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WO 2009/ 072667PCT/ JP2008/ 072466 DESCRI PTI ON
TEMPERATURE CONTROL UNI T FOR ELECTROPHOTOGRAPHI C
PHOTOCONDUCTOR SUBSTRATE 5 Technical Field The
present invention relates to a tenperature contro

wonobedmes7a substrate of an el ect r ophot ogr aplkCTiP2008/072466

phot oconduct or. Background Art 10 "In recent years, an
organi ¢ phot oconduct orpf; IPPEOKEP! aced an inorganic
phot oconduct or, and has been commonly used for a

copying Machuagp BRIAGTRE LONTRAS YNPEIFLRM. O 2

conpl ex machi'ne conbining thereof Tn view ol its

e AR RE G EOPRES BRRE P AT RN R AR Byp S R

optical characteristics thereof such as a w de

wavel ength region and |large quantity of 1ight
absorption, (b) electrical characteristics thereof
steehmisahifgeldsensi tivity and stable charging ability,
(c) a wde range of selections for a material to be
used, (Rhe passendriohesttian relatps/tova 2OmPess {ufedcomirol
hazards, and the |ike. In addition to the

ahaviefort heusarmeasf 0l olé@rpphbageaghi¢ phobesorpssior.
nore and nore downsi zed al ong with the downsi zi ng of
the i mage form ng devices, and highly resistant

phot oconduct or has been strongly desired in view of

hipglx s PRECLEA rt

In recent years, an organic photoconductor (OPC) has
replaced an inorganic photoconductor, and has been commonly
used for a copying machine, a facsimile, a laser printer, or a
complex machine combining thereof in view of its excellent
performances and various advantages. The main reasons
therefore are, for example, (a) optical characteristics therec_of such
as a wide wavelength region and large quantity of light
absorption, (b) electrical characteristics thereof such as high
sensitivity and stable charging ability, (c¢) a ﬁzide range of
selections for a material to be used, (d) easy production, {e) low
cost, (f) no hazards, and the like.

In addition to the above, the diameter of the
photoconductor has been more and more downsized along with
the downsizing of the image forming devices, and highly resistant

photoconductor has been strongly desired in view of high-speeded
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operation and nai ntenance-free for the device. From
this point of view, the organic photoconductor has

di sadvant ages such that it is generally soft as the
mai n conponents of the surface |ayer thereof are a | ow
wol2e@wbme7 charge transport material and an 3ArIawod/0rees
pol yner, the abrasions are prone to occur due to the

p Seira@i'otn' ?ﬁgsf?a{nos%%ﬁ‘ée geye hgpi;w daw&egm Prodi! 1820 5fegnt

systema I'me of repeated use in the process 0
t he el ectyophot ogr aphy. | di t.i . ] i
1S EFareeg g R Rrissarudfen hasRishFah B SaaRY (hat

the .increasged cqgnta pressure are nec ar 0 as the
b s EePer oty po e ThAM PRTEONEPES Rk CARFIRGS Vet
downsi zed for the purpose_of achieving the g%gh inage
qukere9f amhadewamelenuylar chagee tsanspoicmadpiad anded
wearing of the photoconductor. Such the wearing of the
plioaotigedidyorer) thelabrasiogstane prend 6n ogeur dae to the
sensitivity, deterioration of the electric 15

c hdryad t&r lontdiscosuthe devéloping sybteheoblmagabg Isysiem at
| owi ng of the inmage density, and the generation of
dehedieof ragRsedunh asthmpkefeaadnd tepelvictrapimtography.
Mor eover, the scratches fromthe partially caused ‘
WA A AGiti SR HITBNSEa 0 ih tA8Ch ARRSLtI e Sulbhd0of e
cleaning failure. Under the current circunstances, the
2 1 {e- 0 I Seakk 37

r Sl fig BRIChnl Mo RMREARYIOU A Rlot ok Tk 8 A cBssary
/rA\e loﬁgqeﬁgqr%le%c%}%r&? Jhebgocnoeq?arrlé&%gsa eymotrﬁ and more

I'S necessary 10 reauce e anount of

the afaore tioned weari in view.of . the.achi eve t
o TTTRSIAPBHPY Lo eGP 77 FSBTPETR B0 BAFB 1 3ids SRA AR o
or gani ¢ photoconductor, and this js an urgent problem
t esorQ/BHhe T TRGHPES £ BPEE1eAte HO FEHANEFE AR oh

I nproves the abrasion resistance of the
pitdocouiduttiore Saedrthe wearing obtheiphatospndnctgsdeads
5 curable binder resin in the surface |ayer (for
extdnrpldeteriafagion of Pa¢ enhsititidy.adeteeidiati¢@ pftthe electric
t echni que whi ch uses a macronol ecul ar charge

t ransaetddiBgcaniehiad loWiag axgimptieargfidityl owiaigent the
Literature 2), and (3) the technique in which

| nAL AN enkitly] 8ha tReSzelicrReloresf HBfddpr s uhhaee shiakels
(for exanple, refer to 10 Patent Literature 3) are

prl?aoc%sg?ﬂun é;&sﬁﬁsas. U RESNULGUESthd BEr 8RBT AR thb)

usi ng e cur e binder resin tends to I ncrease the

S5 BSRA0DSo, E TRBRAE

?{%@é@pﬁ?ﬁ%t%ﬁﬁgggpgﬁ ol itttl%egtﬁrrtelgl c%pg&x%%tances, the
life-long of the photoconductor is limited as a result of this
wearing or scratches, and the replacement thereof becomes
necessary.

