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

woltdeRigo32 | MAGE FORM NG METHOD AND | MAGE FORMANGIP2007/054146

APPARATUS USI NG 5 PHOTOCONDUCTOR, AND PROCESS
CARTRI DGE Technical Field The present invention

relates to a | ong-1i vB&ESORIRIEOIN el ect rophot ogr aphic
phot oconduct or (herei nafter may be referred 10 to as

" phot %BE@T‘R@@ E}%‘APﬁI%ﬁ??‘IQC@) fRAGTeAR! | NQ

menber ge bear at’ “can provide

m??h uaI [ E)é} | nacﬁﬁ‘g'lf‘ﬁkgﬁtﬂéﬁn for@gﬁrol %%@ﬁﬁwﬁ% a

phot oconduct or, an inage form-ng nethod,,,an inmage

for MMHI@@@QNHBIM&@GBBFWNHNGQ&PPNMUSLBSING
Background Art Recently, organi c photoconductors (OPC)

have [ HAer

hei r FOT EOPEBITTIIE AR P ROTESSCURRAIDER. .
and are often applied to copiers, facsimle rmachines,
| aser printers and conpl ex machi nes thereof. 20
Exanpl es of the reasons for this include (1) optica
TRcBRSE4VFRIEh as a w de range of the wavel ength of

l'i ght absorption and a |l arge anmount of [|ight

absor electric f_hi@h oL

and_ s iihis Breden G o aPI4RR, ) a Jop Ve o fin pHe

mat eri al selection, 1 W) 2007/100132
emoﬁhommzlma@hotoconductor (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 method,an

image forming apparatus, and a process cartridge.

Background Art

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

Exarples 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

wopdotwobitduct or is progressed by downsi zi ng &FCTIRBYE/054146

form ng apparatuses recently and hi gh-speed novenents
@Ed mai nt enance-free, of appar at use? are 5 followed,

) GRSReRf B PEoBHER. IS Aawceents amde(Gaiony tasiditnd.
Viewed fromthis point, as a surface |ayer of the

or ganiAg redhating thdudiag e and i ?ﬁdmb@il&ubw 1¥0) Rfgtledbed
charge transport materials and inactive polyners, the

.G t Is erally soft. .Because of
31 A3 R BF BAGHE Bhni R APERNES 335k ot o
has a di sadvant age of frequent wearing caused by
gbrspeehmexane Bit anfsagntenartes frargobgppanatuses are
cl eaning systens, when the organi c photoconductor is

foHpeaaide Highls diraBlé PhotBtRed RIS AG IR PEAEESS-
Furt hernore, because of increasing demand of high

s [ r ubber rdress,and contact 15.pressure
%@%ﬁe%ﬁ d: &%ﬁ 24 gxgt, aarseg i%ﬁlg ?%‘g% gayqro?f) {;&F\ee Oﬁﬁ?ﬁlﬁg e of
improving cleaning with the trend of reducing the.
pdicdpeendugor eaa@inpamaindydow amleculdr chaxgqubrarart
is a cause for accelerating the wear of the

A8 N dH Al i ctiRUSO MR r Tt HENS Jhak ‘iﬂf?ﬂ%@l&'&ﬁ%ﬁctor is
as

inmpairs sensitivity and electric propérty suc

|_ower 0 20, chargi .and causes | owering of image
R e R P N R B
Scratches due to localized wears cause striped-dirt

piheggesn duetorchake halishdvantegniofidre Thent exlaaisg icansefl by
the life of the photoconductor is ratio-determ ned by

n?e MR QAT b1 8034 fixbubtPAB¥E Ay stems or cleaning
systems, when the organic ﬁhotoconductor 1s repeatedly used in the
electrophotography process. Furthermore, because of incfeasigg
demand of high image quality, rubber hardness and contact
pressure of cleaning blades are increased for the purpose of
improving 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
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wears and scratches and thereby the photoconductor are
led to the replacenent in the present condition.

woTRoug100ixar enhancing the durability of the or gamap2007/054146
phot oconductor (OPC), it is indispensable to |ower
wear degree and 5 it is in need of organic

wohed aadneiretehss hhdt tinaebynthe phveoefdueos ureaed fothe
superi or cleaning and adding transferring but also

h I - { AaPSNHs s of places over

reé’ﬁég?]?a%%ﬁolgg%@reag iC p?ope??dyﬁand mai ntai n stabl e high
performance. For this reason, . this. is the npst urgent
pr obllévis, fopendgngéngither drarahility1ef EBeABERRIG! ¢ he

technol ogy for inproving wear resistance property of

phécehduRsensOPIeit Ayaidispehsdbld 40 lawee et degree and
using curable binder in a surface |ayer (see Patent

.. Literature.l 2 f [ .

it e gt ot &85 Pheably pllos AT oRS gt Mbtonly bave a fine
surface | ayer (see Patent Literature 2) and {)3%‘32 1g

sunfahedor snpesiorcleasingand adding fransigeraugdph agso have
surface | ayer (see Patent Literature 3). Anobng these

n@@bﬂ%dc%rni BepeHabacR sl (B/Flacedanay dledtiopHdiegrephid
(1) has a tendency of lowering the inmage density as

residual potential is: elevate [, CO tiadail.i
pigpethand Pagaf b R R Eh ERar R AR s ootk Ubpdeplpe
and the 20 presence of inpurities such as a
thois| igntdrel mantsit oxr gemit tirabde matel be roleed iedheesrtiues.
Al t hough both the surface | ayer described in the

et hagl £,2)1818¢ tRORLE RSl AT BRpiovgPcbale@istance

polymer naterial and the surface |ayer described in
properie Phe ShotdhnsdiiVs 1232 ihbdds (-4 ABERO 'O Tkile

curable binder in a surface layer (see Patent Literature 1), (2) a
method for using a high-molecular weight charge transporf
nﬁaterial in a surface layer (see Patent Literature 2) and (3) a
method for using i;lorganic fillers dispersed in a surface layer (see
.Patent Literature .3). Among these methods, the 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
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
wWOSMTiRP138n is that fully satisfactory durabi IPCL{P2007/054146

required for organi c photoconductors has not yet been
obt aj ned, Addi tional l g& surface | ayer descri.b d |n
onERTELIRAF SES)inpagaRie ﬁc%?‘”omeFB WS THEgkAn
densities as residual potential is elevated by charge
fdroppstyt batsoexd sktamts, the dmoephmitudtibhas thatflatyy. For
this reason, any of these met hods (1), (2), and (3)

{3 afggfor%&e&uﬂfﬁfi?@d e&%&:%r%‘é%\ﬁﬁh@%&\f&f@tbrs has

I nc I Ng e ectric |ty and

mschanl cal urabl 0.t ha e re or, or gani
BTSRRIy 8@%19 Kﬂ#b Hepa %usu?g”gq glagﬁgéiesc ﬁxedc in

property and scratch resi st ant property of the
el fcatBod dBehades eehbedcy oftfhewerimiporn 4§ denmities as
phot oconduct or contai ning multi-functional curable

BEIAE FotRRTR BB SRS SFapTVaRE eplsreotiee
igssagazcnsgfﬁgﬁgmaag&;@gr&m Fea B web A4 R g mi fihpdds (L.
contains the multi-functional curable acrylate

(ZbnenR(3) iHas net gby sdeseaddibin fabyf adtievimg ovheall
protective |ayer may contain a charge transport

Ol eﬁ-@guh?ﬁg%mrp 8&&%11&fgﬁ&iﬁgshg§&ggiawgwty

en a OW D ar werg
transport material is sigply contained in the
thvagtane: Teuirggder argganic §heiecandwetprai th the cured
mat eri al of the foregoing nonomer becones a problem
"~ As a FesUhiprovihg wedr easiseadeppsbpesyy ahdtseeateNO

2007/ 100132 PCT/ JP2007/.054146

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
brotective 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



10

15

20

| ow- nol ecul ar wei ght charge transport material and
cracking in the surface layer, and finally | owering

woi2ogr/werzani cal strength. This Patent LiteratPQmePadiSo54146

di scl oses that a polycarbonate resin is contained in
the surface layer for increased conpatibility;
lowwavirqulab whightoshage tramsgwet ivatdmal hadoackieg an
the curable acrylic nmononer and thus a sufficient wear

th8 SuFROC A NaS a0 FiNalIPRAVe right Ak NEHcNA Aikal @'i@e ngth,
rre hod Wth fegards to a photoconductor wth no

e tr port rmt [ surf ce I

B avon DIPRR MG BicocDischastehat f o oliFa e febp ds
made thin for 10 decreased exposed area potential,
cohisinelkdoim the ducfzme, layendoe incréase dacahpatilility: however,
because of the thin surface |ayer. Besides, the

tﬁﬁebéﬁéﬁ@ﬁg@d&%ﬁm il tKe Q:fonttBﬁt Srahgl Qg0 bl Ble and:

expose area potent| al 1s poor, and the val ues of

the chargi ot ent t he exposed., ar ea enti al
QAT L 06 A R e L PR AR AT C4 b g ameb g et
the environnental tenperature and hum dity, thereby
obaalrnadpwith thinneethoduf fWitlemeguadsidés .a photoconductor
alternative wear resistance technology for the

t , f.ar

wER R ERRkES Hran B mBr R0 cBlo A0S 1RTH: e %ﬁten’ﬂ
doubl e bond,_ char 20 tran port materi al s Raw n
Litenre spolesas hind thentrrigsg lagpraermadeithin £o form
a charge transport |ayer is proposed (see Patent
dectessdidiegpbled Anea porpased, bhivdghotadndudos! heweterd
into two types: one reactive to the charge transport

' h%tg rsh%!rts lﬂg\ﬂe%gu%e%f\%ez%y g'lqpiga%% 1@%4“] P%%%ﬁ@é%‘}ae

environmental stability of the charging potential and the exposed
area potential is poor, and the values of the charging potential and
the exposed area potential significantly fluctuate substantially

depending on the environmental temperature and humidity,

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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wogguioelBond. The

car bon-car bon doubl e bond and one not reactive to the
charge transport materials having no carbon-carbon
phot oconduct or draws att entPiCEAP2007/054146
because of the sinultaneous achievenent of wear

resi stance property and superior electric 5 property;
%&@%@thﬂﬁgﬁogblﬁaéﬂﬁdﬁlﬂd\Pélebnﬁféjéﬁ?afrté%f? to itheudetget he
conpatibility of the binder resin with the cured
trabhepord nprtedikiechabing aaciarbonaiarbhe dDAPEboNEL h THhe
charge transport material beconmes poor, surface

. | a e tion a the tine
HEEBRRnR ARk e Bl TUEL PR B¢ BmBimAcios
defective 10 cleaning. In this case, specifically
eYeweatdieve pnrepiittagse propesiieand suretipnédectrisi n
from nononer curing and but also is wused for

0Py ty Nigowe PER I WEOAMY Glod- réSctdvd biAst rONR iTRIOIRE e
however, this bifunctional nononer has a snmall nunber

: | LQ thus r. ting in failure t
Bpoq UBTHLEPF Hf HHRSE 2R o RR e B e i protuced
t hereby wear_resistance property is not yet
hysreagtaen of phe vppoewmer, watle the chargedasaspher material
reactive binder is used, due to a small nunber of

beldofid 0p@dr, 3uRbhce uaePbanBss oePuld18ubRBAIHEr 3BPatBBion at
bi nder resin, the sinultaneous achievenent of the

a t of;.the charge,transport .maferjals 20.apd,.
B8 u Bt Rins8 i REn e, AR v SNRRE i teil et fEadBiptive
electric property and wear resistance property of the
chrmrigeondut this ease, syecifealilyfdascoibed Besithas nathenly
phot osensitive | ayer containing a conpound of a 6 WD

' p2@9dnidOEe biREdt $RDHdIa4hdBomer 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

vet 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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wormbdeouise i s proposed

cured hol e transportabl e conpound having two or nore
chain polynerizable functional groups in the sane
(see Patent Literature p@r/jpz007/054146
However, the photosensitive |ayer of the proposition
generates strain within a curable because a bulky 5
%Pa holgzpaspartablespsonauniabaying bwomrmorhsbain
pol ynmeri zabl e functional groups, enhances an interna

polyessizdlgdedftudidigedies s srthaGRirhaweslecalw99esposed
and cracking over tine, thereby failing to achieve

| GLentr . [0 Ay . si des, ,t he .
(G FateBR 1Bt ablire O HBRSHERL £h7 Bhaverepstiiyectaveg of
cross-linked |ayer of a radically polynerizable
the RIOPPSLLIRBEIRpRAte S StrrimpiEhin Aotirahde beceuseia hubky
charge transport structure and a radically

Hpdé Y ERNEE6FIa® 16 GEROYEEN ) HH 8w & 0¥ B re fchAGH 1 #ld dizable
with charge transport structure is proposed (see

[ tures . 7 to 20.for exanple). In these
hREAOhat BB, Eihahch atninGruRlAthng. tehils ch generate
pol ynmeri zabl e conpound with charge transport
syrfans lavercomghnessraaihor adtingnevet tione i dedreby failing to
durability and generation of cracking in the

aPRpd RS 808l i@ d@iilityHowever, in case of form ng
this cross-linked layer, an acrylic nononer having a

mul tipl e Jnu r Qf acrylic functianal grqu is 20
cur ecrEidkenEs Spstiphetoeraiic Bhetocopduckes haxiag
the acrylic cured material significantly shrinks in

cuoe dieeoss hiarledyl layeihet a verdé sl lyi g dly pieti pakelesédriape und
| ayer, that is, a |lower layer may becone

T AT e S AT BT L e
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 layexr.
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 nechani cal hazard to the

el ect rophot ographi ¢ phot oconductor is used, there is
woath()?,/g)g}_ﬁ of vyielding peeling of the cross-I|PHREGL07/054146

| ayer and the 'el ectrophotographi c photoconduct or

R HGissac Boeh dnethanianlhadid iy G plactemphotographio
descri ption about the photoconductor tenperature

rhwtppendueiqrgist vsed hthdrerisean osswd of lreelding pdeligdf the
| ayer, but there is only disclosed information of

c?_@é%-lﬁﬂiéd‘ !h;"éleanEW@E‘E%H&O%@%@?@%I&?%&Ecflﬂ:%or

i me of exposure so as not to e owever,
sufficient, curing.at around 50C of the io )
FREOS AL, Sy ierEoTRar Wsm%@r&%epgadmmds-
there is no description of controlling photoconductor
Thenecisano saffoiantoflésargp timat dbody t thaiphbbesem disctoe way
but to shorten the exposure for preventing the

tBhRfeRa00dy ‘atxﬁﬁngedﬁ%‘i‘ﬁgtfklf ¢hb erﬂn%"cﬁ&? denfe qugss-linllseodn

However, if the exposlUre tine is shortened, pronot

of syffigcient.is pol rizati pn reactign may not be
laye dth ety s loasd infPrmalion of contrellires e
periods cannot be maintained. Furthernore, in case of
pluott b ¢axidme topaleynmper @tatreont tleatimenf dxiposare o M9 not to
di scussi on about evenness of the photoconduct or

4BIDEBBPEL Grow AP AR R 428548 Boe
Cross-1i nkeéwTr ayer | sﬁgﬁgnﬁirgggvéttz%{ds‘%g%ﬁgdbhgf the

?liﬁf ference between maxi num val ue and m nj nrum _val ue of
POREoCRRG uChor Jemprera e nay ngdohe grpartehagd: tharedy no

stabl e photoconductor property for prol onged peri ods
deacmpticdreofichnencdling Breicdeaducher teraperptwnsahrolling

whi ch a prescribed 8 WO 2007/ 100132 PCT/ JP2007/ 054146
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



phot oconductor tenperature at the tinme of exposure is
set by formng a cross-linked surface |ayer by curing
woahoawo3hot opol ynmeri zabl e nonomer (see Pat ent poT/dP2007/054146

Literatures 21 and 22). These propositions have no
detai | ed expl anati on about the nethod 5 for
phobdsal dudigr ttempesrituire, atbthie oithy ofespoisfick a8 set by
tenperature being controlled by air cooling in
&’&Bfﬁ’%ﬁ%rp@%ﬂﬁéd Sll})lfrfg&é‘ 14 eluﬁﬁ%ur?xg%%‘i’%] ant nedi a,
cool'ihg eftrci‘ency becones "very’ | ow bgcause of its

| ow t hermal conductivity,, amunt of heat which is
phehepelyaterigable manpmer Hsppwatent Literatwreschl prgni2).
cannot be reduced, longtine 10 exposure becones
Thegessioplogitiand Hdvesr aby etufifodce eplia n 410by rEbouzabicomethod
reaction is not conpleted. Besides, in case of nethod

or .0l 1in at ur.e I i f
5 RRhoiBRLiRE Bt b b SF SRR it ahe
thereby cured I|evel of a_ cross-linked surface | ayer
being contrdledrhgtairscooling 1 Fpgranies: owever d€ aar &3 used
wear resistance and electric property is large, the

aflidob®deNaR: 418! WesTingredfivienyAbecomRd viry Iswbéaktise offits
t he post-exposure electrical potential with respect to

I i . be . and
L R AR T R A
mai nt ai ned. 20 Consequently, any of
celriag wobih eooerfphiicrarhiat oo Hgbdtamnothke radueed, longtime

cross-linked | ayer which is chemcally bonded with

10 e%PBEGRe bEEARIRApSILiHEE, W Rd ithet 9P BuEapMAR | Onal
technol ogi es has not yet provided sufficient total

p%ﬁ&%r{t f%%z Fpg%? rp%%@éé&%%lggeff fﬁiegls’des? i¥Rase 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

15 dependency of plaéés of wear resistance and electric property is
Alarge, the difference between maximum value and minimuam value
of the post-exposure electrical potential with respect to elect;;'ic
property cannot be stemmed, and thereby stable property for
prolonged periods cannot be maintained.

20 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

woebegiohaphot ogr aphi ¢ phot oconduct or that mai nipgirfye20ah @146
wear resistance for prolonged periods, has al nost no
electric 5 property fluctuation, has little

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

el ect pi fet n. pr.ovide high-guality,i e ..
formi ng P oot Sl s R By aBoR i Pagaorile pridasclingd
an_el ectrophot ographi ¢ = phot oconductor, an inage
highipng eleetionhotperantyie poeircogdiCtan phatmesintands high
process cartridge. To resolve the probl ens descri bed

veboy eosishenos eélept:oldﬂt%\qégb@fi%d%ﬁ [1CTRETe PRokls 6”e|1é(ct?gﬁi .

reached a concl usi on for an el ectrophotogra

. haui ng;.a, cross-1inked | gyer wth at
s aRprR PELAUA BT dr Ry Sre L er ot oronr
radi cal ly 15 polynerizabl e conpound with |ight, when
rﬁﬁ%%tﬁﬁgei@(téﬂﬁlﬁtwomdm hahexcellent donabiaty hmdgaable
static power is 0.53nWand exposure energy is

ededRi@pesBedtyd chi:1bvi A& NaRECRET e ﬂﬁfi]l
val ue gfaﬁh?&ggst fi)exposur e%gll %‘gtﬂrﬁﬁ\%gﬁlép% fc'aontl a gngdr?d
post .- exposure, el ectrical

1 pimum yval ue h
oL PR 0t o300 o vang o Lk Gphe @aephic
resol ved. The present invention is based on the

rhedoreadectsy, aheimpgefenminguratiosd, an imamafshiole
resolving the issues are as follows. 11 <1> An

10 aphechtanNehadl BRhidssbpteraaduct or, including: a

To resolve the problems described above, the present
inventors studied carefully and reached a conclusion that for an
electrophotographic photoconductor having a cross*linked.layezl'
with at least a cured material obtained by irradiation of a radically

15 ‘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? and the difference between the
maximum value of the post-exposure electrical potential and the
minimum value of the post-exposure electrical potential came

20 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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support; and a cross-linked |layer fornmed over the
support, wherein the cross-linked |ayer includes a
cured material of a cross-linked |ayer conposition
containing at |least a radically polynerizable 5
<denp o dnd ¢l eatio wietogira p e p hiolhecpirbt doondwd tding 'sa
exposed at a field static power of 0.53nw and

sﬁ}'& %§Hr§?§%e&giés°[fmﬂeg 1?15@{’ (imzmedtd'\ferdﬂ}'fef SLFPER, wherein

ween the maxi mum and im ni mum val ues of

ost ex ure el ectrical poten . in 30V, <2>
thherare, flf%@;fﬁb%egwbq%v ear?ot:%%c}qu@&ﬂa%@%rﬂai)%ﬁglwed
<1>, 10 wherein the maxi num val ue (Vmax) of the
lqnyysrt cempositienaoathiticd at pedeni iraldicdly poly@meriadde
<3> The el ectrophot ographi ¢ phot oconduct or accordi ng

0591 R Za%ﬁf%@quniggen% Eggté ?1 lﬁ:gblc?é !eXgP?ed at a

e compoun a rad
?Iynerlzable C?Egound wi th charge 1s transport
fiald pbaticep awar & éﬁwwldpaﬁp%wez%e@see Bahaeiith

no charge transport structure. <4> The
thb eliffeephot bgtapbinct phatodenguch nd mocion dinngale <38,
wherei n the nunber of radically polynerizable

pfogp-%t}{{?%g%'e %p]g&%f‘cal e&{ elill%la[lal%' v%%yx ynerizabl e

ransport ructure is 1. <5>
The electrophotographlc photoconductor according to

<Gre ofl'heglechinphotogranbrephoteondnaier ascordigisci £y,

pol yneri zable functional groups in the radically

vied noiRrtheahlagi s otHld e VIV aRD o Zh6 hrisg e dponep @ ctrical
structure is 3 or nore. <6> The el ectrophot ographic

pBROARGPILUEHY (AREQ! ding to any

<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 a radically polymerizable compound with
no charge transport structure.

<4>  The electrophotographic photoconductor according to <3>,
wherein the number of radically polymerizable functional groups
in the 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

12
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one of <1> to <5>, wherein the radically polynerizable
functional group in the radically polynerizable
compound is any one of 5 acryl oyl oxy group and

met hacryl oyl oxy group. <7> The el ectrophotographic
chasEe dEALERe U StaTchR T by Ster weye. one of <1> to <6>,
wherein the cross-linked |ayer is any one of a

YoSS- Th@'%qgctsr‘éfz;fr@@@glleﬁ%ﬁ'b pl?ot%%@ﬁaul:tdik§éicordmg to any
photosen5|t|ve ayer cross-linked charge

ot oRShdc e SRESFEN ﬁgg?%de' 3% bR A pgsional

generating | ayer a charge transport |l ayer, and the
gepopsia th&eddwﬂbapelymyena@ﬂ@ coprqueIttd a$ laylydmrsepoﬁed
over the support. <9> A nethod for producing an

R OL1y10RN24BA AN G dih RO QARRIUBIRR | NI udi ng:

form'ng a cross-1inked | ayer by curing at least a

r.adi c rizabl e co irradi atj.on with
Toht TndpBRL TP oG 2arp bl BROLtser SR PRECTRR G i
m ni mum val ues of the surface tenperature over the

oaret off €15 uofate, whetrben eéhecirpaphotlegh bghircis any one of a
phot oconduct or, neasured just before 20 conpl etion of

c?Hé%T&HeQI st gl‘emhgé%' &"&rﬁés A gﬁﬁtdée@:‘é?ﬂvh"’l&%r 4%d

I'n 30C, an reint ectr ot ogr aphi c

phot ocon is the ele trophotographlc
%ﬁl&%&dﬁgagtcg&argeaaaaﬁﬁ@rﬁ ga%ﬁ%’y one of <1> to <8>. 13

WO 2007/ 100132 PCT/JP2007/ 054146 <10> The nethod for
qSodudilege et sddodtogphph ogphphv@ndavab o aendedingr to <7>,

according to <9>, wherein the surface tenperature
wherein a charge generating layer, a charge transport layer, and
the cross-linked surface layer are sequentially disposed over the
support.
<9> A method for producing an electrophotographic
photoconductor including: 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

1s the electrophotographic photoconductor according to any one of

<1> to <8>.

13
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of the el ectrophotographi c photoconductor during
curing for the formation of the cross-1inked Ia¥er IS
WOZB %133 70C. 5 <11> The net hod for produci nngF{” 20077034146

el ectrophot ographi ¢ phot oconductor according to any

<1ffto. Ssrmnsehon oo wrontres et B GREERgREmeT = ©
phot oconductor, and a heati ng@rre_di um exists in the

phvsbtond sgaceasbriing b sO5r, ophereigr HpmParist FappeRAige

10 during curing for the formation of the cross-1|inked

| BY & e ctrobRotd BRapRIchFHo foRb ndREsE dR@id® curing for the
Ofé:?éct?%gh%t ogrgphllmg %ot oconduct or according to <11>,

wher ei n e heati medi um.i s r. The net hod
ﬂ??ﬁ“%%%ﬁtghﬁ§rgﬁsiﬁﬂ%¥f %b%@%%%gth pHot oconduct or
according to one of <11> and <12>, wherein an elastic
<Tenbdthd methodeloy mtadariveg aroelavsroproengrophine hol | ow
el ect rophot ogr aphi ¢ phot oconduct or during curing for

p%&%coﬁ&lﬁ?@gi é’&o‘%ﬁiﬁ%?o {35 8nbioTkest lavek18nd wilerein the

eat| ng i um exis i nsi de of the elastic nenber.

20 <14> The t had for producing,a
elegieephobraraapaphieoBRIPEIU RSN cor di ng to <135,

wherein the tensile strength of the elastic nenber is
13 6ks9h 2080 g ien DRk et o nd 10T e drat vati hgrmpdbymce Figts

an el ectrophot ographi ¢ 14 phot oconductor according to

Y e R e

roduci ng an el ectrophqt ogr.aphic .
difring curigg for the ftornfatgongof%%e cross-linked layer.

'<12> The method for producing an electrophotographic
photoconductor according t(’) <11>, wherein the heating medium is
water.
<13> The method for producing an electrophotographic
photoconductor acc;ording 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?2 to 400kg/cm2,

<15> The method for producing an electrophotographic

14
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phot oconduct or according to any one of <13> to <15>,
wherein the 5 thermal conductivity of the elastic
menber is 0.IWmK to 10Wm K. <17> The nethod for
produci ng an el ectrophot ographi c phot oconduct or
PAOEOERARHECtos aarprdies 66 oaplol Th3xmEd <UMer ot heredurdligA

curing for the formation of the cross-1linked | ayer,

Haltd i@k lgWhECe lak et mapkiod o e aphioc1ghot oconductor i s
pl aced so that the length of the electrophotographlc

t ogqnduct is_substantiall rti.c 8 The
DB od or s e st b e it Siarct o Sgmranh!
phot oconduct or according to any one of <11> to <17>,
phisspesmduttor tesariling tedingnons ofiIGiH & «d Hduniherein the
curing for the formation of the 15 cross-1|inked

tﬁ@fﬁ@q%ohax&wmy 3 dhE @EALAR thé AR O PVRE LRFH Ao Wi -
hol | ow el ect rophot ogr aphi ¢ phot oconductor. <19> The

thod for producing an el ectrophot ographic
I‘gﬁotoconductor according to any one of <10> to <18>,
wherein the exposure intensity for light curing is
<1060 Ml egh odofioe. p 120 w20z adnelaviigep Katogiraghappar at us
i ncludi ng: the el ectrophotographic photoconductor

pAo2 8L S PG o Mleg@% O ath”oh® of <SPt B kqts%nkmherem

el ectrostatic |rrag ormng unit to forma latent
el ectrostati.c |ma?e on a

drERE cYpHYE Sy Hhh @@3%@3&%5{%@&55&@&éw,o%aen@oﬂow

unit configured to develop the latent electrostatic
elexgephetoyaptiopdrotbeofiductoa iisliaekd dondeset tlee length of
transferri ng unit configured to transfer the visible

I@cgtg*'raggo@o gI;eﬁﬁﬁr ﬂ&ﬁ@to@gﬂﬁﬁr&oﬁﬂds@béﬂgﬂtﬁ'&wr{}ett tical.
<18> The method for producing an electrophotographic
photoconductor according to any one of <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 <10> to <18>, wherein the
exposure intensity for light curing is 1000mW/cm? or more.

<20> An image forming apparatus including: the
electrophotographic photoconductor 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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5 transferred image to the recordi ng nmedium <21> An
i mage formng nmethod including: formng a | atent
el ectrostatic i mage on a surface of the

| ect r ophot hi ¢ phot ocondugt di ng t
pngoginichoy a dgevelppiing Halh copfigtpd tofge gy the Tatent

devel oping the latent electrostatic inage using a 10
eedtepstatiansheerung gt deouesitblfermnagesidne ammgeecor di ng
medium and fixing the visible image to the recording

A AR 1D gt IR YA mbte onto o
one of <i> to <8>, and at |east ope of a c¢hayging
rﬁﬁ?‘f‘ﬁ%n‘fﬂie&b‘r‘%‘d anfl aAFX e ¥napFentguse tRd1 6ho

el ect rophot ogr aphi ¢ phot oconduct or, an exposi ng unit
teanffegus @ dniage €Xplosecthliaamgddusur f ace of the
phot oconductor to forma latent electrostatic inage

e : V, ' i : [ gUr, . % t he
T Rt B A b SRR B Gt B B BB
phot oconductor using a toner tQ forma visible inage,
edefmos iadia tBRgemy anidriage of eddiengleghrapheingrapbifar ge
elimnation unit. Brief Description of Drawi ngs FIG

photscandh@ol fHcagdaig 0b apet €né iodl<Ipr epessty fevmlibgtd on
equi pnent after exposure. 16 WO 2007/100132

CEY SRae PR o R A P BB B SRETET Rl o

phot oconduct or of the present invention. FIG 2B is
tanethiganskermpnarthescivtviet inage onitorarecprdingmedium; and
fixing the visible image to the recording medium.
<22> A process cartridge including: the electrophotographic
photoconductor according to any one of <1> to <8>, and at least one
of a charging unit configured to charge a surface of the
electrophotographic photoconductor, an exposing unit configured to
expose the charged surface of the photoconductor to form a latent
electrostatic image thereon, a developing unit configured to
develop the latent electrostatic image on the electrophotographic
photoconductor using a 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.

16



5 the single-layer el ectrophotographi c photoconduct or
of the present invention. FIG 3A is an exenplary

wosehemaiizc sectional view of the |amnated pCT/IP2607/054146
el ectrophot ogr aphi ¢ phot oconduct or of the present
invention. 10 FIG 3B is another exenplary schematjc
sect i Bhal 24 mavfexemplarynschanatisl sastiaptotiesr aphbe
phot oconduct or of the present invention. FIG 4 is an

sEX ST B o §Ié|&§f%h(ﬂzo‘gk§%ﬁh&f pabtodRudtor Bftthe present
apparatus of the present invention. is FIG 5 1s an
.exenpl ary schematic view of a process cartridge of
PRE O ent invention. FIG 6A is a block diagramof a
vertical exposing W lanp systemused in Exanpl es.

FI G BEG £Bibhookhel agermmloty schenaténsattiongdsiey afy
lanp 20 systemused in Exanpl es. Best Mode for

5 tHBIdi%eN 1k bt ByRHEd h(i5|:p‘?ﬁ}tt69@ﬁ‘&ﬁ@t9ﬁm1i‘e resent
Photloc%nd%;t%r) Thglygl ec%ir%gpho ogr aphi ¢ phot ocondgctor
.of the present 17 WO 2007/100132 PCT/JP2007/ 054146
IPNGBM Y n i ncl udes a support, at |east a cross-linked

surface layer disposed over the support, and other

| ayer EIGs 3detesnarsemplarycsdssmbhtitkeattiayal viesv néithe
particularly limted and may be properly selected
126692k A% 1ECt PR ARRF PR PHotJBWRY R er Bf the present
invention.

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

FIG. 4 is an exemplary schematic view of an image forming
apparatus of the present invention.
15 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
20 system used in Examples.
Best Mode for Carrying Out the invention

(Electrophotographic Photoconductor)

The electrophotographic photoconductor of the present

17
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5 | am nat ed photoconductor may include a cross-|inked
charge transport |ayer, a cross-linked surface |ayer,
WHOT/HE1R2 ke. A single-layer photoconductor F&J/IE0F/03146

cross-1linked photosensitive |layer, a cross-Iinked
surface | aye or the like. O these, the

igyestiohi mnlcz‘dd@m af sugep oty et leaspararpssilinkaed pnefasedalyer
to the others. 10 For the el ectrophotographic

AREYYREAOHHCEIN gu! Eﬁiﬁ%&‘t Wihd iofHel Say&RNEY HeRds r the
condition that the inmage statlc power |s 0.5 nWand

The. mibercsalakSa fay e 4 B8F parpraliptcl gy??@%fﬂt

potential and , the m ni num vaI ue of the post-exposure
belproperkakelestentacabrdingl o the hipplieviopr eHevetter, a
wi-thin 20V, nore preferably within 10V. This leads to

19848k b PL8 G ORNALA8h ARbE Y Al GS8BINGR Y chibgke Can

ave a cross-linked l'ayer having uniform property and

ility between t ance abl e
Pt dnket i CEo RS IR G Bes b RBe e T8 5 1 ¢
the di fference between nmaxi num val ue and m ni mum
simgledaysr atlmtec@o¥uctoremeary setist tyosmilindeduphatoseheitive
time of image outputting that is easily visible for.

