hyl t hi oxant hone,

one 2, 4-
dlchlorothloxant es f ot her
phot o Q/ﬁ@m%&? ﬁgé} Yoegablggnogpmer having
2007/ 100132 PCT/ JP2007/ 054146 et hyl ant hr aqui none,

Eheboi ot fut diboralygrb yp henyh moodphi geetradspert structure,
2,4,6-trinmethyl benzoyl phenyl et hoxyphosphi ne oxi de,

which is used for the cross-linked layer, 20% by mass to 80% by
mass is preferable relative Ato the total amount of the cross-linked
layer, 30% by mass to 70% by mass is more preferable. If the ‘
content of the monomer is below 20% by mass, a three-dimensional
cross-linking bond density of the cross-linked layer becomes small,
and compared to the case of using a traditional thermoplastic
binder resin, significant improvement of wear resistance is not
achieved. Ifthe content of the monomer is above 80% by mass,
the content of a charge transport compound is reduced and
deterioration of electric property may occur. There is no specific
answer because wear resistance and electric property required for

used process are different, but considering the balance of both

properties, range of 30% by mass to 70% by mass is particularly
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bi s(2, 4, 6-trinmethyl benzoyl ) phenyl phosphi ne oxi de,

bi s( 2, 4- di net hoxybenzoyl )-2, 4, 4-trinmet hyl pentyl phosph
woeomxioais2z 5 net hyl phenyl gl yoxyester, 9, PCT/JP2007/054146

10- phenant hr ene conpounds, acridi ne conpounds,

triazi ne conmpounds, i m dazol e conpounds. Besi des,
peefgrabbels t hat have photopol yrmeri zati on pronoting

ef fect can be enpl oyed al one or together with the

phot oﬂ% YIBEd- i QN dyairt is o i AB§ i g e dusiiy &t least a

exanples of 10 phot opol yneri zati on pronoters include
triethanol am ne, . .nmet hyl di et hanol am ne, et hyk.
e Ran el A R T A LS4 h 0l B B! My
di met hyl am nobenzoate, (2-

pélymelidadrie mpaomdrsefunatienaliponomers, and radically
di met hyl am nobenzophenone. The content of the

' i | ALk | r iohalitflePMAa$ b
5 ofSRTELIRE (bl BeSlng DRl B8 T e oy
mass . to 20 parfs_ by jmass. per 100, parts b ss of the
wssdaﬁln&hlﬁaﬁﬁoaﬁfy f%VJéﬁPﬁlrtg %&Fe]aﬁwl% F%%{?Jigz 5&%55
compounds. The coating solution for a cross-1linked

relief age tmperlinkel harfpceteydr, ismrémtd energy degnadation,
various additives such as 20 plasticizers for the

pu pese of relievi a [ RIAN dhgsi on,
i BPflgR creBi B OR ALGERT, SRAGIR hOMmer e 2
transport materials, as necessary. Known coating
odigomerncamybebdsedised. Pl asticizers usable in the
present invention include those 69 WO 2007/100132

10 PCT/ JR20674 185446 dieahavi om ese t afvin g cinglenfumrtadnality
resins such as di butyl phthal ate, dioctyl phthal ate.
i-ll;_lgfuc?ed ?éjthayqﬁg%fl iagrsplra%,e Q%&’ro@&%"tﬂyl HRrylatE,
2-hydroxypropyl acrylate, tétrahydrofurfuryl acrylate,
2-ethylhexylcarbitol acrylate, 3-methoxybutyl acrylate, beﬁzyl ‘
acrylate, cyclohexyl acrylate, isoamyl acrylate, isobutyl acrylate,

15 methoxytriethylenéglycol acrylate, phenoxytetraethyleneglycol
acrylate, cetyl acrylate, isotearyl acrylate, stearyl acrylate, styrene
monomer.

Examples of chain polymerizable monomers having two

functionalities include 1,3-butanediol diacrylate, 1,4-butanediol

20 diacrylate, 1,4-butanediol dimethacrylate, 1,6-hexanediol
diacrylate, 1,6-hexanediol dimethacrylate, diethyleneglycol

diacrylate, neopentylglycol diacrylate, EO-modified bisphenol B

diacrylate, EO-modified bisphenol F diacrylate,
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| ess, nore preferably 10% by mass or | ess based on the
total solid content of coating solution. 5 Exanples

wohod7avelse ng agents include silicone oils suchras/JrP2007/054146

di methyl silicone oil, nethyl phenyl silicone oil, and
pol yners or oligoners having perfluoroal kyl group in
nleepshtie giyedldiaciydateadded anount of |eveling agent is
preferably 3% by mass or less. (Method for Producing
an El ge{4 0ol 99r.faﬁbtfanah!%Qﬁeﬂl@%tlaeiu&@ﬂmlﬂ&wmd

for produ0|ng an el ectroph otographlc photoconductor
of the rese invention is .t roduc
SRV SR SHED r%?p?ﬁ’ %ﬁ%ﬁo@@ gt 1 Reripetesty it
i nvention, and at |east contalns a cross-1linked |ayer

fhoryiatg, thﬂubnmmﬂeahyl esidta caylaai cal | y
pol yneri zabl e conpound is cured by irradiation 15 with

?L}gg‘fﬂuéwﬁm ﬂ%%h? B%r%‘f%'et ; %‘@71 ﬁf&ﬂ)(lﬁ()&rsasacr%flate and

essary oss ed Layer Formng Step> T
cro Ilnkedlayer f}?y ng step is to curearadlcally
B yiads havingBabelinrane gHuR sY6hvAS h 1ight to

forma cross linked layer. 20 In the cross-linked
laaygloylpslyidithethgbsiloxanestdyllj nked | ayer is formed by
preparl ng a coating solution containing at |east a

appl yi ng the coating
?ﬂqﬁ%ﬁ%ﬁ@hi’ﬁ%ﬁ&éﬁﬁlﬁ lalggggg gﬁgﬂ phot oconduct or, and
by irradiating the 70 WO 2007/ 100132 PCT/ JP2007/ 054146
esaylodp elyidimiedhypiloxane@itonsdr pol yneri zation. The
coating solution may be diluted with solvent as

acryloylpolydimethylsiloxanebutyl,

" diacryloylpolydimethylsiloxanediethyl, which have 20 to 70

siloxane repeating units, as described in Japanese Patent
Application Publication (JP-B) Nos. 05-60503 and 06-45770.

Examples of chain polymerizable oligomers include epoxy

acrylates, urethane acrylates, and polyester acrylate oligomers.

However, if the large content of monofunctiongl and bifunctional
radically polymerizablé monomer and radically polymerizable
oligomer are contained, a three-dimensional cross-linking bond
density of a cross-linked surface layer degrades substantially,
resulting wear resistance degradation. For this reason, the
content of these monomers or oligomers is preferably 50 parts by
mass or less and more preferably 30 parts by mass or less relative

to 100 parts by mass of radically polymerizable monomers having
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necessary before being applied. For the solvent, those

Wth a saturated vapor pressure of 100mHg/ 25C or
woesw/1asB2preferable 5 in view of inproving thecT/gr2007/054146

adhesi veness of the cross-linked | ayer. By using such

a solvent, the anount of desolvation is reduced at

theet ommak fuoratiomplatiesat ed fil m of the cross-1inked

surface layer for an instance, thereby swelling or

SOme gqgy &E‘qs@fuﬁkéa%%&qg f8fmad P Mphtt @¥lhe 6F at least a

phot osensitive layer Surface, may ‘occur, an area 10
hayi ng conti nuqushess in the interface nej ghborhood of
rdigally<Dolyikeioable SRRBORRd: BARICKEH oP QUaRET Py

| ayer is formed presunptively. By form ng these
lrdiyertsr may drecasédvolproggesaphis cyusspénking maagigon

bet ween a cross-linked surface |ayer and a

%?ggﬁﬁgséé h\é@g[% ndgg(fggg ac%riza:ﬂ;li‘&? hi¥BR&80r iohy be any

r'ned nore tory, and to nmaintain
high durability over the total ﬁgéfa qgfthe .
ek Beat pohvegrization dnitagtorspaed photppeYBeEZaEPT he

present invention, due to the presence of small
Bakigotsin the coated filmat the tinme of form ng the
coated film radical reactions in the cross-1linked

| ayer 0 : : : .

el bot FAOBBLAPAEFRE hRErd Rk ien fiSp Ini BathE intliRle
possi ble to_inprove even-curing over the entire
perseides sueh 2a9d dimethyl bexame Byp-dihydynperrade,
coating solution wth a solvent whose saturated vapor

syl g LSSg. T DGRy,

B BRREheP AL A B pe RAGLDRARANE! S a1 BodBhfte,
t-butyl hydroberoxide, cumene hydroberoxide, lauroyl peroxide, etc.
and azo compounds such as azobis isobutylnitrile,
azobiscyclohexane carbonitrile, azobisisobutyricmethyl,
azobisisobutylamidin hydrochloride, 4,4-azobis-4-cyanovaleric
acid.

Examples of the photopolymerizable initiators are not
limited, and can be properly selected according to the application,
but include acetophenone photopolymerizable initiators, ketal
photopolymerizable initiators, benzoinether photopolymerizable
initiators, benzophenone photopolymerizable initiators,

thioxanthone photopolymerizable initiators, and other

photopolymerizable initiators. These may be used alone or in
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peri ods, wherein the internal stress of the inside
cross-linked | ayer was not |ocally stored, even
wonowsodiznked | ayer with no strain could 5 be POTORIN7/054146
and the el ectrophot ographi ¢ phot oconduct or mai nt ai ned
hi gh durability over the total area of the
condisinrdtionked | ayer and generated no cracking by
securi ng adhesiveness nore than satisfactory. The

sat ur g%yl%@ j ¥nlO
50 %g orqﬁgggsaﬁgﬁgoggé?gkgﬁPgog a3 ﬁ%%%%?%?nless

fram the \ii ﬁvmn@fl nfl of the residual solvent anpbunt in
ippdaters MelpdeAgE RoXYRCGIORECBP L or i ng a coated film

It is thought as simlar saturated vapor pressure
EPfdehethoiy -ili2-dépkehphithiimeltmoid,i ng point  of sol vent
is 60C to 150C, a continuous domain of a cross-Ilinked

1 c . ayer, a photosensitive
> %Z?@%Qn&é’@m%ﬁlaﬁ?%’?ﬁeg, (g%%f adhesi veness can be
sufficiently secured. nsi dered desol yvation step
Flatsabprg Togrriehanivd, Ot hEdBory 2B GOTHRO GG, e
solvent is nore preferably 100C to 130C. O the

Fdlevienl-2- e thlysaeindh e(4paramiiodindphaqrd) Batond 15
to 11.0, nore preferably 9.0 20 to 9.7. By this,

b finity of CAr J1S e main
%@Héﬂ’%‘ﬁe“%tm %g{%rlflgl%%gﬁ lgr({)gv\e? ]1 g%/lg’r, a
;hot osensitive |ayer of a _cross-linked surface Iaye({
-srettd- 2 aaerrheline (- mnt hydthiophemytpropame - 1-one, an
conpatibility of each constituent material with the

10 PRyl YO Pk ddioha 2 REHhBRHOTFKikdeximat er i al s

inmproves in the interface of the cross-1linked surface

L?gg;]ﬁ%%tggees gth Qé]gzc’(?iﬁséitilie}/ %hlo%XS(Blyxﬁ‘Qpizg‘Bfo'H Witthtors
include benzoin, benzoinmethyl ether, benzoinethylether,
benzoinisobutylether, and benzoinisopropyl ether.

Examples of benzophenone photopolymerization initiators

15 include benzophen(;ne, 4-hydroxybenzophenone, methyl
o-benzoylbenzoate, 2-benzoylnaphthalene, 4--bepzoy1bipheny1,- :
4-benzoylphenylether, acrylated benzophenone, and
1,4-benzoylbenzene.

Examples of thioxanthone photopolymerization initiators

20 include such as 2-isopropylthioxanthone, 2-chlorothioxanthone,
2,4-dimethylthioxanthone, 2,4-diethylthioxanthone, and

2,4-dichlorothioxanthone.

Examples of other photopolymerization initiators include
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surface | ayer that can retain sufficient adhesiveness

becones possible. 5 Exanples of the solvent include,
woydiraoesbon sol vents such as heptane, octanepPCT/JP2007/054146

tri nmet hyl pentane, isooctane, nonane,

2,2,5-trinethyl hexane, decane, benzene, tol uene,

ethlyéarthrad linove) 25466 -trisopiioibbheaykliphe ay i ledephine

cycl ohexane, nethyl cycl ohexane, ethylcycl ohexane,

ebe . I
e R R
2-butanol, isobutyl alcohol, tert-butyl alcohol,
bﬂﬁg%ﬁre%‘ﬁé}@eﬁhﬂb&%amw@haﬁnh}ne oxide,
2-met hyl - 1- but anol, tert-pentyl alcohol,
s uhdim bthostybs zoy3)-2ed Byt rihrdthlydp@htylphosphine oxide,

3-net hyl - 2- but anol , neopentyl al cohol, 1-hexanol, 15

> e BRI e BRI e TR SoPERAT B undey poridine

ar gyl al cohol, benzyl al cohol, cycl ohexanol,
comppeehdpotiiarine compomnden duiidazolsheompoymidgent s such
as phenol, creson, ester solvents such as

di pr oBgkildiglcompohS@PRRRY |kﬁ{déeﬁhoﬂi§gﬂﬁﬁe@’ibﬂion

but yl vi nyl et her, benzyl et hyl et her, di oxane,

RS BREDHE 1 PR R an 56 e S

1, 2-di et oxyet hane, ketone solvents such as
rhathppbimeiizatior initiptorsadeseeibad hbruaveramples of
2- hept anone, diisobutyl ketone, nethyl oxi de,

10 phtbpBBARLMtId S pYOPRBFS 100 RGHNIRORMARA 146

nmet hyl cycl ohexanone, et hyl cycl ohexanone,
ég%ﬁéﬁqﬁﬁ&gﬁ% ﬁa’t&g??éga%g%ﬁgfpaﬁino%ce%z%@él& ,a fs%ta%'%
4-dimethylaminobenzoate, (2-dimethylamino)ethylbenzoate,
4,4'-dimethylaminobenzophenone.
The content of the polymerization initiator is preferably 0.5
15 parts by mass to 40 parts by mass; more preferably 1 part by mass
to 20 parts by mass per 100 parts by mass of t.:l'l.e total amount of
the entire radically polymerizable compounds.
The coating solution for a cross-linked surface layer of the
present invention may contain various additives such as
20 plasticizers for the purpose of relieving stress and improving
adhesion, leveling agents, non-reactive low-molecular charge
transport materials, as necessary. Known coating solution may be

used. Plasticizers usable in the present invention include those

69



acetate, propyl acetate, butyl acetate, penpyl

acetate, 3-nethoxybutylacetate, diethyl carbonate,
wa-20tloosy et hyl acet ate, 5 hal ogene sol vents sSueOTAB2007/054146

chl orobenzene, sulfuric conmpound solvents such as

t et rahydr ot hi ophene, solvents having nulti functiona

cg 0 pny tise dsfo? -cvmiveatimi Haresins 2uehhox débwisdphthalate,

2- but oxyet hanol , furfuryl al cohol,

i fup | i S ¥4 mass or
Ll D e e T A

2- met hoxyet hyl acet ate, 2-et hoxyet hyl acgt at e, .
1o RPN @ oEIRAY LIt B4R OF Lhss oy thiepforal solid

nononet hyl et her- 2- acetate. These solvents may be used
cohoeet of coatieenbilmgiomn. Of these solvents, butyl

acetate, chl orobenzene, acetyl acetone, xylene,

e B g oA AL SRS it o

articul arl referable fromthe vie i nt . of
Bttt eadeane othanathyiRhsmIAIG0BS CLbaARhPOLEMEES S

depends on the solubility of the cross-linked |ayer,
difvEe hagingipeeduoteslkydgrdip im tthiecdideshaiand Tiny
be properly selected according to the 20 application,

e AR08 ST aThee BooRIBHIO N BRI 4TS

mass to 15% by mass fromthe berspectivgwpf gi yi ng
(Metthod £t Prediesingenndslecsrophntogranbie P éaccr%%éwoﬂ
whi | e mai ntai ni ng resi dual solvent volune 74 WD

I s
'pcﬁottolggncci%% (;rngf tc'ﬁcla lil)trieggnf?‘ ix?vgr%iolni irsri tth%dme%ﬁGd to produce
the electrophotographic photoconductor of the present invention,
and at least contains a cross-linked layer forming step in Which at
least a radically polymerizable compound is cured by irradiation

15  with light, further (contains additional step(s) as necessary.
<Cross-Linked Layer Forming Step>

The cross-linked layer forming step is to cure a radically

polymerizable compound by irradiation with light to form a
cross-linked layer.

20 In the cross-linked layer forming step, a cross-linked layer is
formed by preparing a coating solution containing at least a

radically polymerizable compound, applying the coating solution

over the surface of the photoconductor, and by irradiating the
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be properly selected according to the application.
Exanpl es of coating nethod include dipping, spray

woaet7img32bead coating, ring 5 coating. O theBeT/JB0aYs4146

coating that can adjust the proper anount of residual
solvent in coated fil mover coating is particularly
watfing abletioaf wirh lightdoatiolgmswizdtion. for a

cross-linked surface layer is applied, it is cured by

exposwel £ 81 k8L oSN RIGY b Uil el #1810 615 Ad nked

surface layer. "I n order to attain an uniforned

cross-linked | ayer of ich the difference. betwee
RecassaRy hatgse Dree ﬁm\?h vﬁ%éﬁsfs ﬁ%ﬂbo@%o—ssx‘%@we
electrical potential is wthin 30V when witing is
sondude ddraputeprdssare arfdi00mm g2 5t er lesmgee giretfexable
power is 0.53mWand the exposure energy is 15
/ iffe ' k1

th PP T Trpcing (e BRER Bhe B b THE AR Ak Thver.
exposure should be w.thin 30C, | referable withi
Byusing sk apiadvenkothe amaoynnt Oﬁaegolgéé}%é% re ueﬁ‘ﬂéft
to pronote a polynerization reaction 20 pronptly, the
thw tiane dfdoperiagwl eoatfed fidgmpbbtioe enolsrcliokest stitkacetliayer
of exposing is preferably 20C to 170C, nore preferably

C ..t ' r - . .
B8 s aice, (B4 EBE I Fing B SpRL ALY BFHi Solution of o
by 10C or nore in the 75 _ WD 2007/100132
romy brpoo7 AgBheinsensifivadayer syefane, MBaBfOCCHE an area
phot oconductor in 30sec after exposure initiation is

hapiid 8phtindousaR@sds tHheistsrfaaent fiissdiosdeoda

"cross-linked surface layer and a photosensitive layer is formed

presumptively. By forming these layers, an area involving rapid
property change between a cross-linked surface layer and é
photosensitive layer disappears, adhesiveness is retained more
than satisfactory, and to maintain high durability over the total
area of the cross-linked surface layer becomes possible.

In the present invention, due to the presence of small
solvent in the coated film at the time of forming the coated film,
radical reactions in the cross-linked layer was progressed by
solvent. As a result, the electrophotographic photoconductor that
became possible to improve even-curing over the entire
cross-linked layer was attained. By diluting the coating solution

with a solvent whose saturated vapor pressure is 100mmHg/25°C
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phot oconduct or can be mai ntained within the range, any
met hod may be applicable, but nethod for controlling

woOeogaoeaiseir e using a 5 heating nmediumis preferablr2007/054146

That is, in case that the photoconductor has

drum shaped hol | ow support; there is a nmethod for
enbdsss ihguacémiid my obbainimg asiedectobphbtogiraphishaped
hol | ow support and circul ating the heating nedi um

%%ﬁ(ﬁ,%ﬂd‘?fctéﬁ favih B BeaDRPEL AR SR SSS B8 IproloiPsed

ow support may al so be used.” 10 In"thi$§S case,
controlling the tenperature of the heating nmedj.umi
RAU8AS, WAL SheoREc LAY sizest ofjBe doide Grosmunked layer
phot oconductor is preferable. Al though any nethod nay
wasusadliocallychiored, ehen aresslonkddhppenmitle na srain could
nmet hod for controlling the tenperature outside the

BOlrbAWe S aﬁrdleqql‘ge{ g‘fegc?%%ﬂh%i{&l%gap;ﬁtpﬂhg%c&fHﬁthk lh Bthth3ned

tenperature or “easy-to-use. Various

T35S B0 R rABAR A A T ane

multiple inlets through which the heating nmedium

gahefetiond keackiziglby alectibindadhewiventbss meradtamavi ng
a mechani smor nenber of agitating a heating nedium

émgﬂi%tg%? 20 hol l ow can be used effectively. A known
nechani sm'of circulating a heating nmedium can be

used, but for easy-to-use, existin% punps c?n qﬁ used
for eddie saturadedsyrren pressugemiesolgent as ragfeughly

punps include centrifugal punps, propeller punps,
FOEGATI/Z576 040 e380¥ oh@OdFe PADY PR ITITZ526 orplespsSrom

of non positive displacenment, reciprocating punps,
gge%%ﬁ%wgﬁﬁgtgsf &fle Qgg'i'dtu'a\ieso(ﬂrég{ FGETERY in 308 doBlte BHWS at
the time of forming a coated film. It is thought as similar
saturated vapor pressure effect, but in case that the boilin.g poipt
of solvent is 60°C to 150°C, a continuous domain of a cross-linked
surface layer and a lower layer, a photosensitive layer can be well
formed, and adhesiveness can be sufficiently secured. Considered
desolvation step like drying by heating, the boiling point of the
solvent is more preferably 100°C to 130°C. Of the solvent, the
dissoluble parameter is preferably 8.5 to 11.0, more preferably 9.0
to 9.7. By this, affinity of polycarbonate that is the main
constituent material of a lower layer, a photosensitive layer of a

cross-linked surface layer for the coating solution becomes high,

the compatibility of each constituent material with the other
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wat er - hanmer punps, subnersi bl e punps, vertical punps

for others. For circulating a constant anount of a
woeat7imgi3eedi um 5 non positive- displacenent pamuB200f/054146

a constant delivery can be wused effectively. If the

flowrate is too small, this may cause tenperature

marteaidlsimmioveg inhihd Bm@rfacﬁ of ble eress-lioykest syrfaski c

photoconductor In contrasts, if the flowrate is too

Feandhe gﬁ&t’?@&@%ﬁaf Nt $d:5h 808 aD&GRNSIEnREd
crease a t he t dconduct or surface

tureEl ONes sm:lll t fro % Vi ewoi nt of

FRUAGB 1BNET $ha 1 Popslben P GIE T BBBP SV erieEs Tiedm &

O1L/mn to 200L/mn is preferably selected. As the
posgiblati on direction of a heating nmedium a backward
current of the 15 convention flow is preferable when

the c [ i

consi AAEAPIENol LAY L Clpdud0 SRR aTERh L Snte puch
is_placed vertically so that its length is parallel

29 bte@éagmpt%neacféém@ﬂzgmﬂ@ tange ﬁ?‘i"t"&gnﬁr PeRG&%ent )

for exposure in view of the convenience of 20 the
o, airi @ thiylleephod, adevagiel, ibemZeaye tohruhd, rgrishey of
the photoconductor, it is effective to allow a heating