Accordingly, it is necessary to reduce the amount of the

aforementioned wearing in view of the achievement of the highly
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15 polynerization initiator is poor. Mreover, the
techni que (2) using the macronol ecul ar charge
transporting material and the technique (3) dispersing
the inorganic fillers are capable of inproving the

WALWBHY3$7r esi st ance at a certain degree, buPCHIRZNST2466

abrasion resistance is not sufficient enough to

aghtgve dneundePraoddndesol) 8ddf s iHanohg@iiCproblem to
phot oconduct or. Furthernore, the technique (3)

dhs R8IV dth thE FRPgoanic fillers increases the
residual potential due to the trap present on the

surfac ' o f |
dens vy Ehe pBOBRUSARE, LhlpBl ey (R0 SHxNRA DB RAE:
(2) .and haye .not , suf fi.cy ent | WD .

SEhuT0PbEE B0bI 6 n6H B ol agevpighmses o

resi st.ance .i ncl udi ng ghe electgécal resi stance an
physttal ipder JegHedn ¢ 6Lﬁ‘1’réﬂlc‘? Yec"h@“’ér‘*&éﬁ? e, refer to
phot oconduct or . As an alternative technique for
i RpEont hifernturmAdsiZdi heetichmague viichheses a

phot oconductor to the above, it has been known 5 the

t mcttnpoedeenlal divagedranapgetinganaponial figr|exsmples refer
formed by using a coating |iquid containing a nononer
htw Pageat Ciferdoubé €)pand, (32 thbakghniqwnspavhichginorganic
mat eri al having a C C doubl e bond, and a bi nder resin

(fiPler&%3eRli8pe f &R In tRe Ralredde ldyiedl @ rbRaple [REfer to
abrasi on resistance and the electric characteristics

aPRrik Bi@RaThAAD) ke IgRpBYEE. CARRGI ELhYsOYe tRARE The
as a surtace |layer, a crosslinked resin [ayer ich'is
QLR RY GYLERG: BhoG38 bR K bor eilYes dkUBCHI208ke the
radi caf polynerlﬁa P& ononer avi ng no cﬁarge
transporting structure and a radical po]ynerizabl e
HimalRknicy gl 45 bret v ér s fRagB ey ARa the
15 radjation (for exanple, refer to Patent Literatures
Simpurkiaes yych ag %@Wegsqeﬁmw SRS, [agyidre

three-di nensional crosslinkages are formed as a result
t pranpabidbibidnoddheaghar gef trameperilngapabetial amdcthonal
radi cal pol ynerizabl e nononer havi ng no charge

t palysperitzabignstiticttur és poor: hdomdvesl thpoteuierignabi2e
conpound 20 are irradiated with a UV |ight. However,

| s yhé Ackidroadole bkl el £rdeStiRR@Seting hiatbhaldd the
light, the cylindrical substrate will have an

SxdIHaITR Y (B Gis S SIRRE AN 10 EENIOfiTEE drBeddaHlk of
energy and heat of the reaction at the time of
fgﬁg?&h& 192 aﬂé%%%%sﬁ@ﬁfc@pﬁtogrc'eﬂaqn' BELERS D s ddIf

erature snoot

abrasion resistance is not sufficient enough to achieve the degree
required for the organic photoconductor. Furthermore, the
technique (3) dispersing the inorganic fillers increases the
residual potential due to the trap present on the surfaces of the
inorganic fillers, and thus the image density is prone to be

lowered. The technigues (1), (2) and (3) have not sufficiently
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WO 2009/ 072667PCT/ JP2008/ 072466 proceed with the
crosslinking reaction, the extrene increase of the
tenperature nmay |l ead the deterioration of the electric
characteristics, and thus the tenperature of the

wghboo@driseal substrate needs to be control | edcrBbioodwsiss

been known the technical concept of the broad sense,
such . trate far - : -y

2 ERiEVRY (o SRS AR Sl fARUBI BT U Bkicad xE G Afco
phot oconductor by coating. vario coating i quids
GARE By LAl SpiRia et reddined iR dhecoray e mHot b uctor
For exanpl e, atent.Liteﬁature 8 discl oses #ha% the 10
subst r af'@ Ht 2HSTPAR Ve & hpla e AP BBy oBIR R FhG APyasion

bl owing a cooled air at the tine of dip coating and
drgpiganse of fhetnhatecordueforpicths ahevet drhanbeer known
manuf acturing process of the el ectrophotographic
plbedeshaiguosucPihatta thaxgeatuanspdrtinglawesistiramedney
substrate drumis cool ed by introducing a gas 15 or