TS BNORTS-1PA L EY RRSEH A Her, BRUBRITIRL, | 'd‘ietﬁb%'ef thane.

romthe viewpoint of wedr fesistance,

200 32 PCT/ JP2007/ 054146 he | veI
c wﬁa&e@&qréﬁm% ATF GhDREBSHMATT el ?@%lefﬁoo#hepaﬂf%rs

where the post-exposure electrical potential is high

t o pdfdxstheheleetromeopestpdip oot ecel dattor cathemotveittinglis

is low, and nore specifically, in parts where exposed

| cOMEEARA GRHEALhbScIH AR+ RIONRS i3 ge static power is
0.53mW and exposure energy is 4.0erg/cm?, 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 30V, 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,

18



5 polynerization reaction, the cross-1linked surface
| ayer has property of high hardness, whereas in parts

wowher®osxposed area potential is |ow, hardneserhesnmesiiic
| ow. Therefore, stable wear resistance cannot be

attai ned under the environment of actual use, wear
thel lenel of podymerivatien randtiessbécrhewdiffarest ftvangarts
exposed 1o area potential is |ow) becones |arge,

WE@féEl’lé‘ oY pRvel debgidal pitledtisl ighidRko i)%@%@ where

becomes Clarified over tinme. 'Here, the I mage Static
ower ,neans exp ure that scan mai n _scanni.n
PO AP G TBFCROPYLSHEIAT i Jgvr BEd: ey Shac
not scan in the vertical scanning direction
igrattecwhdne eapoéd does puentitlaischigh bfrpromoting
circunferential direction). For the

5 p@lﬁﬁf&r%ﬁ&ﬁ%@%@%& RipQt cﬁ%@@q Q& ] W Yydd Res! S

conduct ed er the conditlon e 1 mage static

rERBeR D Ao °5r%%%t1%2§é%éwise peRpsod drea

el ectrical potential is preferably 20 within -60V,
potentizd ak doab ha ndirtelss rbecBtés 1dw.Vnitheexfaedstabl@\ivear
pol yneri zation reaction within cross-linked | ayer may.

r@?fstahﬁg @3thot e B‘tﬁiﬁ%‘ t15d %Eﬂvﬁf@ﬁ%rﬁk 'Hf'ra&:\ﬁﬁg? Rise,
0]

wear reS| stance nay e achieve
densi t e diffi cuI to acquire 19 V\D

WRA7V @ 920 avtspybere é@@@@@ss af 1Pwm¢@sr§§ Wphere exposed

, shrinkage over the thickness of the cross-1linked
10  draygioteléisl idt hevpbstomupdstys ielddstinictiale paeenh idnsity
can be nmeasured wusing for instance a property

VMR SRRENRY ld%néjé 51%'1'95&? olv%r time.

Here, the image static power means exposure that scans in
the main scanning direction only (only polygon mirror rotétes) and
does not scan in the vertical scanning direction (photocohdﬁctor

15 does not rotate in f;he 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/cm?2, the maximum value
(Vmax) of the post-exposure electrical potential is preferably

20 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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s JP-A No. 2000-275872, which is capable of evaluation
of the sensitivity property of the

WOR08H100868Bhot ogr aphi ¢ phot oconduct or;  however RH&P2007/054146

eval uation apparatus is not limted to this and any
eval uation apparatus which can, nmeasure the i
%é’fl@‘-é%?p“@s%f %ﬁ?éu 89 evenbrehhichnesgro i ieeaps-inkpd G
1 shows a configuration exanple of the property
layakuati on apparatus. The property eval uation
apparatus for the el ectrophotographi c photoconduct or

in Fl [ [ | char gl it 202, an
expos i utiie T3 EGRs b bB E TR fa k85 g Rlsured
around a phot oconductor 201, is equipped with a )
WHiPLA0E 1n§tRBER At PEAPaTLY @vabuatipa: spparaiies disslogedgin
unit 202 and the exposure unit 203, is equipped with

P AN GOPRIBRITal, wikichrisZhb alletofesmlubei X epss €
unit 203 and the neutralization unit 204. The

: (o) u . ' ttached.to the, .
S R POl L Sl o B BB BRGSO it
charging unit 202, 20 the neutraljzation unit 204,
hayeeeen ’?la%éva&%ﬁpnaapme@mszmotahmthé toufiaead any
potential nmeter 211 are installed to a common table so

aAgltatie APyak tid Whifle cahlBuatereths dosicdx@okhsd elddific
radial direction, and the |ongitudinal direction of

tQaco tar 201. 20 WD 2007/100132
p&’)?ﬁg“/l%gd%%ggj}%fg The exposure unit 203 includes a
| aser_writing device, is novable to the radial
di r ecFi6n lashpwha corienraiionlexgimpls pBrithsf proparty
drum shaped phot oconductor 201 (novable to the

' e@aﬂﬁﬂﬂ%ﬁfﬁnﬁ&fﬁtlﬁi. r €Ché YRoBBLtY ¥PEMAthen R A%004Y6E Phe

is rotated),
electrophotographic photoconductor in FIG. 1 is equipped with a

charging unit 202, an exposure unit 203, and a neutralization 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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5 wherein the radial direction of the photoconductor
201 is designed to have an interval by the distance

wo 9ho7ib@3phot oconduct or surface and the focal ptegetobr @i
'aser witing fOlens. Wth the property eval uation
apparatus having a configuration as shown in FIG 1,

menThB%@%@%&bidﬁftmﬁ héRdbe PhYsaceriietateadd, iss

nmeasur e the surface of the photoconductor 201 is

neujralized by. eutral i zati.on unjt :

AR Hﬁg%hfﬁ H@}ib%% %f&ﬁ%’rﬂnr SR the %ﬁé&gp‘g&éﬂg&%ﬁ?@"%‘ﬁf
as well as the photoconductor ,201 at a constant

thieod At iongh sped photheondmétare2@t (moyablededdénduct or 201
is charged until predeterm ned surface is potential by

ci% 3 ¢hRL G R0AHRICE 208n1yE wiRACHES phabecdedestordamotited),

exposure unit 203°7is applied to the charged

hot ocqonduct or, 201. . By asur i th ur f . .
whorem 1 TOMAIHETEREIOG TP DEUTRT RO 745t I, dpsigned
surface potential neter 210, by neasuring the surface
topbaeatinaintetvahbyettpod sdaphetafddredphbercomlucher surkagee
potential 20 nmeter 211, and by cal cul ati ng the exposed

t ?egi@% ENSIHWr18ANIfOadnly potential decay
aﬁ%&@ofgf:gf | Amet er 06% tﬁe %hot oconductor, |inear
speed _of the photoconductor, resol uti t he | aser

I oR of.
scan Withtihe propedy e 1y a@?@@@%? Rj,avéﬁgragi ng
tinme, 21 WO 2007/100132 PCT/JP2007/054146 depl oyed
cdifiir i Do nfaexipowionin Flfel awhearhthe bangitigitsmfithen t he
circunferential direction, and-surface potential of

p%gf%clﬁyﬁgtc?fé:g&o @%licfsoﬁreagﬁ‘?e El,ehgé SAREicPo PEL YRR LS ductor

exposure ose and neasured exposed

otential or electric ch e. anmoun f .
28 1 is neutralized by a neutra Pzgatlon umI‘. 2%4 through rotating

the polygon mirror of an exposure unit 203 as well as the
photoconductor 201 at a constant rotating speed, the surfﬁce of lthe
photoconductor 201 is charged until predetermined surface
potential by the charging unit 202 is reached, and laser beam of the
exposure unit 203 is applied to the charged ph(_)toconductor 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,

21



5 before or after exposure is defined as the
sensitivity of photoconductor. <Cross-Linked Layer> _
WOPRE/WPbRs- | i nked | ayer includes at |east a r&GTERPI0YO54146

pol yneri zabl e conpound, and where necessary a cured

material of, 1o a cross-ljinked |ayer_ conposition
deplaygidpegitnmnef expogriad bisee ond tiehazging unit in the

Pol yneri zabl e Conpound The radically pol yneri zabl e
cieouptienentindfderedtion cantiaingace poaghtial loy the

pol yneri zabl e conpound with no charge transport

pRbIISG R LadSaldnto Rl MRl RblceiGATBON DL D,

anspor structure.

pol yneri zabl e conpound. with char g};ﬁ- transport
desq aeduneasused expesapanteniilar esstrcrhangenameunt of

transport structure such as triallyl am ne, hydrazone,

5 beforazed afier expached ok efiridatibe ddmAsRett ot ructure
such as fused polycyclic 20 qui none, di phenoqui none,

pﬁggoc%ln%crt attracting aromatic rings having cyano
group or nitro group, etc., and a radically

ol yneri zabl e functional group. The radically
<§§P§/$f€fmkaélleayfmfhcti onal group can be any if the
group is radically polynerizable, 22 WO 2007/100132

PCT/ IRz0O0<854A%Ed layer inbhsdes §R1H04 £ FpEMRIVPUDI €
bond. Exanples of the radically polynerizable

o AASHEGREle 0Bl A SRk YR §hfevir o
- functional group represented by the
10  a cross-linked Iqayer composition containing other ingredient(s).
-Radically Polymerizable Compound-

The radically polymerizable compound preferably contains a
radically polymerizable compound with no charge transpoft
structure and a radically polymerizable compound with charge

15 transportstructuré.

The radically polymerizable compound. vs_rith 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

20 ‘guinone, diphernogquinone, and electron attracting aromatic rings
having cyano group or nitro group, etc., and a radically

polymerizable functional group. The radically polymerizable

functional group can be any if the group is radically polymerizable,
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5 followng Formula (a). (1) Exanples of 1-substituted
et hyl ene functional group are functional groups

wohaRieegdt ed by the following Formula (a). (Ibctiib®orosiise
functional group has no aryl group segnment, or aryl ene

group segnent, the functional group is connected to

itdehak ¥ caFtid cdbbor Gimritile oridhe aryl ene group
segnent. CH2=CH XI- (a) wherein X1 represents an

aryl / y.

oD EaAHR (1450 PSR S U, FORRLINL 05
which may be substituted, -CO _ grqup, -COO, group,
incide §-qrastitutgdorihylene depstre i spuesends a
hydrogen atom an al kyl group such as nethyl group

landuiishith ted @by lahélfloskti@nal rsughrasre sbavay byotlaup,
napht hyl met hyl group and phenet hyl group, or aryl
oup._sueh as yl group and napht hyl group), or -S-
> fﬁﬂgaﬁpg’ %%?P*%béganples of these substituents include
Vi nyl %roup, 20 styryl group, 2-nethyl-1, 3-butadi enyl
gr oup DVEErgmpde s ofii-sybatisutedethylopeotunafiensgl group are
acryl oyl am de group, vinylthioether group. (2)

finariehad %Buias Trepubsbhted 8¢ HdHeawids Molrhonial (01 oWpf
i nclude those represented by the follow ng Formula (b)

3 007/,100132, PCT/ JP2007/.054146 = - X2- (b
th SRR HOBEoAS 1 AETREFO B St e Ty IEE erblb
substituted, aral kyl group which n;% be substituted,

sagylenyy, dbe funettorsal phenylis geoopcteshte bhp ) lgrgepup
whi ch may be -

10 segment or the arylene group segment.
CHy=CH-X;— (a)
wherein X1 represeni.:s an arylene group such as phenylene
group, naphthylene group, which may be substituted, alkfnyleqe
group which may be substituted, -CO- group, -COO- group, -CON
15 (R!0)- 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,
20 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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5 substituted, hal ogen atom cyano group, nitro group,
al koxy group such as nethoxy group and et hoxy group

WO.20079132gr oup (wherein Rzl represents a hydP&gamR2007/054146

atom al kyl group such as nethyl group and ethyl
group which may be substituted, aral kyl group such as
E_Ef_iy_l_l_ %th t hyl and phenet h)SI groups whi ch nmay

p—s-u@it utedzaryl group su&lb as phenyl group and
napht hyl group which nmay be substituted), or
- CONR12R13 (wherein R12 and R13 represent a hydrogen
atom w%lﬁa!w;hn 9r{ e%HﬁEs 8% HRLYdroHPHR i8R Gna Py |

ich may S

group e substituted, aral kyl group such as
benzyl roup, .napht hyl get hyl gr.oup,, an net hyl
gbaT AT RE BB L ons BRRC At i Db SbyReh s dous
phenyl group and naphthyl group which nay be
ssichsdd pheag] gzodpmaydoeaptehyl gadupwidichf mamgnbg , X2
represents a substituent identical to X1 in the

’ a | : | Ktk 8880 8p Ol Pk
s tHlalty hajd HE, 3RS s A ERRaRb T kony, xowe
group, cyano group, alkenyl ene grouj r,.aromati 0 .
SUCHRS Ochl&zﬁhﬁPésefg’fm&Yhaéfg%u &Q&Rj@rﬁ@“@n@ﬁ%m
a-chloro acryl oyl oxy group, nethacryl oyl oxy group,

R eypnossing £ e dgogen,atodd, MWhAGHGOSIER as methyl groﬁp
PCT/ JP2007/ 054146 a- cyanoacryl oyl oxy group,

Y, P r ) y
B EAREERERN TSR bo BEMIRRTI Y2 DR bl uch as
X2, _and Y are further substi uhed i ncl ude .a hal ggen
bemeinl, ARphéhykaephyl @é}&%ﬁﬂ%}&ﬂa ELOXPR D B Bfich
as net hyl group, ethyl group,
substituted, aryl group such as phenyl group and naphthyl group

which may be substituted), or -CONR!2R18 (wherein R12 and R13
represent a hydrogen atom, alkyl group such as methyl gréup and

ethyl group which may be substituted, aralkyl group such as benzyl

group, naphthylmethyl 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), X
represents a substituent identical to Xy in the Formula (a), a single
bond, or alkylene group, provided that at least one of Y and X3 is
oxycarbonyl group, cyano group, alkenylene group, or aromatic
ring.

Specific examples of these substituents include a-chloro

acryloyloxy group, methacryloyloxy group, a-cyanoethylene group,
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al koxy groups such as net hoxy group, ethoxy group,
aryl oxy groups such as phei noxy group, aryl groups

woSHeMegS2Phenyl group,  naphthyl group, and ap@lrfs¥hesrnsdise
groups such as benzyl group, and phenethyl group. 10

Anong these radically polynerizable functional groups,

T SRR g

parti cular avi g oné or nore
acryl oyl oxy groups may be obtained, for exanple, by
lnggh%ﬁry B 8FC®Rt er exchange reaction using
conpounds havi ng one or nore hydroxy groups in the 15
nol eExkhenplasrof]l substiubds isakthichcthd subsitudnbalid &,
and acrylic acid ester. Besides, conpounds having one

ard %ﬂ?éeffx}i{@h?%cé&ﬂsgﬂlﬁ@i ind 280 % }I%%@agn %?Iaﬁli Mo group,

e radi cal Iy polyner unétiona
group in a ponomer having two Qr nore functionalities
CYREY BROURIcHYE Hrogp s ditiabep s mrethapbosp wihextbyd fosg | y
20 pol yneri zabl e functional groups, acryl oyl oxy group

al&bdy greuipacsudoyh anytlgrouprane, peidte ghatby avkiyl .
The nunber of a radically polymerizable functional

P..| [ I r
BB hilch, B SRR ot SR Uit Bu,
2007/ 100132 PCT/JP2007/ 054146 functional group is
nagrhithsil gsoppe fend argladrgrouns seeh Bl bengxdr seaup, Aindss
of the cross-linked surface |layer, to easily obtain

pldihiy] sgyibace nature, and to sustain good electric
property. By using charge transport conpound having

D R FA =R ATRE RSB B SR,
“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 feactﬁon
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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property that is stable for prol onged periods are
attained. As charge transport structure of charge

WG 1087832 conmpound having a radically pol ynmB(TARBI0E/054146
functional group, triallyl amne structure suits from
hi gh nobility perspective, and anong triallyl am ne 10
fymtmalwou@mmafdsabbome iin gdreefadtbawintgoharterakl
Forrmula (2) or (3) structure can nmaintain electric

REQREHE Yh ld?&‘sﬁaﬁn%%ﬁséﬁff‘éhé Eday8f do e£4i00 3t RAE SRdoth
in a good condition.

serfess naib(lﬁ% el jp s @usm%)goos&reiecfféc BROBR TG (BPamSIRG
Formula (2) and (3), Rl represents a hydrogen atom a

chalrggdmaaspoyt c,qzxapougldohpvmg thesgradizalhl bylymesizpble
which may be substituted, aral kyl group which nay be

5 fﬁﬁ@ﬁbhfalﬂtg%@upér ¥%bth qu?%m/ey qﬂlmwehfeﬁgﬁ&'ewé&%

koxy group, - wher €1 n represents

DI 8o 0080 el s Hrotbnttt Festels ate égté’l\gﬁé A

group which may be substituted, or aryl group which
cimygbdrsubport sivadjurdaf change edanapdnﬂn@dmgnunﬂ, having a
CONR3R9 (wherein R3 and RO each represents a hydrogen
r@tPA1ly polymerizable functional group, triallyl amine structure
suits from high mobility perspective, and among triallyl amine
10 structures, compounds shown in the following general Formula (2)

or (3) structure can maintain electric property such as sensitivity

and residual potential in a good condition.

R; O Ar
Lol Palank:
CHy—=C— COM(Z)m-——Ar1—~X_——Ar2—-N\
o ATy |
CHy= C—CO—{Zm— X~ Aro~N
At (3)
15 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, -COOR+ (wherein

R7 represents a hydrogen atom, alkyl group which may be
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hal ogen atom al kyl group which may be substituted,
aral kyl group 5 which may be substituted, or aryl

woZoftotBi ch may be substituted and R8 and RO peRYiphfi70s4146

identical or different). An and Are each represent the
substituted or unsubstituted arylene group which may

feh steaeldS @lra OEy i Fd@F WRichAnR yahe fﬁlbétﬁ%g?%ﬁ% ﬁ?g\ﬁ E%%up

the substituted or unsubstituteéd o aryl

' tigal.or different. X.represents a single
TR Tub B8, 2 e o Elseiase sty evevgs ou,
substituted or unsubstituted cycl oal kyl ene group,

GONRsRu(wheveiniRe ol Routaeth abjydsengset hedrbpyalaedin,
group, oxygen atom sulfur atom or vinylene group; Z

RSt U A OO St

al kyl ene group, subs r’uns
r_bival en roup, or al kyl eneoxycarbonyl bival ent
ThBT sl Po dipstiiRitRa. A oy Gadnpovhich made ol Oited
0.3. The followi ng are specific exanples of conpounds

t .
b Resnd & oyt e igeeticalisr Fiffewkae).(2) and (3). 20
In the substituents of R in the general Fornulae (2)

and (3); an@XBPPLEch RS acl ude net hyl
gr oup, et ﬁyl gr oup, %B%%%/ g’%{%S%?’%‘E?‘;‘}%%Fo%ﬁ"%“yuted
ex |l es of the. aryl graups include phenyl group, :
aﬁé’g‘?ﬁ%ﬁroﬁl’ mc%%gggagpt{q@é oxrditfapendgy oups 27 WO
2007/ 100132 PCT/ JP2007/ 054146 include benzyl group,
phenedhy hndrimpeactapbp hydarrt the sgbstipute @$2MBAASH Rftuted
t he al koxy groups include nethoxy group, ethoxy

aBy P Pouf Y HAERRRNY KU AheilIPSR aRBYES: MY P

substitute

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 substitu;:ed
.or unsubstituted alkylene group, substituted oxr 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 R; 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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furthernore with'a hal ogen atom nitro group, cyano
group, alkyl 5 group such as nethyl group, ethyl group

wOoet007/100832koxy group such as et hoxy group, etHEg¥xNp2007/054146

group, aryloxy group such as phenoxy group, aryl
group such as phenyl group, naphthyl group, aralkyl

1gchude beneyl geolenzlyéngtiorpgravys nedgiyihydnosthyl Hyrdupgen

atom and nethyl group are particularly preferable 10
ubsity ﬁg},g, . St d
e%r ﬁggﬁbstﬁ%%#e rg%ngé%H@ngﬁﬁméiégﬁgﬁgéﬂ'f ?égkgryl
groups include fused polycyclic hydrocarbon, groups,
SROHPT Gé‘éidp%%ltq"iycgw-ochﬁﬁéﬁ FoYBFs 2N ﬁ@béglék‘%q?i c
groups. 15 The fused pol ycyclic hydrocarbon group is

fardicamably witie a halogeg: 460l nitassgmarhayaiogsotipr alkyl
ring formati on and exanples thereof include pentanyl

0 ] ]
B e O e Y Do Bh 3., oty BB s
grqup, s-indacEpyl group, fluorenyl group, 20
%@?ﬁﬁ’hgmkrﬁﬁ OFfF 19 Ul | A8V ARFOR PrOWP SWSh 3% BREPRER EHPID,
group, phenal enyl group, phenanthryl group, antholyl

agybypoup fdushr asphenyl goapp naadehhdgaoupl wrallyyl graup,
aceant hryl enyl group, triphenylenyl group, pyrenyl

<R b B0 e B R e or oup. Exampl es of the

non- f ysed cyclic hydrocarbon groups include
nonovAVEBeEeR et drd pBabyicsioaumges Daatisvhadsmrsdatrble

such as
among substituents of R;.

Arszand Ary are substituted or unsubstituted aryl groups and
examples of the aryl groupé include fuséd polyeyelic hydrocarbon
groups, non-fused cyclic hydrocarbon groups, and heterocyclic
groups.

The fused pé}lycyclic 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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benzene, bi phenyl' ether, polyethyl enedi phenyl ether,
5 di phenyl t hi oet her and di phenyl sul phone, the

wo'lBeRNRlsnt group for non-fused polycyclic hygdeGeaPie
conpounds such as bi phenyl, polyphenyl,

di phenyl al kane, dlphenylalkene dlphenylalkyne,

[ di styryl benzene,
n%??ﬂg %ﬁﬂpégﬁgfoalkane pol yphenyl al kane and
pol y nyI Ikene or the npnoval ent group 10 for
cycl i nggifEetdey dithydsogrdonggypups include
henylfluorene Exanples of the heterocyclic groups

micrdwidentrgpouplfeptmogdOpidic Bydbo@mrhodl ba@alotinds such as
di benzof uran, di benzot hi phene, oxadi azole, and

I re sente Ara and
bbth i 1%l SRRR poBlR iR Rer CRERER RS, Lont
d scrlbed in (1) to (8) bel ow. (1% Hal ogen at om
5 dj l§hngthenianddiphemylsubyhangythey moupey alens fgroapl fpr
strai ght-chai ned or branched alkyl groups of 1 to 12

n@ﬂff@@ﬁdqidl%yclﬁ@h?d@b@éﬂi(ﬁbwmbdtﬁuﬁs §AERQE b
and nost preferably 1 to 4 carbon atons, wherein al kyl

pEpHRI Al TRARE: IRy AileBe 'fibﬁ‘ée%}ﬁ%ws 4

carbon_at onms, phenyl group, or phenyl gr oup
tranbenylmethiang ; Aisdy %@gmenat dni-dpkehnydexelpalloand, to

4 carbon atons or al koxy group for 1 to 4 carbon

pely@Heny3RBE Hd 6nd23Po] &Q@iéﬂ;@éﬂé%f@é ﬁ?@&&?ﬁ%ﬁ%

exanpl es thereof include nethyl group, ethyl grou

10 fogrcard:gyc W‘%’f%boar%ﬂgxuflﬁ% osrl.{)cl'gaoz}% %eéyﬁi}p%ﬁpﬂguglggé

2- hydr oxyet hyl group, 2-ethoxyethyl group, ‘
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

15  substituted with any of subétituent described in (1) to (8) below.
| (1) Halogen atom, cyano group, nitro group.

(2} Alkyl groups, preferably straight-chained or branched
allkyl groups of 1 to 12 carbon atoms, more preferably 1 to 8 carbon
atoms, and most preferably 1 to 4 carbon atoms, wherein alkyl

20 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
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2-cyanoet hyl group, 2-nethoxyethyl group, benzyl

group, 5 4-chl orobenzyl group, 4-nethyl benzyl group,
wOoLopHenydzbenzyl  group. (3) Al koxy groups (- ORRJ[JP2007/054146

wherein R2 represents an al kyl group as described in

(2). Specific exanples thereof include methoxy %roup,
exeiiplys ghareps inehrdmmethyl @rpupi ephvheryupyr BUPLEYL group,

t - but oxy group, n-butoxy group, s-butoxy group,

i—%?%loé%/orlggﬁ%uty%%% OXYR{DDEY0 G OHPp rdisfzadomy

uoronet hoxy group. (43 Aryl oxy groups
Aryl groups .may be enyl grgup and _naphth
oo AL B EIRE R 1Y PR P BT S ey
carbon atons, alkyl 15 group for 1 to 4 carbon atons,

2@k agoeshph growp 02nm Stextyd thyd gropbe Yergt €5puPncl ude
phenoxy group, 1-naphthyloxy group, 2-naphthyl oxy

T ART heRRh yTh SR Py ] oy $¥nzgl oup.
> 4%&5%8&?%;‘/{}%@1&% gr oupgg%r g%y ncgﬁ%:ap 0 groups 20
Speci fic exanpl es thereof include nethylthio group,
ERAWA t hi o group, phenylthio group, p-nethyl phenylthio
group. (6) Goups expressed by the follow ng
St r uéghpakoxprerutips (-ORNOVREOFIN Bangpresents an alkyl
PCT/ JP2007/ 054146 R3 r -N R4 .
croup as described in (2). Specific examples thereof include
methoxy group, ethoxy group, n-propoxy group, i-propoxy group,
10 t-butoxy group, n-butoxy group, s-butoxy group, i~-butoxy group,
2-hydroxyethoxy group, benzyloxy group, tri-fluoromethoxy group.
(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-naphthy10xy 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.

30



10

15

20

wherein R3 and R4 each i ndependently represent a
hydrogen atom al kyl group as described in (2) or

woahW108:eup. Exanples of the aryl group incl %@@/Jﬁﬂf@%énu

group, biphenyl group, and naphthyl 5 group which may
be substituted with al koxy group for 1 to 4 carbon
atons, alkyl group for 1 to 4 carbon atons, or a

hal ogen at om B3 and R4 may forma ring together.
Specific exa es thereof include am no group,

di et hyl am'no “gy oup, N-methyl - N-phenyl am no group, 10
N, N- di phenyl am group, N, N-di(tryl)am no group,

di benzyl am no group, .piperidino group, norpholino
group, pyrrolidino group, (7) Alkylenedioxy groups or

et My S kT %ﬂé‘r’%ﬁéaéﬂiﬁd?éﬁm SR, FFsseht #b9UPofen

unsubstituted sty r ubsti t ted or
ks ULy gram ﬁs-iﬂ’?éﬁ’aq%f ﬁ) gF &ﬁﬁ group. Examples of
di phenyl am nophenyl group, ditolylam nophenyl group.

tHhargl ¥leme igehidisphenyt geotipdbiyhemy lagich vip ean d ol agdethyl
di val ent groups derived fromaryl groups represented

S50y Gy 8 ST SRHLP kg 4 carbon

PCT/JP2007/ 054146 _al kyl ene group, subs ut ed
atamapaliixlgrea fen éa*pk%riéh‘ém@@&aﬁls @L&)g‘ﬂtlt)&%%&%epﬂ Rs

unsubstituted al k_yI ene et her group, oxygen atom
afdl R 6BmQ riddydedtdhegl oup.

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

(M Alkyleneaioxy groups or alkylenedithio groups such as
methylenedioxy group or methylenedithio group.

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

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

X represents a single bond, substituted or unsubstituted
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Exanpl es of the substituted or unsubstituted al kyl ene

5 groups are preferably straight-chain or
wobaHtieeit- chai n al kyl ene groups of 1 to 12 cdF6R2007/054146

atons, preferably 1 to 8 carbon atons, and nore

preferably 1 to 4 carbon atons. The al kyl ene groups

albiaylere gfaug heubsibsteid on saswbstitatéd @MﬁlQﬁékE{?Q#ﬁ group,

hydroxy group, cyano group, and al koxy groups of 1 to

sfpS A Resy @ %su@éﬁﬂﬂetﬂéﬂéiﬂen@reth@r%}@ﬁﬂ, oRfeHR atom,

substituted wmth a hal ogen atom alk group for 1 to
4_carbon atons, fr al koxy group for 1 to 4 carbon

s ?“§BeEFﬁFEy‘§%hﬁﬁ?%§'thereof i ncl ude net hyl ene
group, ethylene group, n-butylene group, i-propylene
gr oupExtninley|ridegswhgtitwieduy tesubstituted alkylene

n- propyl ene group, trifluoronethylene group, 15

5 ggogégfﬁéyﬁ.{%%gﬁ% 9624 Ph 12 ha i A PFVEREHRAe cBA RV kylene

anoet group, 2-mnethoxyet hyl ene group,

CBRRGR SOt 1 Ry e BB bpb to HE FEOh I BB YT P LRe 204

group, 4-biphenyl et hyl ene group. Exanples of the
sobspiréfaratlprl tndwasbohuttethey cThaldljkiyderze gzoupe sups be
i nclude cyclic al kyl ene groups of 5 to 7 carbon atons,

fivﬁm@%&égugagﬁt&véd R R MBS R D5 BWARS hwokeg | %‘é:@@ﬁ ickyhed

ori ne atom hydroxide group, yl “group

for 1 to, 4 _carbon ato or , al kpx roup f.or to 4
cxaBo R ik BHEOKISEERRY O dxSh b tasboN GBS, PRFRp E70uD, or
_ 2007/ 100132 PCT/ JP2007/ 054146 i nclude cycl ohexyli dene
10 pOfensl giewg) ohbxyitetel grithim, halogen atom, alkyl group for 1 to
3, 3-di nmet hyl cycl ohexyl i dene group. Exanples of the

" SUPRLA L YEEH Ohr UNRURS Lol kY lene i 8toms. Specific

examples thereof include methylene group, ethylene group,
n-butylene group, i-propylene group, t-butylene group,s4bﬁtylgne
group, n-propylene group, trifluoromethylene group,

15  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

20 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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bi val ent group include al kyl eneoxy bi val ent group such
as 5 et hyl eneoxy group, propyl eneoxy group, di or pol y

| ene) oxy bival ent group induced fr
wddilﬁg%?ﬁdyf% 9@7;%?4146

ene glycol, tetraethylene glycol, trlprop
gl ycol, wherein al kyl ene ether . bivalent group and

ﬁi&!ﬁh@re%m&mwn@gré 19 yémh@siy%ﬁé}ﬁrmvgfoxy'

group, iethyl “group, group nyl ene

reeted the following Formula. R5
w%%ﬁ’ﬁdﬁf CH=EFTP- the Structural Fornul a,
R5 represents a hydrogen atom al kyl group that is
i dent Eoalmples dbtlbmeutietituidbdriin(istittrted ylkyléne ether
group that is identical to the one represented by the

I . i or 2,

BERIPRR <} 3p iBbMude %%kﬂ%%ﬁé%?mﬁ?‘%ﬂ% 5895 ?%p%sesem :
substituted or ubstituted al kyl enge

4515 R0016 £7P0Y PobD XY 257 O Ut 0T Bk (Prualblene)

~unsubstituted al kyl ene ether bivalent group, or

@bk pierlenx woranpoimd udsdy Ao ts ughoaxp diditer1snbsiliytol, ed or
unsubstituted al kyl ene groups include al kyl ene groups

ﬁ%&é@ﬂﬂrl@ﬁe 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

Ffs
C=CH
a

Flis
-C:CH‘GCH:CH};

In the Structural Formula, Rs represents a hydrogen atom,

‘Formula.