5'@1 @n‘i%n{eg%% %3] g{y rom%tﬁg&\}?g V%&gﬁ%ggg to bottom

convection fl ow because t enper at ure 77 WO 2007/ 100132
pethyboudohesanacethaleyelobsrang, snglahexemengdeokal t ne

phot oconductor are mnimzed. A long exposure lanp is
soWavig Rahahd ehetltaidle ePhehek guephol, 2-propanol,

1-butanol, 2-butanol, isobutyl alcohol, tert-butyl alcohol,
1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-1-butanol, tert-pentyl
alcohol, 3-methyl-1-butanol, 3-methyl-1-butanol,
3-methyl-2-butanol, neopentyl alcohol, 1-hexanol,
2-methy1-1-pentan61, 4-methyl-2-pentanol, 2-ethyll-butanol,
-3-heptan01, allylalcohol, propargylalcohol, benzylalcohol,
cyclohexanol, 1,2-ethanodiol, 1,2-propanediol, phenol solvents such
as phenol, creson, ester solvents such as dipropylether,
diisopropylether, dibutylether, butylvinylether, benzylethylether,
dioxane, anisole, phenetol 1,2-epoxybutane, acetal solvents such as
acetal, 1,2-dimethoxyethane, 1,2-dietoxyethane, ketone solvents
such as methylethylketone, 2-pentanone, 2-hexanone, 2-heptanone,

diisobutylketone, methyloxide, cyclohexanone,
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whet her vertical arrangenent or horizontal

arrangenent. As the heating nedium nedia that are
woOhermaoi3y- stable, 5 have | arge heat capacityPOEIP2NT/054146

vol unme, and have high thermal conductivity are

preferably used, of which nedia that do not corrode

mpephy kyeso hexuh dreey, e thyleycloharhnpnepdringthyE 2-pentanone,

preferably. Exanples of nedia used as a heating

u [ [ air

e i G T g B R

di phenyl et her, tarphenyl, and pol al kyl enegl ycol

HeEdAten PTOR Lﬁ‘@tﬁt?rg]a‘t‘%ﬂga‘i?éﬁ%v perpyhacetatean organic

heating nmedia and water of a liquid heating nmedium

Brnee thedfybrahlecdtateé) ghithel caebsrat®)-Teoné tiyxyefhyhedotate,
conductivity and tenperature, water is particularly

f [ ' sel Q- use 5
BABLER LR LARTLLDE 30 AURRLRLn R €50 iBfnpditna
ptiot oconductor surface tenperature and at the sane
Jalwentosneh ssptatzabrdrethiephener salsentshpvingomulbie
initial exposure, a nethod for flowing heating nmedium

finceidal drvsipdeush SPPanéthattaaiml h2dthokyePhanbdi ng
an el astic nenber inside the support and circul ating

L PRERy QEPLI AP B I BB Eo R G L ©

adhesi veness with _a support can be retained
kmethoxanginropamol ol re thpxgt 2 mrepphoel odmnetenealcobolace
tenperature can be reached, and the tenperature

fuR €6 QAS O- IR BOxPb t 1Pl 2Bt 2R0 Y- d D037 tRGTAJERQRR 7 pPEHHS e
t he phot oconductor surface can be “confrolled by
'ﬁ%k&fﬂé‘;‘%’yl%'@ﬁéﬂa Il)rop%rcfgrqg %tlgr(\:/(i)lt- i"n?}c)nyﬂleet%ly?gt ieci"g:ear(r:%%gte.
These solvents may be use(i alone or in combination. Of these
solvents, butyl acetate, chlorobenzene, acetylacetone, xyleﬁe, ‘
2-methoxyethyl acetate, propylene
glycol-1'monomethlyletherZ-acetate, cyclohexanone are
particularly preferable from the viewpoint of adhesiveness.

The dilution ratio of coating solution depends on the
solubility of the cross-linked layer, the coating method, desired
film thickness, and may be properly selected according to the
application, but the solid concentration of the coating solution is
preferably 25% by mass or less, more preferably 3% by mass to 15%

by mass from the perspective of giving sufficient adhesiveness to

the cross-linked layer while maintaining residual solvent volume
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heepreReily s@legiedr araegdine tQ ¢

In view of the elasticity and durability of the
el astic nenber, the tensile strength of the elastic

worodranoidgs preferably 10kg/cnm2 to 5 400kg/ cn2PCTOPEO7/054146

preferably 30kg/cn2 to 300kg/cn2. JIS-A hardness of
the elastic menber is preferably 10 to 100, nore
opr thecahted fnt at The thimecol/ formfrgpthe keatedfidoi.nt  of
tenperature increase ratio, thermal conductivity of
the epag Hfd{@ i &S HEAR 61QtibW Mre nlt 161, Ban
K, rmpgg%ir% era %){}SO. ZT\%gm K tg 10 15WrrKe. nThe tensile
strength of _the elasti¢c nmenber and . JI S-A rdness can
PehD aa?lasbe:ﬁxwi?%af
testing nethod" of JI'S K6301, "how to neasure the
doanbigd ensthodngidiudé dipping) gexhy vbbtingabead coating, ring
t hernopl astic rubber” of JIS 15 K6252, "how to

e r s [ ry:
TR, CRCARS5 ey U O AL 1A% e prover
measurenents. were conducted under the environnent
amaunt iod nespperhselvenkdsn C@Geﬁﬁhnr@%qwuh&ﬁ? dity
was 55% The tensile strength can be obtained by

Radidanly prefegablen of dunbbel | -shaped type 4, 20
measuri ng a speci nen under 200mm mi n of tensile speed.

usi ng, oTE- 301 Shopper -t il eshi '

71 "B e SR A 1R i TR RS R e
| oad which is the value wuntil the specimen was broken
applied, Yrissenrsdchy exposuradonzdernghengngyp form a
2007/ 100132 PCT/ JP2007/ 054146 JI A-A hardness is

dFR3§ULERe DY uREATHyE. STMPdaTerofo 48HH0in Rdiifoghed he
t hi ckness (samples of 12nmor |ess of the thickness

cross-linked layer of which the difference between maximum value
and minimum value of the post-exposure electrical potential is
within 30V when writing is conducted under the condition that ~the

image static power is 0.53mW and the exposure energy is

4.0erg/cm2, the difference of maximum and minimum surface

temperature of photoconductor under light exposure should be
within 30°C, is preferable within 20°C, is more preferable within
10°C.

Besides, in order to promote a polymerization reaction
promptly, the surface temperature of the photoconductor at the
time of exposing is preferably 20°C to 170°C, more preferably 30°C
to 130°C. Furthermore, in order to promote polymerization

reaction more efficiently, an increase by 10°C or more in the
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were |lamnated to be 12mm or nore of the thickness),
and using Digital Rubber Hardness Meter Type DD2-JA
wWOROK@URBNSH 5 KEI KI Co., Ltd. Various measur Pag/JrP2007/054146
nmet hods may be used for the neasurenent of thernal
conductivity, but exanples include a laser flush
smtfhoe temsiraddye hddhephistecondechodin B0ate aftaxt exposure
neter nethod, heat wave nethod. Here, a sanple which
iM% adich 1€ iflportQRt QIS Rl B BBEat R of
lsaﬁnﬁlqéé%gﬁlﬁgoﬁé%smggggﬁgm ng qSi ck therrrgl 2 °
conductivity nmeter QIM 500 by KYOTO, . ELECTRONI CS
RRelgcaetyRbakcen be %PtEPﬁI%W&hH* tharangs enpomethed
el astic nmenber include rubber nmaterials for general
s belappiicabde ubat niedhuer fors¢dntrohléng tehbeperatiiraarsong a
silicone rubber, ethylene propyl ene rubber,

5. | tra EMb hhrile
a1 B The S e s b Pane
rubber, fluoro rubber, .therppl_conductivit sheet
Phagtacgnidiughox h@ﬁrﬁeﬂunetﬁhﬂmdnﬁpﬂw SRBPOFfa tRAFe 15 a method
conductivity film Instead of the elastic member,
forl diedloFBiLhildatiigtmsdiumdinssde oif¢hendtinh -diaped hollow
heati ng nmedi um of support nei ghborhood 20 inside the

suppor.t can.be e ti : i fi
SHURER G GRGHS iRy Pt BERLlFL Yo B, TBRedd offhe
be used effectively. After application of the coating .

dowmt shaped, aneaullpsmkelt typeehollpw suppewt Maygrlsorke osed.
external |ight energy and by curing. A high 80 WO

BOQR1s 0R83 2 REFbNIBZORRE G atRiresfWhe Hestinkymledivm in
that has em ssion wavel ength at UV radiation mainly,
‘gpdeij'vt(l Ic h%roi%%recseurlf.ialég tgmrf)%trg llJ.r(IQ %lfitﬁ% ].J)}%'%cgﬁﬁuctor 18
preferable. Although any ﬁethod may be used to achieve the
desired temperature, the method for controlling the tempe'ratulfe
outside the hollow is preferable to the method for controlling
temperature inside the hollow for easy-to-use. Various methods
for spreading a heating medium inside the holl‘ow can be used, but
the method for providing multiple inlets through which the heating
medium enters to the inside of the hollow and a method having a
mechanism or member of agitating a heating medium inside the
hollow can be used effectively. A known mechanism of circulating
a heating medium can be used, but for easy-to-use, existing pumps

can be used for easy-to-use. Specific examples of the existing

pumps include centrifugal pumps, propeller pumps, viscosity
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be used as the light energy. Visible Iight sources can

al so be selected depending on the type of the
woadi7aadisy pol yneri zable 5 ingredi ent and/ or ORCTHR2007/054146

absorption wavel ength of the photopol ynerizable

initiator. Exposure dose is preferably 50nmNcnR or

pomes ofonen poeftavaldiyp ERemMA chFreoip raeatingrpstmps, rotary

preferably 1,000mMNcn2 or nore. By using exposure

: : ! he: i atio 3 o .
e iy s Le gkl Rnlt o paBE bFLS pumpe,

vE;o{eq\'/rrﬁri zation reactipn is . significantly, :lncr eased;
AEBIIRHRBS suhBeesieiRimps, vesbisal prwaps for

surface | ayer becomes possible. In order to reach an
abbens. pdoyndreulatting ar @actthab amodnt off;oheating medium,
honogeneous cross-Ilinked surface |ayer, given that

LI5St R, BY Scbgh i RS e

referably 80% or nore, nore preferably 90% or nore..
‘%?d PRYVeY. the cross-linked |ayer of snall
i rradi ance unevenness having uniform property can be

att ai hethe foberatxieto@bnebrhissual auude @ihpeheaire
and radiation ray 20 can also be used effectively.

Q r.1aodi h ener ' to_heat fromthe
T e o b R A S B o Bt e si ng - g
such as air, and nitrogen, steam various types of
nhodoremdugias: a In eantgasts. rifdhatflow, rafeds too large, curing
el ectromagneti c wave. The heat 81 WD 2007/100132

6 /bHAde L 0S4 Gent BRBLNAS WiPinddreRkET0R80NY o¥ABE OF

nore, nore preferably 170C or less. If the heat
ﬂl?o%gcr)gallil(rzteori ssurqglcg We%lopoe%’athlgg bre%g%eisosnm%‘ﬂ Bt from the
viewpoint of the volume of the space in the support, the range of
0.1L/min to 200L/min is preferably selected. As the circuiation
direction of a heating medium, a backward current of the
convention flow is preferable when the convection flow rate of a
heating medium is considered.

Specifically, when a hollow photoconductor is placed
vertically so that its length is parallel to the gravity acceleration
(vertical arrangement) for exposure in view of the convenience of
the formation of a photosensitive layer and transfer of the
photoconductor, it is effective to allow a heating medium to

circulate in a direction from top to bottom of the photoconductor

from the viewpoint of its convection flow because temperature
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slow, thereby the reaction may fail to be conpl eted.
On the other hand, if the heat tenperature is above

wa202/100132 reacti on may 5 progress unevenly an8CIPENTES4146

strain in the cross-linked | ayer may occur. For an
even curing reaction, a nmethod for heating at
vetiations hlug ’elm@daemgth of the @diatmdﬂ@ﬁc’andalfmmlhemlzed
heating with above 100C to conplete the reaction is

A 15?§?§p%%tur\é elauﬂ;?< @g'ﬁllﬁf%ysaﬁaltahfelr%dﬂ?é bﬁBt@&ﬁﬂEthor

I nc he use el ectfon beam O these

e ies, the use of heat a ner are
FPRLBET VortihATEAREeIGn: St POTiZPBkEl 82t-and
ease-to-use of an apparatus, and light energy is

ef f ectAsvehd heatres mddlulma,nnlﬂed;a diha t prrepBrérym ally-stable,
obt ai ned cross-linked surface |ayer. Because the

%Q{rg li%ie%es hgfat tcﬁg alﬁii,&s?e} uRkEGol E%e' 4 mhgbé fkﬁgh thrmal

epen structure of phot oConduct or
usi ng the cross d | aye s descrj be
ey are néeﬁle F@wuﬁeg eﬁmh&ﬁétms l%ﬂl hgq 9y
structure. <Layer Structure of the El ectrophotographic
thavdeansiuntaans, Ahd khee moophittaagr gy e tp koeqexefdrah kyr
used in the present 20 invention will be described
Wxtarrln eorferg(éﬁl% sk Fhavd 4} ?ﬁg 15’3&11}1%’61[ ﬁg tgg s & te 2
are cross sectional view o ropho grap

ghot oconduct or of_ the present invention, . show ng

pating medinnnpvel eoraircard Bikrageas wrga@h@@oh%an& m@dla
82 WO 2007/ 100132 PCT/ JP2007/ 054146 |ayer 33 having

beth aghBiphe ngeesia itAgp hengl,io0d polia ke geglyicodasedium,
function S|nultaneously is formed over the support 31.

‘liquid a heating media like water. An organic heating media and

water of a liquid heating medium are preferable in light of
ease-to-control of thermal conductivity and temperature, vs.rater'is
particularly preferable from the viewpoint of ease-to-use.
Furthermoré, to attain the evenness in the photoconductor
surface temperature and at the same time to rgtain temperature
increase range from the initial exposure, a method for flowing
heating medium directly inside a support, and a method for
providing an elastic member inside the support and circulating the
heating medium inside the elastic member are effective as well.
By using the elastic member, adhesiveness with a support can be
retained sufficiently, uniformity of the photoconductor surface

temperature can be reached, and the temperature increase range of
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wover7aldi3phot osensitive 5 | ayer.

FIG 2A represents the case that a cross-linked |ayer
(a cross-linked photosensitive |layer 32) is an

case that a cross-linked layer is the surface part (a
cross-linked surface |ayer 32) of a photosensitive
thayghoftonduGtoBAusfiterd:m baRcarteolladimatetesting thewdal
phot oconduct ors which are | am nated by a charge

PR RIRY ok e1allhmoBANNG char ge gener ating
unction P a charge transport |ayer 37 having charge
transport function over the suppqrt. 31.. FIG, 3 sho

t he cgééfl‘t‘ﬁaﬂf thecglgsticithred w&ﬁl@& Orfrtg§§-1?? dgember,
charge transport layer 32) is a total charge

tieaftsiald sirayethafdhel dlastid mehover ishprefasablyhaOkg/cm? to
cross-linked layer (a cross-linked surface 15 | ayer

i s _the surfac t
Fiitu Baitd RRERLARL) Dk MDAUARGROT IISAET
and can be prOﬁfr[y sel ected according to_the
Lapinesst ofovheapthsvis mrmber appreaay | se (100, more

conductivity of volume resistance, 1010SZ cmor |ess.

PR EXAPR! €5 t6f7(R SMRRebYet,butl€hé iviswpbipedf temperature
cylindrically-shaped plastic or paper covered with

nmetals sugh al um nu ni ckel h ] ' ,
ig5Epace gB0q therma, onguelvify of the CIATHY hegiticr £
such as tin oxide or indiumoxide by vapor depgsition
wrre fe88b \a) 208 mn1 o131 0WG M K2 0ugyopnaiesably @t-ggfr/%'&.{ to
O the support may be a plate of alum num al um num

g/ay-Kni ckel or stainless steel, or a plate forned
Into a

The tensile strength of the elastic member and JIS-A
hardness can be measured according to “vulcanized rubber
physical testing method” of JIS K6301, “how to measure thé tensﬂe
strength of vulcanized rubber and thermoplastic rubber” of JIS
K6252, “how to meésure hardness of vulcanized rubber and
thermoplastic rubber” of JIS K6253, wherein the measurements
were conducted under the environment that the temperature was
20°C and relative humidity was 55%. The tensile strength can be
obtained by producing a specimen of dumbbell-shaped type 4,
measuring a specimen under 200mm/min of tensile speed using
TE-301 Shopper-type tensile testing device type III by TESTER
SANGYO Co., Ltd., and dividing maximum load which is the value

until the specimen was broken by the cross-section of the specimen.
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tube by extrusion or drawi ng and surface-treating by
cut, finish and polish, etc. The endl ess nickel belt

wanadtie3endl ess stainless 5 steel belt such asCcrlipae7/054146

di scl osed in JP-A No. 52-36016 nmay al so be enployed
as a support. In addition to the support described

above JIARAgea i aisnisdmby sude 8 A8F pioduciRipdsithiples BOWRhSm
in suitable binder resin and applying the binder

[ 1.0 . r e the s rt .of
e ¥ thd DEIRARRG (ol e BB 0 B 1255 31 £ RS Ui Frngss
particles include nmetal powders such as carbon bl ack,
WEE? %%@am%ék Jbeal 2mm Ay mereiad| the thigkneask anghusing
copper, zinc and silver, and netal oxide fine

Digitht RathbesUdHraae8é MendUTihy DDA AN WEGUBUNSHI
Exanpl es of 15 simnultaneous use binder resins include

asti resins,. .thernpsetti resin or
KBIRTEL G0 nS k0N e dSBRRSE MRS A e Yeg fandne
acrylonitrile copolyner, styrene butadi ene copolyner,
weppurement afthegmalr ¢andwdpeitynbut epabnydesdnclude a laser
pol yvinyl chloride, vinyl chloride-vinyl acetate

ftapeIni8tiod, 20 sPed &y hawk @Gaebat Snet)d PIAYL HERRSlow meter
chl oride, polyacrylate resin, phenoxy resin,

Q rbonate, cell ul gse .acetate resin,,. .
et Rﬁ@’c@??ﬁw Y& Pjeeggﬁa poﬁ?W’r@ﬁamﬂﬁﬁrvﬁP}db&aﬁﬁ fige of
formal, polyvinyl toluene, poly-Nvinylcarbazole,
Hminet @0mazx 30man [is pond ucediand eéhexangdledn be measured
2007/100132 PCT/ JP2007/ 054146 resin, melanm ne resin,
WiBENRANR LS 351 a PESARNcti 68y m ALK XITHES0D by K¥OTO
ELECTRONICS MANUFACTURING CO., LTD.

Examples of materials for the elastic member include rubber
materials for general use such as natural rubber, silicone fubber,
fluoro silicone rubber, ethylene propylene rubber, chloroprene
rubber, nitrile rubber, hydronitrile rubber, butyl rubber, hypalon,
acryl rubber, urethane rubber, fluoro rubber, thermal conductivity
sheet having high thermal conductivity, and thermal conductivity
film. Instead of the elastic member, filter material that can
adjust the amount of a heating medium of support neighborhood
inside the support can be used effectively. Specifically, generally
known filter sheets or sponge materials can be used effectively.

After application of the coating solution, a cross-linked layer

is formed by giving it external light energy and by curing. A high
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The conductive | ayer can be prepared by dispersing
these conductive fine particles and the binder resin

wonow/iaosei t abl e 5 sol vent, for exanple, PCT/JP2007/054146

tetrahydrofuran, dichloronethane, nmethyl ethyl
ket one, toluene, etc and by applying this coating

Julessilon meFauryhlemp that hppondissiohi wavelen@eRangy by

formng a conductive |layer on a suitable cylindrical

haggaWohhmaih e raI'IPUV ‘f}%%ﬁéﬁﬁ%&\é gi#;g %e{nettﬂgﬁ Ihgiﬁf e?a]:mp can

suitable materials suc olryvi nyl

ol ypropyl ene,. pol yester, _polystyrene, polyvinylidene
@’r‘ﬁ %g?‘gé‘,s tg{ﬂ %}égﬁ@m@ﬁsx cwﬁéﬂq)iﬁdtm petnes, care fillsnbm
etc. containing conductive fine particles nay also be
sedebtad démendiagdoetheaypenptte radidaglyp6BaAkrizable

i nvention. <Photosensitive Layer> 15 The

ensi il I .ei t her | am nat.ed
RHREABERY e ot o WL BF B RELP B dl B8 of (e
| am nated structure, a photosensitive |ayer contains
Q?‘é’ﬁgP%]é’Iﬁ%‘@lagi‘F heitiatgrer Exposnnehdespeis paefepably

| ayer having charge transport function. In case of

Biden Bi/cgizeod aye, neorehisfeeablis 5VOM WY&h2 ot hbse 2Mhost
| ayer that has charge generating function and cﬁarge

tion simul taneoysly.. The foll owi.ng are,
%’Ee 2e2’cﬁ: ilp{)?gﬁl ocrm?ﬁg mgm'na@dx%a‘ﬂ?%ﬂe ight which
photosensitive |ayer and the single-layer
phe tbeiaitiary, lighdyganigty Ww12000mI 182 or more, the
PCT/ JP2007/ 054146 <Phot osensitive Layer in Lam nated

Progrdssick rabR dPFORAEH BRRIPOFENNISH E i SN LANS StS
of a charge
increased; thereby forming of a more uniform a cross-linked
surface layer becomes possible. In order to reach an even
polymerization reaction, and to form a homogeneous cross;linked
surface layer, given that irradiance where irradiance over
'irradiated body is 100%, the irradiance range is at least 70% or
more, preferably 80% or more, more preferably 90% or more. . By
doing so, the cross-linked layer of small irradiance unevenness
having uniform property can be attained.

Other external energy such as light, heat, and radiation ray
can also be used effectively. The method for adding heat energy is
to heat from the coating surface side or the support side by using

gas such as air, and nitrogen, steam, various types of heating

media, infrared radiation, and electromagnetic wave. The heat
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generating |l ayer and a charge transport |ayer. -Charge
Cenerating Layer 5 The charge generating layer is a

woayeriontsech mainly contains a charge gener at PAQ/JP2007/054146

substance having charge generating function and may
al so contain a binder resin or other elenent(s) as
temessatyre Thprefeanhly d60e€ain mgrs uhsirentesenalylyb@70°C or
classified into inorganic nmaterials and organic
Tdser iglehedRdad t&ﬂ?@r@f@rel% BldvARl09° L0k hHSRa cREAHPAGS
of 1norganic materials 1 nclude crystalline selenium
r phous_sel eni um seleniymtel]urium

gloverthareby the rw%mae@ﬁaslewoe ¢ Gampletedi c On the other
conmpound, and anor phous silicon. The anorphous
Bhhid¢ efith@hcaswe ntigagitiurg i3 aHuords70WC nMthatredctibhimay
hydr ogen atom or a hal ogen atom or it nmay be doped

| r 0 The: or: i C r: |
Bt Sl BB RR A e SR AN Lo R i R d oY Py
t hereof_i ncl ude phthal ocyani ne pignents such as netal
PeRUal YR ATrRYCThEHIRE BEagRenaR dBEMGhéor heatiang am 20
salt pignents, squaric acid nethine pignent, azo
Pl BrY Powainigeratueadfdrdbe $601C o famhepi lgs@ithg with
having a triphenyl am ne skeleton, azo pignents having

di phe 1 he skelief o azo ..pigne V] :
AP BES R B eREBURle e AR5y BnTald IR, Bxamples
2007/ 100132 PCT/ JP2007/ 054146 fl uorenone skel eton,

of thpirgdimtiontendngy imcidietbecisskef elasirombeanpi gfdthese
havi ng bi sstyl bene skel eton, azo pignents having
energies, the use of heat and light energy are effective from
ease-to-control reaction speed, and ease-to-use of an apparatus,
and light energy is effective from ease-to-handle, and property of

obtained cross-linked surface layer.