| ivgih g o esatdinglliquoid sungailtim gchusknodniec thdviing @ Gp@atduble
and noves the substrate drum while griping. Patent
Lido@ydatalE Baddd thaStdpostihgt RatetiRe Wingds (el doullstbaid
is cooled by inserting the small cylindrical tube
h%\qdﬂg BiR@et 4351 fodalxim SHOREYI NG PaenaNdtdture 4).
cool'ing water rel easing tube into the holl ow space of

t d o : 0,

t ggh%gasxémﬂgﬁéesqgﬂrag%pgﬂisd BhE 014 rfERE-£ARBYRR 0N

ues, such as't epositions from

the ultra fine suspended subsiances generated in a
OB Y SPEPET REBRr BT DT NG R AR B sh PuboBaver
the cooling mediumw th the surfac f the substrate, .
et @qu&han qdn’éqalaﬁgyeaavs‘@aﬁuﬁ%r' %ywﬁbn% AE lggat = bri-
cooling WD 2009/072667PCT/ JP2008/ 072466 nedi um the
stogi merefuppopahandigal pody mepizadle imenpger hapgasaee
the marks of fine droplets, depositions of the dirt

c ehpaignddanapeténplsasuctugadinde jadieahpelyoerizakin

into consideration. Although it is presuned to achi eve
t e ngeedn & daivi b g anc ergeefrfaincpentiy gasracburebullfVof t he
di rect contact and the uniformcooling, however, those

t aalanh £18@s(f6f bkh mpRERdEr itBP AferitehRBEA ARG R LAY ).
to be solved. Therefore, it has been desired to sol ve

Vil OUS ¢ B AR f‘éﬁntllgyﬁﬂet}ﬁjeb%_tméﬂﬂbiﬁ'l c®bsditkages

i
cooling nmedium as well as achieving the uniform

cQ ei ﬁgn?é}pagiagﬁs%flt ibﬁil?@ﬁé’ cggté&faf&ol)f PRe tri- or more

functional radical polymerizable monomer having no charge
transporting structure and the radical polymerizable compound
are irradiated with a UV light. However, if a cylindrical
substrate is exposed with the UV light, the cylindrical substrate
will have an extremely high temperature due to such the light
energy and heat of the reaction at the time of crosslinking.

Although the appropriate increase of the temperature smoothly

4
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10 For exanple, if the substrate is placed in the
resting state, it nmay not cause an extrene defect such
as a drip of the liquid, but uneven drying or curing

of the coated film or partially uneven cooling may be
VY023t ent Literature 11 discloses that PHEIRZOBIGTHES
device is 15 forned froman elastic material such as a
r poiered whtds ehs kapssliskay segeibgnhhecxpapdedivnease tof
is inserted inside a cylindrical substrate, and the
Coiid ta@pdeNt e fay NSRT tied defediben tiyhidTdheCdlectric
substrate, and the liquid is poured into the cooling

deNhefetb Pistier el 6094 thd e mplel-REN L BF tRY R iR al
However, the cylindrical 20 substrate cannot be cool ed

Lh& REl ﬁgeﬁgt&tﬁgcéﬂ%%g&%r‘dance with this method.

reover, the elasti y I's not used sinply to

i ntrod a.efrigeran ut to press usi ressure
cont r ol ogR Ase ik BSRRNGHs FirhaiPaPimas ot ey ot
connecied with the elastic body, the_ tenperature .

tw&&égﬁa%arﬁv@}stbﬁt% 1§ gfobercarrductar ispppoled at the time of

2009/ 072667PCTOP2008/ 072466 UV light is irradiated

t eI nE A4 elerd rophpagraphic photanendmesry by earting
becomes hi gh. Mreover, Patent Literature 10 does not
dvaxibus eoabings paciids, duyisigdidreatadedf Himshendvden curing
cooling and the inprovenent of the cooling efficiency

bth e fiil foer mMBorbe comipde! PageithBitelrasihi< 8rdtelosal that tthe
inner wall of the cylindrical substrate in accordance

Vs tabd BRI 1IRE BABe is cooled bPakesindily Qna&w'i\% altooled
Japanese Patent Application Lald-Qpen (JP-A) .

SBA808H e time of. dip'coe{t?ﬂé gﬂltd Hﬁ?‘%&p{g Eul\%itrélj?%?g%%

Patent Application 10 Lard-Qpen _ :
L R R o L L LA
o R AR EL S M
2 i%?:io%%%di; %t the substrate drum is cooled by introducing a gas
or liquid for cooling into the chuck which fix, support and moves
the substrate drum while griping. Patent Literature 10
discloses that the cylindrical substrate is cooled by inserting the
small cylindrical tube having the cooling water supplying tube
and the cooling water releasing tube into the hollow space of the
cylindrical substrate. In these conventional techniques, the
problems such as the depositions from the ultra fine suspended
substances generated in a cooling medium as a result of the direct

contact of the cooling medium with the surface of the substrate

material, time-loss caused by blast drying the wet cooling
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[Patent Literature 6] Japanese Patent Application
Lai d- Open (JP-A) No. 2004-302451 [ Pat ent
Literature 7] Japanese Patent Application Laid-Open
(JP-A) No. 2004-302452 20[Patent Literature 8]
wapnweres7Pat ent Application Lai d- Qpen (JP- APCNaP2008/072466
2006- 255679 [Patent Literature 9] Japanese