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
Aryg "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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X. The substituted or unsubstituted al kyl ene et her
bi val ent 5 groups include al kyl ene et her bival ent

wOoetipwidtef i ned as X. The al kyl eneoxycar bony |POIYAPZI0EME4146

10

15

groups include caprol actone -nodified bival ent

gr oups. Exanples of the Ereferable radi cal
A WU badHiude dearhBasHastikited el pae; eﬂrﬁgfp%welent group,
structure include conmpounds 10 which have the

it au@ﬁ@heorafrcatﬁﬁaﬁﬁl biswilegt eouwst uTHe Febauit@taddr
(Rb) RaO1 1l CH=CCOZa-(( ))- ON~~ ~~0 Q9

'91‘-‘59’5%&%‘%% PelBRsch il b QR o gt
represents a héqdrogen atomor _neth group, . Rb and Re

The pdbsititeead of unsyhateintedaidy ew eﬁhes bt algnky |

groups of 1 to 6 carbon atons. "s" and "t" each

gepmpsalademlkpliegeetbér Bitdledt @dtpéaddps@senss The
singl e bond, nethylene group, ethylene group, or

PR SROSPO ok LA ORI B R

PCT/ JP2007/ 054146 I n conpounds represented by the
Igivadent 830U nul a (4), substituents of Rb and Re are
preferably a methyl group or an ethyl

Examples of the preferable radically polymerizable

compounds with charge transport structure include compounds

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

(Rb)s

In the Structural Formula (4), "o;" "p", and "q" each
represents an integer of 0 or 1, Ra represents a hydrogen atom or
methyl group, Rb and Rc may be identical or different, and
represent alkyl groups 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)

—CH,CHO0— | —CHCH0—  or —<©>~CH20H2““.
CHgy
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group. The radically polynerizable conmpounds wth
charge 5 transport structure represented by the

woSbbM@biseal Formulae (1), (2), and (3), partipeglsdoYossiss

those represented by the Structural Formula (4)
becone incorporated into continuous pol yner chains

| nst ?ﬁ%%;tmeﬁag&egrégéMqV@by%h@l@ﬁfuc%u,b&w@ﬁﬁmla (4,
pol ynmeri zation i s acconplished by opening a

rbon- car doupl.e bond h sides., The 10
STBRRBITG oy AT Rart e Ristpoenmss 21 vl gibim O an othyl
cross-linked polyners forned with radically
gymolpier i zabl e nononers having three or nore
functionalities as well as in the cross-1linking chain

bet waglh R RatHApORy m IR eofn il wifh@nargent al ns

i nt ernol ecul a oss-l 1 nking chai ns between a pol yner

and ot her 15 polyners, angd. interool ecul
BP0} ShRIGTT FAPRE SHRTUEbH g S S ucqr ah FAEmalrs (@),
mai n chains within a polyner and other parts which
andi(§) neaiéuamlythore reppesemierd bgdhierStiwtanal Formula
positions fromthe parts in the nmain chain. Wether
[

(DR Lo APUTR A SRS RAPROUNE pIRKRED (BEMS fastoad of
cross-linking chain, the triarylamne structure .
beangaa reamapal FEreeiire PEAYY Belyreszationes argpmplished
groups placed in a radial direction fromthe nitrogen

batopenisg utkyhorreneben, ddubledoral yb bythupidesr e Tt
directly attached to the chains; instead they are 35

I e R T R e

_that triarylam ne structure is fixed flexibly

polymers formed with radically polymerizable monomersi Eaving
three or more functionalities as well as in the cross-linking chain
between main chains. This cross-linking chain contains
intermolecular cross-linking chains between a polymef and other
polymers, and intel;molecular 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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t hr ee- di nensi onal arrangenent. Because the

triarylam ne structure has appropriate configuration
wWOonMpTie$132 nol ecule, it is 5 presuned that thdCT/IP2007/054146

i ntranol ecul ar structural strain.is |less and

i ntranol ecul ar structure can rel atively escape the _.
idiseetheatiashedf to Greachainsy mgyah caehdnylenoye or the like,
cross-1linked surface |ayer of photoconductors.

?QEﬁu 1 ol PEBSRDErE BY EtddoN exBigcinf i ¢ acrylic
SE??EH est%rﬂai o conmpound represented in the foll ow ng

ener al For.nul 5) ma ui to i S€.18S ' y
BepsBmospEal shEbuRRe Ty BePplt RS aak AR
structure. Bl-Ar5 -CH=CH Ar6-BZ (5),  In the general .
fEonoulra k53 aphropriopessadigurationovizhine moleayle, it is
bi val ent group having substituted or unsubstituted

5 ;ﬂ{?gﬁ%é& thRY qﬁ@‘iﬁ:ﬁf’é’ﬁ&&ﬁﬂﬁ&'%ru@iﬁim@ﬁaﬁi iatapdhd

rocar bons 1 nclude benzene, naphthal ene,

.phenant hr ene, bi phenyl , 1 .3 : :
1&‘-’3%’%‘?’1";‘?&}@1&5 ﬂﬁﬂ?ﬂ%ﬁ%ﬁ%ﬂ . E%a%?lgse sqang the diseo RS pon, pOf
i nclude al kyl group of 1 to 12 20 carbon_atons
dilsegeytrgnappropathtio tie cadsohnkedranrfaenlayeypbup,

and a hal ogen atom The al kyl group, al koxy group may

J]&{Lt%%ﬁ?du@?é&%.hal ogen atom and/or phenyl group as
substituent group. Ar6 represents a nonoval ent or

PCT) 3 Baobii0sR 14t DSt I SR DoR cAcy e diester
at least one tert-am no group, or nonoval ent or
10 dumpbent geprescedna tiet foldoying geaempblioamula (5) may
" suit in use as a radically polymerizable compound with charge
transport structure. |
Bi—Ars—CH=CH—Ars—B, (5)
In the general Formula (5), Ars represents a monovalent or
15  bivalent group hax.ring 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
20 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.

Are represents a monovalent or bivalent group having
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skel eton with at | east one tort-amno group. The
follow ng general Fornula (A) represents an aronatic

Woby@mgggbons skel eton 5 having the tert-am BppSpARoss146
Asp IN R14 yu (A) In the general Formula (A),

R13 and R14 represent an acyl group, substituted or
abia YRRt h%r&}&parﬁlo@ék@é%'ﬂ witubst iddiieshtert-amino group,

unsubstituted aryl group. Ar7 represents an aryl

roup, and. "w' .lo.represents an i roml to
oRioedlent ok iy e BEO0R ek bahe feRer s GhBedeid,
group, propionyl group, and benzoyl group
siSelleson twitthda bleastsues tettnaednal kyoupgr olipe follomigg R14
are simlar to those for Ar5. 15 Exanples of the

SHERII FOEEIQANIRRELA 14 £ o2l MRIobRFDoY Skélidlon
4 I nc e phenyl “group, naphthyl group, biphenylyl

group, . tert-phenylyl group, pyrenyl group, fluorenyl
5 hgypgp thedet-gmimtongTo¥R 1 | yorenyl group, azul enyl
group, antholyl group, triphenylenyl group, chrysenyl
gr oup, and functional group 20 represented by the
fol | oy gen ral Formula (B). 37 WD 2007/100132
PCT/ J 20 354146 R21 (B) In the general Formula
(pgr,? prres hts -0-, -S, -SO, -S02-,

R14 W (A)

In the general Formula (A), R1s and Ris represent an acyl
group, substituted or unsubstituted alkyl group, substituted or
unsubstituted aryl group. Ar7 represents an aryl group, and “w”

10 represents an integer from 1 ‘po 3.

Examples of acyl groups of Riz and Ri4 include acetyl group,
propionyl group, and benzoyl group.
| Substituted or unsubstituted alkyl groups of Ri3, R14 are
gsimilar to those for Ars.

15 Examples of the substituted or unsubstituted aryl groups for
Ris and Ri4 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

20 represented by the following general Formula (B).
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Ars, and substituted or unsubstituted aryl group defined in Ris, “1

-CO, or bivalent group represented by the foll ow ng
Formula. CH= C CH2 Rzz~ 5 In the Formul a, Rzi

WOorepreeelt s a hydrogen atom substituted or PCT/JP2007/054146

unsubstituted al kyl group defined in Ar5, al koxy

group, halogen atom substituted or unsubstituted

ag%! group defined in R13, pR@lino group, nitro group,

an ( 3sen a hydrogen atom

ed al kyl group defined in 10
hsubstituted aryl group £13)

sub f

and represents an integer of 1 to 3. Exanples of

j
al kox¥ groups for R21 ind%(rje met hoxy group, et hoxy
an H

gr oupInrhgragneenl drasmpula (Bl dparpreseass, On. bin oY, “SO2-,
group, 15 i-butoxy group, s-butoxy group, t-butoxy

WOURr BrvghoxyetiBoeprakontbd Bychaneldee Tootmla.
benzyl oxy group, 4-nethyl benzyl oxy group,

trifluoromethoxy group. Exanples of hal ogen atom for

R21 include fluorine atom 38 WO 2007/100132
PCT/ JP2007/,054146 cC Igf' 1£ gat 0 brom ne atom i odine
ato Exanpl es of aniin E&?ﬁ s fior R21 include
di p 10 group,i ditory,amino group,

di bepzyl ammno qroup, #%-neth Bﬁ;yl group. 5 Exanpl es
of aryl grodp for Ar7 include phgnyl group, naphthyl
group, biphenylyl group, tert-phenylyl group, pyrenyl

In the Formula, Rg: 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. Ras represeﬁts a
hydrogen atom, substituted or unsubstituted alkyl group defined in
represents an integer of 1 to 12, and “j” represents an integer of 1
to 3.

Examples of alkoxy groups for Rej 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 Re; include fluorine atom,
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group, fluorenyl group, 9,9-dinethyl-2-fluorenyl
group, azulenyl group, antholyl group, triphenylenyl

wodoPiersshr ysenyl group, . Ar7, R13, and Rl4 %Ef/.@ﬁmmwmﬁ
substituted with the al kyl group, 10 al koxy gro

hal ogen atom defined in Ar5. Exanples of the

cheéAneCy i ChEOmRANRRoAK LIRS atawi,Ng a tert-am no
group i ncl ude het erocyclic conpounds havi ng am ne

i azBte e RIS EPpnBe? Hudndliie HphSeylaming

benzi m dazol e, benzotriazol e, benzoi.soxazine, 15
szanpaditorylaptisneazipndibahepkamino guoep atkyethy henzyl
al koxy group, and a halogen atomdefined in An as a
ogdfpti tuent group. In the general Fornula (5), 131
and B2 each represents acryloyloxy gr oup,

3‘?23? Hottag o Aty e B P o R RN iy

grou 20 acryl_ogl oxy group, mnethacryl oyl oxy group,
@rpugy;, daphehgisilrgronm)terghenylpl gybupy pupemyl
al koxy group are applied to the Ar5 aforenenti oned

glrb{ﬁﬁ""fﬁﬁ}rew &rblip! B6o- H@thlldjﬁﬁelo%bh ?Eglroﬁﬂa ggu%y}

pears; they do not appear
2007/ 10 PCT/ JP 07/ 05 In the,acry aci d
Laepg, 2 E‘gﬁﬁéﬂ nhen n@ér@)&wp Fé‘llbfﬁ?%y gyoup, .

compounds repr esent ed by the foll ow ng general
i:) r7 [TUABG ,(B)3, anel Bnefersabkesul($R8)utedRR)th the dlkEHgroup,
alkoxy group, halogen atom defined in Ars.

Examples of the heterocyclic compound skeleton having a
tert-amino group include héterocyclic compounds having amine
structure such as pyrrol, pyrazole, imidazole, triaque, dioﬁcyazole,
indole, isoindole, benzimidazole, benzotriazole, benzoisoxazine,
carbazolyl, phenoxazine. These may have alkyl group, alkoxy
.group, and a halogen atom defined in A_}.j_s as a gubstituent group.

In the general Formula (5), B1 and B2 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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Bl r', (6) B2 Ar8-B4 (6) 5 In the general Formula
(6), R8 and Rs each represent the substituted or

wWOouRe U3t ut ed al kyl group, substituted or PCT/IP2007/054146

unsubstituted al koxy group, and a hal ogen atom Ar7
and Ars _each represents the substituted or
unsubd®i the REEVAES RCiGF BRfisT COMDPUR %}%B,ms@@sg?maéd
or unsubstituted benzyl group. Al kyl 10 group, al koxy
BoommladB) ewhpboges mipessenedpplthedfdipwirg deneral
af orenentioned |i kewi se. The aryl group is aryl group
' [ iLkewi se. The arylene group is
gl%%lﬁhgﬁt(ksg?g%%ﬁe;%rﬁ%ﬂel "fromthe aryl group. Bl to B4
are BI, Eé&lof t he general,,Fornmula (5) |ikew se. 1s Qut
, only one of % exi sts and exi stence of

is excluded.; "u" represents an integer of
" represents \an integer of 0 to 4. The
(15 et i3 conggu_g_dﬁ have t he

als s g~terf-am ne conpound havi ng
cEnj ugate structure 20 gf st im\bene type and has a
devel oped conj ugate syst Usi pgsthm, 40 WO (6)
2007/ 100132 PCT/ JP2007/ 054146 devel oped charge
transport conmpound of the conjugate system charge

i nj ecThahepsOperdlyFofmule (6), BsahirRedakhyeprossey flhee
i mproves renarkably, and in case of cross-I|inking bond

PRSI onsRe R R TR bR TS bR BE T Y

condition as well. It also_has a highly
unsubstituted alkoxy group, and a halogen atom. Ar; and Arg

"each represents the substituted or unsubstituted aryl group,

arylene group, substituted br unsubstituted benzyl group. Alkyl
group, alkoxy group, and a halogen atom are applied to the Ar5.
aforementioned likewise.

The aryl gro.up is aryl group defined in Ris, 314 likewisé.
The arylene group is-bivalent group induced frpm the aryl group.

Bi to By are By, B of the general Formula (5) likewise.
Out of By 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 0 to 4.

The specific acrylic acid ester compounds have the following

feature. Itis a tert-amine compound having conjugate structure

of stilbene type and has a developed conjugate system. Using the
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radi cally pol ynerizabl e acryl oyl oxy group, or
nmet hacryl oyl oxy group within a nol ecul e, pronotes

wo38dAob@p pronptly at the time of radical PCT/IP2007/054146

pol yneri zation, and does not yield extrene
cross-linking strain. Double bonds of stilbene part

AWviehb e dreh aeHb €5ahop ok thesthpyuhd EbtheTeshAAdteNsy shom,
addi ti on, because polynerization property is |ower

han _t.hat .of ryvl oyl r . 0
taas et B5aRe R Bl inE Rt R Lk LAY
the tine difference in cross-linking reaction. | .
impnaves memarkaklyueadiin ¢asepekerassalinking hordakeing fxed,
nunber of cross-1linking reactions per nolecular 15
1Wee SRb1dBN1HS 1At PP i€ hBeAl; WhidiirapdedPwedth @halrkei S

possible to increase the cross-link density and

atfain..further 4npreyenent. of, I._hesi st The
Bohird ottt LR oty 1aRba ArRRY
according to cross-linking condition, so that it can
raddcidy pepy ez aylesacuyiloxloxyl exoam, csmefharpdoyloxy
cross-linking 20 participation to radica

RO RiiER A Moletude, bids PEIRRRIT Yrbmpidg at!the Beidof
estér conpound, and does not happen in the described
a-phenyl. stil.bene type, structure.,Fromthe above, .t.he
saeBog VolsRaeRicariap phid et atingeld RS B8 dF v s
PCT/ JP2007/ 054146 conpound wi th charge transport

sstairct uDeublelwenids afhstiener part Fotind mql8pyles join partly
especially the general Forrmula (6), naintains

;ﬁﬂgﬁ{éﬂéaﬁbﬁﬂ TinCa PARPSH ! Nechtdd bOlyharizakBObrEXé e R

[ cross-link density w thout™involving cracking,
o ot BT Ry 9t of obMEeRISPRLY &%), it
prevents maximum strain from occurring by the time difference in

cross-linking reaction. Furthermore, because it is possible to

increase the number of cross-linking reactions per molecular

weight by using a double bond within a molecule, 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
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fine silica particles fromsticking to the
phot oconductor, and to reduce the occurrence of inmage

WQ HIOPAPM32 such as white dots. The foll owi ng arRCTUP2007/654146

non excl usi ve exanpl es of the radically polynerizable
th charge transport structure,

SHIEDAYEA T RBABRS SEAR SR IRl REHITeS: iEroist he Gonsaal
PCT/JP2007/054146 Table 1-1 NO 1 NO. 2 NO 3 NO 4
Rormmlaf(s) - edddnialyadhie gaterhl @ormula N abntddns7 NO
8 NO 9NO 10p. NO L1INO 12 NO 13 NO 14NO

ﬁe%@e‘lécﬂrié E)r%bértly{ YA ﬁg’ﬂ, é}filﬁ} gg‘lgzitﬁ@%]lgh 7 /v 1
q(qéss%lgﬁﬁ eq,s(l‘ﬂg Wlpﬁkgbxg‘golgyng%}‘ac ingz,zv%hgllqeb; ?t 1I\éO 24
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 radicallyl
polymerizable compounds with charge transport structure, which

are used in the present invention.
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NO 86 NO 87 0 c~ccwo Mcx,0 O 01 HHHH, ,,,6 dddd o
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NO. 91 NO 92 O Co ~fc o " Coo NO 93 NO 94 NO 95°

T™MJe 964NO. 97 i on o "o 0~0 o0 500 ppl ~ |°
(Cr1, 92 1 N\ N\ NY-N-"1 47 WO 2007/100132

PCT/ JP2007/ 054146  Table 1-6 NO 98 NO 99 NO 100 NO
101 ¥@. 58 NO. 59

X

0

NO. 80 NO. 61

{XO

NO. 62

PN
.
B N

NO 66
P ¢]
Q (Ij
\\"f/ N AN
S9Re! SO NG UNES G PN
e Vg N “@ i P
NO. 68 NO. 71 NO. 72
by
=5 0¥ ™0 =
OJ\? L
C ®
) T
.
. NJ o J
’){;r L“/ I'*/ 5, N
| P | P
NO, 73 NO. 74 NG, 75
gy 7~ =
0:['*(; O/go g o
X Jb.\
® ) )

46



Go I' \~ N (I ~ Nom ‘~\y~ ~ NO. 102 NO 103
NO 104 NO. 105 r i i o~ono Y~TNI IN~~- NO
w0/ i32107 NO. 108 NO. 109 O xo 1 Co J Pé%gpﬂﬁwowua
48 WO 2007/ 100132 PCT/ JP2007/ 054146 Table 1-7
1.0 NO 111 NO, 112 NO 11 3 .00 ouol'

~—~

rIrLI

Tabid 1351 N, NO 1 14 NO 115 NO 1 16 NO 11 7 1jf Y
O
NO. 78 NO. 79 NO. 86 NO. 81 NO. 82
o o
)"‘:‘“ o cmo CH!gJ\ o(::o | :::(k?
S| 9] 9 b | &
o N
o OD Ol V| ool | o
NO. 83 NO. 84 NO. 85 NO., 88 NO. 87
o l )XO ] o 50 I]\ o
o CHEC Hc-mcmo CH’CH ? CH.CHy
> ® . Q O
AL ;"-\ = as Y\ S My
saclNsncHPCSRIPESRel oL ol
NO. 88 NO., 89 NO. 90 NO. 81 ' NO. 92
: X X,

CH,CH0

oJ‘ %o
00

. \ 1 2 [ Q = % Q -

@ - _@F = g Y ’ Cg )

NG, 83 NOQ., 94 NO. 95// NO. 9‘3\ NGO, 07
) < 0

47




00'~010~ | QO~0~.C4 J N-1J. [;~" 11 ~r~r |
~.JOT I f \~-NO 118NO 119N0O 120NO 1
WOR007/1032 7a b 1 "0 ~%11 I' N r N .. N ., PCIIR2007054146

OO
=
N
N

WD 2007/ 100132 PCT/JP2007/ 054146 Table 1-

T% i_ 3NO 1241 N0 125 0 O OfJCTNO 126
& NO. 128 NO. 129 1t | NO 130 NO 131 NO 132

NO_ 133 J'0.0:. O~ Jl -1~ ooc(cHil o 01 Cal.|l

|
NO. 98 NO. 98 NO, 100 NO. 101

T ~- >
| g e
0 9 iTO Q o Q. g
. i
-~ N i
g ' LJW (k ?
- ~ ]

/“\.
g ,:f
NO. 102 NO. 103 NO., 104 NO. 1058
=y
. - P
DG )¢ e
I, 0% %0 Y
(: /L = o
o l\ ! \% /
N .y Y
0,

O A
gj'*j h"l/) © J/j V]\

NO, 106 NO. 1'07 NO. 108 109

N j\/ N
e )
0" o o J\
o g ‘) j’\ o 0
- o i
S Tm

g 9 ﬂ (H

Nz s N 2 :
IO AP Y T
o

48



50 WD 2007/100132 PCT/JP2007/ 054146 Table 1-9 NO 134

No. 135 NO 136 NO 1'37 J ol ~~ Y oocxJ.o
wo@ﬂﬁzﬁ’ébﬂs@ooaOf” oottcxJ,o li ~) 1 3 N Nopciﬂ/%ﬁzaiﬂ%nm

139 'NO' 140 NO 141 00 J-e NO 142 NO 143 N (\

CH Cf4 \ OCH~CACHICI LCH(CHJOCH. XxI CH~'1 -~ N\ a cwew ~%

Tadxtey Iof( CHr bC14C11(OM OWCHO | a~O % NO. 144 NO. 145

NO_ 14,6 NO. 147 Ho-N, NOH ~CH H Ce, 51 VO

h

2007/ 1!']{'\1 292 PRCT/ 1 1. 4.9
(<A~ aAv —IXLO ‘[l\.»';l oL J | IJ. N“'r_o:\)ll 1 3
I@ @ L U LI TN
NJ j (\
L f
¥ ™0 A
[d s ’lg =
I
g
NO, 118 NO, 118 NO. 117
l_o

s . ﬁ (j el ’
Ay A : /I j /j\ A \©\) f-j : J

L aslie
Ny
SAY
NO. 118 NO., 119 NO., 120 NQ. 121
L ' 0y, Jl ()_Yi% E
3 b b o
T T ) -~
1 { i)
» & e J
3 y . b
@ (5 » NS
2 ;g\- R o2 ‘N- o l
SA® T Je V! J

49



~[ N~ ~ /1 ~y ~~ ~ N I~~i5 J Y NO 152 NO 153
NO. 154 NO. 155 (.N N7 ; 1IN~ CC N Q0 LI 6 NO 1 56
WORNTAWIIZNO, 158 NO. 159 i Y\i= '~ C7 o' er FGI/IPZ407/054146
NO 160 NO 161 NO 162 NO. 163 ° ,/~o0,~ 01 \\~ N
T/ﬁbie?‘@Jr' H-~-TOO N/, ~~00-0f~/, O L NO 164
- 165 NO. 166 NO. 167 Nf~ NDON O \ 52 W

2007/ 100132 PCT/JP2007/ 054146 Table 1-11 NO 1 68 NO
169 NO._ 170 ( I.L\]/g O=

NO. 1227 NO. 123 NO. 124 NO. 125

Ie

[«]

o |

: & £

v %
P ot " \IO\ |
i1 1T A L A
b /|
T

L

. b

oo e
2

NO., 1286 NO., 127 NO, 128 NGOG, 129
w f
o : Ie
B \j’ a ¥

Ry
=" o - k; )\
QL0 R : ()
® 0 . 4
~ 7 i ]
NO. 130 NO. 131 NO. 132 NQ. 133
'\'-.ﬁh,"
a/l“o [N ‘i/] %fj“% |
f\ & ~ Oy,

- OCG{CHZLO
a i (ﬁ
~ Q) ¢ o
g

50



NO. 171 NO. 172 NO 173

N(-) oo
NO 1 79

(Y ~~ ~~I

1 o0

NO. 1 74 NO 175 NO. 176

JJJIIJJ ~..

o, r

N O.

[

cCooO

i NL NC 53 W
WO%@QH@J;QQlSZ PCT/ JP2007/ 054146 Table 1-12 NOpCjL/Jﬁzﬁo-}}@‘;H(
78

NO 18

181.N0.182C0~N N nC, NO 183 NO 184NO,
TdRs 197/ C=Cli ;~ [d JY
NO. 134 NO., 135 NO, 136 NO, 137
b0
[
o)
OOﬂCl;’r:(’Jr/L\‘ QOCCH:0 00C(OH HODACHNO J{E \]:’

S

SR

O

Shei
= "j‘[;ﬂ

s Moy
7 ¥
NO., 138 NO. 139 NO. 1490 NO. 141
/,.3-\./ o . ﬂ\fo ’/’L"f o
U o _~ O,
) “'f 'l/
\E (¢} ~a
b e p HiGe,
H %] |i [-jj '3
7 i .
L J {;
] ] o b,
o~ ) & g
> ' 'Y
a2, Mo oz \‘iﬁr oY I/ﬁ\
g /:} LS **J'-C“l /ﬂ\D L/ =
S Sty e,
NO., 142 NO, 143
o - OHoH _.<_> OCHCHIEH) OCH CHCHIOCHCHICHO M\<1‘-”- B _@_ CHCHE _C />__. OCH, CHICK JOCH, CHICH, JOGH CHEII0 _S)_
5 S/_‘\I)
NO., L44 NGO, 145 NO. 146 NO. 147
& Gt
{; CHa H:G :j HiGes x
. i -~ D
\,{{ L) ~( ;--..‘,NN. e
ey e e, R o B Sae
Cr i) Ty LT [:jj.a.,) N

51




<Exanpl es of Synthesizing Method for

Radi cal
WOrRMHANI ot

met hod for the c

TR o
t her eof

inr~l|| gq t

onpound

according to the present
i sclosed in JP-B No.

is shown as follows. The nethod for
e foll ow ng two._ st eps

Monof un

Pol yrmeri zabl e Conpound 1 with Char
tructure> 5 Exanpl es of the synth
havi ng a charge transport

i nvention include

3164426. An

cti onal

é%TﬂPﬁ&OWOﬂHG

exanpl e
Exanpl e
10 (1)

at ‘$
’yllLll

r\vNOf:rlr\ll ﬂn C|

1) nd (?\
|h i FQy 4

L j":ITIQT
PO U1 Ul\a

4 VKT%’O?/lOOlS
repreg‘ ted by
f sulfppéh PUE

roud- $ulBsKif ut ¢

2 PCT/ @2007/
t he f OW N(
adde N113 8%

nnnnnnn

054146 _Conpoun
%B' ))
iret boxy

g For mul
g of a
nt ed

54 poo

. ra|

htrogen ga

1m§ ) of tri
| . and t he

1xtu@%

:')(I

canpletﬁmg

Tq
1} or 03
Jwas s
t he
about

S strea
met hyl ¢
m xture

H-ur-e- vﬁo Aeat
)thelﬁxtura 9
i | ane (was added
tlrredla about
reaction.) The r
1.5L f‘toluen

eact i
e and th J

CDUI N6|_|l1 :v:’DGJI ull

ot towed—by was
jiat er and.Jan aq
hereafté fron
istilled- of f an
y col chr on
el , déwvel opi ng |1

eous sg
\the tt

WUt i of
uene
d the Fesult3

Hto
ggrvémt

ot K']\'@o 1‘]5“7 CUL'.

hirmg t hezsotut

pﬁy/(adsorpf‘om’

m1xtuﬂk 0

U

NH 1u-l.gll LCI

pc'aNﬁ‘%sg

T—mped[ SUI

1 of ium car
soluﬁﬁ n, the ¢
ANt resWdue was
edi un
t ol ug

W T 11
bqna N
ol%kﬁL;wdfj’3\\
puri fi d\

1 sili
ne and

mD_TTO —|<_"“3_Bn/\_'_'—h(ﬁ ﬁ/'\(ﬂf

thyl Nacetdat e 1 n

a NDXiisg r af

0 NO. 162

NO., 163

CL@ ,E:j’ofk

52



(toluene: ethyl acetate) of 20:1), thereby obtaining
an oily substance. The obtained light-yellow oily
wodbsioannse was mixed wth cycl ohexane and cry&&gbﬁmwanm

were precipitated, thereby obtaining 88.1g (yield =
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<Examples of Synthesizing Method for Monofunctional Radically

Polymerizable Compound | with Charge Transport Structure>

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

includes the following two

as follows.

steps (1) and (2).

The method for Example

(1) Synthesis of Hydroxy Group-Substituted Triarylamine
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CHN Qbserved Value 85.06%6.41% 3. 73% Cal cul at ed
85.44% 6. 34% 3. 83% Val ue Each val ue of the Table 3

wo'BP/RssAt s an el emental analysis value in peggaRidotGssiac
(3) Synthesis exanple of acrylic acid ester conpoun o{

5 (Preparation of- 2-hydroxybenzyl phosphonat edi et hyl )

CEﬁlﬁoﬂxﬁil‘Qiéﬁ%s&ﬁfﬁé@ Ibyethd RAlbshviv g Foamaaki (BD) on
devi ce, hermoneter and a dri pping funnel was added

38. 4¢, O, h benz T

I ndu %493‘5‘1 I_Stugi( ad a%&wﬁ légigy ggéggatgg%&gg of
triethyl phosphate &by Tokyo 10 Chemi cal Industry Co.

group puhatitstehityiaydamise dpopresenteddey the fallaminggen
gas streamfor | hr reaction at the same. Thereafter,

bR 5 A ch 81 BRBA0. 99106Y) BNEoERIMERidansndheact ed
trlethyl phosphate were rennved by reduced- pressure

réliamb MaeRss b ansers A L th Rfirbery aas siream.

120. 0C/ 1. 5mHg) (yield = 90% (Pre aratjon of
To-thedmaxtuse, 99 Q\bemlhoﬁérmeﬂmelnﬁﬁ asidane) wais| atdrd

To a reaction vessel equipped with an agitation

dﬁ%ﬁ&g?@e ?@er § Ref A TRbSh i ARt ds i tRiRd 44/Ab6ht @S Cahded
otassium 58 WD 2007/100132

/%887/ 2 4%5?1@%hﬁ 1%5%@1@' de g r5e91 jon mlxtule was

mixed with about 1.5L of toluene and the resultant solution was
cooled to room temperature, followed by washing the solution
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 colu‘mn
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 cyclobexane 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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solution of tetrahydrofuran in which 9.90g of
2- hydr oxybenzyl phosphoni c acid diethyl and 5. 44

WORONINIH s( 4- et hyl phenyl ) ami no) benzal dehydée é““’”":’*““

di ssolved 5 was slowy added dropwi se to the reaction
vessel at room tenperature in a nitrogen gas stream
Q&A/ed by 2hr reaction at the sane tenperature. The

resuttant—sotutionrwas ¢oot ed, " apded W th water, and
added wi th 2N hyfdr ochl o £t aci d sNl ution for
acidification {Thereaft I, ydr ofuran was renmoved
n ozaNn %@3 cr udg ﬁ%duct was
@??@Pﬁ%?cgé%\\lf&}lg gﬂ?ﬁeﬁe 6 e/ | uen€ phasp was
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(Preparation of 20 4'-(N, N-bi's(4-nethyl phenyl) am no)
sta,tbene2-yl acryl ate) To a reacti on vessel equi pped
with\an agitation device, a thernoneter and a

dri ppi ng, funnel was added 14.9g of 2-hydroxy-4'-(N,

[ nmet hyl phenyl ) am no) stil bene, 100m of 59 WO
2007/7108§132 /JP O0A 054146 tetrahydrofuran and
21. 5¢ ofN % s hydF6%tde sol ution, and
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N N/ \ / OH
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(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 agqueous solution of sodium hydroxide (prepared by
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to the resulting solution, 5.17g of acrylic chloride
was added dropwi se at 5C over 30min in a nitrogen gas

wohseamszf ol | owed by reaction for 3hr at thepgafy®r007054146
tenperature. The reaction solution 5 was i mMmersed in
wat er, was subject to toluene extraction, and then

diseolingdl Dyl gcell sudineh teBoadd @RAYL0DE b ntttedB wasThgded
obtai ned crude product was re-crystallized with
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Val ue 83.46% 6. 06% 3. 18% Cal cul ated 83.57% 6: 11%

+ }49 ch vakue of .the Table 4, represents an
5% B Rt e Poat Bl S e o EEenTeLTSHEGIA ¢ ne
above, Dby reacting_ 2-hydroxybenzyl phosphonate ester
prpsiyclatalybionawasvaizerd vidhi wiatersapdtibeureshiltant mixture
benzal dehyde derivatives, many 2-hydroxystil bene

w8 leix¢ 8k &DedSweEN t PR e3eNt MERS mram.a@ywﬁshah%g@at@dly
nmet hacryl ati on of these, various 60 WO 2007/100132

o PO R0 Kb 851 S0 STROURGS, o0 e
Thereafter, from the toluene solution, the solvent was distilled off
and the resultant residue was purified by a column

' chfomatography (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 = |
84.8%) of white crfstals 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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In the el ectrophot ographi ¢ phot oconductor of the
present invention, using a radically polynerizable

|
WOHHBHOAE with charge transport structure andGTHE2007/054146
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2-hydroxybenzylalcohol (by Tokyo Chemical Industry Co., Ltd.) and
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80m! of o-xylene and 62.8g of triethyl phosphate (by Tokyoi
Chemical Industry Co., Ltd.) was slowly added dropwiée at 80°C in
a nitrogen gas stream for 1hr reaction at the same. Thereafter,
the produced ethanol, 'p-xylene 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-methylphenylDamino)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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bal ance of two properties is considered. Exanple of
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'The toluene phase was sequentially washed with water, sodium
hydrogen carbonate solution 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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HPA- nodi fi ed-trinethyl ol propane triacrylate,

EO nodi fied-trinethyl ol propane triacryl ate,
WORDHHIR2 ed-tri met hyl ol propane triacryl ate, PET/IP2007/054146
caprol actone-nodi fied-trinethylol propane triacrylate,

HPA- nodi fi ed-trinmethyl ol propane trinethacryl ate,
tefeatydrofwran and 23drg phid% sodium hydroxide solution, and
pentaerythrytoltetracrylate (PETTA),

t@ ke el finaCsoludich, Szt dryB@d-chloride was added
glyceroltriacrylate, EO nodified-glyceroltriacrylate,
PO - podi fi I roltriacrylate, to

df??@%%ec Ft%@%%g?%g%?%l&%ﬁﬁ%f%g,en gas stream, followed by
di pentaeryt hryt ol hexaacrylate (DPHA), caprol actone,

reagdon ifer 3bdi pé hhasam e tompenakensr yilhegeaction solution
di pentaeryt hrytol hydroxypentacrylate, alkyl-no difie

5 wis GhmeaBbaqhyWhtM, OF s SRbRRE XbabBucd k¥traMidh fd€d €hen
dip entae rythrytoltetracrylate, 15 alkyl- no difie

d-.4di pyentgerythrytol triacrylate,.,. .
ol E A ER AR bR Ao FERs Yehlispagel.  The obtained
pent aeryt hryt ol et hoxytetracryl ate,
cEQlerpapd et Warospieay stallized ywidheothanol, thereby obtaining
2,2,5,5-tetrahydroxynet hyl cycl opent anonet etracryl ate.