Because the thickness of the cross-linked layer may differ

depending on the layer structure of the photoconductor using the

cross-linked layer, it is described according to the following
explanation of the layer structure.
<Layer Structure of the Electrophotographic Photoconductor>

The electrophotographic photoconductor used in the present
invention will be described with reference to the drawings.

FIG. 2A and FIG. 2B are a cross-sectional view of the
electrophotographic photoconductor of the present invention,

showing a single-layer photoconductor in which a photosensitive
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di styryl oxi adi azol e skel eton, azo pignments having
di styryl carbazol e skel eton, pherylene pignments,

wanvdriaguse none or 5 pol ycyclic qui none pi gnenPeT/JP2007/054146

qui none im ne pignments, diphenyl nethane or

tri phenyl met hane pi gnents, benzoqui none or

Hapex 8§uhaving bothrehbisge @eaviratingy fiaZeai®s lidte charge

pi gnents, indigoido pignents, bisbenzim dazole

REAABHS S fuld 1836 SR Ean SANAYAL! b

used gﬁonélor I n coﬁgﬁ%%tlon&q%d%g§§%€§%§pgﬁg§i S %31f
res| whi ch e used jn a charge . generating |ayer
Jﬂ%%arﬁ% a%f‘ec‘b%ﬂ’ ﬂéﬂ éé’sl’,osﬁ'%wlé?@tlﬁﬁﬁ%§? epoxy
resins, polyketones, polycarbonates, silicone resins,
&cosd-linkerdephotosepaditivieriplye b @2y rigl£n opPetaNighdtosensitive
formal s, polyvinyl ketones, polystyrenes,

P& NI @Y crylam des. 15 Thes
Rty LY B ROPRLEnER AR sRER Y A B Ty oP A e
a bjpnder resin for a charge generating |layer, in
ﬁBHJf%‘ieoW“t ersslinged swdpae layer 389 s @/phopusiensitive
charge transport naterials having charge transport
layext 88n can be used such as pol ycarbonat es havi ng

al l yl am ne skel eton, benzydi ne skel eton, 20 hydrazone

skel et r el eton,. stil bene, skel et on,
pyrazol'i n'eggk%?%?gﬁ' %Jlggaﬁ.-%pl ten%blir@ﬁ%es& such as

pol yester, pol yurethane, polyether, polysiloxane,

ng Gonduetpgs wiigh e laranaiesd by iaabgar@a/ gagerating layer
pol ysi | ane skel eton. 87 WO 2007/ 100132

BETH ahR2Q00H Dl d6n e SALEE ffus cEMRhES Qflafé@rtE&nsport layer
transport high polyner nmaterials are discfosed in JP-,X

y?shavq}fgo a712g8e’ tr%lﬁs%%%% ?ﬁhction over the support 31. FIG. 3A

shows the case that a cross-linked layer (a cross-linked charge
transport layer 32) is a total charge transport layer and FiG. 3B
shows the case that a cross-linked layer (a cross-linked surface
llayer 32) is the surface part of a charge transport layer 37.
-Support-

The support is not particularly limited and can be properly
selected according to the application and may be of any having
electric conductivity of volume resistance, 1010Q-cm or less.
Examples of a support include film-shaped, cylindrically-shaped
plastic or paper covered with metals such as aluminum, nickel,
chromium, nichrome, copper, gold, silver, or platinum or metal

oxides such as tin oxide or indium oxide by vapor deposition or
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01-013061, 01-019049, 01-241559, 04-011627, 04-175337,
04-183719, 04-225014, 04-230767, 04-320420, 05-232727,
wo6 2005418413904, 06- 234836, 06-234837, 06-234838, PCT/IJP2007/054146
06- 234839, 06-234840, 06-234841, 06-239049,
' 06- 236050, 06-236051, 06-295077, 07-056374,
Snttépuiid, O08-tAR8SZMp 0f8maY1l6el @, plad8-cidaffinum,
08- 269183, 09-062019, 09-043883, 09-71642, 09-87376,

A ataoae. 3 br s ugh g g frmed atd o
09-272735, 09-302084, 09-302085, 09-328539, etc.. .
ighec by iextenaion ex dspawingrandsaeipcs txaating byasehiGmish
cont ai ni ng pol ysil ane skel eton are polysilylene

PRI WRIch, Ht8C! qIRdentilestFnidldd belb3ndBabbendieslO8n]ess
05- 70595 and 10-73944, etc. 15 Furthernore,

| .ows ecul.ar i ght -.char iraps '

H60 BRACSHER et R SRR IRERA o TG Thiaf Ao be
charge transport materials can be classified into hole
empheyet s asabppantes and el ectron transport

subst ances. Exanpl es of an el ectron transport

mat er Tal £1diffd a8 the @uplpest HeBcribedeildvey thybs bdbansed by
such as chloroanil, bronoanil, tetracyanoethyl ene,

(%%Epre%gr?gn g(in?aﬁgiggflg @ﬁ%ﬁ%suitable binder resin and applying
2,4,5,7-tetranitro-9-fl uorenone,

thetbtder eesiandvaroidemshpnert may be used as the support of the
2,4,8-trinitrothi oxant hone, 88 WO 2007/ 100132

e I R e
divoxi %e}iarg?) esdi)P Iggrqgﬂg{igg%ne particles include metal powders
such as carbon black, acetyiene black, aluminum, nickel, iron,
nichrome, copper, zinc and silver, and metal oxide fine parﬁcle;
such as of conductive tin oxide and ITO. Examples of
simultaneous use binder resins include thermoplastic resins,
'thermosetting resins, or photocoagulating resips such as
polystyrene, styrene acrylonitrile copolymer, styrene butadiene
copolymer, styrene maleic anhydride copolymer, polyester,
polyvinyl chloride, vinyl chloride-vinyl acetate copolymer,
polyvinyl acetate, polyvinylidene chloride, polyacrylate resin,
phenoxy resin, polycarbonate, cellulose acetate resin,

ethyl-cellulose resin, polyvinyl butyral, polyvinyl formal, polyvinyl

toluene, poly-N-vinylcarbazole, acrylate resin, silicone resin, epoxy
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derivatives. These el ectron transport substances nay
be used alone or in conbination. 5 Exanples of hole

woOnRrerTgipei3k i ng subst ances include oxazol e deri rariupme7/054146

oxadi azol e derivatives, imdazole derivatives,
nonoaryl am nes, diarylam nes, triarylamnes, stilbene
einy méhaggine peginemyetbane renm,dehenal rema, abkndirdsig
derivatives, diarylnmethane derivatives,

&¢d. aryl met hane derivatives, 10 9- styryl anthracene
derivatives, pyrazoline derivatives, divinyl benzene
deri vat.i ves, .hydrazone derivatives, |ndene )

deri vgkﬁggr}duéi}f’ﬁ PERE Cagrli"ilﬁf?l}%%‘?é gyr%@ersmg these
derivatives, bisstylbene derivatives, enan ne
cmdwelive dme Phesieldwohndtthansipoldr rapialingd anseitaidy be
used al one or in conbination. 15 The method for

$QKBLRYfG &i@lﬁg@e,%;gpf/hwfdﬁsﬁe rdi@ﬁy%@g%eﬁa%d'ﬁethyl

classified Into the OW ng two net - vacuum
thin-film deposition, a cast,j ng thod wth .
%@Yﬂtk%ﬁm&pg esraq,.et‘rr?élcggafm%ns- i$ FPabREs sekudion.

i ncl udes vacuum evaporation, glow discharge
el ect dhinthesmorensppportsgwhightarerppareddy forming a
reacti ve-sputtering, and CVD processes, which may form

' al ' ' ' .satjsfactory.
(RLEARYE MERELRA SuBlardt ONELIRIOBAR Sl °: Re

astin nmet hod, the charge generating |ayer can be
t(fili?rr eantractipsinngy ee W S0 0T SuoGie materials such as

PCT/ JP2007/ 054146 i norganic or organi c charge
welyeiayl chlaibest polspropylimnassigdstdt, polpslyreak, such

as tetrahydrofuran, dioxane, dioxolane, toluene,
polyvinylidene chloride, polyethylene, chlorinated rubber, TeflonT™.,
etc. containing conductive f;ine particles may also be used as the
conductive support in the present invention.
<Photosensitive Layer>

The photosensitive layer may be either a laminated
structure or a singe layer structure. In case of the laminated
structure, a photosensitive layer contains a charge generating
layer and a charge transport layer having charge transport
function. In case of the single-layer, a photosensitive layer is the
layer that has charge generating function and charge transport
function simultaneously.

The following are the description for the laminated structure

photosensitive layer and the single-layer photosensitive layer.
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di chl or onet hane, nonochl or obenzene, di chl or oet hane,
cycl ohexanone, cycl opentanone, anisole, xylene, nethyl

webthyliobi3ket one, acetone, ethyl acetate, or buPgi/JP2007/054146

acetate, together with binder resin as required,
using a ball mlIl, ATTRITOR sand mll, or bead ml]l

uPhogosemd tivesLibyantin dispehstah Stiagedure>s t hen
properly diluted and applied by coating. A leveling

agent sy &gﬁﬁnagéﬁhg?%ieﬂéﬁﬁf%nﬁy%gl cor BV POGA g

silicone dto

di spersion liquid as reqU|red The_di spersion |iquid
geperatingdayes and amhaggeditgnepart kyekpray coati ng,
bead coating, ring coating. The thickness of the

abBAfee CRiRIAkin® Iagyer is preferably 0.01lmto 5m
nore preferably O. 05mto 2m 15 Charge Transport

o o TRAFBATET EhEREPRY vl e Lty MR Shathle

| ayer in the present |nvent|on may be used
edniginsvehange gractabingesuhbstaaserhayingpeharge generating
cross-linked layer is the overall charge transport

FeY&ion a3 e AL 8tdd Aftkdin 4 Ben&EP$SEsil GKBthéPYRiment(s) as
manuf acturing nmethod, applying the coating solution

cont ai ni ng adi riza conmposi ti on, of
ROLELIANY Rk el LY cRRLKIEL 220 S oo SRTRORL Y O 2Ly AL
the radi cal |y pol ynerizabl e conpound with no charge 90
W20z ad0¢ 322 RCTAIR200 DrgBaid tnateramispand tothuateur e
and a radically polynerizable functional group ; sane

a5ithphd ey hisgver the charge generating |ayer, after

Examples of inorganic materials include crystalline
selenium, amorphous selenium, selenium-tellurium,
selenium-tellurium-halogen, selenium-arsenic compound, énd |
amorphous silicon. The amorphous silicon may have dangling
bonds terminated ﬁith hydrogen atom or a halogen atom, or it may
be doped with boron or phosphorus.

The organic material may be selected from conventional
materials, examples thereof include phthalocyanine pigments such
as metal phthalocyanine, non-metal phthalocyanine, azulenium
salt pigments, squaric acid methine pigment, azo pigments having
a carbazole skeleton, azo pigments having a triphenylamine
skeleton, azo pigments having diphenylamine skeleton, azo

pigments having dibenzothiophene skeleton, azo pigments having
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dryi ng as necessary, starting curing reaction by

external energy, thereby formng the cross-1linked
woher7geotse ansport | ayer. The 5 thickness of thecT/JrP2007/054146

cross-linked charge transport layer is preferably

101zmto 301zm nore preferably 101zmto 251xm_1f the
fhivrekoessskeletde zze pogments hayingdxatiagnte ghelgton, azo

potential may not be maintained. |[|f the thickness

p?%ﬁl%%% BR4LE blr%@%rlfb'éﬁevmiélet&!\eézd PYSi ey Hig/ingr one

occur because of the volume constri ct| on at the
nme f 10.c f, the crossll is the
dclﬁfé@é’ IOP‘ﬁ%@’d‘Zé’g? gg@teqoﬁyé‘rz 35%% ﬁ charge

transport |ayer, the charge transport layer is formed
dhytydiyienibezode sketh tope piorylehe phgmendas pothragiadng er
havi ng charge transport function and tying resin in a

5 i(%’ecrh%g}l (!n}(és Bg%mga‘i?ﬁ‘é' H8idhd MRiRBYiggmdfRer at i ng

Ing. The cross-[inked surface

a |sforrred t he coatin ol ution

dinHearPAEhRRE SralriRBPRY O SARs PIAB TS0 REBLPRRLIORS O
the present invention on the charge transport |ayer,
leiisteoghiinkad pignidmtg, byariiepnazosnetlgne pgmentsor t he
charge transport materials, the electron transport

ﬁﬁgﬁgﬁ%c@%mgzl%se HikB ﬁ%fdbﬁg)@ég)ggﬁfeﬁatsandfm &earge

spor ners escrl ve may be enpl oyed.
Partlcularl charge transp rt. polyners are
generatyig éuéét%rseé WavUE Used FeneHr By coBbIBgrfo132
PCT/ JP2007/ 054146 undercoat | ayer may be suppressed

10 upon BRakplesdf inte@siesins kdtichsmrafyabe usadem a charge
generating layer as necessary include polyamides, polyurethanes,
epoxy resins, polyketones, ﬁolycarbonates, silicone resins, acrylic
resins, polyvinyl butyrals, polyvinyl formals, polyvinyl ket‘ones,‘
polystyrenes, poly-N-vinyl carbazoles, and polyacrylamides.

15 These binder resins may be used alone or in combination..

As a binder resin‘for a charge generating layer, in addition
to the binder resins listed above, polymer charge transport
materials having charge transport function can be used such as
polycarbonates having allylamine skeleton, benzydine skeleton,

20  hydrazone skeleton, carbazolyl skeleton, stilbene skeleton,
pyrazoline skeleton, high-polymer materials such as polyester,
polyurethane, polyether, polysiloxane, acrylic resin, high-polymer

materials having polysilane skeleton.
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woaprlipese s,

Exanpl es of the binder resin include polystyrene,
styrene - acrylonitrile copolyners, styrene -butadi ene

pol yester, polyvinyl chloride,
vi nyl chl ori de-vi nyl acet at e copol yners, polyvinyl
acet aRpecif®®b¥¥hiples e adigediradepopphygh polpiner

reS|ns phenoxy resins, polycarbonates, cellulose

I

SR L lgr%g.m P 907, b4
ol y- N-vi nyl car bazol e, acryl ate resins, | i cone
@b’é]lr@ﬂeﬁﬂx?lﬂ@éf?ngl 2415 %% O 41d $27s O%ﬂgﬁﬁaﬁe

resins, phenol resins, alkyd resins. These can be

@I&elfisfﬁlwe)@azﬁomoo‘mmwn 044820y r05-982004as ge
transport materials is preferably 20 parts by nass to

it 5330, JBrEa S ELOGO R B3R O (e

bi nder resin. \Wen the charge transport naterlal is a
POIREAE40, (06> 234Rdi g 06t 239040 06 ARIILICS REHOBA.

enpl oyed wi t hout binder resin. The solvent used in

%@Bzgmﬁﬁ 7 -9868Y1400801 76283 CHMBIIRITHP L 6oy er may
e the same as those used in the charge 20 generating

LR SRR Pl et et R

and the binder resin. The solvent can be used al one

09- 101 248yHIN a1 D4, DRel1QAT6 ORI 78 05881644, t he
charge generating |ayer may be 92 WO 2007/ 100132

5@12]?%?6@7(592%%@%%@7 BPhi 86 009 SR taRRTRIBE, | ayer

ormat 1 on l'adticizer and the leveling agent may

88 3a0d2d08d4 09-302085, 09- 328539 etc.

Specific examples of high-molecular weight materials
containing polysilane skeleton are polysilylene polymers disclosed
in JP-A Nos. 63-285552, 05-19497, 05-70595 and 10-73944, etc.

Furthermoré, low-molecular weight charge transport
materials can be.incorporated into charge genexating layers. The
charge transport materials can be classified into hole transport
substances and electron transport substances.

Examples of an electron transport materials include
electron-accepting substances such as chloroanil, bromoanil,
tetracyanoethylene, tetracyano quinodimethane,
2,4,7-trinitro-9-fluorenone, 2,4,5,7-tetranitro-9-fluorenone,

2,4,5,7-tetranitroxanthone, 2,4,8-trinitrothioxanthone,

88
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wonrertsipost | ayer

depending on the requirenments. Specific exanples of
plasticizers wused concomtantly with the charge
r include known 5 ones that arePOBUPIIO7/054146
used for plasticizing resins such as dibutyl
phthal ate, dioctyl phthal ate. The added ampunt of
RNe®tigiine-4iBiadimdl 2-bjtiepbene-4®mpart s by mass per
100 parts by mass of binder resin. Specific exanples
£f 190 1006T) G HiSFReAOM 8T bR Vaid diphbRollitnone
g_ar?ﬁ Iran_sio_ort ayer 1 nclude silicone 0|Ps such as
I met hy silicone ojl, and nethyl .,phenyl silic¢ane
v apSRS rodiese QPFHRe S nIRAET SRR R T B k1o
group in their side chain. The added anount of
d1ovel ain sg@bifati®n) part by mass to 1 part by nass
Fﬁr k100 parts by mass of binder resin. 15 The
ic ) t F
Sum' %@ﬁfﬁ AopSIEh AR PARC B PR okl @ialble
escribed in the surface | ayer. produci ng method, the
deniystivieskegadinzode dertyaives lrIB}‘ﬁ@e@iB TGRS t he
coating solution containing the radically
RONYWARY 1 78 bh &, (HERPEdhiees, ofridhd a2finese stiibena derivaiives,
?nlfhe gharge transport |ayer, drying as necessary,
ollao starti. . [ : t or |ight
GRS |ﬁt@§spay&enrﬁ%tlﬁft¢isc PlobfREy QAR e
surface |layer is preferably ~ 93 WO 2007/10Q132
dEEyIPetbaneserivativem tazphpehbane sea R EBeS 2m to
10m If the thickness is below 1m durability may

Yty r i thea bEeY SR rivi i keg spy BmbliMe derivatives, divinyl

benzene derivatives, hydrazone derivatives, indene derivatives,
butadiene derivatives, pyrene derivatives, bisstylbene derivatives,
enamine derivatives. These hole transporting substances. may‘be
used alone or in combination.

The method for forming a charge generating layer may be
broadly classified into the following two methodsi vacuum thin-film’
deposition, and casting method with solution dispersal.

The vacuum thin-film deposition includes vacuum
evaporation, glow discharge electrolysis, ion plating, sputtering,
reactive-sputtering, and CVD processes, which may form inorganic
materials or organic materials satisfactory.

In order to form a charge generating layer by the casting

method, the charge generating layer can be formed as follows: an
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the thickness is nore than 20m the charge transport
| ayer becone thick and cause inmage reproducibility

wdegradeise on due to a 5 charge diffusion. PCT/JP2007/054146

<Si ngl e- Layer Photosensitive |ayer> The single-Iayer
structural a cross-linked photosensitive layer is the

inyegadicadr begaicatge ggarsiatdtige ubetanee diGIAE8 in a
transport function sinultaneously. By containing

r.afl stanges_havi char ge
SO, e R PR AT B G RY BB R B ciatuppve
l.ayer having charge transport structure of the
Prelenemethbane; sronechdprekenzans, dishlorpethane,
singl e-1ayer cross-1linked photosensitive |ayer. As
declohielkadoine, thelopasnithBgnbobi fle My NGk fakthfE. ahar ge
generating layer, the 15 cross-Ilinked photosensitive

is.f by, di spersin har ge enerat.ing .
e e SR R YL AR SafiET PRt RarR g with
Eadically pol ynmeri zabl e conposition, drying as

HderBesin apreewsed, meing @ baHgmilly AR REBOR, sl mill,
external energy. Either the charge generating

stibshdneel1oisidigs Perse dek i Bdind di@?&f‘éi@h@%ﬁl&tﬁi&'@ﬁéﬂe 20
generating substance with solvent may be added to the

ti .$0J ufion for..t cross-1inke ptosensitiv
ﬁg‘?}%érﬂgﬂzuﬁﬁ 8Rﬂe%%p16?3?nl¥ec%4t6§§= I iA]Eeevgeqmg agent such as
photosensitive layer is preferably 10umto 301i m
dinethylesidicamieyoil Otierhydp R&py hsilidorteheil, 84 tWOlike may be
2007/ 100132 PCT/ JP2007/ 054146 thickness is bel ow
4@ @to Mol d7Ep@REi ALY bl ion liqui
fle At o e i 9GP ggg.s glg%e E]Pslpqulon thlqour%d

mai ntai ned. |If the thickness exc Sépara

- from an . . . .
mayni)e applied by way of dip coating, spray coating, bead coating,

ring coating.
The thickness of the charge generating layer is preferably

0.01pm to 5um, more preferably 0.05um to 2um.

-Charge Transport Layer-

The charge transport layer is the layer which has a charge
transport function and the cross-linked layer in the present |
invention may be used effectively as the charge transport layer. If
the cross-linked layer is the overall charge transport layer, as
described in the cross-linked layer manufacturing method,
applying the coating solution containing radically polymerizable
composition of the present invention (charge transport compound

having the radically polymerizable compound with no charge
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el ectrically conductive support undercoat |ayer may be
prone to occur because of volune constriction at the

woOiow/10613zuri ng. 5 When the cross-1|inked surfaeeTip3er/054146

is formed over the surface of single-Ilayer

phot osensitive | ayer, the photosensitive layer is

frzmspdrb g toicsaevang ao0radicaplsT polyaneriehBlg ugerienal i ng

substance, charge transport materials, and a binder

i r o) (IYY . [ kN

g R e e L
| asticizer, a leveling agent, or the Iike my also

@%‘/ 10&2% DESC PR Te SLantRRE g pRE Jeastion: by ¢ xternalhemepgy,
generating substances, charge transport materials,

Heebyclozefing tlendrdsvBEhked doteStimispdet 18peBanEhas

t hose which are used for the charge generating | ayers

[ I for 1 he hi nder,
S s S A T
the charge transport l|ayer, the binder resins
Hawy 1o 38Ry rmpeke raedexpdly geionato Agnmy ekstheathigkness is
enpl oyed i n conbi nati on. Besides, the charge
b&lans POfiin P kyfEE SHRYCHIE: 'ﬁgcbot\émfeﬂ iy ®AOh &R LidtHined.
reduci ng the inclusion of photosensitive conmposition

to the.crosssl{nked, surface

ower 20 | ayer 4 .
R, LR hesf 2xeRUdR Aot ROSHBE R R T Sl emarsbe
preferably 5m to 30m nore preferably 10mto 25m The
RH03esta petaer becatee of thy solitmed comsirichien athithestimi@of
of a 95 WD 2007/100132 PCT/ JP2007/ 054146 .
&irigke- | ayer photosensitive |ayer, a coating solution
containing radically polynerizable conposition and a

char 9%¢ gaeen%{'gstsl-ﬁ%ked layer is the cross-linked surface layer

formed on the charge transport layer, the charge transport layer is
formed by dissolving or dispersing charge transport materials '
having charge transport function and tying resin in a proper
solvent, coating on the charge generating layer, followed by drying.
The cross-linked surface layer is formed by applying the.cqating
solution containing the radically polymerizable composition of the
present invention on the charge transport layer, cross-linked
curing by external energy.