Pat &litu AP d 681180 nlill HrdREw b PR NG 1ixfBriddOfdbe as the
[Patent Literature 10] Japanese Patent Application WO

Ogﬁ’efélg%éﬁﬁﬁp%olﬁg@% %%%Qné—%'f%%?t ¢dBtAhedAn the

Pat en L| terature Japanese Pat ent

CPTatd, AL e Hieosre nbk 2EKOR ey %né g%@gatogn A RBLER

nVentrone e t o prov era
control unit for. a cyéﬁ bst Whl ch is
R AR SR S 38??# RS PURCERY 42 a
suppress_an increase in a tepper at ure of _the
cyrewkirofcthe dinsst captactsand whe| wufermicoplids ihpeger,
ultraviolet radiation. As a result of the
i these techsiavdiseyild vd madse dhehatoremeadianad pyohlpms to be
present inventors, it was found that the
afsohwrdent Thaeefope olt| lers been de siee ds ©d velyetwartibas problems
followi ng tenperature control unit, and this |led the
Prdeseti tlh@\deﬁiclt%ntact of the cooling medium as well as
achieving the uniform cooling and high eff1c19ncy of the coohng
For example, if the substrate is placed in the resting state, it may
not cause an extreme defect such as a drip of the liguid, but
uneven drying or curing of the coated film, or partially uneven
cooling may be occur,

Patent Literature 11 discloses that the cooling device is
formed from an elastic material such as a rubber, whose shape is
enlarged and expanded once it is inserted inside a cylindrical
substrate, and the cooling device is inserted in the cylindrical
substrate, and the liquid is poured into the cooling device to
thereby cool the cylindrical substrate. However, the cylindrical
substrate cannot be cooled while being rotated in accordance with
this method. Moreover, the elastic body is not used simply to
introduce a refrigerant, but to press using a pressure control

valve. The chucking part thereof is not connected with the

elastic body, the temperature thereof cannot be controlled if the
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15The nmeans for solving the aforenenti oned probl ens
are as follows: <1> A tenperature control unit for an
el ectrophot ogr aphi ¢ phot oconduct or substrate, in which
t he el ectrophot ographi ¢ phot oconductor substrate

WELHPMTAE7 a coated | ayer, and an entire 20 fBEBIBPOBHORECS

el ect rophot ogr aphi ¢ phot oconduct or substrate is
eEWNoHgH 19 i ARATigYe & xherdtal hydaghd t@fpbfomwe dteld ng
el ement while being rotated by a rotation system

At AGher) 28t dddnididhigh. Moreob b FLRPEIBIHUF£HRNL 0 Ol
unit containing a stretchabl e nenbrane nenber, said

TR ABC 4TSRS, 4SRN orbiabann f0che oven cqoling

[ i.cal b . . [
LI SsFERRICh e s RIS Y

i'S red to sequentia
reachi t he epest part of the hollow,s e of .the
mRaRed e heRRoetaty b ebiinnr IR EE i eal
of 5 arefrigerant therein so as to closely contact
viithstaatem peeofdiange Wilh agimpde mothadri cal
substrate, and to sequentially shrink to the origina
shape {Rateuf Lasratwesi] Japhngse Hasank Asfrlidadion
refrigerant therefrom so that the nenbrane nenber is

die4 iakc Baledny (IR -QoNed 568687 hol | ow space of the
cylindrical substrate, and 10wherein -the nenbrane

nmenber [PatanLit@waeard 2] Takanasbdalteht Ajsflesathes ween a
surface of the cylindrical substrate and the

redid-ogcantyp Ny Rduegt 798 the hol | ow space of the
cylindrical substrate via the nenbrane nenber cl osely

conteetpgahd RLLATS) SYRRIEE Ml bRALIIBACE
Oﬂaltdjs)p% U}idrAl)Cﬁlo B&%fféle'

[Patent Literature 4] Japanese Patent (JP-B) No. 3194392

[Patent Literature 5] Japanese Patent Application
Laid-Open (JP-A) No. 2004-302450

[Patent Literature 6] Japanese Patent Application
Laid-Open (JP-A) No. 2004-302451

[Patent Literature 7] Japanese Pafeﬁt Application
Laid-Open (JP-A) No. 2004-302452

[Patent Literature 8] Japanese Patent Application
Laid-Open (JP-A) No. 2006-255679