138 8f yeflokadbabily nBeHYeBhh g8k psfnoMer s may be used
alone or in conbination. As the radically

r. bl e noner ,havin ee or , nor.e
O R S R B st B BB e (Earrmmp e,
_ form 63 WD 2007/100132 PCT/ JP2007/ 054146 densely
10 copaonaddNos 84)i(yké dg= 5ch8%, imeltheg pooss = 10ddd tyer
t he

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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rati o of nolecular weight to the nunber of functional
groups in the nononer (nolecular weight/nunber of
wofzngichpaal group) is preferably 250 or | esspclfypiddr@ss146
rati o exceeds 250, a cross-linked 5 surface |ayer
beconmes soft and wear resistance drops to sone

a%i‘%rﬁﬁ”a%id ERESy copiptEuals € hendintHeangedyr oup al one is
no preferable in a nononer having nodified group

such, as, HPA, EQ, nd_ PQ .of X £

The BoreemeerophetpetitinidBeSHarRLa pERERAaTEA:

having 10 three or nore functional groups with no
inveatiys, tusingporadsealiy poksnerigsbds qosnmlé@dwhtﬂ@rge

cross-1linked | ayer, 20% by nass to 80% by nmass is

trBh@E@f@@l‘s X cré:ﬁk"lé‘taiﬂ@tﬁ@ rhA€cdIDf polypmeuitalill doepound

cross-11nke ayer, 30% by nmass to 70% by nass is

re ptefergble. 1f the  content of the 0 j
ikt Bacbougsy raaseorh Pt BPRI R AHE 1 5 1 FAadcAlly
cross-linking bond density of the cross-linked |ayer
pdlgooamsaklmtdmpoand wiipehavze tramep aisdrveturs eigpdoyed
traditional thernoplastic binder resin, significant

in LB 2o ik Q585 820 Fot HrovidimchiceyssHlidied
mtﬁgéggﬁtentugie%gﬁﬁgnorsrer S gbg)\ye SOlﬁy malss,1 t he
content of a

charge transport Tpou i s reduced and
suragearFHFALh SRAECSRasPPES BPUREF ¢ 39 hayoptent 8 rher e
is no specific answer because wear resistance and
reliestlyi polynopdeable esmipoacdsais prefedablnge¥sbumass to
different, but considering the bal ance of both

SR 2 T B R LT e
01? rt]i];%ro%gll giass 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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The cross-linked layer is formed by light-curing at
|l east a radically polynerizable conpound.
WORWhtH8tRore, radically pol ynerizabl e nonone®§ET/IP2007/054146

functional nononers, and radically 5 polynerizable

ol i gonmers having one or two functiopalities
pasHgusa Ty n@ﬁ@bﬁg%%% by maags e 08% gﬁ’ﬂ@l&sa lwnﬁ%/@; e

coating, stress relief of a cross-linked surface

bhByede of bwban®perelgyisdegisadetdécan, and friction
coefficient reduction. Known nononers and ol igoners

can (.G %H? [

Si ngrﬁxgﬁlﬁ}g‘? ioc};%ag?&?{/@clgﬂg%oc}gﬁ%lg%?ﬁexy 62@ Ir&??(r g{hg?o

2- hydroxyet hyl acrylate, . 2-hydroxyptopyl. acryl at e,
chargahvanstuitidryctare peudes azrééwﬂh’ewb@ra%‘i@gfe

acryl ate, 3-nethoxybutyl acrylate, benzyl acryl ate,

5 cEMPRNRKWitRehyhrabarabhsparybiraetytahevingebuagically
acrylate, 15 nethoxytriethylene glycol acrylate,

enoxyt et r aet hyl ol I ,
oPLBRERAT IR B Hel)) ASTLY stealif Kl ARRHAIE
mononer. Exanpl es of chain pol ynerizabl e nomer s
femciingal ggoupunerylontexy geaup ’n%ggdféeﬁ, acyypRloed; group
di acrylate, 1, 4-butanediol 20 diacrylate, .

ate prid@ANadi OlF @iniehBagewpdiat of the Hexpnadindént of wear
di acryl ate, 1, 6-hexanedi ol di nethacrylate, die thyleue

B SRR BH SRl RE gy o mor

. bi sphenol F_diacrylate, 65 WD 2007/100132
10 opcafirdbn pobsaerwahie dpastipngl gronas adragqryteyloxy group,

"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
15 for instance, and acrylic acidate, acrylic halide, and acrylic ester.
'A compound. having three or more methacryloy_loxy 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.
20 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

62



10

15

20

Exanpl es of functional nononers include fluorinated
nmononers such as octafl uoropentyl acryl at e,

WOZZI,@,ﬁ[r(}ﬁhgor ooctyl ethyl acr y! ate, 2-perflu6br ogétrm,ﬁﬁ,ﬂyg“%
net hacryl ate, 5 2-perfluoroi sononyl ethyl acrylate, ;

vi nyl nononers, acrylate and nethacrylate having

(PMBEA) ,Oﬁi@ﬁﬁztﬂgmlpp@ﬁ‘dh@&i&@éﬂimhfm@l, ydi me
t hyl si | oxaneet hyl,  nmethacryl oyl p

%F‘égﬁﬁ%@grﬁéﬁﬁ%ﬁ %‘opan%ctﬁﬂé’ﬁg)lghgl ydi e

acryl oyl pol ydi net hyl si | oxanebut yl
Ed)-aseqifisd-poimgethdohproprogdntatitatatd., whi ch have 20
to 70 siloxane repeating units, as described in

P@@@é@ﬁﬁ@@ii@i&tbﬁﬁpgkégh@'trfét&ibrﬂ@@t,i on (JP-B) Nos.
05- 60503 and 06-45770. anpl es of chain pol ynerizable

ol i goners incl.ude 0X 5,acryl ates, urethane
SprSIRaFate s BBy pRaPaRE R iadhy A Povever
if the large content of npnofunctional and

R Aunodifdeditrimeathylal loropaneneimeibreryvlatener and

radically polynerizable oligomer are contained, a

pbRELEr IR OST SRy T RS Ttk Peh ABTt et FRASI A Ve IPEE'TA),
cross-1linked surface [ayer degrades substantially, 20

el Gl Tale, HECH oL B OO ADAG61 gomers i s

preferably 50 parts by- nmass or less and nore
HO ehedHiddr gceral trsabry lais sP O ol cabifiedeg bitcievel triacrybite,

parts by nmass of radically polynerizabl e nononers

tﬁ%(féagzloz@fetwlﬁggar&&&}é?e, RGP EAPRORAIF NG x AR 6Bt Rr
unct |

nor e onaliti‘es.

" (DPHA), caprolactone-modified-dipentaerythrytolhexaacrylate,
dipentaerythrytoihydroxypéntacryiate,
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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The cross-linked |layer is formed by light-curing of at

| east a radically polynerizable conpound; however, a.
WPy H#II2zation initiator nmay be used to prodiCdg820R3{084146

cross-linking reaction 5 efficiently as necessary. The

pol ymeri zation initiator, ma of .h

dﬁasyfazﬁpga?d&ﬁ%hm%r@%ﬁ{% S iBE oyt Sh v the

initiators. Exanples of the therrral poI ymeri zation

rabict dftmrlecudnweiglpetokheeiben offunctodrhgroyps in the

hexane- 2, 5- di hydro peroxi de, 10 di qunyl peroxide,

ng&g&)gﬁélr @Eﬂi{%hg&r wei SHEMEHBYE 0P ShA%td8al group) is

I me

5- di (per oxybenzoyl ) hexane- -t-butyl

ber, oxi r.aber gxi de,
Pﬁ?éﬁ'r@ﬁmﬁfﬁier T o P8 st wEbeds 280ng cgogs linked
conpounds such as azobis isobutylnitrile,

5  sazfddes hysod robeccames saftbandtwede resistance drops to some
azobi si sobutyricnethyl, 15 azobi sisobutylanidin

Eﬁégﬁﬂf hi "? de us‘f’né a%zé’f’ﬂr%nf'e ISYRRRVSAIY GlodCidnot

es o t he otopol ymerlzable initiators are not

and can be rl ted accor.din

g naﬁgﬁ.lana i GmeR BB et s aaraaas Suok aSbR, W,
phot opol yneri zabl e i ni t| ators, ketal 20
aﬁi&P@Ofyhereimabﬂ)ﬁfﬁedimbabmaz. benzoi net her
pEot opol yneri zable initiators, benzophenone
phot Lo : . )
Dot oEBPUTELAE B Bhl Rldi EA By poly L2kl Romer having
BP‘OtOpOl ymerizahle (nitiators, These nay be us%d al one

o¢ Rrenoypioneizene g39UPETibian Ppasaa rpnsport structure,
combi nat i on.
which is used for the cross-linked layer, 20% by mass to 80% by

10

mass is preferable relative to 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

15 cross-linking bond .density of the cross-linked layer becomes small,
and compared to the case of using a traditional thermoplastic
binder resin, sigpificant improvement of wear resistance is not
achieved. If the content of the monomer is above 80% by mass,
the content of a charge transport compound is reduced and

20 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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Exanpl es of acetophenone, ketal photopolynerization
initiators include diethoxyacetophenone, 2,

wo2néh fwpishoxy- 1, 2-di phenyl ethan- |one, 5 541
1- hydr oxy-cycl ohexyl -p he nyl - ket one, POTIR0TASILG
4- (2- hydr oxyet hoxy) phenyl - (2- hydr oxy- 2- pr opyl ) ket one,

prgf&ﬁmy_l - 2- di net hyl am no- 1- (4- nor phol i nophenyl ) but anon
e-1, 2thydroxy-2-nethyl-1-phenyl propane-1-one,

:2_ gﬁtﬂ% ltﬁzigésn?irrﬁi%%l ia’}%&“{s’%&ﬂ:}’é& BW@Eﬁf%h}ﬁ{gD BaNead ane

1-phenyl - 1, 2- pr opanedi one- 2- ( o; et hoxycar bony] I me.
ragicatly polokebwabde toHRUBRot SPHIERAERICI St F%%lc)a? y
initiators include benzoin, benzoi nnethyl ether,

pollPRES| 18N BhBBIers, PRAZEDARS eboih yhetrbeand amdlically
benzoi ni sopropyl ether. Exanples of benzophenone

hot opol.ymer.i zat i on,i ni.ti ator | s
polgmes bt iE e PR Y i e S et At HBitics may be
0- benzoyl benzoate, 2-benzoyl napht hal ene, A
ustédbenroltopiephelsy for viscesHzosaHReh AUt ng Coakingy |SITeRP
benzophenone, and 1, 4-benzoyl benzene. Exanpl es of

reiﬂ?%?‘&%ﬂiﬁﬁ@ﬂ%ﬁﬂ@ na?@f, ik fhoe bheigy dleg2Adation,
I nclude such as 2-isopropylthi oxant hone,

2- ¢hl or ot hi gxant hone 2, 4- dipet hyl t hi ,
and FigfienSaatHelaht HHRE 0N ,Qlwéi %ﬁ#@r o{ %Sih%gnt hone.
Exanpl es of other photopol ynerization initiators

oligmhusle cafhaMs@d07/ 100132 PCT/ JP2007/ 054146
et hyl ant hr aqui none,

2, 4, fedaboh PRI DEDEQY ed BiaRYS MRASARIdIagle functionality

include 2-ethylhexyl acrylate, 2-hydroxyethyl acrylate,
2-hydroxypropyl acrylate, tétrahydrofurfuryl acrylate,
2-ethylhexylcarbitol acrylate, 3-methoxybutyl acrylate, beﬁzyl |
acrylate, cyclohexyl acrylate, isoamyl acrylate, isobutyl acrylate,
methoxytriethylenéglycol acrylate, phenoxytetraethyleneglycol
acrylate, cetyl acrylate, isotearyl acrylate, stearyl acrylate, styrene
monomer.

FExamples of chain polymerizable monomers having two
functionalities include 1,3-butanediol diacrylate, 1,4-butanediol
diacrylate, 1,4-butanediol dimethacrylate, 1,6-hexanediol
diacrylate, 1,6-hexanediol dimethacrylate, diethyleneglycol
diacrylate, neopentylglycol diacrylate, EQO-modified bisphenol B

diacrylate, EO-modified bisphenol F diacrylate,
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oxi de, 2,4,6-trinethyl benzoyl phenyl et hoxyphosphi ne
oxide, bis(2,4,6-trinmethylbenzoyl) phenyl phosphine

Wp10@a00132 PCT/IP2007/054146

bi s(2, 4-di met hoxybenzoyl ) -2, 4, 4-tri met hyl pentyl phosph
ne oxide,_ 5 nethyl phenyl gl yoxyester, 9,
necpgiivagtsebdi@cesidéunds, acridine conpounds,
triazi ne conpounds, im dazole conpounds. Besi des,
conpolidsnp i othBuectibwi painoeery didlade fuormiitad
effect can be enpl oyed al one or together with the

hot opo | zat] LNkl i :
BOSRRay TF0H B2 d SRaS b BB CRORAE, B dRiBocfylathy]
tri et hanol am ne, nethyl di et hanol am ne, et hyl
acnyilags, r%rpaﬁflﬁ@ts@w&@é}yli wehhgerylate,
4- di met hyl am nobenzoat e,

$-Aredi BB on0e Bl FlyAbeNEpat,evindl monomers, acrylate and
4" - di met hyl am nobenzophenone. The content of the

ol.ynmerizat hon .jniti ] r .5 15 parts
%‘flt gléylf"gé Mvﬁggté&%ﬁéﬁéée%ﬁ@ %?Ae grgabl y 1 part by
mass to 20 parts by mass per 100 parts by mass of the
a@tyépthéwﬂnm@?hyltsm%w&‘ﬁgy},adi cal 'y polynerizable
conmpounds. The coating solution for a cross-Ilinked

sethaeslbo dimleBylNl®saMethRYenti on may contain
vari oufgy ag}giﬁ{llyves sugh as 20 pl gsti cizers for the

ur ROS f reljev stress _and inproving adhesion,
$@?§P¥ﬁ)§qﬁﬁgﬁ? ’y%gﬁﬁa&g@g%gﬂl ow ol ecul ar char ge
transport materials, as necessary. Known coating
satyloyelydimpehylsslokanebadyl.ci zers usable in the
present invention include those 69 WD 2007/100132

- Lty RRAPSTRAMAS y 1 sQ6RBALXicthel, Fhikcle avertd a0

resins such as dibutyl pht hal at e,

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 monofunctiona_l 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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di octyl pht hal ate. The added anmount is preferably 20%
by mass or less, nore preferably 10% by mass or | ess

wobdseRopn the tot al solid content of coati ngP%‘fJJideo?/ﬁiu%

5 Exanpl es of |eveling agents include silicone ol
such as dinethyl silicone oil, nethyl phenyl silicone
tRtde oMo ROFMIRESn Llitiel! | goners having perfl uoroal kyl

group |n the side chain. The added anobunt of |eveling

Ao ahass- BnE et lssis ot dPama b Bt ot oF st 1t 2

The net hod for producing an el ectrophot o?raphl c

radehdyondiym erizablde bemyreesahithoweeet,i opolpmenzateihod
to produce the el ectrophotographic photoconductor of

1ﬁ1lﬂfah%5'exﬁggtbdé pgsmb%ograggl tRls l:ﬁ?s%thlﬁ?i'ﬁé'r'éﬁcﬁon

Ccross-| ayer fform ng step I n | east a

y pol yneriza ound i S
offeiattit FoRoLboRiDh TR POIy BNADEB DL AL IAY PeRaY
step(s) as necessary. <Cross-Linked Layer Form ng
ofShept poliine rcaaa$en liniiatbisayed flotopelymeeizatsoon o cure
a radically polynerizable conpound by irradiation
it b ol tht to forma cross-linked layer. 20 In the
cross-Tinked layer form ng step, a cross-linked |ayer

is fornmed_ by prepa cqati ng solutjqn cont ai

at | daxamyles ghthat fb;? N pelsmemeet 108t oraaﬁﬂvfeng
the coating solution over the surface of the
pphetdesnditdt 8§ 2, Byt hiyl tedizatd-8g5-diky dfo YWeroxide,
2007/ 100132 PCT/ JP2007/ 054146 coating solution wth

di&\gﬂﬁrlfp%rrog?déf 'ﬂgeerﬂzzo‘c)';lip%q‘bxide, t-butylqumy! peroxide,

' 2.5-dimethyl-2,5-di(peroxybenzoylDhexane-3, di-t-butyl beroxide,

t-butyl hydroberoxide, camene 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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The coating solution may be diluted with sol vent as
necessary before being applied. For the solvent, those
WO 1W132sat ur at ed vapor pressure of 100nmHg/ PSE/IBR007054146

| ess are preferable 5 in view of inproving the
adhesi veness of the cross-linked |ayer. By using such
cembohydAn; the anount of desolvation is reduced at
the tine of form ng a coated filmof the cross-Ilinked
sur f a0en hp¥ed of hestahdmatigiogal phetepylyametizatigpnor
sonme degree of dissolution of a |ower layer, a
. phot.osensi{.iyve,l occur, an area 10
Hﬁﬁ%ﬂ‘%‘?ﬁ%&ﬁh%%b@%@é‘é’ f@% @?ﬁex’“}({n{?@érface nei ghbor hood of
a cross-linked surface |ayer and a photosensitive
2| ZrdémethoxprivBulipheasietand9ne.By formi ng t hese
| ayers, an area involving rapid property change

5 1QE§&Rﬁﬁréy&bﬁﬁﬁrbb%b@§isuﬁbﬂ@ﬁ | ayer and a
phot osensi tive | ayer disappears, adhesiveness is

retai ned e .l any .sahi sf Yine intain
AR B ey BhervL 2 R ERy L boBpPreot®
cross-linked surface.layer beconges possiBLef I n th1
2o esastlt 2 iddweibybaminosl {4 meep hplinepbengh batappne-
solvent in the coated filmat the tinme of formng the
2R RSk -2 e thy BAFSRényBAGHR@RS] fomel he cross-1inked

| ayer was progressed by 20 solvent. As a result, the

el eci rophot ogy aphi ¢ . phot.ocond a
250G Eh B2 B P RAPRus VB P S P RGP, and
. cross-linked | ayer was attained. By diluting the
10 1cp)he1i1y1b1523Dm0p@nedimn&1Za(OS@Jﬂhﬁémcaﬁ%@gﬁlhﬁpﬂﬁat ed vapor
pressure i s 100mtHg/ 25C 71 WD 2007/ 100132

PCT/ JE20R 1105 4%42n20ind 855, phétopetpeeabthtion dhitdatimg
an el ect rophot ogr aphi c. :

H

include benzoin, benzoinmethyl ether, benzoinethylether,
benzoinisobutylether, and benzoinisopropyl ether.
Examples of benzophenone photopolymerization. initiators
15 include benzophenc;ne, 4-hydroxybenzophenone, methyl
;)"benzoylbenzoate, 2-benzoylnaphthalene, 4‘be_nzoylbiphenyl,- :
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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phot oconduct or having stable electric property for

prol onged periods, wherein the internal stress of the
wol2064/ 61387 0ss- | i nked [ayer was not locally skeirgf2007/054146

even cross-linked layer with no strain could 5 be

formed, and the el ectrophotographi c phot oconduct or

et hah 1rIHerh AU @t irh dh b hzb PRI bRk lﬁlﬁgﬁp}ﬁfnet he

cross [in |'ayer "and genérated nho crac I'hg
ur| n h ess at [ sf r The
Heuratdi &b%?ﬂYEF@gmr@%&mﬁ RBParkiffy 10
50m'ng/ ZSC or less, nore preferabl y 26m'ng/ 25C or | ess
bifsk 2.4, Gtﬁwnethy\khamtoyd))‘phdmrlpbssﬂhahe saident anount in
the coated filmat +the tine of formng a coated film

b:!s(.‘z 'édiﬁ@%‘ﬂ@iy@éﬂfd )103f 4- Eﬁhgéﬁ:{ﬂﬂeﬁgﬂ?. ﬁlﬁﬁso ide,

effect, but I'n case hat’ 't vent

to 150C, a con uous do in of a cross-Ilinked
5 mfghng%%@ég BErestRD ih?’onﬁfenﬁaf/ Fen%%wmgéi%mr
| ayer can be well fornmed, and adhesiveness can be

canpbuodentrinzeee coschoGabsiidedadoldesmpoatidn st ep
i ke drying by heating, the boiling point of the

sol Vgétsl&ésig%r hh grt?ll&lt 13 ang%lbeoﬂtﬁggler%r algﬁy 8.5

solvent SSO 1'S pre
to 11 re pr erably9020to t.hj
Plafmmnt%ye gC %wgl&r%mé?:fée@ rAene §rtqqgeﬁla%mtfl the

constituent material of a |ower |ayer, a

pldeipedensiri iatkoh dyétiaod rsade sardbed laboked exubdples dfayer
for the coating solution becones high, the

o DGR A SRS LUBE PR At
' mie.gﬁjrrﬁi/lg%hzlirqoltalgullemeetrlr.fyellcéle d?xl;lettﬂgi;glgggbérllznokaﬁg ?suorgn%;le
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 the 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
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| ayer and the photosensitive |layer, and formng a
cross-linked surface |ayer that can retain sufficient
WQHKHEd¥Ehess becomes possible. 5 Exanpl es of PGIxEP2007/054146
sol vent include hydrocarbon solvents such as heptane,

octane, tripnethyl pentane, i sooctane, nopan
cammaniy ord AYT HeRUPRHIONSL TRBNLBHE:AS TIPGYyLpathalate,
xyl ene, ethyl benzene, isopropyl benzene, styrene,

diveeyDitettailate. nithkyidded ahexaneis prdferehly 8Rékbpenass or
cycl ehexene, al cohol 10 sol vent such as nethanol,

t hanal - o B | . .
155 Wi proREAREN 0% PyORARSRI ops bradfiaipthe tptal solid
1- pent anol ,  2-pentanol, 3-pentanol,
conieaytgl coRtBg HGNt100er t - pentyl  al cohol |
3-net hyl - 1- but anol , 3-net hyl - 1- but anol
5 3- netiyd mpldsibAdeveling eipenity linalwishsilicohehedlasuich 45
2-nmet hyl - 1- pent anol , 4-net hyl - 2- pent anol ,

. noh, i cqh@l pol
AGEHAYL SRS meltPhPAP] sjIfidne 1T polymers ox
1, 2-et hanodij ol , 1, 2-propanedi ol,, phenol, so] vent s,.such
Ohgom@ﬁohavmgeﬁwﬂu@%%&%i&1‘93&@ gidgschain. ~The
di propyl ether; diisopropyl ether, dibutylether,
afdbi! Mhoynetdtdeyeiapzys@ithid pidferabR038 byaness or less.
ani sol e, phenetol 1,2-epoxybutane, acetal solvents

SRyt sl lnd G BATEA DB BIB9S Ropoconducton

. nmet hyl et hyl ket one, 2-pent anone, 2-hexanone, , .
10 2- heptheonethodiforsprd yeing: am elecieeRRPEIGI@P hic
cycl ohexanone, 73 WD 2007/100132 PCT/ JP2007/ 054146
pEBEHYA st teR faensre Ridtyine et whekativaepethod to produce

4- met hyl - 2- pent anone,
the electrophotographic photoconductor of the present invention,
and at least contains a cross-linked layer forming step in v'vhich. 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
eross-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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acetyl acet one, acetonyl acetone, esther solvents such
as ethyl acetate, propyl acetate, butyl acetate,

woRe#Pbizacet ate, 3-net hoxybutyl acetate, di et pyl/yp2007/0s4146
carbonat e, 2-nmethoxyethyl acetate, 5 hal ogene sol vents

such as chl orobenzene, sulfuric conpound solvents

coatiAgasoliblomayEH bighitobRendyntatixetiba. having mul ti
functional group such as 2-met hoxyet hanol ,

ot 1 duer R APRLRETL B B ?ﬁn”ét%do%ﬁif%’rf%%%ﬁ%??: |

1- et hoxy- 2- propanol , di acetoneal cohol, 10 furfural,
necessanyxlyefony lbedng anplied ot Hox phersalient.athosepWaliy Rene
gl ycol propyl ether, propylene glycol- I

safIBRABHL VW At PR ssudeasiel GORmHENZSC 90/ Ieeptagermiefbeable
used al one or in conbination. t hese solvents,

o Yl Bl RO G R 508

1-nmononet hyl et her 2- acetate, cycl ohexanone are
Bpawsinzusach v snlupotathe amemt pf deselysdion ippeduced at
adhesi veness. The dilution ratio of coating solution

tHEREALS PR rif18 oS8Rt d FilnPbf the c@bossiltdtketrfaelayer
the coating nethod, desired filmthickness, and may

b . I I d di to the 20 i i
£, ¢ BRBLaRYe G RAGRBE Y St OB OB e EEET b LBt UDHS PEa
preferably 25% by nmass or | ess, nore preferably 3% by

lowss lapei 50p hboseasstive dayeh s yréneh conyvaccetr, ginvares
sufficient adhesiveness to the cross-1linked |ayer

' : ' | [ Rloi¥I9h s oo 4 WO
10 h%%#?f%‘{%@%%&%%%%%&%ﬁyﬁn t1 e coatoed filmat
~ the

i f f ' h film,. .
cross-{illff{%dosurfgggn 13§e§ a%dcg%tlsoqcoséngqave layer is formed

presumptively. By forming these layers, an area involving rapid
property change between a cross-linked surface layer and a
photosensitive layer disappears, adhesiveness is retained more

15 than satisfactory, énd 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

20 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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Coating nethods of the coating solution are not
limted, can be properly selected according to the

WO HIBFMEP3 on. Exanpl es of coating nethod i nclRfdé/P2007/054146
di ppi ng, spray coating, bead coatlng, ring 5 coating.

O, t hese, coatjng that c st, the ptoper
OFigtine ot Bashdan SbRBRE 4t ElpetEp Rt B98I Lot  ng
is particularly preferable. After the coating
phaitotondutitor havinsstdlilekddctuce fpaxopetiyyfor peoloagpti ed,
it is cured by exposure to external energy to forma

p%%c?&é’ Sv?lca{lei:é‘ilﬁeﬁhé Ft‘fl hidih %1 @Y & off thP MG @0 IR e @Payer

uni forme Cross I'ayer of which the difference
bet wee [ | ue and val ue, of th
THet HOE LRaly Slar e § Ve Fransy LR A Layer Withng Mpn,ppld
writing is conducted under the condition that the

5 Henfogensd,adnd thevedecirephobGgmasand ghvdoeanpdsote wadngyined
is 15 4.0erg/cn2, the difference of maxi num and

};{{FH' QU5 r E ta%% t]:fH‘&‘Mé%oﬁﬁ%H%ty%E C!ﬁ{d

ght expostre shou d In 30C, is preferabl
wi t hin i S nor referable wi t.hin 10C BS|des
gemesnde Dt%cwé%aggnp SofON R hE SIS AT 68 BTt h
pronptly, the surface tenperature of the
sphidfactonguct or at the time of exposing is preferably
20C to 170C, nore preferably 30C to 130C

Furth?ﬁ@a&uria?(? ‘li:‘) H}e%ﬂ{]@{)?sgﬁ} yﬁf’et 9(‘%137

reaction nmore e an I ncrease mor e
10 s{o&%ﬁa&%%pei%’%ﬂggéé”éeé’% RO SS A b5 eom
ti);px?isél:vrpeoint of the residual solvent amount in the coated film 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
15 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
20 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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initiation is inmportant. As long as the surface
tenperature of photoconductor can be maintained
woWodMopiskhe range, any nethod may be appli cabk@iypRishossras
nmethod for controlling tenperature using a 5 heating
mediumis preferable. That is, in case that the

R RASNAMSERfe NBS tHE ¥Rt TaRe of BRb | @vssIRNasd sukhrke

is a nethod for enclosing a heating medi uminside of

t he dr shaped hol L ow ,support.and circul ati h
135, A8 Bk Bnosenst e 1ErEE rd StmPns el e inked

endl ess belt type holl ow support may al so be used. to
surfackhilayeaddatomat retdinmyfficeenieagbratvemessfbadeses

heating mediumin order to control the surface
pb&ipesat ure of "the photoconductor is preferable.

Al t hough any nethod nay be used to achieve the

desired tenperature, .the nethad for controllin he

{ empdiATRIES ght e coly et HAFgs FElierer Bl vepts Auch

method for controlling 15 tenperature inside the
abdidpdankooctasy,- trometbylpartisones ireodtiage, ograrspnr eadi ng

a heating nediuminside the hollow can be used, but

_ Si ( ( . ut
2{%}&‘ ﬁgﬁmﬂgm%%@ya&mem&ﬂze%? tbh &S, 11eREY ic

atin umenters to theé inside of the hollow

nd.a nmethod having, a nmechani sm or gger of ‘
e@gﬁ ROZEGCa IFRINANYGP R ES R THHE PR CFAOBEXABA! ow can be
used effectively. A known nechanismof circulating a

niwdlyl exclobdkamec athpleyokddxame, cyoteleasnd, aloskol

exi sting punps can be used for easy-to-use. Specific
I t LSt [ i-f.woal
SSHRER St e HEURERSE tfanBl BBl ISP Sh 52
PCT/ JP20Q7/ 054146 f Lt i spl
ileghanale &-bg@%ﬂg&&%ﬁgﬁgoﬁgf t%g'%-lbult\}/rf a(féosffol?cerrent ’
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-pentanél, 4-methyl-2-pentanol, 2-ethyll-butansel,
.S-heptanol, allylalcohol, propargylaleohol, bengylalcohol,
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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punps of positive displacenent, and jet punps, bubble

punps, water-hamer punps, subnersible punps,
WOMPT/L®4I2 punps for others. For circul ating &AORSHI4E4146

amount of a heating nmedium 5 non positive-

di spl.acenent punps of a constant delivery can be wused
né‘f?ké@ﬁ“\')@ihﬁ?iaﬂpﬂtehéth}’mck&ﬁéﬁ@mﬁcﬁ'@h%il)ilxl'z‘lﬁiegtﬁﬁ9ne,

cause tenperature variations along the |length of the

aebtdiacotired, agteaphiytacaibat peoitdircidvent § saehtaastlsyl i f
the flowrate is too large, curing 1o may becone

. fici . t n
LREH%: SRaER] sROETHS TuB01 R BeA B Heebetd a1 oun
fromthe viewoint of the volune of the space in the

3smebBrxybuhacabaie, shethy icgnbonate, 2omethpryethylacetate,

preferably selected. As the circulation direction of

5 halbgaid pglvdisWickhabadiyebdnednesulfirié Bemifound
convention flow is preferable when the convection flow

shehed i 85RO R Rl LB E o TRE i <2
that its length is parallel to the gravity
fupeidpeaheronp usdy &f camedbpargdrnel) Zethessidbaneli n

vi ew of the convenience of 20 the fornmation of a

2phetagebEhhoYefdduer]Aoehsl; apaiy lféRirylalcohol,
phot oconductor, it 1s effective to allow a heating

It
[ { ' | at ' ' ti fir [ bat t
1R 2 pERBRHOE: E tBpRy R P RE R, SRR SR ar gt O
. convection fl ow because tenperature 77 WD 2007/ 100132
10 fmcfmahz%w%smmhy\lmetaﬁegggthpaﬁgthmcpém@, wropyldwe

phot oconduct or are m ni m zed.
“glycol propylether, propylene glycol-1-monomethylether-2-acetate.