As for the charge transport materials, the electron transport
substances, hole transport substances, and charge transport
polymers described above may be employed. Particularly, charge

transport polymers are preferable because solubility of the
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substance is applied on the upper |ayer of the

phot osensitive |ayer, followed by drying as needed,
wand7aeeisng by the use of external 5 energy: hear/Jpr007/054146

optical energy. Preferably, the cross-Ilinked surface

| ayer has a thickness of 1Imto 20m nore preferably
wddévcbat 18yer hiay he dupsteresd uson behtinglof aduoabilinked

may fluctuate due to uneven thickness. The charge

egenggiqg%substance contained in the 10 single-I|ayer
%#F?%s ive layers is preferably 1% by nass to 30%

by mass. The binder_ resin contained in_the
phot oEsamplesef] thecbinder peindnshnge nodyshyoESs to 80%
by mass based on the total amount of the

et pseRsyIdnerileepolytiers hatygentrlamznliche rovpelymless,
contained in the photosensitive layer is preferably

0% by mass to, 15.70% b SS t . .
s vEeRy pnins iR PoLERERs, BBl tFrpolyyiay cbloride,
invention, in case of form ng the cross-|inked surface
viaydehlomiderwinylacebateneopolyaneng moly pinxli agatgtehe
internedi ate | ayer is possible for the purpose of

ﬁdl?‘()’?ﬁ}(l!i&é‘ﬁé chl§Fiad] polydd§Mhie ¥bsighs\WiphlenloRe eHdins,
cross-1i1nked surface | ayer or of inproving

adhesiveness wit.h.the | r_layer. .Thi S 4i [ tate
R éﬁﬂi’%%‘ieédﬁeg&lw ?ﬁ%toa\ﬁ%&e&ﬂ S’o?tthih‘éelk‘gf\REPr%g??é’of
the photosensitive |ayer conposition in the

wolyssayl bityradyupbhrenydfermadnpalymiingl tebiend.| y

pol yneri zabl e 96 WO 2007/100132 PCT/ JP2007/ 054146

| gvfas ' JAB, SekiN, RiiticORe b s W ins,
10 }?%l cti%%d}ggﬁr%(g\gl’e%@s@m%f et he crlolss-lei nﬁed sgro?gcléeSlnS

.Ia¥er” It is also possible to i .
melamine resins, urethane resins, phenol resins, alkyd resins.

These can be used alone or in combination.
The amount of charge transport materials is preferébly 20
parts by mass to 300 parts by mass, more preferably 40 parts by
15 mass to 150 parts by mass per 100 parts by mass of the binder
resin. When the charge transport material is a polymer, the
charge transport materials may be employed without binder resin.
The solvent used in the coating solution of the charge
transport layer may be the same as those used in the charge
20 generating layer described above. Preferably, the solvent can
dissolve well in both of charge transport materials and the binder
resin. The solvent can be used alone or in combination. The

same method as used for the charge generating layer may be
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i mprove adhesi veness between | ower | ayer of the
phot osensitive |ayer and the surface cross-1Iinked

woayerinoi32 The i nternmedi ate | ayer general |y useBChUPZIer/054146

resin as the major conponent. Exanples of these
resins include polyam de, alcohol-soluble nylon,

waidiedsfilrudh £r geot weti spoirt DEY¥F @rmBelonyi nyl  butyral,
and pol yvinyl alcohol. As torm ng nethod for the

adopt e e 43§ PHEE 4 IR DOURR A Bl Pe o °

t.he i at ermediate layer is preferably 0.05limto 2jzm
AgpeRding snddnteedeegnishe Ppeciictexamphes ofiplasticizers
undercoat |ayer may be forned between the support and

ubed pbolcosdbshtly\witH aNe rcha%%e thenspeRr ERRr j'flggggf i)}isnown

typically formed of resin. The resin 1s pre

' .St ant agaj nst_gener.al organi c sql vent,
BheR chah a3 Rk, R P nPEMrEing 8T sith Pedbimivhe
undercoat _ | ayers using oL%ani c solvent. Exanples of
phthalatendientw] phdbelatsnl Ubhe adskichansuntt efphoitjoikzeylis 0
al cohol, casein and sodi um 20 pol yacryl at e,

hepbPImaes 48130 p&stdB c ;
?ret hogyrﬁret hyl at e%l nyﬁqo%?ﬂgﬁ%igar%b%gg Rg%\/\%?%%ﬁ’ 6?%er

! i%e'di nmensi onal networ ks such as pol yuret hane,
nelaim ne resins, phenol resins, alkyd-nel am ne

resins, and epoxy resins. 97 WO 2007/100132
PCT/ JPpeeiioszantpleMaifdbvelingen damia wamblesn g ieRiitsy with
such as titaniumoxide, silica, alumna, zirconium

the eRardd Brad it 9hybRdhH X LA JTY o1 339ess dimethyl
silicone oil, and methyl phenyl silicone oil; polymers or oligomers
including a perfluoroalkyl group in their side chain. The added
amount of leveling agents is 0 part by mass to 1 part by méss per
100 parts by mass of binder resin.

The thickness of the charge transport layer is preferably
5pm to 40pm, more preferably 10pm to 30pm. '

As described in the surface layer producing method, the
cross-linked surface layer is formed by applying the coating
solution containing the radically polymerizable composition of the
present invention on the charge transport layer, drying as
necessary, followed by starting curing reaction by heat or light
external energy.

The thickness of a cross-linked surface layer is preferably
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to the undercoat |ayer for preventing noire patterns

and reducing residual potential. 5 These under coat
woayersosry be forned by using suitable sol veRCT/JJRI007/054146
coati ng nethods as the photosensitive |ayer. Sil ane
coupling agents, titanium coupling agents or chrom um
legupoi 2 mageprs preferabtaume toskivas Jhdkeddackpageis

of the present invention. Al1203 prepared by anodic

betowat i@ duda®alite niRy Salrg! dus 6 RirtsyekOthickness and when
pol ypar axyl yl ene (parylene) and inorganic materials

uch .as_Si 02 Sno Ti,02, | 1O 02 prepare
BERRRRFR S PR R AT el cRBoeeRERRIRS G B oFor
the undercoat |ayer. The thickness of the undercoat
hegpare thick andrcaiisy image reprodudbility degradation due to a
phot oconduct or of the present invention, the

5 chBlrbeXiifRidioAny be added to each of the cross-1linked
surtface | ayer, the photosensitive |ayer, the

.Ootective lgyer, the.charge transport |ayer, the
%ﬂi‘rgz% Igae‘/r?éfrgflf’ﬁ‘b%lna?&‘é‘?? &'Gnder coat |ayer, and the
internedi ate | ayer, etc. in order toi;?rove

envi r Chaminglelapemsiomctafabararossilinked phoposansitive
sensitivity decrease and residual potential increase.

1558104 €Re AhybPehaPhas0cth S obRet HIBc H@RM0Cand charge
conmpounds, ~ p-phenyl enedi am ne conpounds, hydroqui none

pheny

SR SRR R e

: conpounds. These anti-oxidants may be used al one or

10 gemerathighatubstances having charge generating function, the
‘cross-linked photosensitive layer having charge transport
structure of the present invention is effectively used as a
single-layer cross-linked photosensitive layer. As describéd in the
casting forming method for the charge generating layer, the

15 cross-linked photosensitive layer is formed by dispersing charge
generating substances with the coating solution containing
radically polymerizable composition, drying as necessary, followed
by starting curing reaction by external energy. Either the charge
generating substance or dispersed liquid containing the charge

20 generating substance with solvent may be added to the coating
solution for the cross-linked photosensitive layer.

The thickness of the cross-linked photosensitive layer is

preferably 10pm to 30pm, more preferably 10pm to 25um. If the
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Exanpl es of the phenolic conpounds include
2,6-di-t-butyl-p-cresol, butylated hydroxyani sole, 5

wa@ 2607006132 but yI - 4- et hyl penol , stearyl -(3-(3, PCT/JP2007/054146

5-di -t -butyl -4-hydr oxyphenyl ) propi onat e,

2,2' -met hyl ene-bi s- (4- net hyl - 6-t-butyl phenol ), '
thizknest hy (beiew- b0 gm( 4udfibidnt Ghardinicyh@pleaidd]) may not be
4,4" -t hi obi s-(3-nethyl -6-t-butyl phenol), 10

: id
By TR R s L B e
5-trj rrethl 2, 4, 6-tris)
%le&?m@ablért%n uqﬁm? @W@@ﬁEwWﬁQ%h yelt Bravake grone to
[ met hyl ene-3-(3', 5'-di-t-butyl-4' hydroxyphenyl) prop
oanat beeihsnef vabume constriction at the time of curing.
bi s[3, 3" -bi s(4"-hydroxy-3'-t-butyl phenyl)butylic

aci d] %?ﬂgﬂl s ﬁﬂﬂeh%%. Q&g e%uz%reis ﬁiﬂ (Iil %?igﬁl.fthtehe

p- pheny ene I 'am ne ‘compoun s i'hc
-1 soprop henylenedlan1ne

nfacy ﬁegkﬁjf@yerpp ﬁ‘é@ﬁﬁr@m@crﬁalmmé, tlyphotosensitive
N- phenyl - N- sec- but yl - p- phenyl enedi am ne,

Mer idi foirsdt BpylisBoRHARWredRPeasiniCa e generating
-dinmethyl -N, N -di -t-butyl -p- phenyl enedi am ne.

nggg tﬁgﬁ‘e”tﬁ%g b%n}%%g C(inpgll{ﬁ a bll’li] elruggsm in \E{\D

2,5-di-t-octyl hydoqui none, 2, 6-

PRQRsdeesIVRpd pRDREDDthpesylting paating selnéion,
2-dodecyl - 5- chl or ohydr oqui none,

followed by drying. A plasticizer, a leveling agent, or the like may
also be added as needed. The dispersion method for charge
generating substances, charge transport materials, plasticizers,
and leveling agents may be the same as those which are used for
the charge generating layers and charge transport layers. As for
the binder resin, in addition to the binder resins described for the
charge transport layer, the binder resins described for the charge
generating layers may be employed in combination. Besides, the

charge transport polymer may be used, which is favorable in

reducing the inclusion of photosensitive composition of a lower

layer into the cross-linked surface layer.

The thickness of the photosensitive layer is preferably 5um
to 30pm, more preferably 10pm to 25um.

The cross-linked surface layer is formed over the surface of a
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2-t-octyl -5-net hyl hydr oqui none, and

2- (2-oct adecenyl )-5- nethyl hydroqui none. 5 Exanpl es of
woOher7angiani ¢ sul fur conpound include dil auryl PBT/IP2007/054146

3" -thiodi propi onate, distearyl-3, 3'-thiodipropionate

and ditetradecyl -3, 3'-thiodipropionate. Exanples of

dihglolgpani phpbasnixitive layepoardsating sobdygion containing

tri phenyl phosphi ne, tri (nonyl phenyl) phosphine, tri

b . i e amd
A Y Rl ROk on o e
are known as antj-oxidants for rub S, | astigs
Dihssanee 15 anplied en the HPREE lAVRY PE%%MBF%? ive layer,
avai l able. The anmpbunt of the anti-oxidant is

fol Rives bl yd:1§i8g% dyeaded, Ahdtamrifgolyy thasse dfosddronl
the total mass of the layer which includes the

(%gegligiy?ﬁe%gggra%%ﬂg%?gﬂgg%y&munt of the antioxidant is

properly selected according to the

appl i cation, and out of_.total unt of _addi ng. l.ayer,
0. 019Pwpfanadly the ovagsyl ﬁ\%@? %ﬁ‘gge E?X‘F’éih&lﬁl %Fﬁtqlﬂ%‘g‘sé of
Form ng Met hod and | mage Form ng Apparatus) The image

1 erMogoapnanate prefeididy @2 aacnt 10 pment Ifothe thicknees is
at least a latent electrostatic inmage formng unit, a

000, 07A0RING Y AEROUSHIF 6 vl palgmos
cleaning unit preferably, and further inc| udef1 ot her

uni t s The ehatge generating substance contained in the
single-layer photosensitive layers is preferably 1% by mass to 30%
by mass. The binder resin contained in the photosensitive layer is
preferably 20% by mass to 80% by mass based on the total amount
of the photosensitive layer. The charge transport materiéls
contained in the photosensitive layer is preferably 10% by mass to
70% by mass.

| For the electrophotographic photoconduqtor of the present
invention, in case of forming the cross-linked surface layer on the
photosensitive layer, providing the intermediate layer is possible
for the purpose of flower layer ingredient from mixing with the
cross-linked surface layer or of improving adhesiveness with the
lower layer. This intermediate layer is produced by the mixture of

the lower part of the photosensitive layer composition in the

cross-linked surface layer containing radically polymerizable
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selected in accordance with the necessity such as a
cleaning unit, a charge elimnation unit, a recycling

wanod7/ioense a controlling unit. 5 The image for FRCMGP2007/054146

met hod for the present invention includes at |east a
| atent electrostatic inmage formng unit, a developin
conipigsitiont, vehiheprévantsrirthibiidnaoffd giinipgineactapy an
further includes other wunits suitably selected in

A ANGOM B 148 - NEkRISIdfaseithyas alt & £RPI pksible to

unit, a charge elimnation unit, a recycling unit, and
.a 10 controlling unit. The im form t hod f or.
iR oo R URSITRDGAR sk vekR B einasred, et sp BBppessp Shive
by means of the image form ng apparatus of the
lpyesamid the snrfare, ctodse-finkedtlagar.of a | at ent
electrostatic image can be carried out by nmeans of
the | ghent el 8ekl of! Blidr s8R 11y ulseE 'HiRdek Hekin bR&he
devel oping can be carried out by nmeans of the
devel opi ng unit, _the tiansf rring can.be.c rri?d out
189) HeeqiaPenent he BXaiRBIes ¢ ﬁae%ﬁq gsinsqaclude polyamige.
carried out by nmeans of the fixing unit, and the
debkol-solilde atiohe wedtrert ssdubie pbyynimah d udfyrahep olytvimeyl
units. 20 The image form ng nmethod and the inmage
f.orm_ng i ng .t ' tion
Rl R RRBIPb A SREROE, (A= OxhlIfPhEIAo) HELRE
apparatus using an el ectrophot ographi ¢ _phot.ocopduyct.or
indermegdiate lnser argaatingyaethort Iy geaeyal useds %f%’ as
2007/ 100132 PCT/ JP2007/ 054146 charging the

PR isanebé ta®ovee X isé MHidKIR dsnaffthe fieberopdinge layer is
transferring a toner imge to an inage carrier

PR 0103 R RS .

In the photoconductor of the present invention, an undercoat
layer may be formed between the support and the photoseﬁsitiye
layer.

The undercoat layer is typically formed of resin. The resin
is preferably highly resistant against general o.rganic solvents
since photosensitive layers are usually applied on the undercoat
layers using organic solvent. Examples of resins include
water-soluble resins such as polyvinyl alcohol, casein and sodium
polyacrylate, alcohol-soluble resins such as copolymer nylon and
methoxymethylated nylon, and curing resins which form
three-dimensional networks such as polyurethane, melamine

resins, phenol resins, alkyd-melamine resins, and epoxy resins.
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fixing and cl eaning the surface of the photoconductor.
An image form ng nethod which an electrostatic | atent

wo 200mageises directly transferred to a transfer PCIGP2007/054146

medi um does not al ways the steps. -Latent

El ectrostatic I mage Forming Unit and Latent
Meizlrogtlatfice povedre Figments bnch dehigtanient oxide, silica,
el ectrostatic image forming unit is a unit in 10

Wi fhina, Lalemtiusl sﬁfdeost'iﬂtdx‘idé BG% difnd Gkﬂf‘ednﬂk B added

electrophotographlc phot oconductor. Material s, ape,

ctur size . of the electro hot rap h|c
% aderdtat Bver i PEFHPRERE MON G PaLETIF ARdredugine
fron1knomn products, but drum shape can be a good use.
tésidoraltgrdemltedt r ophot ogr aphi ¢ phot oconduct or, the
el ect rophot ogr aphi ¢ phot oconductor of the present

i nventr g@secag.d@;g? 58 eryiﬁa&by Crnﬁa%ragf@és i{Fge

can be forne ace

of . the el ectrophot ograp p onduct qr, 20 )
gehestmand saatiRenest Eeg {hfepgem%{féelﬁlwer er. Silane
i mgewi sely by neans of the | atent electrostatic inage
toupling agerits, Thiadiaheobuptinech gostsabdbr chromdant cotphigg
unit is provided with, for exanple, at |east a

FHERS SRS S BB SeE 0 15 b LS htion.

electrophot raphi c_phot oconductor, .and an exposure
B@&’PE@W‘% byeanedic eridaginn, qrgagric gpaterials such as

eIectrophotographlc phot oconduct or

polyparaxylylene (parylene) and inorganic materials such as SiOs,

SnOg, TiOg, ITO, CeO2 prepared by vacuum thin-film forming step,
may also be used for the undercoat layer.

The thickness of the undercoat layer is preferably Oum to

For the photoconductor of the present invention, the
antioxidant may be added to each of the cross-linked sui‘face layer,
the photosensitive layer, the protective layer, the charge transport
layer, the charge generating layer, the undercoat layer, and the
intermediate layer, etc. in order to improve environment resistance,
particularly to prevent sensitivity decrease and residual potential
increase.

Examples of the anti-oxidant include phenolic compounds,

p-phenylenediamine compounds, hydroquinone compounds,
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I magew sely. The surface of the el ectrophotographic
phot oconductor can 5 be charged by applying a voltage

woaod7neoser f ace of the el ectrophot ographic PCT/JP2007/054146

phot oconduct or through the use of, for exanple, the
charger. The charger is not particularly limted, my
beganid atlfinr cahpotiads) orgndierslarspch ovushedpounidendébhese
use, and exanples thereof 10 include contact chargers
BRI E&Iaﬁ&enﬁw befﬂe(ﬁégﬂﬁl &r 1ML Gl icﬁ%u' pped with
a conductive or sem -conductive roller, a brush, a
film a rubher blade or the |ike, and ngn-contact
char gebsamnles sffde phepolic spmpennds syelidss corotron
and scorotron. The surface of the el ectrophot ographic
ehetdicobdugl-prereanl, Bntylatak bgdedxyhnisotsanpl e, by
exposing the surface of the el ectrophotographic

tQGQ Qr_J sely using the exposing
gggéﬁgiﬁgg§#%é“2§%§§¥%§ apparatus is not particularly
limted rovided that the surface of the
ér%%wld?pﬁgt%’glratplwwlpﬁ'&y&@@mnbeawlmarionnona@,has been
charged by the charger can be exposed i magew sely, nay

262°swict Bl en SBlieC L afletlyPE a0h Geylphenol)] the intended
use, and exanples thereof include various types of

_exppsi ng apparatus._sueh as reprqduci ng opti cal
22 ERERS O PRR A TS U DR AR 103 Wo
2007/ 100132 PCT/ JP2007/ 054146 optical systens, and
K 4ctibdobisy 68 ane thl 6 drbuptlpbanodyst ens. 1n the present
i nvention, the back Iight nethod nay be
4,4-butylidenebis-(3-methyl-6-t-butylphenol),
1,1,3,-tris-(2-methyl-4-hydroxy-5-t-butylphneyl)butane,
1,3,5-trimethyl-2,4,6-tris)(3,5-di-t-butyl-4-hydroxybenzyl)benzene,
tetrakis-[methylene-3-(3’,5’-di-t-butyl-4’-hydroxyphenyl)

propionatelmethane,

bis[8,3’-bis(4’-hydroxy-3’-t-butylphenyDbutylic acidlglycol ester

and tocopherols.
Examples of the p-phenylenediamine compounds include
N-phenyl-N’-isopropyl-p-phenylenediamine,

N,N’-di-sec-butyl-p-phenylenediamine,

. N-phenyl-N-sec-butyl-p-phenylenediamine,

N,N’-di-isopropyl-p-phenylenediamine, and
N,N’-dimethyl-N,N’-di-t-butyl-p-phenylenediamine.

Examples of the hydroquinone compounds include
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enpl oyed in which exposing is perforned i magew sely
fromthe back side of the el ectrophotographic

wohoet7aoenduct or. 5 When i nage form ng appar at uUBCTAP2SB 54146
as a copier or a printer, imge exposure is done by

irradiating specula light or trgnsmtted light to the
2068 deostaliy do v wimmel e rfigod ey XA rqgquingrst Zodaoc?ecyq

lights to the photoconductor by |aser beam scan, LED
hglikreyuiiione Ddoldeqyi-8-chlysslaydedyiinemnegl | ey drive
according to the 10 signals converted by readi ng

' 2&2??{{&%%%{;%{]88?2885&%né’%@ opi ng and Devel opi ng

unit I’s a unit in which the | atent
el ectrostati ¢ image i s devel oped using a toner or a
2d&vertagecenyl)-papathy Mivdirensinemge. 15 The visible
i mge can be forned by devel opi ng the | atent

5 el ectEashplés of TheDrEanidsulfir @m@pphad @mdoeder or a
devel oper by neans of the devel oping unit. The

QR EER, P Bhbut PR P SRRy R IO 8

as a |atent 20 el ectrostatic image can be devel oped
ditsitnagdecstlondrthtodipsepeitgger . Preferred exanpl es
thereof include the one having at |east an inage

develDPAMY16€¥F €Be Wz Rid USSP hoartiO e PBuRd§ eN@udRer
therein and enabl es supplying the toner or the

TR P A T e 010
: non-contact state. The i nage devel opi ng devi ce
10 (diswomgllphenyd| physsphine, tricresylphosphine and tri
(2,4-dibutylphenoxy) phosphine.

These compounds are known as anti-oxidants for rubbers,
plastics, oils and fats, etc., and are easily commercially avéilable.

The amount of the anti-oxidant is preferably 0.01% by mass

15 to 10% by mass, based on the total mass of the layer which includes
the anti-oxidant. - .

The added amount of the antioxidant is not limited and be
properly selected according to the application, and out of total
amount of adding layer, 0.01% by mass to 10% by mass is

20 preferable.
(Image Forming Method and Image Forming Apparatus)

The image forming apparatus of the present invention

includes at least a latent electrostatic image forming unit, a
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dry-devel opi ng process. It may be a nonochrone col or
i mge devel oping device or a multi-color inmge

wdevwlopisng device. 5 Preferred exanpl es ther eB€T/IP2007/054146

i nclude the one having a stirrer by which the toner
or the developer is frictionally stirred to be
debargetls v, 8 trabafahlieg magnes fixingeunit, inthedésrage
devel opi ng device, for exanple, a toner and the

arr.ier are mex n t . ' r
cfArtpEoRl g EE 4o hat B 1hPRARLE Sl Sgtably
where the toner is standing over the surface of the.
selected iy ansgnéaneemith the neressHy $e¢hAg 2 pgcunit, a
brush. Since the magnet roller is |ocated near the

cBhBss LORRDI AGpARMIE, Ahetyenngueiial and pavhtodllidpunit.
toner constituting the magnetic brush forned over the

urface t he 15 t lLer :
N R T e i L
attraction force. As a result, the |atent ) .
ledsca latamdt lectsgeticsmpge fopatng gk & develnng gnit, a
forma visible toner inmage over the surface of the

tf%ﬁ%fg&?ﬁ@hﬁgf,%m 6 fiRN0E 0G0 dud Airthde ifibkudieyetloner

housed in the i mage devel oping device is a

devel oper, .contai,ni,ng a toner, and.the d r
agibn e ol GO G oo Reargie iy e LEE e a8
devel oper. Commercially avail able products can be
clsatifeonnit)a thaege elidsinadi@Oomitog reeycling unit, and a
PCT/ JP2007/ 054146 -Transferring and Transferring Unit

C#?ghgig#{gg§£erring unit, the visible image is

The image forming method for the present invention can be
preferably carried out by means of the image forming apparatus of
the present invention, the formation of a latent electrostat.ic image
can be carried out by means of the latent electrostatic 1image |
forming unit, the developing can be carried out by means of the
developing unit, ‘t‘he transferring can-be catried out by means of
the transferring unit, the fixing can be carried out by means of the
fixing unit, and the other units can be carried out by means of the
other units.