[Patent Literature 9] Japanese Patent Application

Laid-Open (JP-A) No. 63-77061

[Patent Literature 10} Japanese Patent Application
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<2> The tenperature control unit of according to <1>,
further containing a nenbrane nenber assisting system
for a close contact configured to assist the nmenbrane
menber to closely contact with the entire inner wal
wb 2607yl i ndrical substrate at 20 the tine pelrgreotdne2466
refrigerant is introduced. <3> The tenperature contro
UidiqA660h ABIAS NAYB-aBB7Rl <1> or <22, further
cont al nt ng: rlgerant i ntroduci ng part,
from whj h A efrl e [ rngduced
nto ¢ e HehEarenatte P Pl oy OB 196
22?%%%75667PCT/1P2008/O72466 substrate, and a
EPant rel easing part, to which the refrigerant
introduced in the inside of the hollow part of the
cylindrical substrate is spontaneously released. 5 <4>
The tenperature control unit according to <3>, wherein
t Asekosnirged dmyenstaroduci ng part and the refrigerant
reIeaS|ng part are a doubl e pipe conprising an inner
pi pe andnarbject ef tipé peesent inventier és ho previtbubl e pi pe
is disposed so as to be on the sane axis to a rotation
atbmpefratife cyhiretninialfos ubstlinddcabsdbstsald which is
configured to introduce and release the refrigerant in

aRgnfizRFeihe J@iiﬂ%ﬁﬁ@ﬁﬁb%li REen el iadl EGEbress an

substrate wherein the outer pipe is connected

Q es'et aﬁ“"c@gﬁ%{rﬁtﬁfe B@ghQQJgh&‘ﬂﬁ@ﬁcﬁlH%ftrﬁfb?as a whole

drical ate inner pipe is Inserted

|nt the hoI f t ylindrical space in a 15
mannellre tsldl"%: %Hmrggﬁ&gﬁe%mdngﬁ?ﬁer eof is located at the

deepest ,part of. t oW _space cylindrical
Subbtr ofBE tr gl ThRGBRF BT AeT PR CHBE T ISHn  he
entrance(gart or the deepest part pus aq%?presses
¢ IFEnABREhRE thenmRESCr BT A8 M. 1 T ToMAd ©

cylindrical substrate to nmake the nenbrane nmenber 20
codernentiohedmrobiems ¢gaild byr selveddyy theifeldawing

substrate. .
temperature control unit, and this led the present invention.

The means for solving the aforementioned problems are as
follows:
<1> A temperature contrql unit for an.electrophotogrephic
photoconductor substrate, in which the electrophotographic
photoconductor substrate contains a coated layer, and an entire
face of the electrophotographic photoconductor substrate 1s
exposed to energy externally applied from a heating element
while being rotated by a rotation system, characterized in that:

the temperature control unit containing a stretchable

membrane member, said membrane member detachably disposed
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<5> The tenperature control unit according to <4>,
wherein the doubl e pipe has a width of an annul ar
channel of 2 mmor nore, where the annul ar channel is
a space between an outer face of the inner pipe and an
wiomerot@ce of the outer pipe. WO PCT/IP2008/072466
2009/ 072667PCTOP2008/ 072466 <6> The tenperature

Cﬁi"éﬂl%llékﬁ'stpa%@ Qﬁft‘iz!en&zﬁ&dﬁ@éﬂ Q{iﬁsﬂ-faté1> to <4>,
wher ei n the nenbrane nenb is at | east one S|de of a

bag st gl W5 g, th‘é’nﬁr g:lkﬂh%%' &e?ﬂlﬁ’@: I’é‘%?ox?ﬂ cﬂﬁ city,

and functlons as uck 1 n a manner at said

side stretches refrigerant Jis |ntroduc
%@%ﬂ&lgﬁw Sf%@ by akb o BR% dteﬁpf"ﬁt pf‘ﬁtn%F Eh Bogee
the c drical ,substrate so as to h

cwﬁ%ﬁl cxlipdrreal subspaters eéﬁﬁgf o8 Seradugtion of
unit according to <6>, wherein the 10 bag structure is
coneigaeeant bherainaveas he clesely gephnet Wakh 8RreHRT G BeRET
to the original shape, once the introduction of the

r ehll getlentyligdrienhsnbsodte <8nd Theegurpéiadbusbriodnto the
unit according to any one of <6> or <7>, wherein the

t erigén al shi€p € ohérailf amnatrebult ks rebod sl otlee t&frigaiatht
tube di sposed in the hollow space of the cylindrica

Sthsdefadi8, §6 tAat ithehfefibrahe® Sa3MEbaXisSdétdchab®f Aldfibed
axi s of the cylindrical substrate, and the bag

Sid Hﬁ& ol o saaﬁé/hg@gélc%inda@&a18§ﬁ LYEE LOEPrising a

circular throlg in a center thereof, wherein the

LSS AR AR
f. t nb { t
iR P ARl L
f t trod d th . .
s S ST Wi

inner circunference of the inner surface of the
néwbstgate via the membrane member closely contacted with the

inner surface of the cylindrical substrate, so as to control a
surface temperature of the cylindrical substrate.
<2> The temperature control unit of according to <1>, further
contgining a membrane member assisting system for a close
contact‘cor.lfigured to assist the membrane member to closely
contact with the entire inner wall of the cylindrical substrate at
the time when the refrigerant is introduced.
<3> The temperature control unit according to any one of <1> or
<2>, further containing:

a refrigerant introducing part, from which the pressurized

refrigerant is introduced into the hollow space of the cylindrical

9
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WO 20091072667PCT1JP20081072466 nenber. <9> The
tenperature control unit according to any one of <6>
to <8>, wherein the bag structure is a cylindrica

el astic body which is detachably di sposed in the

wolhbdmwrspace of the cylindrical 5substrate. petQp20ddne2i6s
tenperature control unit according to any one of <6>