These solvents may be used alone or in combination. Of these
solvents, butyl acetate, chlorobenzene, acetylacetone, xyleﬁe, '
2-methoxyethyl acetate, propylene

15 glycol*1-nionometh))rletherZ-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

20  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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A long exposure lanp is always parallel to the

phot oconductor, whether vertical arrangenent or
wohosv@ental arrangenent. As the heating nmedi upcTiRRBs4146

that are thermally-stable, s have |arge heat capacity

per unit volunme, and have high therimal conductivity

orftke Ro&EST &dhy avshd, tiffe vhfmiragdthe cbated dilant
corrode apparatus, and have no irritant property are

preferably, I of ' S t
el CRREing meet PR Gl oGhE R EEoRCaR HOT LRked. can
and nitrogen, organic a heating nedia 10 such as
begbpowenly cehested acqndine todhe ppplraiiranediyrmples of
medium |iquid a heating nmedia |like water. An organic
coagaid Aot dnde dippehgObpPay coaliith o) dataidnepdal uring
are preferable in light of ease-to-control of thernal

conduct j\l and t enperat ur r. 4. icularly
5 coRtiie apldFFanTRF B b il adiBies P gibhe?
Furthernore, to attain the evenness in the
amphonsedmgsitdwr] selyendda eantpdrialreveamepadingid sane
time to retain tenperature increase range fromthe

paftidilaklEppefusadlea method for flow ng heating medi um
directly inside a support, and a nethod for providing

I
The” 28tHoEkT R HER ISl A AHE0ar JubFed Sukbti et is
effective as well. By using the el astic nenber,

apulied; iteiscssed by expospporto ecdarpal energy hedorm a
sufficiently, uniformty of the photoconductor surface

B CMTESIGIN Remiti I
crtggg"ég@ o%‘g ‘igg%lfj ¢ %hi%ﬂrgfec Sif%gpenbc% ggt%égrli lnggxgﬁum value
and minimum value of the ﬁost-exposure electrical potential is
within 30V when writing is conducted under the condition.that .the
image static power is 0.53mW and the exposure energjr is

15  4.0ergl/cm?, the difi:'erence of maximum and minimum surface
Atemperature 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

20 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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conductivity of the elastic nmenber. In view of the
elasticity and durability of the elastic nenber, the
WQ 281008325t rengt h of the el astic menber is pr MKJSBQOWO"““’
%858/;:n2n2t oJlg 4ogkg/dcmz nore preferably 30kg/ cmZ to
g/ c - A hardness of t el gst nme

sprédasr tagnperaturs qpthe ﬁbpéocwgf@f)agpyé‘iﬂ?% 976 exposure
Moreover, fromthe viewpoint of tenperature increase
ihgiaBont ifselrxﬂpbrﬂmﬁd uQd Yoy aefthichenhas ttem pamabere iof
preferably 0.1WmK to 10N nK, nore preferably 0.2WnK

t f
L i
RS RT OGN AR R

vul cani zed rubber and thernopl astic rubber of JIS 15

H82Pde m E@Mirh s RRseFablear driesisisofinwalseatiatetther ubber
and her nopl astic rubber”. of JIS K6253, wherein the

sur emen Q r
AR SRR S BB ot Sﬂio‘f’?f?%*ﬁﬁmg?h“hf’d
was 55% The_tensile strength can obt ai Q
for engtesigse bgetingmestiugu mpsidie ot ggups aEe Spllow
measuri ng a speci men under 200mm min of tensile speed

SYPARt abid sttufiEapere M@@tﬂh ledgutoe st Tmgeddvifdmet ype
Iﬁp&gy TESTER SAN%YO Co. Lfgg& and di vi di ng maxi mum

G o BRI e Y otLOp ARTEPR RSO RRL

2007/ 100132 PCT/ JP2007/ 054146 JI A- A hardness is
Imedsisrasgeb goptiosd livigngh e mpggamrelgﬁme heating medium in

‘order to control the surface temperature of the photoconductor is
preferable. Although any ;zlethod may be used to achieve the
desired temperature, the method for controlling the tempe.ratuxte
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 holllow 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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or nore of the thickness (sanples of 12mm or | ess of
the thickness were lamnated to be 12mm or nor e of

Wotzﬁ&,fomﬁkness) and using D gital Rubber %gﬁ?ﬁmma‘u%

Meter Type DD2-JA by KOUBUNSHI s KEIKI Co.,
Vari ous neasuring nmethods nmay be used for the

t t
PURARI LB AtiVB IR0 GARIHE! dot racég%%gfgzﬁgur ot

i ncl ude a laser 0

met hod ro ter nmet hod, heat wave
p kot pfetire df %ﬁﬁﬁre ; eRdrisd Pdl%‘ﬁ’felg phie Dutnps,
100mMmx50mMmx30mm i s produced and the sanpl e can be
wabels inetmies siopg, guboietshielenplinomy) dwatical tpunps dbr
QIM 500 by KYOTO ELECTRONI CS MANUFACTURI NG CO., LTD.
otRE3aP! %roélrgﬁfal%iﬁglascéﬁtamealﬁ A%kl oF ﬁ@@fl%%ﬁf%(ﬁQ%l
rubber materi or general use such as na
rubber | ne rubber, oro S|I|cone r ubber,
noR pepEh 65 CSARERY BHEIDS eﬁ Potpitand dedivaupesn be
nitrrle rubber hydronitril e rubber, butyl rubber,
umwbaﬂbnﬁvehmryl rubber, urethane rubber, fluoro
rubber, thermal conductivity sheet having high

t her h t Vi film
! SR EORARSAIYH Yoo WA DON TR SORMEE othiptrg il
can, . adJ mount of a heating medi um of support
VERAERBS &gtg@f theok e elgie pphetreaphised
effectively. Specifically, gener aI ly known filter

plsdteebadactaporigecsmtransial & wanflbe visrdisefdeliigee lcﬁrmg
After application of the coating solution, a

i ook B Ry R Rg Bl e tonb S st T Eo012

PCT/JP2007/ 054146 pressure nercury |anp that has

phatosenduciar eneiege fempanature becomes small but 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 circuiatiorr
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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radi ation mainly, an UV light source |ike a nethal
halide lanp can be used as the light energy. Visible
WOl ¢j1i0088ur ces can al so be sel ected dependi ngCHIPREIS4146

type of the radically polynerizable 5 ingredient

and/ or on_the absorption wavel ength of the e
vphittopet ghang shellengih of sherphateseadigsteforee minimized.

preferably 50mNcn2 or nore, nore preferably
A5Q1Q£§/¥1Eﬁi?stﬁ*e BRA S is Mistay spp ffilebty tHe QbOM@anudor,

nore. By using exposure light which the irradiation

l,i ght quant | [ 0
T R R S s s
significantly ,increased; thereby form.ng of a no
uni f dksrthe dregding mngdionm s mredadhadyare Blé%%kly‘staﬁe’
possible. In order to reach an even polynerization
5 hafddkir88 hedftthapadisy pea didiegtasnysund havelhighethermal
surface | ayer, "given that irradi ance where irradi ance

c&‘é&r&?t]i?r ' tlér; {1?(9] iaaa%%qra%g)zﬁesiea 59 %ie%)]h%eggé afaneensange

prefera Yo Or nore, nore
preferably 90% or, nore.. By  doing so, the
coruske dppheatusapard Baveme ITritanidpEeRer iy maipepyRigEably.

havi ng uni form property can be attained. O her :

FRBP IR o LAY thads héglihg Mediumanitluddigis smieay
20 can al so be used effectively. The method for adding

heat ener IS o heat from.the coat] u e _sjdea.
B e AR Puchdt By BBy gt Gy b AR e hiia
A nitrogen, steam various types of heating _nedia, _,
10  suchrae dip heurlathon tazpbeaybeand mudabiylengglvcol medijag:
81 WO 2007/100132 PCT/JP2007/ 054146 tenperature is

1R ghes ARhYind e dh 19RE Sva iRl © AX okgaal Hed HRG @edia and
water of a liquid heating medium are preferable in light of
ease-to-control of thermal conduectivity and temperature, vs—rater.is
particularly preferable from the viewpoint of ease-to-use.

15 S Furthermoré, to attain the evenness in the photoconductor
—surface-tempera‘cure 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

20 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

78



10

15

20

|l ess. If the heat tenperature is bel ow 100C, the
reaction rates slow, thereby the reaction may fail to

woPReGRIP,eted. On the other hand, if the healperperosiies
tenperature is above 170C, the reaction may 5 progress

unevenly and a large strain in the cross-1linked |ayer

tlﬁ@gho?&&'ﬁduc@f s"i’ﬁ‘fe?éée@aﬁ Yo fishirefield Pf’sePedi‘?ﬁ QHefRk]
)

ting at ative | ow tenperature bel ow 100C and
further, he t|ng with aboye 100C to conplete the
COTEHRGHBHEY | estlasticremRer-Exanpl es  of the radiation
ener gy i ncl ude the use of electron beam O these 10
ener nedewt ditthusel aatidibpt nandtuta it yerfeihgye lasbic member,
effective from ease to control reacti on speed, and

t]:?e?‘?gn%l?e Eﬁf%ng‘n OF o t o exﬁﬁgr id ??éfe‘%ﬁ?[%ﬂOk%/cmz to

propert

obtalned cross-1link ce Ia

49Qkglemn’s gneve pred %@gvgg 3%11%53 y 5%&@“2%91‘ f‘gtglg‘ﬁ

dependi ng on the |ayer structure of the photoconduct or
hasdngsd bEthe ebsstit nikaderagersefetably téstoridisdnore

according to the follomtng expl anation of the |ayer

p%ﬁ%}?%@%{] 5 £5 ts%grﬁo%t thReviEWad: g%tr%&%f uc*ﬂh?e

uctor r'ophot ogr aph| ot oco tor
_used in the esent 20 inventi o i be descri bed
ingrense apgicetbermmlispndpaiivityset theeleshamembey 198
are a cross-sectional view of the el ectrophotographic

p PEREABBN JUEWeH ® tb NOW/@s &) tmiohy @irbtarnbly haW/ng- B to
si ngl e-1 ayer phot oconductor in which a photosensitive

5@@ 2007/ 100132 PCT/ JP2007/ 054146 |ayer 33 having
o/tnﬁ har ge generating function and charge

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 the teneﬂe
strength of vulcanized rubber and thermoplastic rubber” of JIS
K6252, “how to meesure hardness of vulcanized rubber and
thermoplastic rubber” of JIS K6253, wherein t];te 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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transport function sinultaneously is forned over the

support 31. FIG 2A represents the case that a )
WQ 88802 ked | ayer (a cross-1inked phot osendi{l{Rfep07/054146

| ayer 32) is an overall photosensitive s layer. FIG

2B represents the case that a cross-linked [ayer is

the <WrnBargapss inmearirad hratoducing sammies cf22ram

a photosensitive layer 33. FIG 3A and FIG 3B are

o affbr@béthé rtheekmess (hnp sl I2hanSoMiselbfalR thickness
| am nated by a charge generating layer 10 35 having

r ryat i f t d transpont .
RSN PO b A o PO bRl d BhePil psine
support 31. FIG_ 3A shows the case that a
DRiggend - Ryhkew HandnesgaMetos LypienRE? - dhaby KOUBHAHIL
layer 32) is a total charge transport |ayer and FI G

5 KIBIKBIQusLide Gagtodddie B iAEmbtRERS ol &y 8Bk (R d for the
cross-linked surface 15 layer 32) is the surface part

| ayer. 37. y_-Support The SUpRoy t
ufe s o ] BROPRG! bontiEhivihy bt P BERplesp i 18 X eser
sel ected according to the application and may be of
flasp mebhad, aciteedyikeabeuramivineyhod, platenkeat flow meter
resi stance, 1010Qcm or | ess. 20 Exanples of a support

mdtHodd @chitl wnsbapesho Ly el galdiplshaned h4y é%‘iit& ofr

paper covered with metals such as al um num nickel,
rom ni ghr one, copper,, gol silve or ,pl ati num
10 P R s R 28 s B i e Bl iR g
. vapor deposition or 83 WD 2007/100132
10 upBwE 4r2go thesmpd gondmetivaty meetedr QTN EUbppEYRMEObe a
pl ate of al um num
ELECTRONICS MANUFACTURING CO., LTD.

Examples of materials for the elastic member include rubber
materials for general use such as natural rubber, silicone rubber,
fluoro silicone rubber, ethylene propylene rubber, chloroprene

15 rubber, nitrile rubber, bydronitrile 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

20 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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al um num al |l oy, nickel or stainless steel, or a plate
formed into a tube by extrusion or draw ng and

woSMbTaeen treating by cut, finish and poli sh,pcqpﬁmﬁ'/b@m(,
endl ess nickel belt and the endl ess stainless 5 steel

belt such as those disclosed in JP-A No 52- 36016 may
ule mernl i t
Rbdsavhe o W%B%@aﬁﬂgﬁgﬁm%t ai'ned %ﬁgt%%t Q?& ng

support descri bed above ose 0 i'sp

ctlve vvers tableb der resin and
appg Oﬁ]gmatl &’L{} 1}%@, ﬁo‘&m?r thafage hamp can
used as the su port of the to present |nvent|on
I appilas die wtdrey. f iVieildarlight esurosd uge J186 dk
powders such as carbon bl ack, acetyl ene bl ack,

st lpefedu i r.. zine and
s. | e“ “%%%“ﬁ%féa?“&%%‘“g%e%ﬁ%%?? 28 Polyflentzahle
nd | TO Exanmples of 15

N OXi
> ’team;e%é} Bﬁﬁ orpiopswiayelemsth pEthepl asti c
re3|ns thernosetting resins, or photocoagul ating
nhatiopelwmehizable poitiatonr. enExps&M‘ee des@ds yrefddablle
copol ymer, styrene butadiene copolyner styrene

SRhW/ens by e Pefe] |nyI
chI 1g‘rr/:éde vi%Hndflg gg{;%o*)de Vi nﬁ) %ﬁg{lgmco oﬁip Tt MOos
Vi ﬂ@s onV|nyI|dene chl ori de,
FB %}ﬁ’aﬂ%]a %h@ﬁéiﬁy fl—?ééilﬁlﬂﬁ)@ﬁy@aﬂb@ﬂlmlﬂi whlch
cel | ul ose acetate reS|n et hyl -cel  ul ose resin,

theliyvadisatido g qumtxy:yu@yt 000K W emP VryMiodY¥! the
t ol uene, pol y-N-vinyl carbazol e, acrylate resin,

20 ok A SRS P T i emipenna,
irrlglgeiarfl.s’e& Eggéby Sll'ngmga lol%);dn:{oi?x?mform 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

15 .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.

Otber external energy such as light, heat, and radiation ray

20 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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etc. The conductive | ayer can be prepared by
di spersing these conductive fine particles and t

WHIE&0132%esin into a suitable 5 solvent, for Qﬁ’ﬁ?@’”"““é
t et rahydr of ur an, di chl or onet hane, net hyI et hyl

ket one, tol uene, and by applying this goatin o
tomRATATS iR geherd 7ol 005 o8 Phara,tere ar@feaﬁi?&ﬁg&) fyor
formng a conductive layer on a suitable cylindrica
lhase 1if the hehbaemmberatant iadkelow 100RC, théee neiden ahtes
suitable materials such as 10 polyvinyl chloride,

s@m&hg%g%ﬁe gl l%it fila f%ﬁi ¥§®éﬂgﬂﬁ% R, yvcg%ued@elﬁer

et h ene, ori nate | onTM
etc. cont a| nin conduct ive f ne particl may al so be
hand, Hethenbeak ARra EpRBPYe 1707 e ¢ E?é%eé‘ﬁlﬂon may

i nventl on. <Photosensitive Layer> 1s The
5  [iRiresenSicvievity laayken laRye Berfin ietha chass -hatled layer may
structure or a singe |layer structure. In case of the

olgég"ﬁnatﬁ%q' an teRrB?Lt é{fﬁngareﬁgﬁtoﬁs %nﬁie:]th\ﬂa i}oi‘yt?éat‘fﬂgta%i ns

ar ge gener ati nd a e transport

| ayer havi ng char e tr ncti o ase, of
neﬂa@tlgferlgmetmy@ra w@ ﬁ)é\ﬁé.oﬁé @féﬂh@r gatipg with
| ayer that has charge generating function and charge .

ABARSRO0LC tbtuaﬁﬁ?zzﬁes:ihm&da@mﬁmﬁd slsoTbffebeivbowilhgpmpies
the description for the | am nated structure

BROREDR Y B BYE i bl e, BB B1 5168400 beam.  Of these

. PCT/ JP2007/ 054146 <Phot osensitive Layer_ in Lam nated
10 eStengdesride use of heat and light energy are effective from

‘ease-to-control reaction speed, and ease-to-use of an apparatus,
and light energy 1s effectivc from ease-to-handle, and property of
obtained cross-linked surface layer.

Because the thickness of the cross-linked layer may differ
15 depending on the lcyer structure of the photoconductor using the

.cross~1inked layer, it is described according to che following
explanation of the layer structure.
<Layer Structure of the Electrophotographic Photoconductor>

The electrophotographic photoconductor used in the present
20 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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The | am nated photosensitive |ayer consists of a
charge generating |ayer and a charge transport | ayer.

wofehai@es2Cener ati ng Layer 5 The charge gener atcigph@y 644146
is a layer which mainly contains a charge generating
subst ance havi ng charge generating function and may

lalyee maahhaiﬁ% Bobh ARk gk asinbratint PehcQbREM (cﬁ)argé
necessary. The charge generating substances may bBe
|54 :pto.inarganic yaterial s, and ani c
teaBEPbLL Bcrifh ARG s B PV e She Bhmars 1.
ﬁi{{%i norgani c materials include crystalline selenium
r PAGEPresents the cest shatm ¢wissdinkel layer (a
sel eniumtel | uri um hal ogen, selenium arsenic

c208PdHIebd PR Lo BRAUR S 3D0R- ad B%eﬁm;@g%ePﬁitive

silicon may have dangling 15 bonds termn

0g a or_a hal qgen ato or it y . be_ doped
> 10V BRTGh e ShnsBin JBS orive Bhagocronmivhed 1owey tsethe
sel ected fromconventional materials, exanples
stpEreoparhta gesyhimkeidosyefacadapeyBtef = phlotosn ditival
pht hal ocyani ne, non-netal phthal ocyani ne, azul enium 20
1spé# 38 gnents, squaric acid nethine pignent, azo
pi gments having a carbazol e skeleton, azo pignents

havi ri ph Lpne skeleton, azo pignpents having
di phﬁ{,‘?al‘%@ng &ﬁ@%ﬁ a%}émm@ﬁ%ﬁt@%awﬂg
di benzot hi ophene skel eton, azo pignents having 86 WO
PROOF¢codudRr PEThitE A0y Idndddbed byuochaope sheelratly layer
, azo pignents havi ng oxadi azol e skel eton, azo
10 35 having charge generating function and a charge transport layer
37 having charge transport function 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
15 layer 32) is the surface part of a charge transport layer 87.
-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, 1019Q:cm or less.

20 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

33



pi gments havi ng bi sstyl bene skel eton, azo pignents
havi ng di styryl oxi adi azol e skel eton, azo pi nts
WORRT/HY132di st yryl carbazol e skel et on, pherylen CTUP30071054146
pi gnents, anthraqui none or 5 polycycllc gui none
pi gnments, qui none imne pigrents 8& ylnethane or
spufistrengl mélthbie SEPGRERIAY Bery B&%f‘r% aligpinum,
hapht oqui none pi gnments, cyani ne or azonet hi ne

aPh SITROLS alldyheigledlder ptgimbsdsstdel sbeazphitddpoied into a
pi gnent s. These charge generating substances may be

al one. or n
RS SHsiOne) BRLRbRE Yot e e‘%éf?%gﬂ e
as necessary include poI yam des, pol&/ur et ngg/
andspokishpete ket baegdlpss packaloirlt eand ghe ﬁé@ﬁ%ﬁ’r gk31dess
acrylic resins, polyvinyl butyrals, polyvinyl
5 stEU1IBIS suRdl Y ihybe Keidpesd in BE-ASNy! 62686016 may also be
poI y-N-vinyl carbazoles, and polyacrylam des. 15 These

der .resins ma%r be used al one or in conbination.. As
931 OX88%% BUWPREP a4 charge generating layer, in

addition to the binder resins |isted aboye
char g additdportd thesgunpart dessvibeg ehayyd %ﬁrﬁg&éﬁlﬂed by
function can be used such as pol ycarbonates having

bR IRLBIDOPowbes LN Suipalsleciioiden. re2dn byl appheing
Kel eton car bazol yl skeleton stil bene skeleton

YRS 5 2 e RO RS ERE L, e no

: acryllg resin, high-polyner naterlals havi ng
10 prebysi banenkksl et on. 87 WO 2007/ 100132
PCT/ JP2007/ 054146 Specific exanpl es of charge

- transphhn kg RYMAMREive fine particles include metal powders
such as carbon black, acetyiene black, aluminum, nickel, iron,
nichrome, copper, zinc and silver, and metal oxide fine par.ticles‘
such as of conductive tin oxide and ITO. Examples of

15 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,

20  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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materials are disclosed in JP-A Nos. 01-001728,
01- 009964, 01-013061, 01-019049, 01-241559,

woHoPibdPr 7, 04-175337, 04-183719, 04-225014, per/ap2007/0354146
04-230767, 04-320420, 05-232727, s 05-310904,

06- 234836, 06-234837, 06-234838, 06-234839,

r&8in? 3481 196 ré348 4dne t REnd3RR4Y, pAEngBEONR:, ARydA3IGRd,
06- 295077, 07- 056é74 08-176293, 08 208820, 087211640,

oP8- 253568, 08-269183, 09-062019, 09-043883, 09-71642,
-87376, 09-104746, 09-110974, 09-110976, 09-157378,
09-221544, 10 09-227669, 09-235367, 09-241369,
09- 26Bregondyctive Aayer cam Bozoenared I30diugmrsing these
09- 328539, etc. Specific exanples of high-nolecul ar

coRI abtivaatigs 'p%'rﬁlclé:é) AL ﬂh@glﬂ&é1y§éé1ﬁnﬁlt§k§kaiﬁb1@f e

pol ysi |l yl ene pol yners di scl osed

s seTRte L FESTRIR, e bSPTIR Mﬁ 7393@%;;@43,,1

materials can be. incorporat ed into charge generating
ethyleketorh dolutme getct aath dyoap plpingr itdk coasingdeolution.
classified into hole transport substances and

el eCtr @Rt HoraltHROKhpHYREd HHER- al%x £% 0Oh %rﬁhﬁgta on

transport mat er | als include 20 electron- accept|

such as ¢ roani | ani |
cPUEREATE TRath phen s il Hn‘f%“ﬁﬁfgga? Teithehe,
2,4, 7- trlnitro-9-fluorenone
tlRewin &l -tondtadnvé orsr tube rmade@i' suitable materials such as
2,4,5,7-tetrani troxant hone,

o PRI, ARSI

‘ b].t hen 0
pozly 1ny idene %lorlcﬂe, polyethylene, chlorinated rubber, TeflonTM,

etc. containing conductive fine particles may also be used as the
conductive support in the present invention.
<Photosensitive Layer>
15 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
20  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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1,3, 7-trinitro-di benzothi ophene -5, 5-di oxi de, and

di phenoqui none derivatives. These el ectron transport
wGUWFAHMEes may be used al one or in conbi nat iR§AL/IPR007/054146

Exanpl es of hole transporting substances incl ude

oxazol e derivatives, oxadi azole derivatives,

4 Photoseinsitiee i hay e s Lamioradedy$ tvichage™ di ar yl ami nes,

triarylam nes, stilbene derivatives, a-phenyl

stil bgne BehivalddvsBotdiRRzity8easler cyakistedf a charge
di aryl met hane derivatives, triaryl nethane derivatives,

10 9- st | ant hr,acepe derivati ves, razol i ne
%eéjrqr\?ﬁ’cl?% ié?e]a POAR ICH%%‘?] fgﬁﬁsw%ﬁ\ﬁt%%\/ es, hydrazone
derivatives, indene derivatives, butadiene

-@Hrangzt Geasrapyyeeheyeer i vati ves, bi sstyl bene
derivatives, enanm ne derivatives. These hol e

transgefet Ling Shenieas TaYePes aUegdrak R Blain
0 conbi natei on. g%&LSJEThe netﬁodygorsfaor %@ﬁg a charagleIIIy

enerating | ayer may .be broadl | assified into the.
PRI A B RTRTEIRG SETSHIEHT RAVERE 02t B P ERe
and casting nethod with solution dispersal. The vacyuym
fumichic hmddepysilsomonitait adesdeacesm osviper iement(s) as
gl ow di scharge electrolysis, ion plating, sputtering,

Jo8aCY.T VERSAH 119 Bih e:@ftin EVRLRELRESS By BOIcEAsdTREd

orminorganic materials or organic materials
satisfacto

ry. In order o forma charge ratin
iPig dROBGARKLMASEAIE Aob PFEAPLC RE eS8 Aeheih AT R
, | ayer can be forned as follows: an 89 WO 2007/100132
10 RETAPVR2OG7MO64146 i norganic or organic charge
generating substance is dispersed in a

Examples of inorganic materials include crystalline
selenium, amorphous selenium, selenium-tellurium,
selenium-tellurium-halogen, selenium-arsenic compound, and
amorphous silicon. The amorphous silicon may have dangling

15 bonds terminated with 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

20 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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sol vent such as tetrahydrofuran, dioxane, dioxol ane,
t ol uene, dichl oronet hane, nonochl or obenzene,

Wodiot?ﬁiogiﬁet hane, cycl ohexanone, cybl opent ANORR . 119007/054146

ani sol e, xylene, nmethyl ethyl s ketone, acetone,
ethyl acetate, or butyl acetate, together w th binder

ﬂﬁ@lﬁr{brﬁﬁsk@ﬁ%ﬁ?ﬁzo Y3k pertsIadvin® dxadiAFOR $ERetsaNdzo
m

, or bead m !l "usSing: The resultant dispersion
diquidds then. prgperl i Luted and _appl.i
pighih i Sninichiadth Fidis Rclesith Bed HeRBiis M alhe: one
oi I, nethyl phenyl silicone oil, or the Iike my be 10

diatided axiatiezade skedeioon ddoqpigmeants bgwingd. The
di spersion liquid my be applied by way of dip

diSPAL1BErb SRI18% K28 d ) h hd§AEN 6 QAL Mhts, hintBr&Qaindih or

ThHe "t hi ckness of the charge generating layer is

ref er abl 0.0lmto 5m nore preferably 0.05mto 2m
polgcy it AN RS RIETIEN Ea BB ane NI AR Dor t | ayer

is the |ayer which has a charge transport function

diphe ntylhm ethass-di tdpliehsimethane e gprestsn tbenzageineam or
may be used effectively as the charge transport |ayer.

hdgdhtd rn%]%;@gﬁ;@ﬂf&d cv@¥8he o 4NEn VSRR hikhanes

transport as 20 described in the cross-Ilinked

. l.ayer mapufacturjing nmet hod, _.applying th oat i
indageidoopLeIB ARET: i epaﬁwgm}eﬁﬁﬁ%%‘?ﬁszab o5t chirge
conposition of the present invention (charge transport

geamradimg subavimeed heay hdivseld ylopel grren icpathimadonpound
with no charge 90 WD 2007/ 100132 PCT/ JP2007/ 054146

trangpanl o iy SEhH EePRkifts WAk o BB 17 aRlifirge
functionar

generating layer as necessary include polyamides, polyurethanes,

epoxy resins, polyketones, ﬁolycarbonates, silicone resins, acrylic

resins, polyvinyl butyrals, polyvinyl formals, polyvinyl ketnones,‘

polystyrenes, poly-N-vinyl carbazoles, and polyacrylamides.

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,
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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group ; sanme as follows) over the charge generating
| ayer, after drying as necessary, starting curin

WO WAYt08R by external energy, thereby fornmi nd’CtTﬂg%’WOS“‘*ﬁ

cross-1linked charge transport layer. The 5 thickness
of the cross-linked charge transport |ayer is

pr ef Smdatific cktpmples abphargrirayHnore rléﬁéypqlﬁﬂﬁ’ﬁ to
25pm |If the thickness is below 10pm a sufficient

n‘f%@'r?él@gaﬂéoafé&‘l&@éd DRYTERALNBS. 0BigUEI 28,0 1-00bo6He
thi ckness exceeds 30pm peeling with |ower |ayer may

he e c of, 4t iction
odror ST o W (I RAdB0er D LRGEL TR BT s T
the cross-linked surface |layer forned on the charge

Otr 283Pb9,t 04 BAF01 4, HRA-CRAMTGE, OdadzP2, 02?327/, f or ned
by. di ssol ving or dispersing charge transport materials

ok3¥ 1 §904 66 I 4R PR 4BBNC DEOZ3 A58 L 96/XB483Y,N i N a
proper 15 solvent, coating on the charge generating

| ayer ol l.a 1. e -4 urface
o Rrs et perEapal, SHeag DREZSAE0 0 BN on
containing the radically polynerizabl e conposition of
029507 BseMt0HG8/ELt 0811 762 98h 8 8cRAB320+ Pa sl ayer,
cross-linked curing by external energy. 20 As for the

0%4“%5?868! 8@%183{%@%@'@9, 0oL £8 8881 09- T TR Y-87376,
Sups (0]

ances, e transport Substances, and charge

transport _po S Lhed ¢ | | oyed.
041 0324poPPLII A4, o8 TR BB B PR e R B,

pref erabl e because solubility of the 91 WO 2007/ 100132
O02CTLIBRO0TH (ERHIGT, 0 ANISES, 0199682 %6y 0882 BiHhessed
upon coating of a cross-|inked

09-302084, 09-302085, 09-328539, ete.

Specific examples of high-molecular weight materials
containing polysilane skeleton are polysilylene polymers disclos_ed
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 generating 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, T-trinitro-9-fluorenone, 2,4,5,7-tetranitro-9-fluorenone,

2.4,5,7-tetranitroxanthone, 2,4,8-trinitrothioxanthone,
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surface | ayer. Exanples of the binder resin include
pol ystyrene, styrene -acrylonitrile copol yners,

woShoyf/ R g, but adi ene copol ymers, 5 Styrene'”al$c%upmww&urm
anhydri de copol yners, polyester, polyvinyl chloride

vi nyl chl ori de-vi nyl acet at e copol yners, polyvinyl

2,%‘33&*’1‘1@@1%69& Xﬁﬂi‘ﬂél!ldﬁﬂﬁtﬁmgﬂ{é&e4 &0l yacryl ate

resins noxy resins, pol ycarbonates ceIIquse

Rt A R

N-vi nyl carbazol e, acrylate resins, silicone resi ns
depivayivessi MBhesemelcptione trasspert swhathaces meay he used
phenol resins, alkyd resins. These can be used al one

(Talpss] 'ili‘% The anount of charge transport
aﬁ{{lée?ll‘a]?s ngﬁp?e%er%ably 20 parts by nmass to 300 parts

par t Popymtasopbels st ading sibstnees ER (arote

resin. V\hen the charge transport material is a
dppivatires, biedizhdegietivativesy inndezelealerirafiviee,
enpl oyed wi t hout binder resin. The solvent used in

i 9Bt $ OhisiPanfihok NEriG BRIAR Ad AN ABchel drGvatiRs,

sane ds e used Int e charge 20 generating

| ayer descri bed above. Prefer the sol vent can
o eyl etithane gﬁmﬁ@tth"%% b@r%lg qulﬁFférﬁ&i“fe%t erials

and the binder resin. The solvent can be used al one
doirylim adapiendd tiontiviee trivaytmethhod dexrivatidehor the
charge generating |ayer may be 92 WD 2007/ 100132

9%3 so%}/ﬁ;ifefrgt%ya%gﬁ% 40ri 0RAVLEdpl PAZO0RE AR r iV AT RLr AiviAYET

‘benzene derivatives, hydrazone derivatives, indene derivatives,
butadiene derivatives, pyrene derivatives, bisstylbene derivatives,
enamine derivatives. These hole transporting substances. maylbe
used alone or in combination.