The image forming method and the image forming apparatus
according to the present invention are an image forming method

and an image forming apparatus using an electrophotographic

photoconductor having a cross-linked layer includes units of
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onto a recording nedium and it is preferably an
enbodi nent in which an internedi ate transfer nenber
wooargiedi32t he visible image 5 is primarily trareTarPr0etos4146
to the internediate transfer nenber and then the
visible inmage is secondarily transferred onto the
cheeeitl Re pistiodondAst@ieaporibrg thé intwze, rdaaflepmgg
unit is nore preferable in which two or nore col or
teRRRCEREhE oLt B gt 7020 MERbe il (ABFARAE Boben).
I s used, and the enbodi nent inclydes a r| mary
fiximgsaadl paning Whe shriaee of §]i1%lpglqtﬁ‘é‘@% F‘étotrr ansferred
to an internediate transfer nenber to forma
CONPOAt EnhEafefing Method keliiehran abectaosteia datent
transferring in which the conposite transfer inmage is
.transferted
s il ERR L AT e b e EERt B Ao R inE inplfup, does not
charglng a VISIb|e I mage fornmed over the surface of
alwmayesi g styiMBt ogr aphi ¢ phot oconduct or using a
transfer- charger to transfer the visible imge, and
-1 hitent E1pER At nIR2S Forin inpeUnitasideLatag: Bbedtrosiatic
the transferring unit, it is preferably an enbodi nent
whi ch 20 'nC“['f g a primary transferring unit
Tmpes e S Y nsfer the visible imge to an
i nternedi ate transfer nenber to forma conposite,
t r ansTére latagé electatoatatee omdaeyforming vpih Hya gt 1n
configured to transfer the conposite transfer inmge

10 \QHE& 3 HQEnYR1QP441H20d 32 aBC s 2R BR4lA6 recording

medi um The internmedi ate transfer menber is not

e %E:tt:x!o%ho%og}{aphlc photoconductor.

Materials, shape, structure, and size of the
electrophotographic photoconductor are not limited, and pfopeply
selected from known products, but drum shape can be a good use.

15 For the elecfrophotographic photoconductor, the
‘electrophotographic photoconductor of the presgnt invention can be
used.

The latent electrostatic image can be formed, for example,
by charging the surface of the electrophotographic photoconductor

20  uniformly and then exposing the surface thereof imagewisely by
means of the latent electrostatic image forming unit. The latent
electrostatic image forming unit is provided with, for example, at

least a charger configured to uniformly charge the surface of the
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limted, nmay be suitably selected from anong those
known in the art in accordance with the intended use,

wand7moef3er red exanpl es 5 thereof include tranBCEIPINT054146

belts. The transferring unit (the primary transferring
unit and the secondary transferring unit) preferably
¢lestippotagraphia phatodomdpetor, and em exposereconifigured to
to exfoliate and charge the visible imge fornmed on

dffosel €d saphEesl Be ke cpPl 965bFHpheE phdtdébdddapier

the visible image onto the recordi ng nmedium For the

; i.nhg unit, there may be one transferring unit
13#3?%7?%{1&. nore transferring units. Exanples of the

i mage transfer device include corona inmage transfer
devi cdheugurfgce ofdhe elesttoplygographyf photomgnsbidter cas

transfer rollers, pressure transfer rollers, and

17slBRa S 'rbp!;@@t)l;iihgrbs ¥8TtagRi {sthd BErfREOsEENY nMedi um

is typical andard paper. As long as It is
t,ransferable of. unfi xed i.mage after t devel pprent ,
§lpc rgp%ﬁ)%{)gmﬁu[ceﬂf’w% n&ﬂ“&g%’? I%r%‘églég ¥ ebri@tng to
the application, and 20 PET base for OHP can al so be

axsggple,-thexelmargard Fixing Unit The fixing unit is a
unit in which a visible imge which has been

o e SRR R iy velams
ST R R SN X R R
recording nediumor at a tine so

include contact chargers known in the art, for example, which are
equipped with a conductive or semi-conductive roller, a brush, a
film, a rubber blade or the iike, and non-contact chargers utilizing
corona discharge such as corotron and scorotron.

The surface of the electrophotographic photoconductor can
be exposed, for example, by exposing the surface of the
electrophotographic photoconductor imagewisely using the
exposing apparatus.

The exposing apparatus is not particularly limited, provided
that the surface of the electrophotographic photoconductor which
has been charged by the charger can be exposed imagewisely, may
be suitably selected in accordance with the intended use, and

examples thereof include various types of the exposing apparatus

such as reproducing optical systems, rod lens array systems, laser
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that each of individual color toners are superinposed
at the sane tinme. 5 The fixing unit is not
woaodvitoulsar |y |imted, may be suitably sel ect edTuUP007/054146
accordance with the intended use, and
heat - pressurizing _.units known _in the art are
BPg‘rcéﬁ) SHeleseanddignl exyyrlishutter aptivad systémisng
units include a conbination of a heat roller and a

pressum thaigreséheinveaiidon, chahaeatlisht dhethd®atay be
roller, a pressurizing io roller, and an endl ess

: erature.in the heat-.pressurizing
BRinloy 1 Gs TR ExhBERR 5B qd Spee e Bnprom the
| nvention, for exanple, an optical fixing apparatus
t?ﬁﬁa]é\ﬁl'ili?n of theglectnophssog jorpheocondiuegouni t and
the 15 fixing unit, or instead of the fixing unit.

- O earWhgnaiittla £ €ernigs dpigarbas G Ra¥IdNgs St &piks
step in which the el ec%tdgigwot ogr aphi c p?wot%%olndggt%r

| S [ l.eani ng, unit...Exanpl es of ih
bt E R Mool S BRakop R gt sCnblgnbight or
brush cl eaners, el ectrostatic brush cl eaners, magnetic
tramsapitted dighisto bhepdotbeemeustorbirosh dotearearts, ok
cleaners, . The charge elimnation step is a step in_

hdbatibarngehisto ehé mb@&n@ﬂc&?gé%g%o@ﬁ%ﬁ%@f, LED

charge-elimnating bias to the 10

SR RO A oA 5B G 120
charge-elimnating unit.

signals converted by reading documents with sensors.
-Developing and Developing Unit-

The developing unit is a unit in which the latent
electrostatic image is developed using a toner or a developér to
form a visible image.

The visible image can be formed by developing the latent
electrostatic image using, for example, a toner or a developer by
means of the developing unit.

The developing unit is not particularly limited and may be
suitably selected from those known in the art, as long as a latent
electrostatic image can be developed using a toner or a developer.
Preferred examples thereof include the one having at least an

image developing device which houses a toner or a developer

therein and enables supplying the toner or the developer to the
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The charge-elimnating unit is not particularly
limted as long as a charge-elimnating bias can be

wappl7iiedisko the 5 el ectrophot ographi ¢ phot ocon8aTiB1007/054146

and may be suitably selected from anong
charge-elimnating units known in the art. For

baxiemyl e ctrosbatiganed garinal ¢nwtdcdg Dmotheohided state.
preferably used. The recycling unit is a unit in which

ol | m nt ety he APRte de9RE phiBIAeelTBR =

geve oping, and the recycling can be sui tabl% )
EY Ta5ViedeP Mg REQGRSS. ofltzmpz i pimgnophromeneler épageng
unit is not particularly limted, and exanples

tibeskofingnidwide oeal iyig culirt inkpeWevielopitg dévicelhe
controlling unit is a unit in which each of the steps

C e . ach of these steps can be
BrEtert S KRRG-S B shETd £ B BEPRE e by
The controlling unit is not particularly limted and
waych dhesigneany the develaparnisarecnonals stitted: tebe
i ntended use as |long as operations of each of the

tihtge i amd e £51atabld athgtdrdl¥apl es 20 ther eof
i ncl ude equi pnment such as sequencers and conputers.

Next, .t i mage forming. method and the inmage formng, .
appar %P&}ea%%gai‘ﬁed’ etl?)g{%dﬁ}”é?e Pr Pﬁ@@?ﬂq%oﬁ fRmer adgd the
described in detail with reference to the draw ngs.
OTiga2e0TIxeshasd fiyerb1be et li4eehaiged Wy ifsicaional
schematic view showi ng an exanple of the imge form ng
RRBAA MRt A At6 BRI BTN B dtat® Wl Bhd¥ohbEis standing
over the surface of the rotating magnet roller to thereby form a
magnetic brush. Since the magnet roller is located near the
electrophotographic photoconductor, a part of the toner
constituting the magnetic brush formed over the surface of the
magnet roller moves to the surface of the electrophotographic
photoconductor by electric attraction force. As a result, the latent
electrostatic image is developed using the toner to form a visible
toner image over the surface of the electrophotographic
photoconductor.

The developer to be housed in the image developing device is
a developer containing a toner, and the developer may be a one

component developer or may be a two-component developer.

Commercially available products can be used for the toner.
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phot oconductor uniformy, the charging charger 3 is
used. Exanples of the charging unit include a

woamrantizonal unit, such as 5 a corotron devi ceCTAP2007/054146

scorotron device, a solid discharging elenent, a
needl e el ectrode device, a roller charging devi ce and
-Tnansfeseing eald Pravsfesuing Unibr ush device. The
configuration of the present invention is particularly

ef f eCld ¥Be ithaAsfdi2ifé REhidNtRe Vidbld M aRROIOGAMSESHR
conmposition is to di ssol ved by proxrnrty di schar gi ng

from char uni,t such cont stem, ar
SRR R IR e B At I R
used. The term "the contact charging systen1 means
whichcarigtenmeyiatentransiar arembends gt d, dheevisikle image
charged brush, a charged bl ade, directly touches the

%ﬁ%@?@uﬁtﬁfsfegédlgo the iAtdshedane tlﬁrrf%)féﬁhié’mber and

charglng systemis the one that. the charged rol

2 wouhleTmREs e SobtrdRalY CHRSHRSTOLARIN P rl%wfamg

surface and the charging unit for instance. If this
mediygap idn teaobbddingent ofidhgitmgnsfaateng aurbié ismsowmbl e,
whereas if this air gap is too snall, 20 in case that
ﬂi'la?elraqﬁbqﬂadvh OR% o8 ﬁ&k%l@ﬁ%ﬁ&?@%&tﬂeg An
charging nenber surface nmay be contam nate

Consequent | the air gap eferabl mto

erpbedm et eﬁheﬁ#asf ri@&.l%nsiﬂﬂi TRRYPLRY fﬂéﬁf}iy fRwhich a
formng an electrostatic latent image in the 110 WO
fAliodd160ad32r RETstH? G Olhdl 4T o dinedéwt dndudiegra primary
charged uniformy, the image exposing unit 5 is used.

t'?éﬁ.?fé!g??né’ﬁn PRidH BRY vEAYIE SmPge! A% raTRIEHDPRS LAY

uni

intermediate transfer member ,to form a composite transfer image
thereon, and a secondary transferring in which the compoeite
transfer image is transferred onto a recording medium.

The transferring can be performed, for example, by charging
a visible image formed over the surface of the electrophotographic
photoconductor using a transfer-charger to transfer the visible
image, and this is enabled by means of the transferring unit. For
the transferring unit, it is preferably an embodiment which
includes a primary transferring unit configured to transfer the
visible image to an intermediate transfer member to form a
composite transfer image, and a secondary transferring unit

configured to transfer the composite transfer image onto a
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include a general illumnant, such as a fluorescent
light, a tungsten |anp, a halogen |anp, a nercury
woapriodisap, a sodium 5 lanp, a light em ttingcuiupmer/054146
(LED), a laser diode (LD) and an electro |um nescence
(EL). For exposing a light having only a desired
wecoeldongnbedivian i ous filters, such as a sharp cut
filter, a band pass filter, a near-infrared cutting

Fi |t emp i tieeleiged 'tféﬁéfer"’}ﬂegi use&%@gaﬁé hhéﬁgr and

a color conversion filter can

Vi S i zin tro tic. latent inn rmed qQn
Wég?fho{ﬂaé’gh%jﬁemﬁi Seﬁﬁgtea]efr@%&%@n%ﬁgp% nowR dg. the
Exanpl es of the .devel opi ng nethod include a

aresnc seqouantcedeitdl tpe iytarde dust vandopgedserdd examples
devel opi ng using a dry toner and a wet devel opi ng

' t ng the photoconductor 1
{4IrBEf ﬁlﬁ!ﬁﬁfsﬁ%%g%ﬁ?iegrﬁgl%

positive and by exposing the i mage

in theg, photoc nductor ) positive (negative)

el ect é’set‘afﬁn@ ?%ﬂgatunlﬁé@’g eprimgrydgassieirang Jinit fnd the
of the photoconductor 1. Further, by devel oping the

deabmdd ry dtrantfdnrage uﬂit)‘lpﬁefwablj vecludesi 41 ke)sttner
(vol tage- detecting fine particles), a positive image

iﬁf%g%rggéﬁ'rQfeq/lﬁggoﬁﬁgu?}éddc%v fgﬂagg al %?Ig%%g”& e visible

I mage negatrve
.negative inage can be obt ai ned. I\Iext for transferring
inyage famed padthe sdectranbetegraphic plindpeenduataroio 1 t o
the transferring nedium9, the transferring 111 WO

1200 ¢fchOHS 21761 $iRAQR 7d A HKE re@dﬁﬁﬁgrméaiﬁﬁl. USEgr ther
transferring the toner i mage nor e vant ageously, the

ttrﬁﬁgfgr%ﬁé r\‘lqli&r ﬁlé:rl?aam%y be o trans?exsr(%nlésuﬁjlt or two or

more transferring units.

Examples of the image transfer device include coroﬂa image
transfer devices using corona discharge, transferring belts,
transfer rollers, pressure transfer rollers, and adhesion image
transfer units.

The recording medium is typically standard paper. As long
as it is transferable of unfixed image after the development, it is
not limited, and properly selected according to the application, and
PET base for OHP can also be used.

-Fixing and Fixing Unit-
The fixing unit is a unit in which a visible image which has

been transferred onto a recording medium is fixed using a fixing
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Exanpl es of the transferring nmethod include an
el ectrostatic transferring nethod using a

wonertger3ei ng charger and a bias roller; 5 a nmechapooabs4146

transferring nmethod, such as an adhesion transferring
nmet hod and a pressing transferring nethod; and a
ARpAzates.t and dherimage fitihgdnayHee peefirnosd aveey time each
transferring method can use the charging unit. Next,

86loa Mt odirtisf 190 nRES! ihbH e ARELUE 24 1 A7
10 the plgoltsoconductrgpgoll{l%te%%é gge I?irrll%gcrkggr ger q}lggr?dﬁme S0
e, peel i l.a 2 can be used. Exanples of the
%ﬁ?}‘égag}ééﬂgﬁélﬁm‘{a]li slpudensrs 2Bt supesHmREFed at the same
adsorption inducing peeling unit, a side belt peeling

tmne., a top grip conveying unit and a curvature
peeling unit. the peeling charger 11, the charging

As

unit : - I - ' residual .
t oner @Igﬂe t éﬂgﬁgitug(]:l gr{gﬁﬁ %l;tflél%la%? fgﬁhp% éfl tnrlgﬁg%ee??’ftﬁg,ly
%g; £%£.brush %4 and the cl eaning blade 15 are used.

CEE G AR Af5OT pRN s Witk dhetighendad resesfand heasinressheizing
cl eani ng pre-charger 13 may be al so used. Exanpl es of
whitsdchewn il chaiary awdigreifeed bigeuse dvebEXae@pidato i d
and a magnetic brush 20 cleaning unit. These cl eaning

£ . -1 hell wl.dual | r.__Ln_copbinatio
REs DraRfazit? SR B, Chbinal el BFR GRS Filleand
in the,  photqoconductor 1, a neutralizing unit is used.
Besthreang raller, antha porigontiooesa rek/ mibkoD 2/ 054s46izing
neutralizing unit include the neutralizing lanp 2 and
wllareundhhzdndleebdeder. As the neutralizing lanp 2

and the

The heating temperature in the heat-pressurizing unit is
preferably 80°C to 200°C.

In the present invention, for example, an optical fixing
apparatus known in the art may be used in the fixing unit and the
fixing unit, or instead of the fixing unit.

-Cleaning and Cleaning Unit-

The cleaning step is a step in which the electrophotographic
photoconductor is cleaned using a cleaning unit.

Examples of the cle.aning unit include cleaning blades,
magnetic brush cleaners, electrostatic brush cleaners, magnetic
roller cleaners, blade cleaners, brush cleaners, web cleaners, .

The charge elimination step is a step in which charge is

eliminated by applying a charge-eliminating bias to the
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neutralizing charger respectively, the exposing |ight
source and charging unit respectively can be used. 5
wéoaieer32uni ts, such as a docunment readi ng unPCT/IR2007/054146
paper feeding unit, a fixing unit and a paper
di scharging unit, which are arranged distantly from
el étrphbotepraplocrhatocenduetnr emal ituean be &myaébf used.
The present invention is an image form ng et hod and

pERfdIREE Yy il sPRAANES -disnifiat#iy Alef.0conduct or
for the ¢électrophotography of the present invention

as t [ e formn unit..The i e, formng.unit ,m
o e THE RS Lmitat B i At PRTielpt g iliba B
machine, a facsimle machine or a 15 printer; or

loeg achalthargncdiminatiag biasacan becxpplied ttoi tdge.
described in the follow ng. (Process Cartridge) The

. : riridoe) U
5 e{?ﬁ%&@%?g%ﬁ%& 1696 ¥ftobPRIAEERS A d BMENbE Wit dlyusilBeted

ot ogr aphi ¢ phot oconduct'or of the present

i nvention and 20 ..any agne of .at.|east. char gi uni t
RO A BRI R DT SR FRATING f1ike oy g 1he art,  For

el ectrophot ogr aphi ¢ phot oconduct or, an exposi ng unit
esamnfippyreedhhoge-ekippamiihg lanryg acaheflikbes @rpbomdly used.
phot oconductor to formlatent 113 WO 2007/ 100132

PCT/ J I 1 ioCha i .
uni t '?%%% %gréééé?%nﬁel\g/g ggﬁf gjtilgﬁ%llc e ec(te%gst t |6§Bilg?rg§}enc

fornmed on the el ectrophot ographi .. .
toner that had been eclgm?reated gn the c(ieanlng is recycled in the

10 developing, and the recycling can be suitably performed by means
‘of a recycling unit.

The recycling unit is not particularly limited, and examples
thereof include carrying units known in the art.

The controlling unit is a unit in which each of the steps are

15  controlled, and the each of these steps can be preferably controlled
by using a eohtrolling unit.

The controlling unit is not particularly limited and may be
suitably selected in accordance with the intended use as long as
operations of each of the units can be controlled, and examples

20 thereof include equipment such as sequencers and computers.

Next, the image forming method and the image forming

apparatus according to the present invention will be described in

detail with reference to the drawings.
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weloermeas2 on unit.

phot oconduct or using toner to formvisible inmage, a
transferring unit, a cleaning unit, and a charge

5 An exanpl e of the processPCT/IJP2007/054146
cartridge is shown in FIG 5. The process cartridge

i ncl udes the photoconductor 101 and at | east one of

t he clEIG 4ds ansdheliatictiewdshewopg g aramplehf theeimage
transferring unit 106, the cleaning unit 107 and a

RS LZl | t ' ' . d the
proc%géhégg??l ge é%qgg?g% g%?éﬁ%bﬂgigg%ﬁg' fﬂﬁ?he

mai n body of the  inmage form ng.apparatus._ The ingage
PBPHGAT AtedpT WAy téue SIREANAIEGE LipHetn

FIG 5 includes rotating the photoconductor 101 in the
Hixmeghiearof iHwwhabyinighenitr imsbnde hacghvgntibaal unit, such as
phot oconduct or 101 using the <charging unit 102;

i - phqt t 101 [ : j
R S e
inage correspaonding to the exposed_inage in the
saedlecelestradr depings Gcoliricebardime deviserand@pel opi ng
the electrostatic latent image using the devel opi ng

“dlYctritefly-tswdeéiave ibrashhdewierel oped toner inmage to

the transferring nedium 105 using the transferring 20 .

sur  ace O R REERE R B i pite A0 iFilfn f AU AR

transferring using the cleani n% unit 107; and L
afactiakilz ian%hﬂ@nﬁh@nﬁcﬁmtuth%P ebacand ygyoy composition is
neutralizing unit (not disclosed in FIG 5), wherein

diddoNeed B?’ PrdkiNEty M EEHAEAS o ¢R3981H HahitBuch as

process, the photoconductor 101 is rotated. This

5r?€a%%scﬂasi'girr1§%§7%%eegi or non-contact proximity placement

charging system is used. The term “the contact charging system”
means the charging system in which a charged roller, a ch;arged
brush, a charged blade, directly touches the photoconductor. On
the other hand, proximity charging system is the one that the
charged roller is proximity placed with non-contact state havlin‘g )
air gap of 200pm or less between the photoconductor surface and
the charging unit for instance. If this air gap is too large,
charging tends to be unstable, whereas if this air gap is too small,
in case that the residual toner exist the photoconductor, a charging
member surface may be contaminated. Consequently, the air gap

is preferably 10pm to 200pm, more preferably 10pm to 100pm.

Next, for forming an electrostatic latent image in the
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woOher7pnesent

As is clear from expl anations given above, the

phot oconductor for the el ectrophot ography according to
5 invention can be w dely appli eBCnGP2007/054146
only to copying apparatuses for the

el ectrophot ogr aphy, but al so to el ectrophot ography
photdcatduptor fli digse dsunifoamlyaties ibega @podiapsunitR is
printers, LED printers, liquid crystal printers and

) ki _ . 7
b8aE | BaAlp B R, LA Be PR B bepBlindirle 5
present invention is ex%Ioai ned in _detail and the

T 1ngei o geprepllBamanantosieh asia Eluorappn i uPd not
be construed as limting the scope of this invention.