t helgf N the bag structure is a chuck
c%ﬁ;%gﬁygg%P? hold the cylindrical substrate fromthe

hol | ow spage _0of e lindrical, subst.raie, an 0
fotate RErdsrrab SafRhsinoplre (URIGH BhGmoBdpeifhe
substrate whil.e hol.di ng theregf. <11> The t rature
contrfie i b dhardagh Biechgllaiesart alte (RALRAY
further containing a refrigerant circulation system

c SHPspRAted st P ydpReprsaliceelepgedpont aneousl y rel eased
refrigerant into the refrigerant introducing part via
a Uenpbedemeewdnge Lont1d waittaccatdingte <Benpydrerein dhe
control unit according to any one of <8> to <11>,

f wefheeraoimprtirsdngime pape ahdrthehee freforagérabdasingipart
is inserted into the circular through-hole of the
CcyirentldbGBle bixge 66mpeiding, amitnes ptwnhnduredutér pipe,

i ntroduce and rel ease the 20refrigerant. <13> The

t enper ajyleee LIRS Abubld biff £O8hipRged QoWLPPE offthedsame
to <12>, wherein a thickness of 'the cylindrica

5 85y B LTSS SR LRI

;b’ggf%%fég%gﬁﬁ@g%%%ﬁg}?fggg&s the frefrkl]ge L8 f’%lngndvipom
the hollow space of the cylindrical substrate,

wherein the outer pipe is connected to an entrance part of

the hollow space of the cylindrical substrate, and the inner pipe
is inserted into the hollow space of the cylindrical space in a
manner such that an opening thereof is located at the deepest
part of the hollow space of the cylindrical substrate, so that the
refrigerant flown out from the entrance part or the dgepest part
pushes and presses the membrane member towards the inner wall
of the cylindrical substrate to make the membrane member
contact with the inner wall of the cylindrical substrate.
<5> The temperature control unit according to <4>, wherein the
double pipe has a width of an annular channel of 2 mm or more,

where the annular channel is a space between an outer face of the

inner pipe and an inner face of the outer pipe.
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bottom ends of the cylindrical elastic body at where
contacting with the inner wall of the cylindrical
substrate, and wherein a part of the
“6¥I|ndr|cal el asti c body where the thickness thereof

HAYY69’s shaped in a taper or a curve. 5 RANIP244§872466
tenperature control unit according to any one of <8>
t 56=1Bhe témpebhatuocmirsi noris acoempliagafo awy ahearf <Esito
di sk pressing tools respectively disposed at the top

and>betlierpiwithé hee @plrbRdrmeal besUildsit Riagt oneedidevfthBag
couple of netal or resin disk pressing tools are 10

cofthicgured to performa positioning of a location
where the cylindrical substrate is held wth the

cylindrj galeifl@a341s5d P9 a s L33 PRyt SHRSLALKOR G, T Of
Sty 7] uegions

unit according to any one of PHer
AL, 9?%%%@% aI El?%ec%%@tsgﬁﬁ%ﬁg%trtﬁ”*é% it P aptpiperant
o Pef o Dot B MingFyarand SSr(E botigh tho inner
A LR P Y Badrivad GpSEREtr 8 Apgerhola ecHTITRGRAL

refrigerant storage 20 tank into the cylindrica
epwlsttiratdody; a refrigerant rel easing pi pe connecting
bet ween -t he cylindrical. elastic body and the

re¥¥iTher berbpstainagecdrainio] vanitl aconfdiggriecé:e, whleeasethe
the circulated the refrigerant in the cylindrica

ebag sk Ludrady ik @ohfiguretiricdgslante $hera@l gb bkt an¥W@hrink
2009/ 072667PCT/ JP2008/ 072466
back te the original shape, once the introduction of the
refrigerant is terminated.
<8> The temperature control unit according to any one of <6> or
<7>, wherein the temperature control unit further contains a
rigid tube disposed in the hollow space of the cylindrical
substrate so as to be on the same axis to a rotation axis of the
cylindriqal substrate, and the bag structure is a cylindrica1 bag
structure comprising a circular through-hole in a center thereof,
wherein the cylindrical bag structure is disposed on the
rigid tube so that an inner circumference of an inner surface of
the membrane member contacts with an outer circumference of a
surface of the rigid tube, and the refrigerant is introduced in

between the outer circumference of the surface of the rigid tube

and the inner circumference of the inner surface of the membrane
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a pressure detector configured to nonitor a pressure
of the refrigerant; and a flowrate contro
system configured to control the flow rate of the
refrigerant. 5In accordance with the tenperature

wonbowehzeemi t for an el ectrophot ographi ¢ photraaoPWRIL7OG6

substrate of the present invention, the increase in
t he. Lgaperature of the cylindrical substrate caused,
for exanple by the heat fromthe UVIanp is easily

angd U [ %%ﬁl’ed%ﬁdp% %81?2:411%&‘%%‘& “r?r;&’ Eﬁg one of <6> to

ten”pera ure rlca trat

ult,, the abr n resi st anc the
' S8 piha e dnd R hfie PE& ok S IPEEER é% b‘?iyt Rhich
el. ectro gr.aphic ho 0 uctor ca L .
135 gefad a&lg CLISBPF?)(I{I 1pfthey DR 41 SPRLE © 1‘9\3 C1Y ﬂﬁ%ﬁti c
di agram showi ng a structural exanple of the
t empettare control unit which is suitable for
carrying out the present invention. FIG 2 is a
seti®raThe tdimgppratmshoontrpl angt pocendialg Roaex amglof > to
the tenperature control unit which is suitable for