The method for forming a charge generating layer may be
broadly classified into the following two methodsf 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 generafing layer by the casting

method, the charge generating layer can be formed as follows: an
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Wl0agt10ti2zer s

The plasticizer and the |leveling agent may be added
dependi ng on the requirenents. Specific exanples of
used concomitantly with the chdiJé&P2007/054146
transport layer include known 5 ones that are being
used for plasticizing resins such as dibutyl

IglerBanit er odeaciy thahgh geaceatiniyeswtatcansulispefsed in a
plasticizer is O part by nmass to 30 parts by nmass per

sHPeRREUBhYs PREEhHrBIDCE, dibRah8; dRPEALLLC tEHAMR €S

of leveling agents used concomtanfly with 10 the

h e transport |a i ncl ude si.li.cone qils such as
‘ﬁf’ﬁ&?ﬁ?ﬁeaﬁ% 7c‘8ﬂ8°§ﬁ?r°§ﬁa‘zﬁﬂﬁ h)c}l"dgﬂé?ﬁﬁ%@rq’ i cone
oil; polyners or oligomers including a perfluoroalkyl
aychee3anemai ¢ydoplenidine, dnsokydadenapmathydfethyl
| eveling agents is O part by mass to 1 part by mass

lRfbnel Qe R, othyl Resatd, & PG 4&3hEe, eﬁ]@%' Wit]%| y

t hi ckness of the charge transport layer 1s prefera

51lt:mto 401i nore,preferahl y. 10 As .

b3hulF iBaif i Tasinted rased Ayl b ATARIIE R ot il

cross-linked surface |ayer is formed by applying the

ogdzadthepilt osing.onTherteniiiangyt divparaibe figuid is then

pol ynmeri zabl e- conposi tion of the 20 present invention
EB e yl . ’

A L A G R SR R O R

xternal .energy., The .t hi ckness .of a cross-|inked

difpeihed siligand oil. smerhviahepy Sl gene66) ot dieake may be

PCT/ JP2007/ 054146 1mto 20m nore preferably 2mto

atigked td thadispexdiondsqiisl as required. The dispersion liguid

'may be 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 2pm.

-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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bel ow 1m durability may vary due to uneven thickness
and when the thickness is nore than 20m the charge
wobi@nepait |ayer become thick and cause i MBgepcT/yp2007/054146
reproduci bility degradation due to a 5 charge
di ffusion. <Single-Layer Photosensitive layer> The
EeRr¥oRs BHEEL TRl MG W PRl OpSTyh BEEd bR PLOSPRRE | VO
layér 1s the layer that has charge generating function
and charge t spart fupctipn sinmultangous]y. By
R SIS oo o Do Y i EPAGES BEBEARGEE IRkpenttor
charge generating function, the cross-Iinked
dyyriogose meickéseery, ayartihgwingnghangéion bpeptetnal energy,
structure of the present invention is effectively used
118SreByv SrASine 41 LRSSl L I r.
Ao SR VY P BEhel NS RERIATRE bt T
charge g rating _|ayer, the 15 cross-]inked
5 “b‘ﬁ@flg% 3 R?lﬁwéfosﬁglém%é chgrgadrapspeshlaysris rrederrbly
generating substances wth the coating sol ution
1@wmt & BDpon, made galelfyr Addlyyi@inzabREpeanpbbiid ttickness is
dryi ng as necessary, followed by starting curing
[ b . I - Y. B e L.
bél%%ﬁtlbgﬁl ¥ sﬁgfé?fe'}ﬁ: cf&%&lﬂé &)eoﬁfgtélg%[l ]&IIELS' dﬁ@@ﬁ?%ﬁl%nr%med.

genera |n’g Su ance or Iqu conta

f he h_agge 20 generating substance wth solvent may be
Iithecthicktens exsaednOryn) neeling with Hever baxen musehe
phot osensitive | ayer. The thickness of the

paste beokedepieios€rbitvolan ayehsifctiphefieflabbimd @Fi m
to 301lim nore preferably 10pmto 251m If the 94 WD

c / 100132 PCT/ JP2007/ 054146 thickness is bel ow
) sufficient charging potential may not be

.10
If the cross-linked 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

15 golvent, coating on the charge generating layer, followed by drying.
The cross-linked surface layer is formed by applying t_he.cqating_ o
solution containing the radically polymerizable composition of the
present invention on the charge transport layer, cross-linked
curing by external energy.

20 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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mai ntai ned. |If the thickness exceeds 30pm separation
froman electrically conductive support undercoat
WO H)BH0#Ey be prone to occur because of vol uETIP2007/054146
constriction at the tinme of curing. 5 Wen the
cross-1linked surface layer is formed over the Sﬂ[f C
upnflesiang leveaymeyprossnphesssd appayatingef a cross-linke
phot osensitive |ayer is formed by dissolving or

s@-SRENAYBE @ charge generating substance, charge
transport materials, and a binder resin in a proper

To 1 aieunair oyt bty HpteR rhFRL RSO PR AR, 1 o

agent, or the |ike may also be added as needed. The
stjireper atmydonsrbled dooly wtersg 6ty tpsfs b at iy DeuSRROANEES'S,
charge transport materials, plasticizers, and

5 s{;yer\é@eLﬂ&léﬂzeQﬁEKHMeb@oﬁJ@nﬁ@@ pdybdiesepuliivdhyhekloride,
used for the charge generating | ayers and charge

transpor.t | ayers. for 15 t ' NN
ViR e oA Al oPal e e b R hal Bt e

charge transport |ayer, the binder resins described
pbhyvingyd demar geloritm arayaatylade aesingp ROEHHIOYES: i n
conbi nation. Besides, the charge transport pol ynmer

pﬂﬁyﬁagﬁpﬁﬁﬁgs, dNElRsb kBN Y abdigrsl, RthyPdolulgset Rsins,
I icl usi on of photosensitive conposition of a | ower 20

| ayer intq the cross-l.ipnked surface | [..Jhe
voleRLEs st L R SRS BRE L P Lo Y2080t er abl y 5m
‘ to 30m nore preferablﬁi10n1to 251im The cross-1inked
10 psiy-Daeénipebaisld, erorplhtievensinhesidioongcre sois £ P Y YFyI0S,
2007/ 100132 PCT/ JP2007/ 054146 single-layer
RIRLeSRNSdih¥ ey kEMBIne R SORL ipHb Al Hekid) ARpHaidring.
These can be used alone or in combination.
The amount of charge transport materials is preferably 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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radi cal |y polynerizable conposition and a charge
generating substance is applied on the upper |ayer of

woloerpbpkosensi tive [ayer, followed by dryi ngcgseeeros4146

needed, and curing by the use of external 5 energy:
heat or optical energy. Preferably, the cross-Iinked

aPpPlictt forl @Y SEd B f{d}%q%?gﬁ%op{nh to 20m nore

preferably 2mto 10 t he ness is below 1m
dur a it fluct e due_to uneven thickness. The
char Sjéi“@ éﬁ@@ﬁ?@' %%Mﬂ&rﬂ@érel:l@r& agpebimay beeadded

si ngl e-l ayer photosensitive layers is preferably 1% by
denexn ding 300thdye qusem dites. bi Bpeei fieskan$dss 3 pesiiBizers
t he photosensitive |ayer is preferably 20% by mass to

u%@%&hcﬁﬁﬁ%aﬂﬁ'ﬁze@ﬂ{‘ tfx?.%hta E@ tr% 816% E)egs]‘c:eizt chilgppaﬁ%own

phot osensitive’l ayer he cRarge
cont i ned i,n .the osensitive layer is preferably
0168 @‘;‘?t HSPYIgE usp ‘fl % Blastagiginggesitesuch as dibutyl

electrophotographlc phot oconduct or of the present
phhkahttiepdiodty] pdethadftd.or Them ddwl endssnit bf'bféjst%i%?% 0

| ayer on the photosensitive |ayer, providing the
ur pose
PR o ep ARBREH BrRARRG Ref 0 RRayPE HOURBS3G inder
cr.oss-1inked surface | ayer or. of inproving

r&dfesi veness with the 1lower layer. This internediate
| ayer is produced by the m xture of the |ower part of

t he Speicifessbidipleslof)eye HAFPOS A {s0fsdd cﬁﬂé‘omltantly with
cross-linked surface |ayer containing radicall

SRR e OB BT A

eactiq

‘silicone o1 and methyl phenyl silicone oil; polymers or ohgomers

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
sum to 40pm, more preferably 10pum to 30nm. |

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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unevenness of the cross-linked surface layer. It is

al so possible to inprove adhesiveness between |ower
WQ #YER00332 t he photosensitive |ayer and the sUiGTaR&007/054146
cross-linked layer. 5 The internmedi ate | ayer generally

1k 2P eloE athedee 05, e LOBREongl tts PERRES 18

nyl on, water-soluble polyvinyl butyral, palyvinyl
b gk, dnaipidityvinayl vaty dhelto weever hieknaashard foren
the internmediate |layer, a coating nethod in genera

LIS €hickrAdQnkad 028 thandeGeh, RBd JHif R e@spblelayer

thi ckness of the internediate |ayer is preferably

0. 051im.to 2 In the phot ocgnductqr of t resent
bRTBRBUHE o e Caee Teryer e foiti Rt 38 o o

the support and the photosensitive |ayer. 15 The

5  clmcey dodtsioayer is typically forned of resin. The
resin is preferably highly resistant against general

<Si 881 T.a§8) o idse BEMSR @sensitive layers are
usual Iy applied on the undercoat |ayers using organic

sol vent. Ex |l es of resins includ t er -,sol ubl.e

( osi b FETEGHAYEF WF RS chitEce - HREERPANYSEBRItERS 20

pol yacryl ate, al cohol -sol uble resins such as copol yner
lapdrams drdlayeet Hotyhes khhage gemprobingfitnaien mad ekarge

whi ch form three-di nensi onal networks such as

t j i N iy .
tlga[qtsgg)g)_&g fﬂﬁ@ﬁon”ﬁllﬁﬂltﬂieohg& %y%%@ﬁinln%ggm%e

mel am ne resins, and ‘epoxy resins.
: 2007/ 100132 PCT/JP2007/ 054146 Metal ,oxi de fi.ne powder
10 gonepadiRg sthetanees PAYIRG HRGF R SCNGTRFIE Aati0F, PSS

“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 10nm to 25um. If the
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al um na, zirconiumoxide, tin oxide or indiumoxide
may be added to the undercoat |ayer for preventing

woBbRopat terns and reducing residual potent |P@T”P§007/{,54146
These undercoat | ayers may be fornmed by using suitable

sol vents and coating nmethods as the phot osen3|t|ve

thilessJsl BE1Bw TOURA é\gﬁ FRIEAL Ehai‘%ﬁ?gng%@&qm) %@ not

agents or chrom um coup Ing agenfs can use

nder t he present i nvention, 203
miiareeds &%{ﬁ@%% Faeh PHfipe %%lﬁnc srreEakiansirope an
as 10 polyparaxylylene (paryl ene) and inorganic
ehatterdadlys cendncidse Sividhort Sn0Parcdnd2ayéd atdeprone to
prepared by vacuumthin-filmformng step, may also

B lB88a O oFNEIHRELEARLIANE B (HUCULIN B RRRRL! Lhe

undercoat layer is pr
phot nduct ) resent inventiqgn, the

> anti 3&%@%%%90% wiagadayer 1s fermedgar theed
surface | ayer, the photosensitive |ayer, the

sprizcecdf svielgilar)layer phetobengeivie Bsppthe pPhaptoseniiteve
charge generating |ayer, the undercoat l|ayer, and the

EIERFNRE

TR by oAb o BiiiSlng & (IR Bruomaine
nSItIVI y decrease and reS|duaI potentlal I ncr ease.

Eﬁ repdransposk materialsc pudea paader iresin in a

conpounds p- phenyl enedi am ne conpounds, hydroqui none

peap@osolientHh I\@p 9K d 00d 385 RIETA S RQ8H Ha4hfbon,

‘ organi ¢ sul fur conpounds, organi c phosphorus

10 fASReY %@ﬁdrﬁr Igl%s_,e 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 uéed for
the charge generating layers and charge transport layers. As for

15  the binder resin, ir; addition to the binder resins described for the
charge transport layer, the binder resing 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

20 . layer into the cross-linked surface layer.

The thickness of the photosensitive layer is preferably 5um

to 30um, more preferably 10um to 25um.

The cross-linked surface layer is formed over the surface of a
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anti-oxidants may be used al one or in conbination.
Exanpl es of the phenolic conpounds include
W@3087/t0132 but yl - p-cresol , butyl ated hydr oxyani®gy@2003/054146
2,6-di-t-butyl -4-ethyl penol, stearyl-(3-(3,
5-di -t-butyl -4-hydroxyphenyl ) propi onate,, 2, . .
sﬁiglﬁdmwu:aﬁssﬁ@rssn@mmgmn 6L ¢odRg Isﬁh‘éﬁep) confaming
2: -net hyl ene- bi s- (4-ethyl -6-t-butyl phenol), 4,
rﬂdiéa'llﬁ?bl%{ﬁ@r%_tbﬂé! lcorpoditioyl phénrotharddgenerating
4,4" -butyl'i denebi s- (3- et hyl - 6-t - butyl phenol ),

stinbidhd I SehRRTi Hha POt i iy b Aima DU e
5-di -t-butyl -4-hydroxybenzy] ) benzene, ~ tetrakis-
forewhyll lgndrging 3% nepded, anidbovyinsby r\%r%@aﬁ gxiqypal

propi onate] nethane, 15

5 eﬂie§%fig]|§éapib§%timdé@®gy3' -t-butyl phenyl)butylic

acl ycol ester and tocopherols. Exanples of the p-

phenyl enedi ajm conpoyn ' :

R nbERAE % Ao SATRE 108ed RSHAE fayer hoe  tiipkgeesf
c- butyl - p- phenyl enedi am ne, 20 .
INmpherB0uh; seerchprslerpbhndny and@ami ndf the thickness is
N, N - di -isopropyl - p- phenyl enedi am ne, and N, :

K 1%‘%'{) {[g%bwﬁrubﬂfﬂty &y Fhittwbtodrieny hieeedhashiickness.

of the hydroqui none conmpounds include 99 WO
éogrlf‘ﬁg%é%égéﬁ%o }?Fégo gg%gbﬁad%cé (aoréta}iﬁeg, in the

| >- dodecyl > "2, odlecy " hydroqui hone,

10 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 materiaﬁs
contained in the photosensitive layer is preferably 16% by mass to

15  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

20  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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hydr oqui none, 2-dodecyl -5-chl or ohydr oqui none,

2-t-octyl -5-net hyl hydr oqui none, and
wo2ofZtoetzadecenyl ) - 5- net hyl hydr oqui none. s Exagal@So®fs4146

the organic sul fur conpound include dilauryl-3,

3' -t hi odi propi onate, distearyl-3, 3'-thiodipropionate
canfosididet wadde preventSinhititdnpoHpicurah g rehxtuop asdof

t he organi ¢ phosphorus conpounds include trip

uJi?S@é/ﬁBé‘?s;ﬁgg@?)nr%%g%E%@é %H?@Irégpégg?.owmsﬂ G1sd ghséigle to

di nony phosphi ne dtri
. (2, 4-di uty] phenoxy) phosphi ne, Thesg conpounds are
ioRPATe ASDERTIENSES b LW & by er of bhe phatesepnsiteve

and fats, etc., and are easily comercially avail abl e.

labhe aodyht sefrfadecerds-Hokiedalniyeirs preferably 0.01% by
mass 15 to 10% by nass, based on the total mass of the

| aye . . : . . .
o DRSO Sy AR R T A
properly selected according, to the application, an;
m@Ejer epnpsngmt. odfbramnpdes 88 3hﬁ§e ragias Htﬁlea%lbé)yﬁé% &0
10% by mass is 20 preferable. (Image Form ng Met hod
alkol ol Fedeheoniyiong vhptwr eblitle Podyvimdediormalngolyvinyl
apparatus of the present invention includes at |east

a, | atent .el actr i g hma j i 0 WO
b363 Bt BB A Blishis a T Y e o,

transferring unit, a fixi n% unit, includes a
intermediate layer, a coating method in general use is adopted as
described the above. The thickness of the intermediate layer is
‘preferably 0.05pm to 2pm.

In the photoconductor of the present invention, an undercoat

layer may be formed between the support and the photosensitive

~ 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. HExamples 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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cleaning unit preferably, and further includes other
units suitably selected in accordance with the

WORSBELYIRy such as a cleaning unit, a charge PCTIP2007/054146

elimnation unit, a recycling unit, and a controlling
nit. 5 The imge.fornn thod for.the present ...

Wabahorif? Frnel BRdoRpienealt shepa Shitasiuf PElausitios.

i mage formng unit, a developing unit, a transferring

alnintinsgraireofivm nkide, tinaowd dieuoit hredivinn cixide snay heradded

units suitably selected in accordance with the

&8s ﬁhﬁ%ré&&i‘léﬁ%r?for?g%@@b@ﬂlg‘ Mdiré P %’Bgf% and reducing

el rmnation unit’, recycling unit, an

cogéro ling unit. The imge form ng nethod for the
restduat PPHRARLon can be preferably carried out by
nmeans of the image form ng apparatus of the present
i nvenhese uihdefcortrdhyers ofasabé doemedebpotsingtsatitable
imge can be carried out by neans of the |atent

s%'w&%fsoahaté&(}kggg@%&msoamﬁs pHYtbseh@IWEYE} A0 ilane

can be carrie y neans of 'the devel oping unit,

the fransferri can be carried out by.means of the
PSS ARSI R R e ST T

means of the fixing unit, and the other units can be
ggurtisedtautabpe meedsaoiindeecoat lgrerwfi the. p2GeTitdnvengmon.
form ng nethod and the i mage form ng apparat us

zg%g%r%é}%m %?%g%gﬁé 8R4 RYENbE QLN R 8 aRBriaT8Y8ich, as

met ho an I nege formng apparatus using
RelgRaTAEHROAR Ayery 19eD L UG aoa 1l Such as SiOs
2007/ 100132 PCT/ JP2007/ 054146 charging the
oL oOTHDGUET O Ceotxppd pryeidhiey ivaregerm divel fip: fgrming step,
may also be used for the undercoat layer.

The thickness of the undercoat layer is preferably Oﬁm to
Spm.

For the photoconductor of the present invention, the
antioxidant may be added to each of the crossiinked suz-'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, hydrogquinone compounds,
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transferring a toner inmage to an inmage carrier
(transferring paper), fixing and cleaning the surface

wo%hotfagghot oconduct or. An |rrage form ng net h%TM}héb'?/essu(

an electrostatic latent 5 image is directly
transferred to a transferring nedi um-does not al ways

orB8n$t SRSFur é&h?@hn@se%i ééﬁ?f h& > HE ngg%ﬁ:ﬁito'ﬁ%hwi UThese

and Latent Electrostatic

| at ent. ,el ectrostati eform nit..is aunit in
1R AnES Iné"t‘%&’le Pt (ggq grile qogﬁg’é“}témﬂor med on an

el ect rophot ogr aphi ¢ phot oconductor. Materials, shape,

st r ucEmamplesdisitrepbénblie coatpoindp limthgieaphi c
phot oconductor are not limted, and properly selected

?ﬁq‘t’gl g,r.&%%qs uP;',-ltatQ&hl ; p%&%g%ﬂgbe a go?ﬁeuse'

Iectrop ot'ogr ap uct or,
phot ogr i ¢ photoconductor of the present
‘?lé\élnﬁg t %@Hpﬁ% The | atent el ectrostatic inage
can be forned, for exan‘pl e, by charging the surface

stéatylep e(Bemhdphutplgu,dmdmxgmtemm@monatezo

un| formy and then exp05| ng the surface thereof

ctrostatic inmge
form ngﬁ%’%‘?wﬁ' EhLeP @#met&{l?c i mage form ng
unj t |i\irowde vvlth for exa at least a
¥

Zehamgdhyéone hasi éoettbcylﬁﬁtﬁ%tﬂﬂnﬁ@hapge the surface of
the 102 WO 2007/100132 PCT/ JP2007/ 054146

delethiobpbrdBageanyl-6-phatPipdngisd),or, and an exposure
configured to

4,4’-butylidenebis-(8-methyl-6-t-butylphenol),

'1,1,3,-tris-(2-methyl-4-hydroxy-5-t-butylphneyDbutane,

1,3,5-trimethyl-2,4,6-tris)(3,5-di-t-butyl-4-hydroxybenzyDbenzene,
tetrakis-[methylene-3-(3’,5’-di-t-butyl-4’-hydroxyphenyl)

propionatelmethane,

bisl3,3’-bis(4’-hydroxy-8’-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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WO8EH06Bhot ogr aphi ¢ phot oconduct or can

expose the surface of the el ectrophotographic
phot oconduct or i magewi sely. The surface' of the

by applying a voltage to the surface of the

| i - f )
2, BRIR BROER A i LD G SERQUT IR sk N Gt PR abEe
particularly limted, nmay be suitably selected in
hygheardnnae, éﬁ‘ifﬂiﬁt%fé“5'ﬁb@¥@b@fd@%‘,ﬂwsexanpl es t her eof

10 include contact chargers known in the art, for

. 2-8%6%l- By mebhgihal®@dubapedndi t h a conductive or

sem -conductive roller, a brush, a film a rubber

bl ad t hey | ke on- ct chargers utilizing
2 ?%Pgﬁaag%ﬁfe ﬁ%uﬁgglés?ggﬂﬁ%@%o@%{%%h and scorotron. The
surface of the el ectrophot o%raphi ¢ phot oconduct or can

15 bBxaxmesdf tther oxsamigl sl cesomesintyintadsyr f ace of

the el ectrophot ographi c phot oconductor inagew sely

di_ltﬁhﬁg-3,'36th§@ﬁi?»&bpgox?&ﬁ@@ﬂ&éﬂ@xyl%@%ﬁpi@sﬁm;ﬁanatatauﬁi
is not particularly limted, provided that the

.sur f f, 4.he .eliectr ogr aphi ¢ phot oconduct or
d1§%r@ﬁ%%§€%h%2&8§g}p1c g?gga&by the charger can be
exposed i magew sely, may be suitably selected in
ac coEgamelewi afiteherganismhasniwa usaiogapenadpinglude
t hereof include various types of the exposing

P e o Coasaghont ity sag o o
(AT GO0 05146, 900 S8l SYFA S i 0 crysta
(2,4-dibutylphenoxy) phosphine.

These compounds aré known as anti-oxidants for rubbers,
plastics, oils and fats, etc., and are easily commercially av;cxilable.

The amount of the anti-oxidant is preferably 0.01% by mass
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
preferable.

(lmage 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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In the present invention, the back |ight nmethod may be
enpl oyed in which exposing is perfornmed i magew sely

wofoemobi®e back side of the el ectrophot ogr aphipgr/iypioe7/054146
phot oconductor. 5 Wen inmage form ng apparatus is used
as a copier or a printer, ‘i mage exposure i s done by

de:g%f@ﬁh%l b, SPEGH Fehiigbt ult, af ﬁﬁ{)ﬁgh&ﬁ@,diﬂcw&és go the

ot'oconduct or from docunents or by irradiation

lights tp the, phpi oconductor hy |ager am scan E
clegrfiag aprt bR PRpho e oo a1 oEFFENBGH sutibly

according to the lo signals converted by reading .
sethptadent sconirihnse vsidhsthe n@eassitspsngh savda Dhestiong npit, a

Unit The developing unit is'a unit in which the |atent

chgkégg i ARERhLi6n! IREE ol SocYeVORBH, USidg c%rft%‘ﬁ{n%:héﬁt.

eloper to forma visSible image. 15 The vi si

i mage c be for y, deyel opi ng,t.he | at ent
The BeesdRamIaE PELBot PR berTiesait v entien nrndgs aj
devel oper by neans of the devel oping unit. The _
legleivellape migelotttodta tivoim pge formiag lonit; aideswlegpichaaniive
suitably selected fromthose known in the art, as |ong

tr&'ﬁsf’erlr?ﬁf Nnit, 200 &£ "i('h‘fg Ladit G he2NnReudsy st rped
Using~ a a

oner’ or evefoper. Preferred exanples
thereof .inclyde the one having at |east an . ima
uniés eRoETY Shoried MhPEROTARSESWAT ShEmesEoitIcURILEE
therein and enabl es supplying the toner or the

clétenal opaiit,t 0 chhegd @i 2007 11,1 8 2eREEliAR200IE, an4l46
| atent electrostatic image in a contact or a

co RPN Ay Stat e

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 ‘image |
forming unit, the developing can be carried out by means of the
developing unit, the 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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The i mage devel opi ng device normal ly enpl oys a
dry-devel opi ng process. It may be a nonochrone col or _
WO 2887590133 evel opi ng device or a multi-col or i mRg&/IP2007/054146
devel opi ng device. 5 Preferred exanpl es thereof

i nclude the one having a stirrer

) by.  whi c(iw tage t oner

charging thevehefreonidaictey, GFRASERE yhei ey ¢57eiaring,
charged, and a rotatable magnet roller, In the imge

treexehaphpG fevecimabertorxaiplage earoneftrandfaning paper),
carrier are mxed and stirred, the toner is charged by

fi{x;ﬁgghggcggg%l?ng%pges@gﬁgﬁg theBhdt@cBRdletet. in a state

one S over the surface of the

rotating magnet roller to thereby fqgrma etic
br ushn Snage forainggmet Pélwg}‘ﬁ} émeﬂeg*{r@at%ﬁgﬁaf%t
el ect rophot ogr aphi ¢ phot oconductor, a part of the

5 irh9B6his dIesEly tuhhek kb tory eti dfebrimghmiediwpddoeenothe
surface of the 15 magnet roller noves to the surface

f the, el ophot ogr aphi ¢ phot oconductor by electric
a§¥?¥%§¥?éﬁg$%Tce. As a result, the |atent

el ectrostatic i mage i s deve| oped .usi ng.the er,.to, ..
Tiahomidlcsrastatia bnage Hrueeh St Lepanh Hjfethgtatic

el ectrophot ographi ¢ phot oconductor. 20 The devel oper
I8 gBersadses Unitt he | mage devel oping device is a

devel oper containing a toner, and the devel oper may be

Gever e PR ks H B A Tl E?%%HS% SRR Sogmee
0132

, used for the toner. 105 WD 2007/ 10
10 wikGthrPhoentodscestatie ARES 1 HYB#Y OFr&Rsferring Unit

' ele.ctrophotographic photoconductor.

Materials, shape, stfucture, and size of the
electrophotographic photoconductor are not limited, and pfoper}y
selected from known products, but drum shape can be a good use.

15 For the elec{:rophotographic 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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woRhef/aadl Y an enbodi nent in

In the transferring unit, the visible inmage is
transferred onto a recording nedium and it is

! whi ch an i nt er mggthadp8u07/054146
transfer nmenber is used, the visible image 5 is
primarily transferred to the internediate transfer

e leerrbep hatographés phiotosdsd bbtor] Apdean 8xpesapsabhligured to
transferred onto the recording nedium An enbodi nment

r i i fed ef arabl e i;n ich
oRlotd tut SRS 61 oo LB EREE o PLE LA S U
.the transferring is still nore preferably in which a
1pgePMiPeidol or toner is used, and the enmbodi nent

includes a primary transferring in which the visible

i magelhe stirfaeef o tledelartadphbti@tpde ptRtbeANSE&or can
menber to forma conposite transfer inmge thereon,

A ' N whigh th onposite
b8 M a2 B BRI R T bt B B L 8B B g wect um
is The transferring can be perforned, for exanple, by
ef@ﬁ&lﬂgﬁ ogzaphig phetesangbugtonidaoughrthenuse olf of
t he el ectrophot ographi ¢ phot oconduct or using a

exampdéethe ehatgey to transfer the visible inage, and
this is enabled by neans of the transferring unit. For

t he ing unit, it ks .preferably an, enbodi.nent
whi c?}%gﬁggéfd%sngt By Na{- aﬁgf%? i gube tsmgabr%af
configured to transfer the visible image to an
sqlge ageerdanneswerh thebotended msm andoopogplesthereof
transfer image, and a secondary transferring unit

AL oAt A kP LS TRUS LA SAS, RS o
eﬁidﬂp%@ 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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The internedi ate transfer nenber is not particularly
limted, nmay be suitably selected from anong thos

hose
WOMBTHOIR the art in accordance with the int &Sdef2p3ias+4s

and preferred -exanples 5 thereof include transferring

1.9 T ' ri transferring
B s YRR BB ph R SR R o
i ncludes. at | east .an imge-transfer device configured
to exidlthgmresant dnypybionhdhei kagk blglzutrmg@hmbm%@n
t he el ectrophot ographi ¢ phot oconductor to 10 transfer
enplogiesi I evliichgecpaniagtibe drésandil Nen AR isaly Fasmidfle
transferring unit, there may be one transferring unit

t 0 rring . unht | es of the
el e IR oot A0 Rl B B Bo B0%" Panot or
devicgs using corona discharge, transferring belts, 1s
t r ansYeren smpgestorpHagsap parfarsicense by opimadr a
adhesion image transfer units. The recordi ng nmedi um

printepicadeye s ender ¢ depeby i‘i@aﬂﬁt@nﬁ%@ehhld $ight or
transferabl e of unfixed inmage after the devel opnent,

bt kS to: L4, r r | ect ed accordi to
tphnt DR LiphEkb e G REAREIA L PO ARt B
.used. -Fixing and_Fixing Unit The fixing unit is a -
lmﬁﬂlﬂﬁw%gélgs Zo\thei mhetocangatcigit by lnaer bbesnscan, LED
transferred onto a recording mediumis fixed using a

alleyl @giveldi/1iYR1d QO¥ AR BERIHT2APH0a4b48ing to the

apparatus, and the image fixing may be performed every
siéﬁsec%ci‘lhferted 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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color toner is transferred onto the recordi ng nedi um
or at a tine so that each of individual color toners

woR0@/fWRer i nposed at the same tine. 5 The fi%cRgpddvbsiies
is not particularly limted, nmay be suitably selected

in accordance with the |ntended use, and

180811 ProREFINTh TN a HE '1h3a Egﬁ%;& hr}ﬁ)f-%n%@c state.

preferably used. Exanples eat - pressuri Zi ng
unltsmlncl ude a gﬂ;bl natjon of a h roI er and a
pr esstff 2IHE% BFY Plﬁﬁ 1ED M HAR 5@%? 0¥ Stkat
roller, a pressurizing 1o roller, and an endl ess

dtmtdeve'lhput@ arooesd enliematyube ai motoehbenie golessuidgd ng
unit is preferably 80C to 200C. In the present

d'e%!ﬁ:&hh%nde‘tl% O%X@?E{IE% c%ToPPﬁa'a%?h g\}@ibﬁﬂlgg gg(%f& Atus

known 1 n the art used e fIx
f|X|n . ins of the fixin unlt
5 Pfrefeé%ﬁa@f’dﬂa (& g’awerﬁj lﬁﬁr‘iéerﬁ ea@ahaﬁgl&ae%lmraby
St.eﬁ in which the el ectrophotographic photoconductor
wilschlthenbrharsinghe delvedop agiuifiittiobadlypsiasraf t6 be
cl eaning unit include cleaning blades, 20 nagnetic

cpéf?&i céﬁgé%é@gtgkfggé&%ﬁggg b&11BE ush cl eaner S, magnetic

eaners,” brush cleaners web

cl ea erﬁéer The chrge ellmnatlon step is a step in
ye

whi ¢ age Qé{ dgvise. dppleyiaggple, a toner and the
charge-elimnating b| as to the 108 WD 2007/100132

cBXFi6Y R20GNA 06N 24d sitleed, NPl 0 RPEh £+ Db FeNAUSA LI |

_ and it can be suitably

10  force at that time to be held in a state where the toner is 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

15  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.

20 _ 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.

105



performed by nmeans of a charge-elimnating unit. The
charge- elimnating unit is not particularly limted
WEHOT/IWAE as a charge-eliminating bias can be HIpIPRed/054146
to the 5 el ectrophot ographi c phot oconductor, and may
e syitably selected from_anmpng charge-elimnatin
RCTHBRARS, e ?Jfr.mggﬂimfe‘xanm e, a )

charge-elimnating lanp or the like is preferably
usedInTie tiemsfeinagguanit, theavisible imaghis hrameferred

el ectrophot ographic toner that had been elimnated in

0%1 aclje%aﬂil{i%gh?e&i%b‘ﬂ,%ﬁg ik s e ferkb1§e1e b A S mAin

e recyc can be suitably perforired by neans of a
recycling unit,, The recycling unit is po art.jcularl
LGN b adiae Eans I amegrb i Baedothe Sisil ngt
known in the art. The controlling unit is a unit in

5  issbiisiaedy brahsfdreedttepheansgerifediabe tohhefdy mathhiadreand
each of these steps can be preferably controlled by

' (SPIL Rl dd | dshiiHe Féodal
1;lgeqaxlrl {B ?%S’ﬁ%?’% 1#%459{‘%(]'&5;8311%%5@ big%%ssg%ﬂae&n%l sel eect ed i nng
accordance wi th the intended use as |ong..as

DR ot BRNOIERIERT QS NS Te R TBoU RIS BOF8d, and
exanpl es 20 thereof include equipnment such as
psefguebheis wdndhconp ot ansre chlot tortdrs dreagsed,cami ng

net hod and the image form ng apparatus according to

SRR P 05 Y Sn
10 f&ﬁdc(@@iggorgrgg%ggd# glgéié:hi ééb%df&g%ﬁgcfugése\év psr?&vgrgrg

transferring in which the visible image is transferred to an
intermediate transfer member to form a composite transfer image
thereon, and a secondary transferring in which the compoéite
transfer image is transferred onto a recording medium.