Ahgsrnt Bapea lexpeeasedn pya mescwnt eapoi haingatedodium
ot herwi se. 15 (Exanple 1) An undercoat |ayer of 3.5pm

[flnbiacdef? P AR ERPITh AR A L) T

t hi ckness were for{m& on_al um num cyl inder of 30mmin
elesteq bumppescencenttilal-| yFapsrprang Rdisbhbaying smlyian
for 20 undercoat |ayer of the follow ng, applying the

86sirb AGv A0 Mig@R, Makiod il acHencs aharg ¢wtyfiltedf a
the follow ng, applying the coating solution for the

bgtnn A s B0 Roed S5chde Ss80% Blfna bl ao

the surface cross-linked |layer of 7iimin thickness
inte rfrrenicadiltby agpt aycodoncpnyeviani flfes shm bomsedr a
cross-1|inked ‘

Next, for visualizing an electrostatic latent image formed on
the photoconductor 1, the developing unit 6 is used. Examples of
the developing method include a one-component developing and a
two-component developing using a dry toner and a wet devéloping
using a wet toner. By charging the photoconductor 1 positively
(negatively) and by exposing the image in the photoconductor 1, a
positive (negative) electrostatic latent image is formed on the
surface of the photoconductor 1. Further, by developing the
formed latent image with a negative (positive) toner
(voltage-detecting fine particles), a positive image can be obtained
and by developing the formed latent image with a positive
(negative) toner, a negative image can be obtained.

Next, for transferring the visualized toner image in the

photoconductor 1 to the transferring medium 9, the transferring
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surface | ayer of the follow ng on the charge transport
| ayer, exposing under the condition of 150sec

wexprgiong2t i me by using UV 5 | anp system by FuBC®DP2007/054146

shown in FIG 6A and WV |lanp system by USH O shown in

FIG 6B, and fo]lowed by drying for 20mn at 1300C.
Pé%g?fbgpdﬁe‘}sﬁe E?%‘éﬁ@?ﬁ%f@&ﬁb@hpnephmm@met or

of Exanple 1 was produced. Here, FIG 6A shows a

gdenniagbousg] shé d)féné%ri'iii@f)ﬁé’%h@flgeioi MayBeite wadd.
in FIG 6A denotes a vertically placed photoconductor,

[ I i | @.represent Jrradiation
PRshtofts e BMHIEEAUR wlehof (pERiFE R ebhoataticany
syst em manufactured by USH O 51 in FI G 6A denotes a

nsighEiae yephad atingiotvanafanting ch&zedrsand laabins eolfer;
arrows in FIGrepresent 15 irradiation |ight.

4 Gneploshidadtrahsfeain Neh SiHd, iskiehf 95 a'rlngﬂléé)i%tn Layer]
Al kyd resin 6 parts (Beckosol 1307-60-EL by

(Mol I m.cals, lnc. Mel am resin .
HRERR e B RPE el sl Beline el rThs BRptarnmB0n
Ink and Chenmicals, 1Inc.) Titaniumoxide . . 40
waens tiqeransfearing methode The elbcprostaticlinAferring
2007/ 100132 PCT/ JP2007/ 054146 [ Conposition of Coating
melkhbd @arf Gke ¢hardRrepnghalitng Layer]

Ti t anyl pht hal ocyani n 2.5 parts

Next, as an unit for peeling the transferring medium 9 from
the photoconductor 1, the peeling charger 11 and the peeling claw
12 can be used. Examples of the other peeling unit include an
electrostatic adsorption inducing peeling unit, a side belt peeling
unit, a top grip conveying unit and a curvature peeling unit. As
the peeling charger 11, the charging unit can be used.

Next, for cle;ming a residual toner on the photoconductor 1
after the transferring, the fur brush 14 and thg cleaning blade 15
are used. For cleaning the residual toner more effectively, the
cleaning pre-charger 13 may be also used. Examples of the other
cleaning unit include a web cleaning unit and a magnetic brush
cleaning unit. These cleaning units may be used individually or
in combination.

Next, optionally for removing the latent image formed in the

photoconductor 1, a neutralizing unit is used. Examples of the
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Pol yvi nyl butyral (XYHL by UCC Inc.) 0.5 parts
Cycl ohexanone 200 parts 5 Methyl ethyl ketone 80

woaod7s10)Benposi ti on of Coating sol ution for Chacggpr2007/054146

Transport Layer] Bi sphenol z-type pol ycarbonate

10 parts (Panlight TS-2050 by TEIJIN CHEM CALS LTD.)
bewtralizing enihandedertdrspentratitieg BmpXpaadsed by
the 10 following Structural Formula (11) 7 parts

H@%%Hﬁlﬁé ckarger. St %‘E%é‘ rrﬁgutggii% )}élrﬂc# 2 dn® tH3C

Tetrahydr of uran 1 arts etra uran sol ution

of 1%.by. mass of silicone qil 0.2 parts 15

PRE bali%@@;f%/r@n %wtwgm tha exposing Hght source and
[ Conposition of Coating Solution for a Cross-Linked
Shatfgice uhityeedpechivedsticaal by yseldyneri zabl e conpound

Wi th charge transport structure 10 parts 117 WO

2007/ - 1 | d_No. 54
(ol e areet bt SRl 8o 8 dSeu s RERRARERANE p St
) ..Radically_ polynerizable nononer with no charge,
%q%;ggdmlt, a fixing unit and a paper discharging unit, which are
arranged distantly from the photoconductor 1, conventional units
may be used.
The present invention is an image forming method and

image forming apparatus using the photoconductor for the

electrophotography of the present invention as the image forming

. unit.

The image forming unit may be either fixed and

incorporated in a copying machine, a facsimile machine or a

printer; or detachably incorporated as a process cartridge:

described in the following.
(Process Cartridge)

The process cartridge of the present invention including the
electrophotographic photoconductor of the present invention and
any one of at least:

a charging unit configured to charge the surface of the
electrophotographic photoconductor, an exposing unit configured to

expose the surface of the exposed photoconductor to form latent
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structure 10 parts 5 Trinethyl ol propane
triacryl ate (KAYARAD TMPTA by N ppon Kayaku Co.,

word7/10msk ecul ar wei ght : 296, nunber of funcPCoIR2007/054146

groups ='3) Photopol ynerizable initiator 1 part

| RGACURABLE 184 (by N ppon Kayaku Co., Ltd., nolecular
blecterogtatic iDAge, aShé welopidgturdhednfigirad to d&delparkatent
(boiling point : 66C, saturated vapor pressure =

Soerbel t . 126C,
é z\t ur at ea?%%%%e%gﬁes(gﬁrﬁeﬂ{eeef&%d / 258%9%%%(: parts

osur ndi t.ion and Met hod for Controlling
%8?%&‘3‘#&& ugiRg; toner, o v visthie AP asgy wa}%ﬁ%rrmg
system (light intensity : 3300WcnR) 20 Irradiation
chefpe cled mingpheit andiarchaiget élimimadiammunitat er (f 1 ow
rate : 3.5L/mn, circulation direction : top to

Do ARy PO PREEL B b BhapL g oFBUAER it 519

CEQ&%@T%%%%“ NeRRSF Rne RHOTPRORIERG1 1 GRSopt least
for altering
one of the charging unit 102, the developing unit 104, the
transferring unit 106, the cleaning unit 107 and a neutralizing unit
(not disclosed in FIG. 5), and the process cartridge is detachably
attached in the main body of the image forming apparatus.

The image forming step using the process cartridge shown in

FIG. 5 includes rotating the photoconductor 101 in the direction
shown by the arrow; charging the photoconductor 101 usiﬂg the
charging unit 102; exposing the photoconductor 101 using the
exposing unit 103; thereby forming an electrostatic latent image
corresponding to the exposed image in the surface of the
photoconductor 101; toner-developing the electrostatic latent
image using the developing unit 104; transferring the developed
toner image to the transferring medium 105 using the transferring
unit 106, thereby printing out the image; cleaning the surface of
the photoconductor 101 after the image transferring using the

cleaning unit 107; and neutralizing the photoconductor 101 using a

neutralizing unit (not disclosed in FIG. 5), wherein during the
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the composition to' the follow ng of the coating
solution for a 5 cross-1linked surface | ayer, exposure

woaotitiien, and the nethod for controlling teRrpPEIRINNT/@S54146

for Exanple 1. [Coating Solution for a Cross-Linked
Surface Layer] A radically polynerizable conpound
wiro¢esshahgehotanepdnttorsiflias wmosated.10Thas psoddss is
Exanpl e conmpound No. 180 (rnol ecul ar wei ght : 591,

P ed.of functional groups : 2) Radically

po ynerizable nDnoner with no charge transport

struct yr parts t aeryt hrytol hexal cryl ate

(by Nifg‘?:) ck@fﬁ anXPEL‘E%I 1°n51%" l§%ﬁA aver age
nol ecul ar wei ght : 536, nunber of functlonal groups :
phé}ocRthiadpo fgrmehe zedidzxtteophbtcbgtayhy acdonqiing toRGAGHRIsent
2959 (by N ppon Kayaku Co., Ltd., nolecular weight :

Mnﬁgn%%lnvﬁ@%1dg§ El'ﬁcpﬁb'f Qﬂl to co ?&éﬁ?gﬁratuse.s for

(boil'i ng ol nt at ur at ed vapor

76 007/ 10013 PCT/ P2007/ 054146

&P ﬂ@grapw E)é&ttaslseti& ofpgrapkp@pplication
sat ur at ed vapor pressure 3. 95m”ng/ 250)
fields, such as laser beam printers, CRT printers, LED printers,

liquid crystal printers and laser plate makings.
Examples

Herein below, with referring to Examples and Comparative

‘Examples, the present invention is explained in detail and the

following Examples and Comparative Examples should not be

construed as limiting the scope of this invention. All parts are

 expressed by mass unless indicated otherwise.

(Example 1)

An undercoat layer of 3.5um in thickness, a charge
generating layer of 0.2pm in thickness, and the charge transport
layer of 23pm in thickness were formed on aluminum cylinder of
30mm in diarﬁe‘ter by sequentially applying the coating solution for
undercoat layer of the following, applying the coating solution for
the charge generating layer of the following, applying the coating
solution for the charge transport layer of the following, and

followed by drying.
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[ Exposure Condition and Method for Controlling
Tenperature] 5 WV lanp system by Fusion (1ight
wonv@nsitsy : 2700W cni) I rradi ati on chamber PCT/JP2007/054146
at nosphere : air Heating nmedium: water (flow rate :
3.5L/mn, circulation direction : top to bottom of

t he p’l‘ﬁbﬁc ¢RE Weireide cidsaslinketdaber of Manunathickbbes was
sheet of 3mmthickness 10 (tensile strength :

BT o AT B T R

phot oconduct or of Exanp produced si m lar to
suirfiacd hayeaebhtlee ioléwelpg omoth%lphérgﬁ grapgpaqrs layer,
conposition to the follow ng of the coating solution

FxPosing UiRS- tHNKeRdTUeh 3E € HREEIexpSPRS tiedondising UV
and the met hod -for controlling terrperature [ Coati ng

Sol utio Cr osss Li nked fage

s 1R% curryn e T B o Pt Y taath pustem,
20 structure 10 parts Exanpl e conpound No. 105
YHHI& shawmwbi gHG.: 6 Baandrfoblesred by dwriegifona0minaps
: 1) Radically polynerizable nononmer with no charge

(RS PO 2 AB200 HHS4ddRductor of
]g%%t u%r%ﬂﬁeﬂ%r%é%%ﬁ%&% y?at e% Ni pp%% ore

a ak Lt d YARAD DPHA, aver age nol ecul ar
avle T igss DiitnserL- of ]

Here, FIG. 6A shows a (vertical radiation) UV lamp system
10 by Fusion, 51 in FIG. 6A denotes a vertically placed photoconductor,
52 is a lamp, and arrows in FIG represent irradiation light. FIG.
6B shows a (horizontal radiation) UV lamp system manufactured
by USHIO, 51 in FIG.6A denotes a horizontally placed
photoconductor, 52 is a lamp, and arrows in FIG represent
15 irradiation light.
[Composition of Coating solution for Undercoa‘; Layer]
- Alkyd resin -+ 6 parts
(Beckosol 1307-60-EL by Dainippon Ink and Chemicals, Inc.)
+ Melamine resin *+- 4 parts
20 (Super Beckamine G-821-60 by Dainippon Ink and Chemicals,
Inc.)
- Titanium oxide -++ 40 parts

+ Methyl ethyl ketone --- 50 parts
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functional group : 5.5) 5 parts 5 Trinethyl ol
propane trimethacrylate (by Kayaku Sartoner, SR-350,

weaveragei3nol ecul ar wei ght : 338, nunber of funeCTaPab7/054146

groups : 3) 5 parts Photopol ynerizable initiators
1 part KAYACURE CTX (by N ppon Kayaku Co., Ltd.,

Ebemositionl@f Gentitg Sobdkdn BolGlemtge GehR@aparg Layer]
Tetrahydrof uran (boiling point : 66C, saturated vapor

Pr esspfia nyl 3K ERTIde, 2Rt { EXBO ndition and Method
for Cont rngl ﬂi ng Teihperat ur e%oé%ﬁt%?/ | anp system by

chaibRe B LHEET X WL B Cicnkar -5 BARREL Sam

200 (by Matsumura QG I, organic a heating mediumoil)
Fl ow Catlehexanbeni-n; 200 ealragi on direction : top to
bottom of 20 the photoconductor) Elastic nenber :

sili af, .3 Lckness (tensile
str eﬁlgtréﬁh.sfpg%]i gﬁgﬂ%l S Agﬁlaé r%ss . 48, thermal
nductivity ; 0.35Wm_- K) 121 WO 2007/100132
mpesitienosaCestingselwsion for Ghargectransost depxami
phot oconduct or was produced simlar to that in
ExaniBsphenvdeptyp®poby darbionete he: carppaitd on to
(Panlight TS-2050 by TEIJIN CHEMICALS LTD.)

+ Low-molecule charge transport material expressed by the

following Structural Formula (II) --- 7 parts

H5C

SRS
NQm: < -+ Structural Forﬁula I
¢ ) >

H;C
- Tetrahydrofuran -+ 100 parts

+ Tetrahydrofuran solution of 1% by mass of silicone oil +++ 0.2

parts
(KF50-100CS by Shinetsu Chemical Co., Ltd.)
[Composition of Coating Solution for a Cross-Linked Surface
Layer]
+ A radically polymerizable compound with charge transport

structure +-+ 10 parts
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the followng of the coating solution for a
cross-linked surface | ayer, 5 exposure condition, and

woOher7eti3ed for controlling tenperature for Eramgb®molos4146

[Coating Solution for a Cross-Linked Surface Layer] A
radi cal |y pol ynerizabl e conpound with charge transport

st r udtxample cpmmund No. 5= anplexulapvpaighd :Nbl9 ABumber of
(ol ecul ar weight : 628, nunber of functional groups

fuBdtiolatigeahpy Pol yneri zabl e nonomer with no charge
transport structure Caprol actone -nodified-

oo G Yo Rme FaRT4 oo Gpler i b BDarEP Lraramt

= 1948, nunber of functional groups : 6) 5 parts
F@R‘Jéérvth'r'ytlél patisacryl ate (by KAYAKU Sart oner,
SR- 295, average nol ecul ar wei ght : 3528, nunber of

ot bR e &R‘%ﬁ%%s“%“ﬁﬁq%pmék N e
BBt obassFBG7apadorroaquar weidhiny a6 Baber of
boiling point : 66C, saturated vapor pressure :
thmups 80 parts 2-propanol (boiling point
82C, saturated vapor pressure =
- Photopolymerizable initiator “:- 1 part
IRGACURABLE 184 (by Nippon Kayaku Co., Ltd., molecular
weight : 204)
+ Solvent
Tetrahydrofuran --- éO parts
(boiling point : 66°C, saturated vapor pressure :
176mmHg/25°C)
Butyl acetate‘(boiling point : 126°C, saturated vapor
pressure : 13mmHg/25°C) --+ 30 parts
[Exposure Condition and Method for Controlling Temperature]
* Fusion (vertical radiation) UV lamp system
(light intensity : 3300W/cm2)
+ Irradiation chamber atmosphere : air
* Heating medium : water (flow rate : 3.5L/min, circulation

direction : top to bottom of the photoconductor)

+ Elastic member : NA
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32. 4nmmtHg/ 250) 60 parts 5 [ Exposure Condition and
Met hod for Controlling Tenperature] W | anp system

woyoFFusien (light intensity : 1000W cnR) | r r adTA@P20071054146

chanber atnosphere : air Heating nedi um: BARRELSAM
%00 (by tsumura G|, organic a heating nmediumoil,
Esamplee2) 3.5L/min, circulation lo direction : top
to bottom of the phot oconductor) El astic nenber

ur et haaa eﬂ@@mgh@fcoérmicrspmﬂo@bﬁq&%toﬁ bﬁmdaﬁple 2 was
strength : kg/ cn?, JI S-A hardness : therrral

SRRERD Kblise, %%&Bh&%@%ﬁ@%ﬂiﬁ? e eeAl iy altoring

simlar to that in Exanple 1 except for altering the
shepostpesihiomoto the folpwangry tdfe edrtingaoilntiozoforta on
for a cross-linked surface |ayer, exposure condition,

apskd- o Tt @fFakenagen &8lddui demeioH, Uikd thé @eaﬂrcrw for
Solution for a Cross-Linked Surface Layer] 20 .

rad nerjzable go wi th charge transport
!ﬁré)ralbrnép 6 tdlrrtes%oé)é n%&?’Ligglrrpound No. 135

%nnlecular melght : 581, nunber of functional groups
CmgltmgsSWDlti@ﬂfbn%@SQSPﬁhk@dcﬁ)ﬂrﬁﬁéﬂzﬁver]Radl cal ly
pol yneri zabl e nononmer with no charge transport

ﬁte; gg%lri?lﬁé%@{r YAF LRIz APE! ddrBfo@hRSRIALENAPSY ER nsport
structure -+ 10 parts
Example compound No.180 (molecular weight : 591, number
of functional groups - 2)
- Radically polymerizable monomer with no charge transport
structure :++ 10 parts
Dipentaerythrytolhexalcrylate (by Nippon Kayaku Co., Ltd.,
KAYARAD DPHA, éverage molecular weight : 536, number of
functional groups : 5.5)
- Photopolymerizable initiator -+ 1 part
IRGACURE 2959 (by Nippon Kayaku Co., Ltd., molecular
weight : 224)
+ Solvent
Tetrahydrofuran --+ 60 parts

(boiling point : 66°C, saturated vapor pressure :

176mmHg/25°C)
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Ni ppon Kayaku Co., Ltd., KAYARAD DPCA- 120, average
nmol ecul ar 5 weight : 1948, nunber of functional

wWQReMp$0132 6) 5 parts Trinethylol propane trpatayioat/es4i46

(by N ppon Kayaku Co., Ltd., KAYARAD TMPTA, nol ecul ar
vvei'ggt © 296, nunber of functional groups : 3) 5
part YCWWW@HZ@%IP@WW tiator 1 part 10
KAYACURE DETX-S (by N ppon Kayaku Co., Ltd., nolecul ar
welboliting pifi} : 158°Eniaturaled vapor préesusdydr of ur an
(boiling point : 66C, saturated vapor pressure :

5 [ Exposure Condition and Method for
e

ntro enper at ur e] WV | anp system by Fusi on
él ight intensity : 3300W cgr!g) I rradiation chanmber
[Expaspre Gondigion apd Mekboddar GantraHing Temporatae] -

3.5L/mn, circulation direction : fromtop to bottom

of - tU& hhapogytdur borFusidn Giglst itemiBer 27008Wicaid)ng
silicone rubber sheet of 1mmof the thickness (by

5. o PR R ER atkldtphedG AR o i s

hardness, : 23)_ 124 WO 2007/100132 PCT/JP2007/ 054146
( ExaHigrbing mEdkiua ésratephdlonragei: 8. phinae opidealafions
the Exanple 6 was produced simlar to that in the
dEXHTRAE - TopteVttdAY ofthe pHMBoconductor)
- Elastic member : natural rubber sheet of 3mm thickness
(tensile strength : 300kg/cm2, JIS-A hardness : 50, thermal
" coﬁductivity : 0.13W/m-K)
(Example 3) |
The electrophotographic photoconductor of Examplé 3 was
produced similar to that in Example 1 except for altering the
composition to the following of the coating solution for a
cross-linked surface layer, exposure condition, and the method for
controlling temperature
[Coating Solution for a Cross-Linked Surface Layerl
- A radically polymerizable compound with charge transport
structure :++ 10 parts
Example compound No.105 (molecular weight * 445, number

of functional groups : 1)

- Radically polymerizable monomer with no charge transport
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the composition to' the follow ng of the coating
solution for a 5 cross-1linked surface | ayer, exposure

woaonitiien, and nmethod for controlling tenper aCUIR2007/054146

[Coating Solution for a Cross-Linked Surface Layer] A

rad| gal |y polynerizable conpound with charge transport
MGERES e 10 parts 10 Exanpl e compound No. 54

(rml ecul ar wei ght = 419, nunber of functional groups

. 1) Digeditaakythyyabyinety zakletentoyoEppontKapakah@sgd.td.,

transport structure 10 parts Tri met hyl ol propane

TI\/PTA rmFﬁJH%r t’m@g@ r%@th Ok'o?g? ﬁ*ﬁ%&eﬁar

rou olymarlzable initiator 1 part
R’F@&%UF@ g8y b% gioppon SariRu Co., Ltd., nolecul ar
wei ght : 204) 20 Sol vent Tetrahydr of ur an (boi ling

poi nTrimGGBy]slap ropained t Mansthacpy Reuls Ka amlah?o'iﬁ‘ér
90 parts Butyl acetate (boiling point :

spbigs e a2 R AERY S0k BETLIEFERIL RS

and Method for Controlling Tenper at ur e] By USHI O
FHBMS, AL al* 'r AR @XGSon) UV | anp system (I ght

* Photopolymerizable initiators --+ 1 part
KAYACURE CTX (by Nippon Kayaku Co., Ltd., molecular
weight : 204)
+ Solvent --- 120 parts
Tetrahydrofuran (boiltng point - 66°C, saturated vapor
pressure : 176mmHg/25°C)
[Exposure Condition and Method for Controlling Temperature]
« UV lamp systam by Fusion (light intensity : 1300W/cm?) A
+ Irradiation chamber atmosphere : air
* Heating medium : BARRELSAM 200 (by Matsumura Oil,
organic a heating medium oil)
- Flow rate : 3.5L/min, circulation direction : top to bottom of
the photoconductor)
+ Elastic member : silicone rubber sheet of 3mm thickness
(tensile strength : 45kg/cm?, JIS-A hardness : 48, thermal

conductivity : 0.35W/m+*K)
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intensity : 800WcnR2) 5 Irradi ati on chanber atnosphere
air Heating nedium: water (flowrate : 3.5L/mn,

woio@ubeaseon direction : left to right of thePCT/JP2007/054146

phot oconductor) Elastic nenber : NA (Exanple 7) 10
The el ectrophot ographi ¢ phot oconductor of Exanple 7

(Bsampledbiced similar to that in the Exanple 1 except
for altering the conposition to the follow ng of the

coati mg, sef whsﬂfggﬁgql[iggﬁm%mée&f@sg prdvelced

exposure condi t1on, met hod for controlling

temperature. 15 [ Coatjng soluti.on for.a oss-1inked
shptlaz do  thad in E&smecgmeaﬁﬁ%@ﬁem he gpmpfigition to
with charge transport structure 10 parts Exampl e
tlhenfalloniiNg 05 4 hervlaging aoluwieoyHor a Ad8s-limkbéd surface layer,
functional groups : 1) 20 Radically polynerizable

| 1 C t AU
SRRORTL, 4L CRAR U ROt (5L LIS emplihoues o
Kayaku Co., Ltd., KAYARAD TMPTA, nol ecular 126 WO
Seamuleol32 PCT/ JP2007/ 054146 weight : 296, nunber of
functional groups : 3) Photopolynerizable initiator
ICpatih gl RIACIE fdB4 ChysNLppked Saydkee Cayerlt d.
nmol ecul ar ’
+ A radically polymerizable compound with charge transport
structure -+ 10 parts
Example compound No.173 (molecular weight : 628, number
of functional groups : 2)
- Radically polymerizable monomer with no charge transport
structure
Caprolactone-modified-dipentaerythrytol hexaacrylate (by
Nippon Kayaku Co., Ltd., KAYARAD DPCA-120, average molecular
weight : 1948, number of functional groups : 6) -+ 5 parts
Pentaerythrytoltetracrylate (by KAYAKU Sartomer, SR-295,
average molecular weight : 3528, number of functional groups :
4) «-+ 5 parts
- Photopolymerizable initiator --+ 1 part
IRGACURE 819 (by Nippon Kayaku Co., Ltd., molecular
weight : 204)