C a1y iwlge xadh thieeb g esandturavent ¢houck Ebafigdred ta hold the
schemati c di agram showi ng a structural exanple of the

t QPR dH1 & uRAFA Q) friomh thyhotibw Spabé bilhe (nyfndncai
carrying out the present invention. W)

2%9% %%@%E@TMP&Q%&QZ?&%OFA&O 4ok St BE hwam:fcal

di agram S owm ng a structural
substrate while holding thereof.

<11> The teﬁaperature control unit according to any one of <3> to
<10>, further containing a refrigerant circulation system
configured to reintroduce the spontaneously released refrigerant
into the refrigerant introducing part via a temperature-constant
bath.

<12> The temperature control unit according to any one of <8> to
<11>, further comprising a pipe for the refrigerant, which is
inserted into the circular through-hole of the cylindrical bag
structure, and is configured to introduce and release the
refrigerant.

<13> The temperature control unit according to any one of <9> to
<12> wherein a thickness of the cylindrical elastic body at where
closely contacting with the entire inner wall of the cylindrical

substrate is 1.0 time to 2.0 times of a thickness of the top and

12
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exanpl e of the tenperature control unit which is
suitable for carrying out the present invention. FIG

5 is a schematic diagram showing a structural 5

exanpl e of the tenperature control unit which is
VEUReHWR@7f or carryi ng out the present invenPCDIR20BOGEI66
6 is a schematic diagram showi ng a structural exanple

ObotitBth bRAPSTILUEI&IDANES] eliititic WOAE At ivwherd bR tif
carrying out the present invention. 10FIG 7 is a

SG ek & QngPWﬁ%ﬁﬁwé}glﬁdﬁééluﬁwt%téxm| e of the
tenperature control unit which is suitable for

carryi ?&90% ntfﬁgaP{ ﬁ??ﬂé c&ﬁ%‘ﬁ%éa‘i%lag i&hd %@pﬁ%e? the

schema |agr ow ng-a structura exa
uni t ch,is suitable f

LATPER RS Lot indeh s HRARH 13 t(ats)gfo%af:ﬁgve

reﬁri rant is mtroduced} 8B is a

e UAPREF AHESHARR ARG 40t ?‘Efarlﬂlll%g t@)?éﬁb?’ée of Brreto
erature control unit which is suitable for )
céil frtber compppigatcquple of ineptalgm egsiplisk pressing
refrlgerant is 20 introduced). FIG 9is a

sidsue spediagyadsphoed g thestapuatdriaittemarfplle of t he
tenperature control unit which is suitable for
carliydrigabytibtheatpr esent invention. FIG 10 is a

di agram expl ai ni ng an exanpl e of a schematic

wherein the couple of metal or resin disk pressing tools are
configured to perform a positioning of a location where the
cylindrical substrate is held lwith the cylindrical elastic body.
<15> The temperature control unit according to any one of <11>
to <14>, further containing:

a refrigerant storage tank as the constant-temperature
tank;

a refrigerant'supplying pipe connecting hetween the
refrigerant storage tank and the cylindrical elastic body;

a pump equipped with the refrigerant supplying pipe, and
configured to send the refrigerant from the refrigerant storage
tank into the cylindrical elastic body;

a refrigerant releasing pipe connecting between the
cylindrical elastic body and the refrigerant storage tank, and

configured to release the circulated the refrigerant in the

cylindrical elastic body to the refrigerant storage tank;
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WO 2009/ 072667PCT/ JP2008/ 072466 structure of the
present invention. FIG 11A and FIG 11B are
schemati ¢ di agrans showi ng exanpl es of the state where
the cylindrical substrate is held with the cylindrica
wbasdojot2ébody. 5FIG 12 is a schematic di agr aorghmusargiss
an exanple of the installnent of the cylindrica

el astic a%ﬁsur? deteﬁkgcoﬁ% ltef (0N ABRIRFC FPMuégio?Whe

of an exanple of an el ectrophotographi ¢ phot oconduct or
for ;use in the,present invention. 10FIG 14A and FI G
14‘§f5'tg§r%flg’s%§(slecti onal views of exanples of an

el ect rophgt ogr aphi ¢ ot oconduct gor for use in.the

o econt B oEE foh oIl RRHE Rl RS 4l W petol 1 fpw
cross-sectional views of exanples of an

el ederdhet sy EgsAARt phot oconduct or for use in the 15
present invention. Best Mdde for Carrying Qut the

| nvent i én accordange witlathetemperapnes epntrodwemit ifonhan
will be precisely described with reference to the
dreet trgpho20Ftep Hie partatumductontsudlstpmiet oHthe peesent
present invention contains a nenbrane nenber which is
f i DpR@n®lon, Whedigicaeably tht ttaahrdat aranf ehtidyéindrie]
wal | of a cylindrical substrate that has a coated

| ayfstaneh bSuSR IS8 Exhen SIRELIVLIRXhEADNR M tRRPUVER i @4n
a heating elenment, wherein a refrigerant is introduced

i ”éa&ﬂﬁ"@nﬁ%&’f@?&@ﬂﬁﬁﬂé&%%oﬁf Qzaéﬁ:ﬁling the temperature

of the cylindrical substrate, and as a result, the high abrasion
resistance and scratch resistance, and stable static
characteristics of the electrophotographic photoconductor can be

maintained.