15 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

20 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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form ng apparatus. As a charging unit for charging the
phot oconductor uniformy, the charging charger 3 is

wousedrorsExanpl es of the charging unit includepgrpro07054146
conventional unit, such as 5 a corotron device, a

"scorotron device, a solid discharging elenment, a

reeedies ehediymde device, a roller charging device and
an electrically-conductive brush device. The

confi ion. of- th resent invention, is particul arl
ot e LY, Bt inl e PR SR o el B B0 e Bt or
conposition is 10 dissolved by proximty discharging

lipyiged crmagbe guiiahlysisdactesd from aonovpdhgisedasyshdm tire

non-contact proximty placenent charging systemis

axtsidacdhiel drffevifHEh s RtASde & %@giam ﬁi’éfeﬁf%% &gﬁﬁﬂes

the charging systemin which a charged rol

char ush, charged, bl ade, directly touches the
> tbp%%f)gggﬁ]éﬁet%ﬂ.n%rﬁggt ‘gt%t her hand, proximty
charging systemis the one that. the charged roller

i s pride mansfprrvedimitt(the g venysonrsfeatBngamitgnd the
air gap of 200pm or | ess between the phot oconduct or

seedhiiacy adsfdiienshatie) phefétbbly SR foadifad Nl S

air gap is too |arge, charging nds to be unstabl e,

. Whereas if this air gap i s too all, 0,in case that
inf et FEnatea ddndronfRbiedio Sritaus i chirea he visible
_ charging nenber surface may be contam nat ed.
NGO atllon, thhelattroghptogmapiriefph@ivcynddptodt o

200pm nore preferably 10lmto 10011m Next, for

o ehiEomenaltelnhatle I Sl anLle 1P P

chagged uni f.or , the jmage exposjing unit 5 is
transi'egrrmg un1g, {ﬂgre may pe ogne tra%sferr%ng unit or two or

more transferring units.

Examples of the image transfer device include coroﬁa image
transfer devices using corona discharge, transferring belts,

15 transfer rollers, pressure transfexr 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

20 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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used. Exanples of the light source of the image

exposing unit 5 include a general illumnant, such as
wOoR0pT/ W6t 8scent |ight, a tungsten |amp, a hal BGEAPRRHES146

a mercury vapor |lanp, a sodium5 lanp, a |ight

emtti ng di ode (LED), a |aser djode (LD) and an

aARARetY S| ardnidac Bpage (fexineg mey be pogiorynadigveny thes erch

only a desired wavel ength, various filters, such as a

cobay powest i thdresferred bans tba%céidi&fgr medlinador iakfd aired so

cutting filter, a dichroic filter, i nterference
I
Ol T TSR 4 e PR M

forned on t he photoconductor 1, the developing unit 6
tigeysed. Exanpl es of the devel opi ng net hod include a
one- conponent devel oping and a two-conponent

s  devel Dherfxisgd n@itidhyt Eaﬁﬁbuﬁﬂydm‘ﬂte dlemelyopé Beitably
using a wet toner. By charging the phot oconduct or 1

sQ?escjtthi%Lg%c]o?d%gi%g%itﬁei!ﬁ/e) 1%@1(}*&1 Sé@ oﬁ%g%{et & i'erg% rizing

oconductor pPositivV
el ectrostatic_| atent inmage |s formed on the_ surface
Ugtits Oﬁ‘ﬁbmd:&ed@‘ctt@we prefegabhiepsedy dexamplenef the
formed latent 'image with a negative (positive) toner

heweljageudbiiagt dngs finbRudiaktdosh ®Elatien REH hbYe rblTBFSnd a
can be obtai ned 20 and by devel opi ng the forned

orEy SRk ¥ RELEL ShiE sR Bhblnfint SEERCAF o IO T erispigine

: the visualized toner image in the photoconductor 1 to
10 roHeriandsmeendigsskelitum 9, the transferring 111 WO
2007/ 100132 PCT/ JP2007/ 054146 charger 10 is used. For

t r ansfes Hoa@ih$Hee bPRRbt LFRYE tHBMeat-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
15 fixing unit, or instc:;ad 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,
20 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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advant ageously, the transferring pre-charger 7 may be
al so used. Exanples of the transferring nethod

wol 06 eesan el ectrostatic transferring nethogcygipbdh7@s4146
transferring charger and a bias roller; 5 a nechani cal

transferring method, such as an adhesion transferring

eloetdpthorogr@p Piceshb@ohdarsdgrand gt ozt hedsutadlna
magneti c transferring nethod. The electrostatic

I fari y . j:ng unit. Next,
Py B e B B R BRI T o Fr o
10 the photoconductor 1, the peeling ch rgfr 11 and
the P& ¢hayge alyminating updt is a9t E@&hﬁd}%g blimpied as

ot her peeling unit include an electrostatic

logsad Atdirderglifing tifebiagcanibe apphiedetdoehé peel i ng
unit, a top grip conveying unit and a curvature

T N e

toner on the photoconductor 1 after the transferring,
fropeammmgp chehgaeliminathagwridniknp wh ddethis arkr eFoted.
For cleaning the residual toner nore effectively, the

ex BN, NG cRhP 6 Eiatid oM ol e Ukeds eAopPAlly @fed.
the other cleaning unit include a web cleaning unit
and magnet i.c brush. 20 cl.eani ng. Unj.t . Thes I [ .
i t TP e et i PPy BIcH P elitiT R R
Next, optionally for renoving the latent image forned
toiertthat hbadtbeconelintioatad in tgmwhealm‘nzgﬁg rggyeleidsingElee .
Exanples of the 112 neutralizing unit include the

10 de{%ﬁﬂbﬁ?ﬁ b Zh Rg th@%c@rcﬁﬁ% éan BEUWWiBhDE PErfAM AR Ly MABans
e heutralizing |anp and the
‘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 controlling 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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neutralizing charger respectively, the exposing Iight

source and charging unit respectively can be use 5
WORIVHIMNER units, such as a docunent reading ur*’CtT/JPéOO"”“"4146

paper feeding unit, a fixing unit and a paper

di schar I ng. un|t vvh| ch are _arranged distantly, from
the phbtiododuseBpmAtie BIRE FEOSHRE %.WM%O Ehe dmgsee

The present invention is an image form ng et hod and
faPminpepfafatusg dpparchiarging gt fhe chhogoopbbect or
for the electrophotography of the present invention

) ] nit my
oL RRIENE, ARIEKRY, L b Ting PRORICUTL

machi ne, afaCS|mIe machi n IS print
Erampken Py thachazsing é‘dllbéngluﬁl:eo%% 85‘#%%3219%“1% such as
described in the follow ng. (Process Cartridge) The

5 PEQQEB6H RNicd, dgecafotitdie devesent solid elibclarging eldimunt, a
the electrophotographic phot oconduct or of the present

Qt '1?&5%? (%g ng trﬁﬂgr %ﬁnﬁgglﬁ%?gvhc@aﬁaaézg' ng unit

|gu e sur
eIect hot o raphlc phot conductor, an exposing unit

“edepiriealie@ond uctisorghde¥gr ged surface of the
phot oconductor to formlatent 113 WO 2007/ 100132

PCT/ JPRQQOIBALAFio R bEche ateabht ihnageiomiddpuslioplaxdy
unit configured to develop latent electrostatic inage

ff?ecrgetge % ctﬁargineé: tIﬁBP IERELO gﬁ@%‘ﬂocboconductor composition is

10 dissolved by proximity discharging from charging unit such as
contact charging system 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 cherged_
brush, a charged blade, directly touches the photoconductor. On

15 the other hand, proximity charging system is the one that the
charged roller is proximity placed with non-contact state hav‘in'g 5
air gap of 200um 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,

20 in case that the residual toner exist the photoconductor, a charging
member surface may be contaminated. Consequently, the air gap
is preferably 10pm to 200nm, moxre preferably 10pm to 100pm.

Next, for forming an electrostatic latent image in the

110



10

15

20

phot oconduct or using toner to formvisible inmage, a
transferring wunit, a cleaning unit, and a charge

woebdmionadzi on unit. 5 An exanpl e of the procesecT/iar2007/054146
cartridge is shown in FIG 5. The process cartridge
i ncl udes the photoconductor 101 and at |east one of

phbeocdiadwitod 1Uehhrdd untifianiley €hediniged Bkhodlidy ubkies is

transferring unit 106, the cleaning unit 107 and a

tratd.zi nj N .s¢cl o i n..Fl .and. t.h
o o P Bl b S0l RERTCtY DrsSraqsiBRukS
.main body of the image form ng apparatus. The image
indudiery gemepalisilnginpatpsvebss & dhuoneggent hisht, ian

FIG 5 includes rotating the photoconductor 101 in the
tahgeedd Pmps ROMALdRE hand! GoWerEhaY ¢aporiAtp, a sodium

phot oconductor 101 using the <charging unit 102

€XPOSi he phot ogondu 10% usi th eXRosi ng
1788y % (0t e HEMA TR Rk ol L. Bl o

i mage_ corresponding to the exposed inmage in the
elmﬁ:rfa&unuﬂlesmcqo(ﬁgbc oHoucmosiog a lghéhadagonly ag

the electrostatic latent image using the devel opi ng

désire d R dvelditd Qfalris@s e devalBreda JHNG chiflferd &
the transferring nedium 105 using the transferring 20

uni;t 106...t hereb tinting out. the.jmage,. ¢l eani,ng t he
bERAmATs Hitel AT GRAT BT B & diohs Ry te an

transferring using the «cleaning unit 107; and
imleorfexdie fifetr mmdhotadovrdnveosionOfiltesioagn he used.

neutralizing unit (not disclosed in FIG 5), wherein

duri ngekherod WAV 2007 éﬁogl%gﬁﬁd%@géﬁﬁ%@@ﬂé g Oformed on

process, the photoconduct or I's rotat ed. IS
t é %%%%gcg)gduét%@eftt%dé developing unit 6 is used. Examples of
the developing method include a one“componént developing and a
two-component developing using a dry toner and a wet dev'elopi‘ng
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 ean 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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As is clear from expl anations given above, the
phot oconduct or for the el ectrophotography according_to
WOHYWPB2ent 5 invention can be widely appli &&TH§g007/054146
only to copying apparatuses for the
I ph Q. r y
cEoT L AR AL o Uhn B8 B SELLE TR SORRRY o
rinters, LED printers, . liquid_crystal printers and
g @&*agraa?éfm&r‘%ﬁ%m%@a%g dTe-chpigere] maebevalsqinged.
referring to Exanpl es and Conparative Exanples, the
Fpraempids bfivhattransfesringdhod thod idviddeaid ebndrédiatic
fol |l owi ng Exanpl es and Conparative Exanpl es shoul d not

308 U8 A4 L0 R RS F

arts  are expr

ot heyw se.. 15 (Exanple 1) An undercoat |ayer of 3.5pm
a Iﬁepiiﬁélk%‘s@aﬂaﬁf%mnaéne r 29 gs| sy @dhesian 2pm i n

t hi ckness, and the charge transport |ayer of 231zmin

ttdnscienenss werthododn@dd presyiugitRamsatring etettod; 300dMi N

di anmeter by sequentially applying the coating solution

f the f N | vi ng. t he
o Sindtle M0RALRITIne MO, Do sT0@MePilis RERRYRPi
the follow ng, applying the coating solution for the
m%ilpg‘ecwa#\ﬁ@pth&ch%ngdﬁmthe following, and foll owed
by drying. 115 WO 2007/ 100132 PCT/JP2007/ 054146 Then,
the NekBCes anossitl forkr@ 1By €he of adBfeFridy W{E Bk SSfrom

was provided by spray-coating coating solution for a
tké %?ﬁ)'t!aj:@:lf&%tor 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 cleéning a residual toner on the photoconductor 1
after the transferring, the fur brush 14 and the 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

112



19

15

20

surface | ayer of the follow ng on the charge transport
| ayer, exposing under the condition of 150sec
exposing tinme by using UV 5 |lanp system by Fusi on
shown in FIG 6A and WV |lanp system by USH O shown in

dudrabiBingnchit ehtlowkdt iy ndiyi a9z iy 1220% D adld a130C.
Her ei nbef Ore, the el ectrophotogr aphi ¢ phot oconduct or

. p e f
T A T R R T
in FIG 6A denotes a vertically placed phot oconduct or
msatrgigingeharger raspestsvely, Fheexppsuse hightryadicatdwh
light. FIG 6B shows a (horizontal radiation) U | anmp

sl eﬁrgrmﬂufragf;@mdelybaam*él &edl in FIG 6A denotes a
horlzontally p aced photoconductor, 52 is a lanp, and

irradi,atio

arro

Conp i tHH TSR g b ROERBRTHor A ner Bk: & RgRsy
AI kyd resin 6 parts (Beckosol 1307-60-EL by
foadmppont,| nKixing Whiérmndiaspapec djschavgiagimgty wdiiph are
4 parts 20 (Super Beckam ne G 821-60 by Daini ppon Ink

amngearm%@éﬁuy frBfr the DHABESHA QXio€1, cortR M36ES] units
Met hyl et hyl kétone 0 parts 116 WO 2007/100132

PCT/ JP200 / 054146 [ Conposition of Coating Sol ution
REY RhUFES Generating Layer] Titanyl pht hal ocyanin
2.5 parts

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 charged surface of the photoconductor to form latent
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Pol yvi nyl butyral (XYHL by UCC Inc.) 0.5 parts
Cycl ohexanoue 200 parts 5 Methyl ethyl ketone

woSoPawie [ Conposition of Coating solution forpcgn@bRns4146
Transport Layer] Bi sphenol z-type pol ycarbonate
10 parts (Panlight TS-2050 by TEIJIN CHEM CALS LTD.)

dlestrmptetivlien £ r0dev e BPEBL tnitddifi @hr X P6 AeFeloPYatent
the to followng Structural Formula (11) 7 parts

él_llg?trrg%% rig%ﬁa%e%%&%%ﬁ gfgr?g%c!rtgﬂéb%’%%ﬁ%igol ution

of 1%bé mass of silicone oil 0.2 parts 15 .
Rhgingonduc®mysisty tenen tefermcesilde. image, 3 transferring
[ Conposition of Coating Solution for a Cross-Linked

el ac(ﬁeahﬁy§ fulnit,Aahddi 6BhEye BUYTRIfigARLStCOMPOUNd
Wi th charge transport structure 10 parts 117 WO

2007/ 300132 PCT/ JP2007/ 054146 . Exanpl e .conpau 54
(ol B SF STt Thetpteas RapIRe 1o AT B F I ol
1% Radi cal |y pol yneri zabl e nonomer with no charge

Thampspeess cartridgarreclutdespdret photoconductor 101 and at least

one of the charging unit 102, the developing unit 104, the
transferring unit 106, the cleaning unit 107 and a neutralizing u-nit
(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 usiﬁg 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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5 Trinmethyl ol propane triacrylate (KAYARAD TMPTA by
Ni ppon Kayaku Co., Ltd., nolecular weight : 296,

worgebeoiaf functional groups :'3) Photopol ympchzailo®os4146

initiator 1 part | RGACURABLE 184 (by N ppon Kayaku
Co., Ltd., nolecular 10 weight @ 204) Sol vent
pTeteshyideof hwtaeon du@Copaodlsis(leahtedyg AMiBtprocEEis
saturated vapor pressure 176mmHg/25C) 15 Butyl

2 (boiling point : 126C, saturated vapor
rg?ﬁ%?dfe : 13nmmHg/ 25C) 30 parts [ Exposure Condition
and thod, for_ Controlling Tenperature] Fusion
(veri\ﬁ%éﬁ cleay gp%ﬁfphﬂﬂﬁ&%lssgﬂé’te@nﬁbwgrﬁhﬁ ntensity :
3300WcnR) 20 Irradiation chanber atnosphere : air

pHeab corduedi for thealectrophovogadghy adcbtdifigho the present
circulation direction : top to bottom of the

. pTeliTe . i G: ro 8.WD 2007/10013
R SRS he gt RpplieiPHBE huiy, W by ﬁ&palgﬁéwscfzor
hot oconduct or of Exanple 2 was produced simlar to
the, e‘F‘?l‘OPEQ‘EOgrﬁpibyamtealﬁoé‘»@c@mctmﬂh@mﬂphg’ apifécation
conmposition to'the follow ng of the coating solution
fiedds,asuch 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 28pm in thickness were formed on aluminum cylinder of
30mm in diarﬁeter 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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5 cross-linked surface |ayer, exposure condition and
the method for controlling tenperature for
WO208HI0R Sol ution for a Cross-Linked SurfacePE g@?ﬁwﬂ’”m

radi cal |y pol'ynerizabl e conpound wth charge transport

structure 10 parts 10 le co
(ol Girarthaciiitnce casas-DAARIEY 1ok R bHRICRASH g5

2) Radically polynerizable nmonomer with no charge

pidABEAdY sphay-eehting cddtipgrdodution for a cross- linked
D pent aeryt hryt ol hexal cryl ate (by N ppon Kayaku Co.

S i R e

Phot opol yneri zable initiator RE 295
expysiNgppode Kihaleandition aidl 505as) @&HSAF% t\%Eeg ¥ “Slﬁﬁ?g v
20 Solvent Tetrahydrofuran 60 parts (boiling point

s 1886 sy3RbH BY St MBRUh EF88UFEG. SACamEJIYI@my B sV@nB
agggwf%mszypcwwzoow 054146 Cycl ohexano?gt1 v 7

HilAgosc ”gf%%péiaaeg%ﬁﬁo%qov??%zfyzﬁwfwﬁ%e

Control I ing Tenperat ure]
130°C. Hereinbefore, the electrophotographic photoconductor of

Example 1 was produced.
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
i5  irradiation light.
[Composition of Coating solution for Undercoat 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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5 WV lanp system by Fusion (light intensity :

2700W cnR) I rradi ati on chanber atnosphere : air
wotg@tioog:medi um : water (flow rate : 3. 5L/ ni npeyyp2007/054146

circulation direction : top to bottom of the

phot oconductor) Elastic nenber : natural rubber sheet

[Cordpaaititicckh mmﬂ@ S(ﬂ@ﬁ%h' RrOCRER Gené%%gé m{%’eﬁ%

JI S- A hardness : thermal conductivity :

I ophot iC photoconductor of
2gﬁ!%§ﬁﬁgzﬁghﬁ€§ug dp3|ﬁ?g zﬂ&g that in Exanple 1
exce t . for altering the 15 conposition to the
foll a}m@nalbw@rsd%&ﬁﬂg-@mwcolndbr -a Och pasts i nked
surface | ayer, exposure condition; and the nethod for

cont Cotldmgaierat u2o (eaaki ng Solution for a
Cross Li nked Surface Layer] A radically polynerizable

tran ort 20 structure 10 .
part gﬁgt@yggﬁ%@% IE)% ol ecul ar wei ght
445, nunber of functi onal groups : 1) Radically
[GompasitipanfCrabiorgsolnitin for nge TrangporttLagad WO
2007/ 100132 PCT/ JP2007/ 054146 structure

Di peRi r (by. N ayaku Co.
Ltd. @%Aégglm%t%?—&éyavgygg%%ﬁo ecﬁm?%ﬁm : 536

”“”*iﬁan‘ffght“[‘g?éé%‘%'y RPN cRrENicAns DS

* Low-molecule charge transport material expressed by the

10 following Structural Formula (II) +-- 7 parts

; -+ Structural Formula (I_I)

- Tetrahydrofuran --- 100 parts
*+ Tetrahydrofuran solution of 1% by mass of silicone oil +++ 0.2
parts
15 (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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5 Trinmethylol propane trinethacrylate (by Kayaku

Sartoner, SR-350, average nol ecul ar wei ght : 338,
WOrPeis®0138f functi onal groups : 3) 5 part s PCT/JP2007/054146
Phot opol yneri zabl e initiators 1 part KAYACURE CTX

(by N ppon Kayaku Co..._Ltd. | ecul ar. .10 wei

, : X ght
: 2045 %8 RieneomPog T NosS 4 {ivolegrlagr weight bl Pi pymber of
point : 66C, saturated vapor pressure : 176nmHg/ 25C)
fhBxbiosial ercmpdi L) on and Met hod for Controlling
Tenperature] 15 UV |anp system by Fusion (light

Temper at ur ystem |
at mosaharaly PPHETb o BORBa L Vi R B s smy

Mat sunur a O'#} . organic a heating mediumoil) Flow
stppures - st/ HY RarEFrcul ation direction : top to bottom
of 20 the photoconductor) Elastic nenber : silicone
5 r ubbBrimsbeylodfprapumehirikngdste (KANARADSTMPFADyY
45kg/ cn2, JIS-A hardness : 48, thermal conductivity :

Pt ReSpacka . 200 hdnRies, BpI IR0 B8 of s

roduce simlar, to that in Exanple 1 except for

p
fynedpnad arREPEGPosi tion to the fol lowing of the
coating solution for a cross-linked surface |ayer,
- Photopolymerizable initiator -+ 1 part

IRGACURABLE 184 (by Nippon Kayaku Co., Lid., molecular
10 weight : 204)
+ Solvent
Tetrahydrofuran --- éO parts
(boiling point : 66°C, saturated vapor pressure :
176mmHg/25°C)
15 Butyl acetate‘(boiling point : 126°C, saturated vapor
pressure : 13mmHMg/25°C) -« ++ 30 parts
[Exposure Condition and Method for Controlling Temperature]
+ Fusion (vertical radiation) UV lamp system
(light intensity : 3300W/cm2)
20 + 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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5 exposure condition, and the nethod for controlling

tenperature for Exanple 1. [Coating Solution for a
wOGoesawliznked Surface Layer] A radically pol yqaripzabl€i4s

conpound Wi th charge transport structure 10 parts 10

Exanpl e conmpound No. 173 (nol ecul ar wei ght : 628,

(Bxatseple 3F functional groups : 2) Radically

pol ynmeri zabl e nononer with no charge transport

St I UCAW SleCRRS by&?éi’ﬂ?hi@ﬂh&&%ﬂdﬂo@@f‘b%%ﬂéxﬂ%é 1 o was

hexaacryl at e ppon Kayaku Co.,

pggﬁ@:fleé%&palgrﬁ(gzhn%g tlfla%r ﬁep&éle 1 %e?cggpt or afterzng

Pent aeryt hrytoltetracryl ate (by KAYAKU Sart omer,
tBR-@88posivenabe thel fetlovan gwel g coaﬁﬁg&olnmm:efoma
functional groups 4) 5 parts 20

5 c%‘é’é RO BN ZRR! 1 %gg@' ék?{sé)&re c?ﬂd:ﬂ% A, Aﬁ@%ﬁ#%e@%gﬁ for

(by N ppon Kayaku ecu
Sol v 2 V\D 2 07/ 0&32 PCT/ P2007/ 054146
cQBfY BPERAFES 9 NMGXpE} -+ 66C, saturated vapor

pressure : 176mrHg/ 25C) 60 par ts 2-propanol
[Coatinig §opotinn fora? CrosatlinkteddSuefaee hagsslur e
32. 4imHg/ 25C) -60 parts
- A radically polymerizable compound with charge transport
structure --- 10 parts
10 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.,
15 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)
20 + Solvent
Tetrahydrofuran --+ 60 parts

(boiling point : 66°C, saturated vapor pressure :

176mmHg/25°C)
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5 [ Exposure Condition and Method for Controll i ng
Tenper at ur e] W | anp system by Fusion (Iight
WO 260812y : 1000W cnR) I rradiation chanber FCTAP2007/054146
atnosphere : air Heating nmedium: BARRELSAM 200 -( by
MVat or.ga eating mediumoil, flow
ratg%@@%:%ﬁone’ Ci r?bc%% (Q)'n 10 direction : top to
bot tom of the hot oconductor) El astic nmenber :
gﬁ 561C ssaiptated ManoR L sSPrensi | e
strength : 0. 05kg/ cn2, JIS-A hardness : 12, thernal
3.0080uEI¢/250¢): 0. 043Wm K) (Exanple 5) 15 The
el ect rophot ogr aphi ¢ phot oconduct or was produced

I e
(psse ¢ Satitibn e PRFRLE, %Or%tﬁﬁ‘réﬁ% FoobgeLafhtdle
for_a_cross- I|nked surface osure ndl%lon
5 andUVhéarn Epebems D EMEHU ﬂilﬁét t‘%tﬁib‘i’l ard 00Wegad) ng
Solution for a Cross-Linked Surface Layer] 20 A
r adigaldiytioel yhemnbeahd ancopipenentaind t h charge transport
structure 10 parts Exanpl e conpound No. 135

(er GUY ' . : ps
Rt A R T A
oI ymeri zabl e, nonomer, Wi th no charge transport
dlS@@ﬁ!@tlurf@P(hpb@ﬁ@@tl ohdhenphptocend uﬁmiént aer yt hryt ol
hexaacryl ate (by N ppon Kayaku Co., Ltd., KAYARAD
DRCRA28 ¢ a¥arage: Anteeill abber sheet of 3mm thickness

10 (tensile strength : 300kg/cm?2, JIS-A hardness : 50, thermal
' conductivity : 0.13W/m-K)
(Example 3)
The electrophotographic photoconductor of Example 3 was
produced similar to that in Example 1 except for altering the
15 composition to the following of the coating solution for a
cross-linked surface lajrer, exposure condition; and the method for
controlling temperature
[Coating Solution for a Cross-Linked Surface Layer]
- A radically polymerizable compound with charge transport
20 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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5 wei ght 1948, nunber of functional groups : 6) 5

parts Trinethyl ol propane triacrylate (by N ppon
wolayAlog190. . Ltd., KAYARAD TMPTA, nol ecul ar wRigibboo7/054146

296, nunber of functional groups 3) 5 parts

Phot opol yneri zabl e initiator 1 part 10 KAYACURE

shrotuse( by Ni ppon Kayaku Co., Ltd., molecular weight

268) Solvent 120 parts Tetrahydrofuran (boiling point

. 660ipSedddrat Ry MARGkyaPFAS B ‘N1 S
[Expo;%re Cor%di ﬁon angamﬁhod(%rNWy%%? C%" Ltd.,

KAPRRAT P BEA oV rAE) mole lhn Hetalht cAamb@tmber of
atnosphere : air Heating nmedium: water (flow rate :

fenaipnihgroupcd.ati o &dpasstion : fromtop to bottom
of the photoconductor) 20 Elastic nenber : radiating

R T
SR-330.BIGHGE FOFFHRL VL IBRY ] SR GRPBBEL A MU GSRALe.
6) The el ectrophot ographi ¢ phot oconduct or of the
gExapmF 8)6° - wasppriuced simlar to that in the Exanple
1 except for altering the conposition to the
F ol 119008 (3% o el ez PR B aT0F L. QN 1T 04 42
KAYACURE CTX (by Nippon Kayaku Co., Ltd., molecular
10 weight  204)
l- Solvent --+- 120 parts
Tetrahydrofuran (boiling point - 66°C, saturated vapor
pressure ' 176mmHg/25°C)
[Exposure Condition and Method for Controlling Temperature]
15 -+ UV lamp sys’cém by Fusion (light intensity : 1300W/cm?) _
* 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
20  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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5 cross-1linked surface | ayer, exposure condition, and
met hod for controlling tenperature. [Coating So

WOrg97/W0Ross- Li nked Surface Layer] A radicall CRAPI0TASH146

pol ymeri zabl e conpound with charge transport

tructuré 10 parts 10 Exanpl e conmpound No. 54

ﬁ r weight : 419, nunber of functional groups

: 1) Radically polynerizable nononer with no charge

t r ansPhe telesitropbibtio graphit@ peforenducint wasqrodusgdne
triacrylate (by N ppon Kayaku Co., Ltd. 15 KAYARAD
st %td"ﬁge)%g{l]@xé’iﬁ 9@1 ex %@ foF%']P«iﬁ'm@ft]ufeuélﬁﬁ?@Qﬁﬁon to

groups ot opo yrrerlza e initiator 1 par

theiTaNewTnE0H) PR e Do UER g o SRR RERI e laver,

point : 66C, saturated vapor pressure : 176mHg/ 25QC)
eXPopars soBditibnaaadatte Medhbirigr ponhtollint@nperature for
saturated vapor 125 WO 2007/100132 PCT/ JP2007/ 054146

%ﬁwg : 13nmmHg/ 25C) 30 parts [ Exposure Condition
an od for Control ling Tenperat ure] By USHI O

&gggé()g?ﬁi lr adl at | %)Sé%lﬁina §\¥1’ ace ISBl.jlfegl'I]t

- A radically poiymerizable compound with charge transport
structure +++ 10 parts

Example compound No.173 (molecular weight : 628, number

‘of functional groups : 2)

+ Radically polymerizaﬁle monomer with no charge transport
structure
Caprolactone-modified-dipentaerythrytol hexaacrylate (by
Nippon Kayaku Co., Ltd., KAYARAD DPCA-120, average molecular
ﬁeight : 1948, number of functional groups * 6). +++ B 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., Lid., molecular
weight : 204)

+ Solvent
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5 JIrradiation chanber atnosphere : air Heating
medium : water (flowrate : 3.5L/mn, circulation

wodbsewmbizan . left to right of the phot oconductpem)yproe7/054146
El astic menber : NA (Exanple 7) io The
el ect rophot ogr aphi ¢ phot oconduct or of Exanple 7 was
pr dBatcetydiofiran (hoilimg pomtt hé6 B asmlveratedxeautr f or
altering the conposition to the follow ng of the

pr&QalieNd1 POkh P25 OC) & T @8gsddtgked surface |ayer,

exposure conditton, and the ‘nmethod for controlling

tenperature, .15 | Coat| ng. tion fqor .a cross-|inked
surd REePERYEIOI RO | 33{6@* %@ma@s& ARYNBELARILG t h
charge transport structure 10 parts Exanpl e

32 chmpdilgH96)54 « ¢ n®0 gaatar wei ght : 419, number of
functional groups : 1) 20 Radically polynerizable

SRR CHLORIR FRONBARAIOP Lt A st
203V 8ah £ PETR BN AU PRI - 20BOWIGHI: of
functional groups : 3) Photopolynerizable initiator
1. darbdiRGCIRA M Bdr GbynoNpieoa “Kdyaku Co., Ltd.,
mol ecul ar  wei ght : 204)

. Heating medium : BARRELSAM 200 (by Matsumura Oil,
organic a heating medium oil, flow rate : 3.50/min, circulation
direction : top to bottom of the photoconductor)

‘- Elastic member : urethane sponge of 5 mm in thickness
(tensile strength : 0.05kg/cm?2, 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 femperature.
[Coating Solution for a Cross-Linked Surface Layerl

+ 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 Sol vent Tetrahydrof uran 90 parts (boili ng poi nt
: 66C, saturated vapor pressure 176m‘r1—|g/252g

WOV HPB2( boi | i ng point : 126C, saturated vap FT”E%/?WOS“*G
pressure : 13nmHg/ 25C) 30 parts [ Exposure Condition

cys g e RO ahle RieLREPE SALH ST ghptRs Piepoxt

I rradi atl on chanber atnosphere : nitrogen subst ituted
stfouxtygen concentration : 1% or less) 15 Heating medi um
water (flowrate : 3.5L/mn, circulation direction

t @i @1Retdrrmnfditike- ﬂﬁﬁrﬁﬁ@ﬁjﬂﬂ@ﬁﬁbl helkastiglatertbgr
NA (Exarrpl e 8) The el ectrophotographic

NEBSLRSOFHEL 3% OF LR SAYPOP 2. IPUNESHS bl Aular

conposition of the coating solution fqQr a cross-I|inked
5 weigliticd 98y sumbex pbfunetiopadisrPBRS 4id" t e Rattfod for
controlling tenperature. 127 WD 2007/100132
PCTHR, ﬁ%ﬁ&@&“ﬂ- aﬂ@@ﬁhhﬁ?la%@'(bﬁ?impﬁcm Kayaku Co., Ltd.,
r

cross-linked surface |aye A radically polyneri zabl e

KEYEBAD oA e a”S%’%é]&l AOGrir oiRE R

of 5 functional groups =

groups : 3) -++ 5 parts
- Photopolymerizable initiator -+ 1 part
10 KAYACURE DETX-S (by Nippon Kayaku Co., Ltd., molecular