+ Solvent
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wei ght : 204) 5 Solvent Tetrahydrofuran 90 parts
(boiling point : 66C, saturated vapor pressure

wazemibini325C) Butyl acetate (boiling point : 1P6@IP2007/054146

saturated vapor 10 pressure : 13mHg/ 25C) 30 parts
[ Exposure Conditi on and Method for Controlling
Tenpetaahydiofurau (henlingypeiam 6 Hissasmratedmapor
intensity : 3300W cnR) I rradi ati on chanber

pAidRSBNel Po i iHI 91T) SubsgotgHed (oxygen
concentration : 1%or |less) 15 Heating nedium: water

fl te : . t LI ;
T R L Je e B R
NA (Exanpl e 8) The el ectrophot ographic

3214111 giARDdr - of Gxpapte 8 was 20 produced simlar
to that in the Exanple 1 except altering foll ow ng

it CGHd?lﬁohhfn& QRLEHYH 88 EonePolld dg FetlPSEtukeKked

surface ayer exposure condi tion, t he 'net hod for

mo R dgeny susibe by datkion dlight in Oﬁ/mr 31 L600W/cm?)

cross-1linked surface | ayer] A radically polynerizable

condovadiaticih chharlpger atmospbere - stir uct ure 10 parts

Exanpl e conpound No. 54 (nol ecul ar wei ght : 419, nunber

of. Heating medium : BARRELSAM 200 (by Matsumura Oil,
organic a heating medium oil, flow rate : 3.5L/min, circulation
direction : top to bottom of the photoconductor)

- Elastic member : urethane sponge of 5 mm in thickness
(tensile strength : 0.05kg/cm2, JIS-A hardness : 12, thermal
conductivity : 0.043W/m-K) |
(Example 5)

The electrophotographic photoconductor was produced
similar to that in Example 1 except for altering the composition to
the following of the coating solution for a cross-linked surface layer,
exposure condition, and the method for controlling temperature.
[Coating Solution for a Cross-Linked Surface Layer]

- A radically polymerizable compound with charge transport
structure --- 10 parts

Example compound No.135 (molecular weight : 581, number

of functional groups : 1)
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5 functional groups : 1) Radically polynerizable
mononer with no charge transport structure 10
weoaod7sodise met hyl ol propane triacrylate (by N ppomJP2007/054146

Kayaku Co., Ltd., KAYARAD TMPTA, nol ecul ar wei ght

296, nunber of functional 10 group : 3)

Phot Besligalyipdlpmernizableapenomer wakh mo ChasgetregsNasy

Ni ppon Kayaku Co., Ltd., nolecular weight : 204)
stehvde 15 Tetrahydr of uran 90 parts (boiling point

: 66C, saturated vapor pressure = . 176mrHg/ 25C)

But yl~_acet at.e_(bai |4 peint ;. 126C urated v

or 2 GRS B RSl plosififa ATyt e idey s ST hEE B 4EE Wy
Condi ti on and Method for_Controlling Tenperature] uv
Nipgoms Fetyah b orubt dn KAYARAD DBRA 1120, 33e09ge meylecular
I rradi ati on chanber atnosphere : air Heating nedium:

5 weidit (199% habfber & Alddbionalkfeupat 6PN - 128p¥\Qs
2007/ 100132 PCT/JP2007/ 054146 direction : bottomto

(BeangiBe B ERREE Ao eI CBRBEoRaaa: G- drtd.

Exanpl e 9 was
KAYARAD TMPTA, molecular weight : 296, number of functional

groups : 3) +++ b parts
- Photopolymerizable initiator -+- 1 part
‘10 KAYACURE DETX-S (by Nippon Kayaku Co., Litd., molecular

‘weight : 268)
- Solvent -++ 120 parts
Tetrahydrofuran (boiling point : 66°C, saturated Vap(')r
pressure : 176mmHg/25°C)
15 [Exposure Condition and Method for Controlling Temperature]
. UV lamp system by Fusion (light intensity : 3300W/cm?2)
+ Irradiation chamber atmosphere : air
- Heating medium : water (flow rate : 3.5L/min, circulation
direction : from top to bottom of the photoconductor)
20 - Elastic member : radiating silicone rubber sheet of 1lmm of
the thickness (by Shin-Etsu Chemical Co. Ltd., thermal
conductivity : 5.0W/m+K, tensile strength : 20kg/cm?2, JIS-A

hardness : 23)
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5 produced simlar to that in the Exanple 1 except
that a radically polynerizable nononer having no

woher7geotse ansport structure was changed to et ROXYPINT054146

phenol A diacrylate (by SH NNAKAMURA Co., Ltd.,

ABE- 300) . (Exanple 10) 10 The el ectrophot ographic
¢deduct or of Exanple 10 was produced sinilar to

that in the Exanple 1 except that the exposure tine

for g e1R$s0photodaphié pEStdHIuNRE &Q@@ezxaagslnetm

t hi ckness of the cross-linked surface | ayer was i m

Exanpl e 11). 15 The .el ectrgphgt ogr aphi c _phot aconduct or
wip TERHeE SETAS 10 SR8 Dc e EAARSR 1 b SPRABE fif CHFEiE
Exanpl e 1 except that a photoconductive coating
tlsobotnipmsitioh tehiloh folhewiha ofjshgaoating aglutiendpr and -
the charge transport |ayer were the foll ow ngs were

cxfb%@tl?ﬂke d'dfidacd T%éf,‘ @xpkakdeendiohh a2 heaSoli Ve
ayer was 20 23g “Conposi tion of Photosensitive

E e M L S
following 129 WO 2007/100132 PCT/ JP2007/ 054146
[GatintBalutios for a CroOLpaked SjfacOl@yerd O N - NN
- NNN OOOOOO
- A radically polymerizable compound with charge transport
struéture «++ 10 parts
Example compound No.54 (molecular weight : 419, number of
functional groups : 1)
- Radically polymerizable monomer with no charge transport
structure <-+ 10 parts
Trimethylol propane triacrylate (by Nippon Kayaku Co., Ltd.,
KAYARAD TMPTA, molecular weight : 296, number of functional
groups : 3)
- Photopolymerizable initiator --+ 1 part
IRGACURE 184 (by Nippon Kayaku Co., Ltd., molecular
weight : 204)
+ Solvent
Tetrahydrofuran (boiling point : 66°C, saturated vapor

pressure : 176mmHg/25°C) -+ 90 parts

Butyl acetate (boiling point : 126°C, saturated vapor
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Charge transport material expressed by the foll ow ng

Structural Fornul a 20 parts H3C Nf & CH=C 5 H3C
wei2e07plesel Z pol ycarbonate (Panlight TS-2050, POY/JP2007/054146

TEIJIN CHEM CALS Ltd.) 50 parts Tetrahydroflan

400 parts (Conparative Exanple 1) 10 The
prdssatrecphbnogHgp? WChhot 088mutsor was produced

simlar to that in Exanple 1 except that a

[E%ws%iﬂei ObRdiHATASE MABKST fRE0RE IR Tdath g ulrBE

thi ckness of a charge transport |ayer was set to
27p. Jopar.ati.ve anpj.e, 2 The .
ele 3{:5% g H?@éﬁo’i@é@ﬁd’@tﬁy %&gprﬁyg&ﬁ@eglght
simlar to that in the Exanple 1 except that a
imreassty | BREW/EmPace 130 WO 2007/ 100132

PCT/ JP2007/ 054146 |ayer was formed according to
Exanmph 2dibifn WRath afA8lphgp2o%ix The air cooling

thod was used as a nethod for controlling the

o HoraDd meatnre, Batas | Bom rafarn e SOAK, Skchfatitn

el ect rophot ogr aphi ¢ phot oconduct or was produced
dietioar : 1eft thatight oEthep sotbcendeaptom)hat a

cross-linked surface I|ayer was fornmed according to

EXATBiS % Monlfsf Npa 2004- 302450

(Example 7)

The electrophotographic photoconductor of Example 7 was
produced similar to that in the Example 1 except for altering the
composition to the following of the coating solution for a
cross-linked surface layer, exposure condition, and the me"chod for
controlling temperature.

[Coéting solution for a cross-linked surface layer]
- A radically polymerizable compound Withh charge transport
structure -+ 10 parts
Example compound No.54 (molecular weight : 419, number of
functional groups : 1)
+ Radically polymerizable monomer with no charge transport
structure -+ 10 parts
Trimethylol propane triacrylate

(by Nippon Kayaku Co., Ltd., KAYARAD TMPTA, molecular
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of Exanple 1. The air cooling nethod was used as a
controlling nethod for being the surface tenperature

woho@hotidgonductor to be 10 50C or | ess. (ConpardPi00®054146

Exanpl e 4) The el ectrophot ographi ¢ phot oconduct or was

produced simlar to'that in Conparative Exanple 3
wekgletct 206amuvbex pdfungtionalgromps t5Dsec in

Compar ative Exanple 3. The air cooling 15 nethod was

useP1RsoPotPRkr PdH1BdnMaRbOd f-or 1therisur f ace

tenperature of the photoconductor; however, surface

te t qgonduct or s o0 r, nore.
<sntisen oy Ll Tw SRR a0 Gy Leorob e lern

el ectrophot ographi ¢ 20 photoconductor at 32-fold
wekgint f 204) i on was conducted using an optical

m croscope (by CARL ZEISS). The results were given in
Tablg19ent31 WO 2007/ 100132 PCT/ JP2007/ 054146

<Tenper ature Measurenent> A surface tenperature of
phot oconductor at the fjnme of exposure was neasured
usi téagﬁém%’df@@pl'éf éfhé’f’srg?facep t enper at ure of

phot oconduct or was neasured at lcmintervals over 5

t ifeoilng tloint : BBeCpeataecarducipor pxespird br areas 3cm
away from both ends of the photoconductor in order to

eV e~y neasurenent area frombeing direct hit by

12§'5no]§|ﬁr%/§ﬁ (gj?ﬂ Sur face tenperature of photoconductor

was measured durj ngi_ the .
Butyl acetate (boiling point : 126°C, saturated vapor

pressure : 13mmHg/25°C) --- 30 parts
[Exposure Condition and Method for Controlling Temperature]

- UV lamp system by Fusion (light intensity : 3300W/cm?2)

. Irradiation chamber atmosphere : nitrogen substitutéd

(oxygen concentration : 1% or less)

- Heating medium : water (flow rate : 3.5L/min, circulation
‘direct,ion : top. to bottom of the photoconductor) -

- Elastic member : NA
(Example 8)

The electrophotographic photoconductor of Example 8 was

produced similar to that in the Example 1 except altering following
composition of the coating solution for a cross-linked surface layer,

exposure condition, and the method for controlling temperature.
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exposure. Initial tenperature of the central part of

the 1o photoconductor, tenperature in 30sec after
wexprses2 nmaxi num tenperature, and the differPemar2007/054146

bet ween maxi mum t enperature and m ni mum t enper at ure

f photo nductor circuit ju t for posure in all
[(oabine Rt gR ot 8 Giare Lurketh SHRTaCeIares] <Neasur eent
of the Post-Exposure Electri cal Potential > 15 In the

pot eAtraalicallp pady meeved hlat doanpegud pareiit clsaogm tram s,
1, the charging unit 202 was the scorotron system

' grid age could be reached till 1500V, and
S#ﬁ‘%ﬁﬁhl gh- vo]}/(pgée power supply had 10kV of peak

vol tage. An exposur n|t 3. wa used und t he
condbRRBI et pAENE AN ﬁmﬁbe%ﬁ@ Bmbgy of

i ght source wavel ength f8 |l ens focal Iength was
5 fRbdtionabgiroupscanni ng beam di aneter was 68.51zm
verti cal scanni ng beam dianmeter was 81.511m i mage

st at L;

fil tlérﬁ 1p ()ns%l %?% bl %@8&6@3‘?[@%3 ng eqd%ﬁ%glf) ort
132 V\D 2007/ 100132 PCT/ JP2007/ 054146 was conti nuous
sty@miirag* onl 10 Patiffber of pol ygon nirror planes was 6,
pol ygon revol uti ons was 6, 000rpmto 40, 000r pm

(varTsikhethylel p&bpmﬁle tactrpa oy NappbhRagakhiCot Yitd.,
tine was 5 sec. neut r al i zation unit 204 was used

RRRRAEFET G Y °?rs&'fﬁtf 1,228 niab T g AT n i oHpY

: (vam_z;%lte intensity), exp05| ng width was 2mm w dth on
10 grewpphot oconductor (2nmm away fromthe surface of the
phot oconduct or) .

- Photopolymerizable initiator +-- 1 pait
IRGACUE 184 (by Nippon Kayaku Co., Ltd., molecular
weight : 204)
- Solvent
15 Tetrahydrofuran -+ 90 parts
(boiling point : 66°C, saturated vapor pressure :.
176mmHg/25°C)
Butyl acetate (boiling point : 126°C, saturated vapor
pressure : 13mmHg/25°C) +-+ 30 parts
20 [Exposure Condition and Method for Controlling Temperaturel
.+ UV lamp system by Fusion (light intensity : 3300W/cm?2)
- Irradiation chamber atmosphere : air

. Heating medium : water (flow rate : 3.5L/min, circulation
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In the potential property eval uation equi pnent shown

in lo FIG 1, specific nmeasurenent conditions were as
woabd7awer32i nage static power was 0.53mVN expoBATAP2007/054146
energy was 4. Cerg/cnR, photoconductor |inear speed was
diglm_ﬂ sec¢, feed size was 210mm recurrence interval

ectzomrdottere thirrrhibambotesondastay)degr ee

position, the surface potential nmeter 210 was 70

degr B¢apidsimémber :1INA he exposure unit 203 was 90

degree position, the surface potential neter 211 was

r position, the neutralization unit 204 was
B3ae 5

€e position, and the charging grid bias was
-800V. The surface potential of the photoconductor
201 ntheplegtnepbogesraphicahotospaduicior pbtxanple Qasas
-800V. Measurenent was 20 conducted at 1lcmintervals

5 produlked|ngiirds nBht dhridet EAnplerl tkeepttkat whialica3U
portion fromthe edge photoconductor was renoved.

| mum wal u 1.ni-mim val f_all asur nt

s Ry gl Bavifk 45 Hade eoip e T harg e
m ni mum val ue were 133 WD 2007/ 100%(32
chenged2p0qilosy hes phronhAl diaraplate7(by<BHHAINNAK 4 MUERA-
Initial dark place potential was set to -700V by the .
@J.t erad ABEREEOJ.or M ng apparatus (by Ri coh Conpany,
Ltd., IMMA O M- 5 2200 altered nmachi ne) where each

| ectr ogr aphi ¢ phot oconduct or shown i n Exanpl es
( Ff&%]oﬁggwative Exanpl es was attached to a process
cartridge, a sem conductor |aser of 780nm wavel ength

10 was uEbd edectrhphotogup hiedsitegohiyhtos of Faample 10 was
pr(;duced similar to that in the Example 1 except that the exposure
time for the cross-linked surface layer was 100sec, and the
thickness of the cross-linked surface layer was 5pm.

(Example 11)

15 The electrophotographic photoconductor of Example 11 was
produced similar to that in the Example 1 except that a
photoconductive coating solution, of which the charge generating
layer and the charge transport layer were the followings were
coated, dried, and the thickness of the photosensitive layer was

20 23pm.

-Composition of Photosensitive Layer Coating Solution-
+ Titanylphthalocyanin --- 1 part

+ Charge transport material expressed by the following
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and the contact pressure of cleaning blade was altered

1.5 tinmes. 1o Then, sheet test was provided, thickness
woasr7measer ed and i mage quality was eval uat edPCT/JP2007/054146

initially and per 10,000 sheets, and 30,000 sheets of

el ectrlc property at the end of
Sb‘ﬁggﬁurtaéw rlﬂHf@( spa?@ Sexposed area potential over

the s pI aces as.the initial dar ace pot entl al
msasu 9 th(g o

to ‘ nmeas eddy- cu
% pas{r ement- ( bynEigher
| ngtr r gsul t in Tabl age
Qual it 3 [ The/ 1 mig Ly S tey\ by
out putt i ng al ft e 020 i hage after @he sbi it )

test, and by four grades of inmage density evenness.
The €hauge srawspoiti manerial BaipiresSed b34HOFAMOFHIH0132
PCT/ JP2007/ 054146 [ Eval uati on Criterial] A: no

Vg1 ge littl e unevenness in
S:ﬂf]rr‘gge dg‘:litflltngyuldga Q?'}fgly{te unevenness in i mage
density 5 D : unevenness in image density Table 5
H@anpl e 1 no surface unevenness Exanple 2 no surface

enness Exanple 3 no surface unevenness Exanple 4

ace unevenness

s HC
+ Bis phenol Z polycarbonate (Panlight TS-2050, by TEIJIN
CHEMICALS Ltd.) --- 50 parts
. Tetrahydroﬂa‘n +++ 400 parts
(Comparative Example 1)

10 The electrophotographic photoconductor was produced
similar to that in Example 1 except that a cross-linked surface
layer was not provided and the thickness of a charge transport
layer was set to 27num.

(Comparative Example 2)
15 The electrophotographic photoconductor was produced

similar to that in the Example 1 except that a cross-linked surface
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Exanpl e 5 no surface unevenness Exanple 6 no surface
unevenness Exanple 7 no surface unevenness Exanple 8

woaoEmwbsee unevenness Exanple 9 no surface UREYAPNOEE54146
Exanpl e 10 no surface unevenness Exanple 11 no

/oK BB Srorc 8 TRdiRpiolo Dar v Esh Not 20p1 155207

surface unevenness Conparative Exanple 3 parti al

Thetaie woling mathodewnsssedaspamatthod fHoxavplteoking the
partial surface unevenness Fromthe results shown in

ﬂiﬁl@iﬁ SurfhBe B rﬁ%ug'?] p?#t@@&in 198{823{0%&‘2% %arml e

1, it is concelvable e sur ace had
evenneiggjkhe S ce has good surface snnothness

%F%ﬁ?ﬁ §ﬁH§? t re of photoconductor at the tinme
of light-curing was evenly controlled, and an even

cr oss-Thekbdtsoplictogrhphés ph@socdmdu@dr waoprodaged
onwards, in Exanples of the present invention, 135 WO

@i%?lé%%%t Rl Eiﬁ%g@y Péé‘&gﬁt %hﬁt '&%J&S 38 %?g S3kadde

surface snoot hness

af e gin for cleanin In contrast in
Eiopay 8¢ (o Bmeanisosding to Hample ¢ ofdReAiNaoPA04HAZ450
there seened to have partial unevenness for sone 5
eaExamplel Y.relihzadirath ol BHE hidihodaw aB0Oks&Y 8Blay controlling

progressed because even surface tenperature of
#Reh86908¢ ‘b%ﬁﬁg t‘ﬂ%ssd}qgcg%ggﬁp ra%ﬁ%g 'of photoconductor to be
50°C or less.
(Comparative Example 4)

The electrophotographic photoconductor was produced
similar to that in Comparative Example 3 expect that UV éxposing

- time was 150sec in Comparative Example 3. The air cooling

method was used as a controlling method for the surface ‘
temperature of the photoconductor; however, surface temperature
of photoconductor was 50°C or more.
<Surface Observation>

A surface observation of each electrophotographic
photoconductor at 32-fold magnification was conducted using an

optical microscope (by CARL ZEISS). The results were given in

Table 5.
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t hereby uneven cross-1linked |ayers were forned. 136 WO
2007/ 100132 PCT/ JP2007/ 054146 Table 6 Central Part

wehoet7aoeseduct or Surface Tenperature Max Tenp - PBOGRIO7/054146

after maximum M n Tenp Initial exposure Tenp Exanpl e
1 20C 35C 40C 10C Exanple 2 30C 55C 80C 15C Exanple
Slexgpesured¥easscem@eudipl e 4 35C 80C 160C 20C

Exanmpl e 5 40C 60C 65C 15C Exanple 6 20C 30C 35C 10C

ExanpA&ut f28CtSmp e#QFudd6f pBoased il deté@ @ 3tie fife 20C
Exanpl e 9 20C 35C 40C 10C ~Exanple 10 20C 35C 37C 10C

cEBAPAF &4 T IHOR WoRI CLSBIRRRYS TR MRS No
Dat a because @ Exanple 3 300C exposing tinme 50C 35C
temperature of photoconductor was measured at lem intervals over
the length of the photoconductor except for areas 3cm away from
both ends of the photoconductor in order to prevent the
measurement area from being direct hit by exposing light.
Surface temperature of photoconductor was measured during thé
exposure. Initial temperature of the central part of the
photoconductor, temperature in 30sec after exposure, maximum
temperature, and the difference between maximum temperature
and minimum temperature <of photoconductor circuit just before
exposure in all measurement points were shown in Table 6
<Measurement of the Post-Exposure Electrical Potential >

In the potenﬁal property evaluation equipment shown in
F1G.1, the charging unit 202 was the scorotrop system which grid
voltage could be reached till £1500V, and main high-voltage power
supply had £10kV of peak voltage. An exposure unit 203 was used
under the condition that the LD scanning system was 780nm of
light source wavelength, fO lens focal length was 251mm, main
scanning beam diameter was 68.5um, vertical scanning beam

diameter was 81.5pum, image static power (intensity) was 0.833mW

to 3.8mW (no filter), writing width was 60mm, lighting frequency
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was 20sec Conparative 20C 55C 135C 55C Exanple 4 From
the results in Table 6, in Exanples 1 to 11, the

weuod7aoei32t enper at ure of the photoconductor WaBCT/JP2007/054146

i ncreased by 10C or nore 5 after 30sec of initial
exposure, the difference between the maxi num and the

wanrominuensdiahting only, poaber PEpely son mEor Phapes was
were snaller than that in Conparative Exanples 2 to 4.

6, tholg8sth Febelitionghiad BIOGpEN db046,000R et (vayablaas
f or med through sufficient and an even pol yneri zation

pER RO ol RS Bl AU n A inky e R Boece. A

i ncrease after 30sec of exposure was Iar e, the
n¢utralisationoanite24 veas weal arden hhmandﬁeﬁﬂpehh@ttdmht
exceeded 30C, and thereby the result indicated that

sBuele CIEPSwh ra&sdnkiaa@onmaﬁzaw@ue@g&h emastimund dakendity
Exposed Area M n Value Max Val ue Potenti al

Whod PSR e T rBisple 1afcns b S img S whe 202y
-120V 25V Exanple 5 -115V -105V 10V

width on the photoconductor (2mm away from the surface of the

photoconductor).