‘weight : 268)
- Solvent -+ 120 parts
Tetrahydrofuran (boiling point : 66°C, saturated vapc:n:
pressure : 176mmHg/25°C)
15 [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
direction : from top to bottom of the photoconductor)
20 . Elastic member : radiating silicone rubber sheet of 1mm of
the thickness (by Shin-Etsu Chemical Co. Ltd., thermal
conductivity : 5.0W/m-K, tensile strength : 20kg/cm?, JIS-A

hardness : 28)
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Radi cal |y pol yneri zabl e nononmer with no charge

transport structure 10 parts Trinethyl ol propane
wolRbafwyd2at e (by N ppon Kayaku Co., Ltd. KAARIYP2007/054146

TMPTA, nol ecul ar wei ght : 296, nunber of functi onal

10 group : 3) Photopol ynerizable initiator 1 part
(EkR@AT0E5)184 (by Ni ppon Kayaku Co., Ltd., nolecul ar

wei ght : 204) Solvent 15 Tetrahydrofuran 90 parts

b0|
LB PP IR 57 e o
saturated vapor pressure X /25(:) parts 20
wasERpssuresl sigptliaritonthaddinvehe é&i%@plﬁmxwmfsuﬁeg altermg
Tenper at ur €] UV | anp.system by Fusion (light

thé RbefSddivion fH3ORNVEIIBIvingl Jf1tAG @ddieng Wodation for a
at nosphere : air Heati ng medl um: water (flow rate :

tion 07/ 10013
s orqhshBel s PHREE IRV b ale CorB Bt g fore
phot oconductor) Elastic nmenber : NA (Exanple 9) The
Coﬁtré’éllill@pmbg?%tpmec phot oconduct or of Exanple 9 was 5
produced simlar to that in the Exanple 1 except that

[Ceatiagi 8ldtYon for a Cross-Linked Surface Layer]

- A radically polymerizable compound with charge transport
strut;ture c++ 10 parts
10 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.,
15 KAYARAD TMPTA, molecular weight : 296, number of functional
groups : 3)
» Photopolymerizable initiator -+ 1 part
IRGACURE 184 (by Nippon Kayaku Co., Ltd., molecular
weight : 204)
20 - 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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pol ynmeri zabl e nononer having no charge transport
structure was changed to ethoxy his phenol
WOR0BEI13t e (by SHI NNAKAMURA Co., Ltd., ABE- ?@6&”2007/054146
(Exanpl e 10) 10 The el ectrophot ogr aphi c phot oconduct or
of Exa Ie 1%@@3 grodu %d simlar to that in the
PTESHMA tﬁt t'h t?ure time for the
Cross- I|nked surface | ayer was 100sec, and the
[Ekbbskre Corafitioneandddsthodifer Gantrabeng Fparporad el m
(Exan'pl e 11) 15 The el ectrophot ographi ¢ phot oconduct or
%ﬁd%hé“ﬁ%on@ﬁpmléﬁmmlaﬁ 9 éyrbnd (lighe
e except that a photoconductive coating
soI ution, Q}[] whi ch t he charge generating |ayer and
ingepsitna faR¥port |ayer were the fol | owings were
coat ed, drl ed, and the thickness of the photosensitive
I ayh:rra‘d@.stioﬁ(l:}%gber -aConpgdierieonaisf Phot osensitive
Layer Coating Sol uti on- Ti t anyl pht hal ocyani n 1

par ﬂ% SRP S irdlte OPEEIREA, Birclletion

fol 76w n 9‘%2&91{% 2007/ 1 0132 PeCT/ JP2007/ 054146
Structura For rts O00 }-NNN

dirgqyiop 1& Qf‘é’r?aps g‘tqo Ptc'3 mat eri al

expr essed by the fol |l ow ng
+ Elastic member : NA

(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 method t’or
controlling temperature.
[Coéting solution for a cross-linked surface layer]
| . A radically polymerizable compound with_ 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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Structural Formul a 20 parts HBC P Y N CH=C 5 H3C
Bi s phenol Z pol ycarbonate (Panlight TS-2050, by

wo b Jlobi32CHEM CALS Ltd.) 50 parts Tetrahydpegfrlyaiveross146

400 parts (Conparative Exanple 1) 10 The

el ect r ophot ogr aphi ¢ ' phot oconduct or was produced
wesght | 296, murmhber of faxatiphel krexpept 3t hat a

cross-linked surface |ayer was not provided and the

thi . =L par.t r was set to
27y RO PRI RERE PO 1 DRYE
el ectrop raphi ¢ phot ocgnduct or  wa r oduced
ot i GRCIRER A BTtk st ¥ A Giart By o geular
cross-linked surface 130 WO 2007/100132
welPgHt IPRAD7/ 054146 | ayer was forned according to
Exanple 1 of JP-A No. 2001-125297. The air cooling
net q, Wes used as a nmethod for controlling the
initial Surface tenperature of photoconductor to be
25C.  (Conparative Exanple 3) s The
el ekatraprdrotraghi'e  pRBtdAduct or was produced

simlar to that in Exanple 1 except that a

¢hoHsn g ipoket : s6rCacatul st vapsr peesBdraccording to
Exanple 2 of JP-A No. 2004-30245 of Exanple 1. The

17§Hm‘f'fgo/§i5g@) nmet hod was used-.-as a controlling

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/cm2)
. Irradiatior; chamber atmosphere : nitrogen substitutéd
(oxygen concentration : 1% or less)
- Heating medium : water (flow rate : 3.5L/min, circulation
direction : 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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nmet hod for being the surface tenperature of

phot oconductor to be 10 50C or less. (Conparative B
WOR0AHHIOE324) The el ect r ophot ogr aphi ¢ phot ocond F&TOF28RZ454146

produced simlar to that in Conparative Exanple 3

. - in
[C%%%gé g??@%o%fgnpﬁogﬁfg glfﬁie{bgrsr&?%%%?%% 5 met hod was
used as_a controlling ppthod for the surface "
t emperadigadlygpolymaeiga 6?1’&5’6’[“&‘1[, Wi g6 JEApaRYr
tenperature of photoconductor was 50C or nore.

stEQutdace - bg@rpeattson> A surface observation of each
el ectrophot ographi ¢ 20 phot oconductor at 32-fold

magri. f i ' u j : i
m o paapls PR 38 L M dIRLRRAR 1R, B35, number of
Table 5. 131 WD 2007/100132 PCT/ JP2007/ 054146
5 furpsigralagupuwesvedsur enent > A surface tenperature of
phot oconductor at the tinme of exposure was neasured

usi MhdEchNerpaigaunlieablthmsunier ewith enpehatgs eragfsport
phot oconduct or was neasured at lcmintervals over 5

gt.h he.phot oconduct or except for areas 3cm
St%&/gifhgr]om ggt‘%‘[%ﬁds of the photoconductor in order to

A5t v R R e kbl
was neasured during the exposure. Initial tenperature
KalyARATceMPaA, pablectliat Reeight - 296, number of functional
10 group - 3)
. Photopolymerizable initiator -+ 1 pért
IRGACUE 184 (by Nippon Kayaku Co., Ltd., molecul.ar
weight : 204)
« Solvent
15 Tetrahydrofuran -+ 90 parts
| (boiling point : 66°C, saturated vapor pressure S
176mmHg/25°C)
Butyl acetate (boiling point : 126°C, saturated vapof
pressure : 13mmHg/25°C) +++ 30 parts
20 [Exposure Condition and Method for Controlling Temperature]
. UV lamp system by Fusion (light intensity : 3300W/cm?)

. Irradiation chamber atmosphere : air

. Heating medium : water (flow rate : 3.5L/min, circulation
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1o photoconductor, tenperature in 30sec after
exposure, maxi mum tenperature, and the difference

woRRblWRais2maxi num tenperature and m ni mum t enNpRTAebI0S 054146
of photoconductor circuit just before exposure in all

measurement points were shown in Table 6.
dixpttionr dnatonoto top ofdbe-Expivsondugtect ri cal Potenti al
> 15 In the potential property eval uati on equi pnent

shoWiakfic hb@aber 1@ charging unit 202 was the
scorotron systemwhich grid voltage could be reached

i11 1500V, and nai n hi gh-vol tage power supply had

@W*ﬁ%g?peak vol tage. An exposure unit 203 was used
under the condition that the LD scanning system was
780nHihef el20ttdpdittogoaphx phvelengtittof AflRxsmbde & was
l ength was 251mm nmin scanni ng beam di aneter was

. venbi¢al ' di 3
PR G B L R AL L LR L S ey
(ho fi.lter), witing width s 60mm lightin
PALY AR ICL B IRE SO S7F 108 RO HTES) PR O 1B ctiggswas
continuous lighting only, nunber of polygon mrror

chairegesk tovashéxy pod phenol évdiadriydas: (ep SETBAKAMURA

40, 000r pm (variable rotation), and pol ygon rotation

st Ibétil.,i N was 5 sec. A -neutralization unit 204
Was use%ﬁtﬁ}ggfg)the condition that light 5 source LED

E}f/\‘/as around 660nm wavel ength, maxi numintensity was
( agBpiel Wene (variable intensity), exposing w dth was
, 2mm wi dth on the photoconductor (2mm away fromthe

10 sur f Tte abctdophopbgtoskitdpks oconduttbheftenblallo was

property eval uati on equi pnent shown in
‘produced similar to that in the Bxample 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 Bxample 1 ei:ce.pt 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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10 FIG 1, specific nmeasurenment conditions were as
follows: image static power was 0.53mVN exposure

WOSMEHE13%as 4. Oerg/ cnR, phot oconduct or | i neaCIHBHY7/054146
was 251mmi sec, feed size was 210mm recurrence

Sl Yl Fg@%uﬁgoﬁs, 4d'8a¢harging unit 202 was 0 degree
' the surface E

posi tion,

otential meter 210 was 70
& phe NQ wi o 203 was 90 0

- 800V: Measurenent “wa d at' lcmintervals
in the longitudinal direction over .th rea which 3cm
por S iEAPFRRT LB eE Y HEased o the Tolinmiee
Maxi mum val ue, m ni mum val ue of all measurenent
Stpoicttszl Bownulde: i flepearise bet ween nmaxi mum val ue and
m ni mum val ue were 133 WO 2007/100132
PCT/ JP2007/ 054146 shown in Table 7. <Durability Test>
itial dark place potential was set to -700V by the
eted i nmage form ng—agparatus (by Ri coh Conpany,

700 aktered machi ne) where each
onduct or shown i n Exanpl es
was attached to a process

| aser of 780nm wavel engt h

was uged @ i mage\ exposing |ight source, and the
ct pressure of ng bl ade was altered 1.5
t

- Bis phenol Z polycarbonate (Panlight TS-2050, by TEIJIN

3

CHEMICALS Ltd.) -+- 50 parts
. Tetl'ahydroﬂén +++ 400 parts
tComparative 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 27pm.

(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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1o Then, sheet test was provided, thickness was
nmeasured and image quality was evaluated initially

w0/ RRi3210, 000 sheets, and 30,000 sheets of pR4y®bd®054146

was tested. As electric property at the end of sheet

test, dark space and exposed area potential over the
layer wan farsedigceonding to Brample §pfdd -goNenZtd1-125297.
neasured part were 15 neasured. The thickness of the

Tifwapcerslisg onethas WRASESEE aBY neARGICHY SHtrSIThE the

t hi ckness neasurenent apparatus (by Fisher

. t)...The result re given in Table 8, <lnmage
i WGk R ot iR califtr e Beciiiar ca by
gutputting a halftone 20 inage after the durability

(Cempargtivpfxasuplegdhdes of i mage density evenness.
The results were given in Table 8. 134 WO 2007/100132

PCT/ JPROQTSQ&24pREtodrRYHiH %ﬂ&ﬂc&ﬁhqdﬁ%aé vf)rorﬁ&ced_
unevenness in 1nmage dénsity B : little unevenness in
' e density C . aljttle venness in Lmage
slydRa, § oty Bamble LexcRrt thage aemes bpkedoruface
Exanple 1 no surface unevenness Exanple 2 no surface

lagrraywisdos etk appirdiggrio Exafgde 2néddhAeNs. 2004rp02480
no surface unevenness Exanple 5 no surface unevenness

of Example 1. The air cooling method was used as a controlling

method for being the surface temperature of photoconductor to be

50°C or less.

'(Comparative Example 4)

The electrophotographic photoconductor was produced

similar to that in Comparative Example 8 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 82-fold magnification was conducted using an
optical microscope (by CARL ZEISS). The results were given in

Table 5.
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Exanpl e 6 no surface unevenness Exanple 7 no surface
unevenness Exanple 8 no surface unevenness Exanple 9
WOrRg0EIN01¥ce unevenness Exanple 10 no surf ace PCTAP2007/054146

unevenness Exanple 11 no surface unevenness
ara%ive anple 1 no surface unevenness

< Sratie eelsartial little surface

unevenness Conparative Exanple 3 partial little
sur f dceurfaee dengssratGueapdndtdtecoEstanpircatd thatiingl of
surface unevenness Fromthe results shown in Table 5,

eﬁg)bns?é‘?ﬁgﬁﬁnéaéﬁré@uéﬂgg fa%%@éddfﬂeﬁxm Quifacdet 1S

e that the s ace had no 1o unevenness,

the surface, has good surface snpot hness, the surface
torBRpE e & BRO RO EGHIAS B RRSLH £F Hebfutetvals Sver
light-curing was evenly controlled, and an even
ther basxth ok tlde plnotacen dwgter eazspt ffor aedas Becomaverefrom
onwards, in Exanples of the present invention, 135 WO

b(?t@logﬂag%:‘%ep otbRe A Gt Brad t@’%\fleggxﬁ%hg that the

r o
surface snoot'hness was enough to supply sufficient

safety margin for cleaning. In cantrast,,in,.
meR B B P e gra b oot Qiect bk Sy CEBREME LGS ¢ hat
there seened to have partial unevenness for sonme 5 .
Swefalce, tepap yreniraaif pho toeantivotomes snme asuead yuring the
progressed because even surface tenperature of

cHBSET S LTI SHAE pbE ke e en
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 poten£ia1 property evaluation equipment shown in
f‘IG.l, the charging unit 202 was the scorotrog 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, f0 lens focal length was 251mm, main
scanning beam diameter was 68.5nm, vertical scanning beam

diameter was 81.5um, image static power (intensity) was 0.833mW

to 3.3mW (no filter), writing width was 60mm, lighting frequency
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136 WD 2007/ 100132 PCT/ JP2007/ 054146 Table 6 Central
Part Phot oconductor Surface Tenperature Max Tenp -

woXsBRopht er Maxi mum Mm Tenp I nitial exposur eciebes7/os4146

Exanpl e 1 20C 35C 40C 10C Exanpl e 2 30C 55C 80C 15C

Exanpl e 3 25C 60C 130C 15C Exanpl e 4 35C 80C 160C 20C
w i aoptim b Wigh0m 661y Simbeantpla0 G A06r IHENEEGras

Exanpl e 7 20C 35C 40C 10C Exanpl e 8 20C 35C 40C 20C

b s e e
o 3o 05 05 0 IS TBRS: Ra SRR S
neutralization unit 204 was used under the condition that light
source LED was around 660nm wavelength, maximum intensity
was 1,060pW/cm? (variable intensity), exposing width was 2mm
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?2,
photoconductor linear speeci 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 neutralilzation unit 204 vi,ras
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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was 20sec Conparative 20C 55C 135C 55C Exanple 4 From

the results in Table 6, in Exanples 1 to 11, th
WOMTHER? t enperature of the photoconduct or \N&?gT"JPmO'”O”‘“G
i ncreased by 10C or nore 5 after 30sec of initial

osu e difference between the maxi num and the
Shﬂ’f"’pﬁ h%%%’é‘ln‘gerature was 20C or less, and the values

were snaller than that in Conparative Exanples 2 to 4.
<Duraklobity dlesé>t hought that the cross-linked | ayer was
formed through sufficient and an even pol yneri zation

I eactyipa] TR GbitRiallwhs\Wat2Q0-#080bF 2 he altered
oy OB A AT frrpl%s S %?’ the te%perea?ufge

iy B BHOE SRR A OISR oRP ARl L ANGA PR

exceeded 30C, and thereby the result indicated that
2960erlterat madhioed Whger cask ehettraphvbvempEcTabl e 7
Exposed Area M n Value Max Val ue Potenti al

B3 B e R BT Y
wa_slz%gt\e/w eda to a prolcgss5 calltlr?c\{ge 159 5s}a/m]i(c):onductor laser of
780nm wavelength. was used as the image exposing light source,‘
and ﬁhe 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 tested;. 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 app.aratus (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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Exanpl e 6 -105V -95V 10V Exanmple 7 -100V -90V 10V
0%);;;”3]: e 8 -125V -100V 25V Exanple 9 -110V -100V 10V
W bg3210 - 65V -55V 10V Exanmple 11 -110V -
Conper ative -65V -60V 5V Exanple 1 Conper at ?@g)@%@v/\(}ﬂl%
-90V 65V Exanple 2 Conperative -145V -85V 60V
[HramRlteors CertpelAti ve - 185V -105V 80V Exanple 4 From
the results shown in Table 7, in Exanples 1 to 11, the

ference b m ni mum val ue of the
t n@xﬁﬁgﬂ?‘Zﬁé? g ca%tEJpoft’il ?7| al was bel ow 30V, it
vvas found out 138 WD 2007/1Q00132 PCT/ JP2007/ 054146
t HAt léltlﬁ:llﬁlle&epp@%rltlwl@@g%\d@ﬂéé “1inked surface |ayer
was even. On the other hand, in Conparative Exanples

2 o AlittleeusiéFehencn 1&@@&&@@5&;! mum and m ni mum
val ue of the post-exposure electrical potential was

ity e e i ared P8 oper ty. - Table 8
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,

135



Wear Volunme (pm Image Quality Evaluation Result

10, 000 20, 000 30,000 After Sheets Sheets Sheets
WOBSYI/IMIdg Durability Test Exanple 1 0.12 0. ZETAPEHTASI146

A Exanple 2 0.11 0.23 0.36 A A Exanple 3 0.10 0.20

0.31 9 0.17 Q.28 C C Exanp Ie5012
ity es?@lgx tzlatéisﬂwﬁvéioa@ecﬁ%t’&%%somg wwg@%ﬁﬁp@ ¥
0.12 0.26 0.38 A A Exanple 8 0.13 0.26 0.40 C C
sEffinjpird @f0tP mafgd0fd eaAikg. Exanpl e 10 0.22 0. 42
0.63 A A Exanple 11 0.13 0.25 0.40 A A Conperative

Exarrpj!ﬂe él-né'r 8 0. 39
0 500t Exa%nb?%@%g%%%ﬁgﬁ%’@%ég% L0158 b

np % ﬁo rative O. %22037DD Exanpl e 4
concelva le that there seemed to have partial unevenness for some
parts, polymerization reaction was not evenly progressed because

even surface temperature of photoconductor was not accomplished,

thereby uneven cross-linked layers were formed.
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Fromthe results shown in Table 8, in the

el ect rophot ogr aphi ¢ phot oconduct or of Exanples 1 to
wobborwes, 10 volune was snall, image density pcr/yp2007/054146

unevenness of the imge after 139 WD 2007/100132

PCT/ JP2007/ 054146 prol onged period durability test
Takliedénot occur, and the el ectrophotographic
phot oconduct or havi ng uni form el ectrophotographic
property and high wear resjstance was| attal ned.|On
the ot hdr Geatenl Dapt Phetopnsustas iiéacsr of the 5
Corrpar at{i ve Exanpl 'é‘emphmtpm no prot e¢tMue Teayer | wear
voHtHe—pwas—t-at-gf—degree—of—age—dens My Tyigyehness
was poor} fyomih %@Pﬁﬁ?ﬁhg bMéfé’G%‘éﬁeFven
cross-lijnki'ng" wap naxppsoei ded lemtthe | phot ocondiict or

Exam&’ofpal VE H [es 2, 3,4%1 Z a de?tmm

AV ||n DQQC \I\DC‘ nor At ad
Ty -3 L

vJ (UT

TCT7CXIU O\ AU U 1

Exdunpdd? | i{8¢°Ct est . 5560I ndustri aiISO?(pr i cab?’ld ty An_jrmage
ExbBiH 89 [BRN00. depimage fornlage@ppargiys, and |a

t = P
pH-o€€SSteartHagep—usStig +he—etectr U|.JI|L a‘pTIIL

Exppplododdsict or  §30°Che _presentl®Pivent |8 can naj fit ai n
ExBhlle 8edodicesi st fnpe for  projegrged peisweds, have

ItLICIIUL,fUdlI m-of—etectri ropert trave—t51{snal |
Y Qo :

Expmplei6 n dRO&hci es¥Cpl aces of (Mear req nce._and
Exg{@qé 7i 92070y oper135°cprovi de sup&arior dueability epnd
sta FectTTT Qperty, —and gan att nigh qual ity
Exp X‘?zg 28 g fo 35{1 ol.onged pé‘ﬁgds_s.a%al__t.hey can
EXbﬁlpM teligowsed fq;s"t‘}ul | col or 40°Cnt er 116 | col or
I asSer er, i farT col of,.s Andar er
Eﬁm b chi ngl‘-)th t hacc _') 7 hr‘h| ) 9Qc'gfgl Res ”Si ng

Exdimpde 11 920ithdi r e¢35°€! ectrophot@@@aphl d10°c

Comparative|_ ) “ ”
Example 1
Comparative 9500 60°C o o
Example 2
Com tive No Data because
omparaty 30°C exposing time  |50°C 45°C
Example 3 .
was 20sec
.{Comparative 920°C S5°C L850 o
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 80sec 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 2to 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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mul ti ple color imge devel opnment system 140 WO

2007/ 100132 PCT/JP2007/ 054146 CLAIM5S 1. An
wWOogerteti3hot ogr aphi ¢ phot oconduct or, conpri si R§IIPYT054146

support; and 5 a cross-linked | ayer fornmed over the

Uuppok t erei,n the cross-linked |a es a
EPRR P bt PepErBELEs 1icease AYer SORpoel orBRsure
cont ai ni ng at least a radically polynerizable
therdifisrenet etiver nt tne xpimtm coomd weirdm ds
1o power of 0.53nw and
%@kéé\?ﬁ:%ﬁﬁ‘fcated that
ues
ost ex el ectri cal tential is within 30V. 2.
]& c@P@%ﬁ}[ﬁﬁ%%wraﬁ'ﬁlScn%%g%&Wﬁéuct or according to
claim1, 15 wherein the nmaxi mum val ue (Vmax) of the
5 Tpbie 7exposure el ectrical potential is -60V or |ess.
3. The el ectrophot ographi ¢ phot oconductor according to

exposed at a field static

@é@@suwx@e%wfiéﬂ 36°0, andl el

ween t he maxi mum and m ni num

one of clgins I and ¥, WNETEIN e ragically
pol ynmeri zall e conpound 20 conpri opRfl Area adi cal | y
pol ymer i zaHl Misoyplyend Mix Vadwe ! gePoterdiedpof t
structure gnd the radjcall y poI y mdbifeabh& cpnpound
wrttr-rochagrge—transpprt—struetyre—44-Wo-2007/ 100132
pke2b07/054946V 4. | ThelMct | ophol@¥r aphj c
Eﬁ}%ﬁl%oé‘du“ or ﬁ%%ord; ng_ f&)‘?I ajm ‘5’15V
Example 3 -130V -110V 20V
Example 4 -145V -120V 25V
{Example 5 -115V -105V 10V
Example 6 -1056V -95V 10V
Example 7 -100V -90V 10V
Example 8 ~125V -100V 25V
FExample 9 -1L10V -100V 10V
Example 10 65V 55V 10V
Example 11 110V -100V oV
Comperative L
Example 1 65V 60V 5V
Comperative
Example 2 155V 9oV 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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wherei n the nunber of radically polynerizable
functional groups in a radically polynerizable
woSRi PR W th charge transport structure is TU%ﬂﬁmmsu46
The el ect rophot ogr aphi ¢ phot oconduct or accorg%
one of clainms 3 and 4, wherein the nunber of

thadiet@diiric pobyERyi FDkBosd- H&%‘doéiﬁlfa% QHPSr wag Sen. On

radlcally polynerlzable conpound MAt no” charge

ruciure i s nor e :

thb RS st oL ottt ioBles Bcotattiy differsmee
one of clains 1 to 5 wherein the radically
bsbwpaBrinazbmaun and noirdn gy value of thelpoatfexposure
pol ymeri zabl e conpound is any one of acryl oyl oxy
WAL ARMBLERERAGH ¥4 BBNVOSY niiRURhetehy a didgs- Jinked surface
electrophotographlc photoconductor according t

ﬁf clglns 1t W?ereln t he cross-1Iinked Iayer

hﬁveev%?6%§chﬁR§@p% face layer, a

cross Ilnked phot osensitive |layer, and a cross-I|inked

& §¢ transport layer. 20 8. The el ectrophot ographic
nhntooond ctor according to claim?7, wherein a charge

gener At e shaSmaras) L o' oPOthadeny gﬁfg Losed
over—the—42—Wo—20074-100432 PCT/J.LUF7’“Uﬁ1ﬁU :
support. | 10,000 | 20,000 | 30,000 Boginning Du‘ifbeﬁ'ity
Sheets | Sheets | Sheets
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 .25 0.36 A A
Example 6 0.16 0.32 0.49 A A
Bxample 7 0.12 0.26 0.38 A A
Example 8 0.18 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
1Example 11 0.13 0.25 0.40 A A
gz’;igieatlwe 1.88 | 378 | 5.69 A A
gz‘;i;f:t;’e 020 | 039 | 059 D D
g;‘;‘nﬁ:’i’zg"e 022 | 045 | 068 D D
E?{:‘nﬁz’;ﬁve 011 | o022 | o037 D D

From the results shown in Table 8, in the
electrophotographic photoconductor of Examples 1 to 11, weax

volume was small, image density unevenness of the image after
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wOl2ay21o13g curi ng at

9. A nethod for producing an el ectrophotographic

phot oconductor conprising: 5 formng a cross-I|inked
| east a radically polynmePCZEBg7/054146
conmpound by irradiation with [ight, wherein the

di fference between the maxi num and m ni n‘g val ues of
pidlenged freadod chypebality desh did pied ashitey an ace of the
el ectrophot ogr aphi ¢ phot oconduct or, neasured j ust

el*éﬁwgﬁmkggfgﬂﬁiceﬁh@fb@fnmwglafvdngntmfﬁmnat. on of
he cross Ilnked Iayer is wthin 30C, and wherein

t
el@p&q RBFBRPUORTE %&m CORRERPHE O ine as
one of clains 1 to 8. 15 10. The mathod for rodum ng
atimipkéct Qophbe agbap thamd pivot e sh@teewrdaeios erD

claim9, wherein the surface tenperature of the

C@hg?z% ra%ﬁ’\!;@ﬁi&gfxﬁ N ¢ phahecasguetestidelapgr, weur nglime

ormati on o t he cross I i nked Iayer |s 20C to

20 11. The neth h
W@Sg@ﬂgﬁpaﬁgw agW@ge To18 g‘%ﬁ“g{ 83%(%} accor difg to from g, ©
one of clains 9 and 10, wherein the

beganingphetyreapre it cpber-badiagcvas nod rravefedinthe wo
2007/ 100132 PCT/ JP2007/ 054146 el ectrophot ographic

PP O B o aghi ¢ phof coonduct or
image density unevenness was generated after durability test.
Industrial Applicability

An image forming method, an image forming apparatus, and
a process cartridge using tﬁe electrophotographic photoconductor
of the present invention can maintain high wear resistancé for '
prolonged periods, have little fluctuation of electric property, have
small the dependencies of places of wear resistance' and electric
-properth provide superior durability and '_st_ablg 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.
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- 2. The electrophotographic photoconductor according to claim 1

during curing for the formati on of the cross-1inked
layer. 5 12. The nethod for producing an

wologgigpphot ogr aphi ¢ phot oconduct or accor di ng,CtIQ,Pgd(ﬁ,i(,gQ“G
11, wherein the heating medium is water. 13. The

met hod for produci ng an el ectrophotographic 1o

phot oconduct or accordi ngCLAIME of clains 11 and 12,
wherein an elastic nmenber is closely attached to the
i nside of the hollow electrophotographic

phot oconduct or during curing for the formation of

t he. éross-ligﬁfd | ayer and the heating nmedi um exists
L nsi g totlechronhaisgrap himpbetocrm durtorheomprisaugt or
produci ng an el ectrophot ographi ¢ phot oconduct or
accoralsngpbet;cdmd m 13, wherein the tensile strength

of the elastic nenber is 10kg/cnR2 to 400kg/cn2. 20 15.

phot oL Shat SRR AG A ErgF b8BT 15 and

14, vvhﬁrei,n JI'S-A hardness of the elastic nenber is
10 t ovhereinthe wossobnkeddayer POMpPF2E0 7 OGrikihrateial of
The nethod for produci ng an el ectrophot ographic

aproted rleid 19710668 isﬂﬁoh%o@ﬁﬁ’ﬁ&?f% at 1648t
15, wherein ﬁe thg)(rémal conduc%ivi y of i@hgsfgﬁ%%%l?%

gﬁr% . mKito | m .K. 5 17. The nethod for
pp 0 g%ﬁzﬁélgﬁ%gpeoclﬁ%p% ogr aphi c

wherein when the photoconductor is exposed at a field static
power of 0.583mw and exposure energy of 4.0 erg/cm?, the difference

between the maximum and minimum values of post-exposure

electrical potential is within 30V.

H

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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phot oconduct or according to any one of clainms 11 to
16, wherein during curing for the formation of the

WH8BE0II2nked | ayer, the hollow el ectrophot olEPRRW7/054146

phot oconductor is placed so that the Iength of 1o the

el ect rophot ogr aphj ¢ photoconductor i s substantially .
doer115ad Sleotgon hntoarapREs PROFOH BB AG g Bo claim 3,
el ectrophot ographi ¢ phot oconductor according to any
vinereah iHeahtm e ¢ Drddicatityepelynnehigabbe funcgonetiguomps
circulated during curing for the formation of the 15

410 ' ' js el to
BT oL PRI S RS el o
phot oconductor. 19. The nethod for produci ng an
séreetr8pifot-ogr aphi ¢ phot oconduct or according to any
one of clains 10 to 18, wherein the 20- exposure
intensity for light curing is 1000mNcn2 or nore. 20.
An i mage form ng apparatus conprising: an

| ect ] : Wale
Bne. T35 s BRE R B R B AR ke of
to 8, a latent electrostatic inmpge. formng,unit,t
i & RRAch(Where s pammeer fhiadisnlly 21 ResizaPle ne
el ectrophot ographi ¢ phot oconductor; 5 a devel opi ng
fuRictiosaN fdroupednt thaleydicaplyt belymeeiztablekcontpantdanith no
i mage using a toner to forma visible i mage; a

ransferrin ' I gur transfer the visible
"f’%&é trgﬁfsgglé#?{élﬁlgﬁglpélgg#e%?ﬁind]}eénd a fixing unit
configured to fix the transferred image to the

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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to recording nmedium 21. An inmage form ng nethod
conprising: formng a |atent electrostatic image on a

wosdbTagf0f an el ectrophot ographi ¢ phot 000“%2007/054146

according to any one of claims 15 1 to 8; form
visible image by devel oping the |atent
suQ# Sqtrostatic image using a toner; transferring the
sible i mge onto a recording nedlun1 and fixing the
visible image to the recording nedium 20 22. A
process cartridge conprising: an el ectrophotographic
phot oconduct or according to any one of clains 1 to 8,
9, and A46e DR 087 10DIE gPOT /el EAF0Ph0Sdgphit | east one
of a charging unit configured to charge a surface of

I I ¢ photoconductor, an exposing
phg’%%(ﬁg(;ﬁ%%&ogr egﬁ.?éﬁ%tpose the surface of the exposed

phot oconductor to I tent electrostatic.i e

t hef@gRIng ad@\PéISo‘;bP{S dﬂ]ﬁwr Yeowringurbleass faé@é}‘g’g%f he

| atent electrostatic inmage on the el ectrophotographic
polghnt figabliieboip ousidytionedidtiod evithdighsi bl e i mage, a

transferring unit, a cleaning unit, and a charge

el %ﬁ]eaitelﬁr%h%n&fffer]e% ce 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 cléims 11 and 12, wherein an
elastic member is closely attached to the inside of the hollow
electrophotographic photoc;mductor during curing for the
formation of the cross-linked layer and the heating medium exists

inside of the elastic membex.

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?,
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/cm? or more.

20. Animage 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 Visiﬁle image
onto a recording medium; and

a fixing unit configured to fix the transferred image to the

10 recording medium.

21. An image forming méﬁhod comprising:
forming a'latent electrostatic image on a surface of an
electrophotegraphic photoconductor according to any one of claims
15 1to 8
forming a visible image by developing thp 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.  Aprocess 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 tlo 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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