In the potential property evaluation equipment shown in
FIG.1, specific measurement conditions were as follows: image
static power was 0.53mW, exposure energy was 4.0erg/cm?,
photoconductor linear spee(i was 251mm/sec, feed size was 210mm,
recurrence interval was 500ms, the charging unit 202 was O degree
position, the surface potential meter 210 was 70 degree position ,
the exposure unit 2‘03 was 90 degree position, the surface potential
meter 211 was 120 degree position, the neutralization unit 204 vi;as
270 degree position, and the charging grid bias was -800V. The
surface potential of the photoconductor 201 measured by the
surface potential meter 210 was -800V. Measurement was
conducted at lcm intervals in the longitudinal direction over the
area which 3cm portion from the edge photoconductor was removed.

Maximum value, minimum value of all measurement points, and

the difference between maximum value and minimum value were
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Exanpl e 6 -105V -95V 10V Exanple 7 -100V -90V 10V

Exanpl e 8 -125V -100V 25V Exanple 9 -110V -100V 10V
weEx@mpbE310 - 65V -55V 10V Exanple 11 -110V - 1PONJP2007/054146

Conperative -65V -60V 5V Exanple 1 Conperative -155V

-90V 65V Exanple 2 Conperative -145V -85V 60V
shovamphel'ablechper ati ve - 185V - 105V 80V  Exanple 4 From

the results shown in Table 7, in Exanples 1 to 11, the
<PubbsBieRcee et ween maxi mum and, m ni num val ue of the

post - exposure el ectrical potential was bel ow 30V, it

that RAEEL Ptk BTG Pejnfiad W Set 10 nRAGY St FRe & Herd:
was even. On the other hand, in Conparative Exanpl es

inpage faim ing agphireten fey FicobcPompanyy hitdnd MiAGHIMMF
val ue of the post-exposure electrical potential was

28R aWerBBRachif)eRtete ¢a@bSelbbtthotBEt26Ric © | ayer
did not have even electric property. Table 8

photoconductor shown in Examples and Comparative Examples
was attached to a process cartridge, a semiconductor laser of
780nm wavelengthy was used as the image exposing light source,
and the contact pressure of cleaning blade was altered 1.5 times.
Then, sheet test was provided, thickness was measured and image
quélity was evaluated initially and per 10,000 sheets, and 30,000
sheets of A4 size was teste(i. As electric property at the end of
sheet test, dark space and exposed area potential over the.samg
places as the initial dark space potential measured part were
measured. The thickness of the photoconductor was measured by
eddy-current style thickness measurement apparatus (by Fisher
Instrument). The results were given in Table 8.
<Image Quality Evaluation>

The image quality was evaluated by outputting a halftone

image after the durability test, and by four grades of image density

evenness. The results were given in Table 8.
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w8egmirg Durability Test

Il mage Quality Wear Vol une (gm Evaluation Result
After 10,000 20,000 30,000 Sheets Sheets Sheets
Exanple 1 0.12 0. P6TAPBO7/#54146
A Example 2 0.11 0.23 0.36 A A Exanple 3 0.10 0.20
0.31 BB Exanple 4 0.09 0.17 0.28 C C Exanple 5 0.12
[Bv23uatidm Aritefiednpl e 6 0.16 0.32 0.49 A A Exanple 7
%(12 O.Zlgno.g?jnAA Exanple 8 0.13 0.26 0.40 C C
6 - APi8 a8 dedyitExanple 10 0.22 0.42

cl). ?gmk A %ggp‘?:%’Aﬁ 0. I3 0. 25 %?(4gpA A Conperative

.88 3. . Exanpl e Conperative 0.20 0.39
0. é?g-%tble EngRpnRess ébﬂr%%& i}%’%sﬁgzz 0.45 0.68 D D
Exanpl e 3 Conperative 0.11 0.22 0.37 DD Exanple 4

C : a little unevenness in image density

D : unevenness in image density

Table 5

Example 1 no surface unevenness

Example 2 no surface unevenness

Example 3 no surface unevenness

Example 4 no surface unevenness

Example 5 no surface unevenness

Example 6 no surface unevenness

Example 7 no surface unevenness

Example 8 no surface unevenness

Example 9 no surface unevenness

Example 10 no surface unevenness

Example 11 no surface unevenness
Comparative Example 1 |no surface unevenness
Comparative Example 2 |partial little surface unevenness
Comparative Example 3 |partial little surface unevenness
Comparative Example 4 |partial surface unevenness

From the results shown in Table 5, in Examples 1 to 11 and
Comparative Example 1, it is conceivable that the surface had no
unevenness, the surface has good surface smoothness, the surface
temperature of photoconductor at the time of light-curing was
evenly controlled, and an even cross-linked surface layer was

formed. From here onwards, in Examples of the present invention,
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Fromthe results shown in Table 8, in the

el ect rophot ogr aphi ¢ phot oconduct or of Exanples 1 to
waodoomeers2 10 vol une was small, inmage density PCT/JP2007/054146

unevenness of the imge after 139 WD 2007/100132

PCT/ JP2007/ 054146 prol onged period durability test

Hi mayobe saed thasidetqurfate smaphaessgrapenough to supply

phot oconduct or havi ng uni form el ectrophotographic

puffpeehy safisbyniGy g For @sasiIce was attained. On
the' other hand, in the photoconductor of the 5

Conparat | ve Exanpl g 1 havin rotective |ayer, wear
vol um:e[% (\E/\?zilgcr?gﬁglél, 88&@9%1'@%?9 %p@éitpﬁ:dﬁé\?enness
was poor fromthe beginning because even

eanepdvabhkiingt Waerenseepedviodkave parhinl yphetanondufirosome
of Conparative Exanples 2, 3, and 4, and distinct

b ARGE pd@idiclrVzatIEY $BREED
%ur ability et ezst . 10 1 ndug},\??g%ﬁ@gﬁqgﬁ%sﬁd ibﬁgalelse

rm nge.nethod, an im or m ng apparatus, and a_.
SRt EUETE, e R et el aostEpnmas pap AReomplished,
phot oconduct or of the present invention can maintain
theyebieane vars csosatio kfeak laymrs|werefomeedods, have
little fluctuation of electric property, have 15 small
t he dependenci es of places of .-wear resistance and
el ectric property, provide superior durability and
stable electric property, and can attain high quality
i mage formng for prolonged periods so that they can
be widely used for full color printer, full color
| aser printer, and full color standard paper
facsim|le machine, or these 20 conpl ex machi nes using
direct or indirect electrophotographic
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mul ti pl e color imge devel opnent system 140 WO

2007/ 100132 PCT/JP2007/054146 CLAIMS 1. An
welewiwoephbot ogr aphi ¢ phot oconduct or, conpri Si NGCT/JR2007/054146

support; and 5 a cross-linked | ayer forned over the

support, wherein the cross-linked |ayer conprises a
Tahlee® material of a cross-linked |ayer conposition
containing at least a radically polynerizable
compound, d rein when .t he phot ocopductor is
exposed 4t %}np}ﬁ?&r QtPﬁondi‘ﬁtoﬁ%ﬁéac%f 0. 53nw and
exposur e |ener gy of 4ePA§Ikenp the di { Masdemp -
—bet-ween e e T agTd T vai ues| oMin Temp
post - expasuygrgl ebt ridsas aliet enw%?n}lgn M thin 30V. | 2.
The el ectjr ophot ogl apl§¥FROHBL odond8®¥Por | accordi n o}
E‘ibﬁlb[@ 1. [ode: Wher gisp-t he maxi nygpcval uei{g/oex) of the
post—expgsure—eteptrica—potegntial—Ts[=§gvor teps.
Ezample? e||8¢°C ophotd®d€ aphi ¢ phafB8&onduci Bt Caccardi hg to
EQRSp® 3 qbeidTs 1 mitec2, whereingplee radisoel |y
potynertzag-econpogmd—20-Tonprises bolll a radically

Exampieti 489G comfAd with cHAPRE +raelibars
Exchingtd 8Ir 46000 t helgeadi cal | y payteer i zalbizCconpoun

Wt ey ge (TANSAOT U StrucLuse. 14 20077190132
Eﬁiaﬁap M%&J&géﬂdﬁ %48 The nlnmtB a(ghgt o }aul c-
ERhaipdeondpetdr actss’ding to cllabte 3, [10°C

j

Example 8 |20°C 35°C 40°C 20°C
Example 9 {20°C 35°C 40°C 10°C
Example 10 {20°C 35°C 37°C 10°C
Example 11 {20°C 35°C 40°C 10°C
Comparative|_ i .
Example 1
Comparative| | o o o
25°C 60°C 60°C 40°C
Example 2
C . No Data because
omparative 30°C exposing time 50°C 35°C
Example 3
was 20sec
|Comparative o o, 55°C 1835°C  |55°C
Example 4

From the results in Table 6, in Examples 1 to 11, the surface
temperature of the photoconductor was increased by 10°C or more
after 30sec of initial exposure, the difference between the
maximum and the minimum temperature was 20°C or less, and the
values were smaller than that in Comparative Examples 2 to 4. It
could be thought that the cross-linked layer was formed through

sufficient and an even polymerization reaction. In Comparative
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wherei n the nunber of radically polynerizable

functional groups in a radically polynerizable
woaoganeid2wi t h charge transport structure i s RCTAPHN7/054146

The el ectrophot ogr aphi ¢ phot oconductor according to

ﬁne of S&iainsﬁgpand 4, wherein the nunber of
Famlesy2 ko4 bei teapperatiggdmicspase gftaips0ser ofexposure
radi cally pol ynerizable conmpound with no charge

waanapge} thé diffevécd beBwotn ARIMAPn Bnd Binimum
el ect rophot ogr aphi ¢ phot oconduct or accordi ng to any

| oMheregim the radicallLy. ..

BARp S A Rockded 70 Thd Do Pr haurea jndicated that
ol yneri zabl e conpound is any one of acryl oyl oxy
Y%ﬁr%ﬁi?%ﬁ]ak%mro‘y%wtga@pveds 7. The
el ect rophot ogr aphi ¢ phot oconduct or according to any

Dakleo? clainms 1 to 6, wherein the cross-1linked |ayer
is any one of a cross-linked surface |ayer, a

CTro0sS- T nkegphotosensit+ve—tayeft——ant—a—e+0ss- | i nked
charge trangport |ayer|. 20 8. TheEspestd t ogr aphi c
phot oconduct dlindtduei|nNlaxoValw M PRotewkigl eijn a charge
generating layer, a charge transpopy; ﬁ{’ and a
eross—nked-surface llayer are spqgiiéntially [di sposed
Bxemplad 142 WO1R20U7/ 1001-390RCT/ P P200j{y\054146
uppor.t-.

Example 2 115V -100V 15V

Example 3 -130V -110V 20V

Example 4 -145V -120V 25V
|Example 5 -115V -105V 10V

Example 6 -105V -95V 10V

Example 7 -100V -90V 10V

Example 8 -125V -100V 25V

Example 9 -110V -100V 10V

Example 10 -65V -55V 10V

Example 11 -110V -100V 10V

Comperative ‘

Example 1 65V 60V 5V

Comperative

Example 2 155V -90V 65V

Comperative

Example 3 145V -85V 60V

Comperative

Example 4 185V -105V 80V

From the results shown in Table 7, in Examples 1 to 11, the
difference between maximum and minimum value of the

post-exposure electrical potential was below 30V, it was found out
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9. A nethod for producing an el ectrophotographic
phot oconductor conprising= 5 formng a cross-1|inked

woayeriomg2curing at | east a radically pol yner pealsb®07/054146

conmpound by irradiation with [ight, wherein the

di fference between the maxi nrum and m ni nrum val ues of
that eledtaiep rensysy atfr erapeehinknd sanfface layerf wee efert.heOn
el ectrophot ogr aphi ¢ phot oconduct or, neasured j ust

bBé @t Ret h LATPECH D Hfateed Ea&rﬁﬂrest Peof Primt mg&@ex%fnce

the cross-Iinked layer, is wthin 30C, dand erein

bR B BB R AT ot BEOR AUES,olesoPaF HXPES IS

one of clains 1 to 8 15 10. The nethod for producing
alecatrical popentiad veph B6V ghotorep tblenthyr aarossdimdged surface
claim9, wherein the surface tenperature of the

F=Talyl} ﬂgﬂ‘%ﬁ or during curing
%ﬁ%@?g?%@on of %tléhéé&%:ros - %7 ked layer is 20C to
igg 20 11. The method for producing an
& F‘iﬁophot ographi ¢ phot oconduct or accordi ng to any

re—of—cl-ainrs—9 and 1ﬂ wherein the
el ect r ophof ogr E% g‘t}ﬁ duclt or Inzmge Quelitgw 143 WO
007/ 100130 POI 300 08 4G EvthapfalRguiph| c
phOt ocondugtor anf a heafl ng nedr um exi § A?{é tne ‘
hol | ow spafd0df00t n&0l08ck BO,000t jogr aphi ¢ %hu pgonpuct or
Sheets | Sheets | Sheets &t g rabiuty
Test

Example 1 0.12 0.26 0.39 A A

Example 2 0.11 0.23 0.36 A A

Example 3 0.10 0.20 0.31 B B

Example 4 0.09 0.17 0.28 C C

Example 5 0.12 0.25 0.36 A A

Example 6 0.16 0.32 0.49 A A

Example 7 0.12 0.26 0.38 A A

Example 8 0.13 0.26 0.40 C C

Example 9 0.21. 0.40 0.61 A A

Example 10 0.22 0.42 0.63 A A
|Example 11 0.13 0.25 0.40 A A
Comperative

Example 1 1.88 3.78 5.69 A A
Comperative

Example 2 0.20 0.39 0.59 D D
Comperative

Example 3 0.22 0.45 0.68 D D
Comperative

Example 4 0.11 0.22 0.37 D D

From the results shown in Table 8, in the
electrophotographic photoconductor of Examples 1 to 11, wear

volume was small, image density unevenness of the image after
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during curing for the formati on of the cross-1inked

layer. 5 12. The nethod for producing an
wehemwephot ogr aphi ¢ phot oconduct or accor di ngPCD/JR20a7/084146

11, wherein the heating medium is water. 13. The

nmet hod for produci ng an el ectrophot ographi c 10

mhdtngedgectat dacabrldntestodisheobpcetni and theand 12,

wherein an elastic nenber is closely attached to the

é&Eéﬁ% g‘%g% %{%}ﬁgl pRYocBhantOPRaVOaE 3RliFSrm

hoto | dring curing for the formation of
the. cross-linked | ayer and, the heating .nedi um exi sts
qlﬁg’gr@@%@ﬁzogq;%p CR%9 rﬁ%@d’éirhg]% Wear 'T%selgﬁ%?%eo&’ or
produci ng an el ectrophotographi c phot oconduct or

Ataoned.ngOwtled athed handyencibe phetecmgduatos ofdhgt h
of the elastic nenber is 10kg/cnR2 to 400kg/cn2. 20 15.

duai .
e A T A SR R P A
14, wherein JIS; A hardpess of the elastic nenb%r S
westardeodeares Y RBEY/ LA D UBCTERBSE0 7Y 65895 Trawg the
The nethod for produci ng an el ectrophot ographi c
Enedapdiheiseancar diog-linking vone not prlaided 18 the

15, wherein the thermal conductivity of the elastic

i N S
image density unevenness was generated after durability test.
Industrial Applicability

An image forming method, an image forming apparatus, and
a process cartridge using the electrophotographic photoconductor
of the present invention can maintain high wear resistancé for 4
prolonged periods, have little fluctuation of electric property, have
small the dependencies of places of wear resistance and electric
property, provide superior dgrability and gtable electric property,
and can attain high quality image forming for prolonged periods so
that they can be widely used for full color printer, full color laser
printer, and full color standard paper facsimile machine, or these

compléx machines using direct or indirect electrophotographic

multiple color image development system.

140



10

15

20

phot oconduct or according to any one of clainms 11 to
16, wherein during curing for the formati on of the

wonowsodisnked | ayer, the holl ow el ectrophot ograplaPmo7/054146

phot oconductor is placed so that the Iength of 1o the
el ectrophot ogr aphi ¢ phot oconductor is substantially
vertical. 18. The net hodE8IM& oduci ng an

el ectrophot ographi ¢ phot oconduct or according to any
one of clains 11 to 17, wherein the heating mediumis
circulated during curing for the formation of the 15

_ross-Ahrlh r%gf%xce Ip er 4 adlretlpcnnilglglrsr}rtlé):pto
ott o of the “PhRol POl ER OB L8y CLphice
phot oconductor. 19. The nethod for produci ng an

el ect PopHRPORY? 8tk ¢ phot oconduct or according to any
one of clains 10 to 18, wherein the 2 0- exposure

| nt ensi éoskalinké @by FoRdeiovEIOHB GFBoPY, MOre. 20.
An i mage form ng apparatus conprising: an

el ect rgphot.ogr aphi ¢ ghot oconduct or accordi ng to any .
one W%@ﬁﬁrfﬁﬁﬁiégﬁﬁ?ﬁﬁﬁﬁm/WS%%@ cuFedapatesial of
to 8; a latent electrostatic inmage formng unit to

4 grossilindeshlayegl eoanpositinn conbaige ngratalsastizaeadifallshe
el ectrophot ographi ¢ phot oconductor; 5 a devel opi ng

pmiyﬁnécﬁaﬁbwﬁ@lgpbgnq?\gﬁ{(pp the atent electrostatic

i mage using a toner to forma visible i mage; a
transferri ng ul?it ﬁonfi ured.to transfer the visible
i mage " BHEAL IV heR shainkptosandrctomis exposadhat anfield static
configured to fix the transferred image to the
power of 0.53mw and exposure energy of 4.0 erg/cm?, the difference

between the maximum and minimum values of post-exposure

electrical potential is within 30V,

2. The electrophotographic photoconductor according to claim 1,
wherein the maximum value (Vmax) of the post-exposure electrical

potential is -60V or less.

3. The electrophotographic photoconductor according to one of
claims 1 and 2, wherein the radically polymerizable compound
comprises both a radically polymerizable compound with charge
transport structure and the radically polymerizable compound

with no charge transport structure.
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1o recording medium 21. An inmage form ng nethod
conprising: formng a |atent electrostatic imge on a

weuod7aoei3of an el ectrophot ographi ¢ phot ocondutCoaPrP2007/054146

according to any one of clainms 15 1to08; formng a

vi si bl e i mage by devel oping the latent . ) ]

¢! ect Tostalectrophagegraphiy photmrenductanateerding tohelaim 3,
visible imge onto a recording medium and fixing the

¥herBl £ th8BAEmber I8 ald§ SN iptdy FRGH Hable2finddiorhl groups
process cartridge conprising: an el ectrophotographic

hot ocandyct or. according to _any .one., of clains 1 tq 8,
ina el Coply sy oG raler ko pRagd T o Shafed TRt tone
of a charging unit configured to charge a surface of
strecélieetis dphot ogr aphi ¢ phot oconduct or, an exposi ng
unit configured to expose the surface of the exposed

phot oconductor to forma latent electrostatic inage
thereon, a developing unit 5 configured to devel op the

Latent el ectrostatic i npge on the . el ectrophot ogr aphic
Phot oﬁ&%@@mont}gqtﬁgr%ﬁﬁg‘f phgtImALEOF ﬁcsgﬁﬁrﬁ%ﬁyeé’f
transferring unit, a cleaning unit, and a charge
elaiimsndtamh 4ymiiereid The number of radically polymerizable
functional groups in the radically polymerizable compound with no

charge transport structure is 3 or more.

6. The electrophotographic photoconductor according to any
one of claims 1 to 5, wherein the radically polymerizable functional
group in radically polymerizable compound is any one of

acryloyloxy group and methacryloyloxy group.

7. The electrophotographic photoconductor according to any

one of claims 1 to 6, wherein the cross-linked layer is any one of a
cross-linked surface layer, a cross-linked photosensitive layer, and

a cross-linked charge transport layer.

8. The electrophotographic photoconductor according to claim 7,
wherein a charge generating layer, a charge transport layer, and a

cross-linked surface layer are sequentially disposed over the
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support.

9. A method for producing an electrophotographic
photoconductor comprising:

forming a cross-linked layer by curing at least a radically
polymerizable compound by irradiation with light,

wherein the difference between the maximum and minimum
values of the surface temperature over the entire surface of the
electrophotographic photoconductor, measured just before

completion of curing for the formation of the cross-linked layer, is

"within 30°C, and

wherein the electrophotographic photoconductor is an
electrophotographic photoconductor according to any one of claims

1 to 8.

10. The method for producing an electrophotographic
photoconductor according to claim 9, wherein the surface
temperature of the electrophotographic photoconductor during

curing for the formation of the cross-linked layer is 20°C to 170°C.

11. The method for producing an electrophotographic
photoconductor according to any one of claims 9 and 10, wherein

the electrophotographic photoconductor is a hollow
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electrophotographic photoconductor and a heating medium exists
in the hollow space of the electrophotographic photoconductor

during curing for the formation of the cross-linked layer.

12. The method for producing an electrophotographic
photoconductor according to claim 11, wherein the heating medium

is water.

13. The method for producing an electrophotographic
photoconductor according to one of claims 11 and 12, wherein an
elastic member is closely attached to the inside of the hollow
electrophotographic photoc;)nductor during curing for the
formation of the cross-linked layer and the heating medium exists

inside of the elastic member.

14. The method for producing an electrophotographic
photoconductor according to claim 13, wherein the tensile strength

of the elastic member is 10kg/cm? to 400kg/cm?2.
15. The method for producing an electrophotographic

photoconductor according to any one of claims 13 and 14, wherein

JIS-A hardness of the elastic member is 10 to 100.
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16. The method for producing an electrophotographic
photoconductor according to any one of claims 13 to 15, wherein the
thermal conductivity of the elastic member is 0.1W/m+-K to 10W/m*

K.

17. The method for producing an electrophotographic
photoconductor according to any one of claims 11 to 16, wherein
during curing for the formation of the cross-linked layer, the hollow
electrophotographic photoconductor is placed so that the length of

the electrophotographic photoconductor is substantially vertical.

18. The method for producing an electrophotographic
photoconductor according to any one of claims 11 to 17, wherein the
heating medium is circulated during curing for the formation of the

cross-linked surface layer in a direction from top to bottom of the

hollow electrophotographic photoconductor.

19. The method for producing an electrophotographic
photoconductor according to any one of claims 10 to 18, wherein the

exposure intensity for light curing is 1000mW/cm2 or more.

20. An image forming apparatus comprising:

an electrophotographic photoconductor according to any one
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of claims 1 to 8;

a latent electrostatic image forming unit to form a latent
electrostatic image on a surface of the electrophotographic
photoconductor;

5 a developing unit configured to develop the latent
electrostatic image using\ a toner to form a visible image;

a transferring unit configured to transfer the visible image
onto a recording medium; and

a fixing unit configured to fix the transferred image to the

10 recording medium.

21. An image forming méthod comprising:
forming allatent electrostatic image on a surface of én
electrophotographic photoconductor according to any one of claims
15 1to8;
forming a visible image by developing the latent . ,
electrostatic image using a toner;
transferring the visible image onto a recording medium; and
fixing the visible image to the recording medium.
20
22. A process cartridge comprising:
an electrophotographic photoconductor according to any one

of claims 1 to 8, and
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at least one of a charging unit configured to charge a surface
of the electrophotographic photoconductor, an exposing unit
configured to expose the surface of the exposed photoconductor to
form a latent electrostatic image thereon, a developing unit
configured to develop the latent electrostatic image on the
electrophotographic photoconductor using toner to form a visible
image, a transferring unit, a cleaning unit, and a charge

elimination unit.
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