Brief Description of Drawings

FIG. 1 is a schematic diagram showing a structural
example of the temperature control unit which is suitable for
carrying out the present invention.

FIG. 2 is a schematic diagram showing a structural
example of the temperature control unit which is suitable for
carrying out the present invention.

FIG. 3 is a schematic diagram showing a structural
example of the temperature control unit which is suitable for

carrying out the present invention.
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a inner part of the nenbrane nenber and is configured
to control a surface tenperature of the cylindrica
substrate via the nmenbrane nmenber, while self-rotating
the cylindrical substrate. In accordance with the

WOr2geErz66T nvent i on, the surface 5 tenper at urCTHPIQ0HRT2466

cylindrical photoconductive substrate is controlled
and maFpGaidneda athd B O©tid raeih shpkdhgrabtyuctaeq or
| oner. The surface tenperature of the substrate can be

A%inh Y1edSt BT8P erh Alr LEARLE unky wHHBE UkigidtdBle for
surface tenperature at the opposite position to the

[ i_af ] b peating 10 el ement (e.g.
gﬁE?fi d?g?fggi#%ﬁ% t?%?%@@?tion where is 180 degrees

apart m.the ir i.at ed. positi t ' r

whi ch FGr 5 i g ohPRALE R s n B PSR oy
The rane menber js easily,inserted i.nto. ol | ow
Sl of e Lomenarites coustl PRt wiigh 8 shifabl? fof

el ongati on- expandabl e at a 15 pressure of 500 hPa/cn®
tCGrIPIgOOuh Phe dHEseRt BYvemidoRei ght of the |iquid
refrigerant, e.g. water, to be introduced therein, and
i s hi gRIG. $t fsea skhbinea tio dsagnagn chesdng & shtwdural t h
the inner wall of the cylindrical substrate. The

e pleeo freld ¢ mipe rptefecabirg ] elrongdtiet lisrsutivmblexioal
directions, and stretches till reaching the 20 deepest

Rakkyfg blie thylgredehcahvendishrate in the | onger
direction thereof. The aforenenti oned degree of the

pressuigal, 7 fUf fdebb B thy ddd daiRathoWinped Qbriditesaur e of
an urban water supply system Moreover, the nmenbrane

h ARVIREVAA R
e B RO RhREL T LR BOINAKL hieal S SRRabINRox
2009/07266£PET/JP200 /.0724&6n The material for
{RETHEHLPRA L HASEF M 4P EFRY&Pabl y the one having a
hi gh stretchability, such as natural rubber, synthetic
rubber PG Hhes i sebionaia diRET oM, SHAKEHE B asbegtura
materials, which excel in water resistance, abyasion
rexsimplmebthe tpmyeraguee geskrol ot whishsisaiigablenfpr he
l'i ke, may be fornmulated in the aforenentioned _
netreying outhbefmraseny inee htidnofbedone tieerive Emge vastibisr | s
sel ected fromthe conventional form ng nethods known
iimtedduead). Specific exanpl es thereof include a sheet
form ng nethod, extrusion nolding nmethod, and the

like. 3QG.ABshacHdmblie didgram thewbasa wrattuidle
heating element 2 such as a W lanp or the like is

déémggi oPERE RY 16 a8 ¥ k4 RERECA uSHRSEIH & é%mﬁmfals

r ot at by nmeans ‘of a rotation system (whi i s not

c
illustrated)., the heat. t ' i gal
R B A L S S T
introducing the 15 refrigerant 8 into the inner part
o2 e “Wﬂﬂbrane menber 3 which is closely contacted
with the inner part of the cylindrical substrate 1,
and t hé&'ICenpas atsphematiciagiampehewine 8 hsprthrall i s
controlled via the nenbrane nenber 3 in this manner.
Téwa mphd oftbe hemparagure congrant gl whicdk papadable dor
el ongated as

carrying out the present invention.

FIG. 10 is a diagram explaining an example of a schematic
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20 the refrigerant 8 is introduced therein, and
sequentially closely contacts with the entire inner
wal | of the cylindrical substrate 1. In the enbodi nent
shown in FIG 1, the air in the hollow space of the

G sl substrate 1 is renoved by nmeans wfy@aie@hass
rel ease valve 9 which is one exanple of the assisting

TEARS e e b R8Gn VIR 20004,P72667PCT/ JP2008/ 072466

ane nmenber 3 so as to assist the

menbr an rt fighent!ly.closely.contact,wt.h
The eyl FAGE a2 abfylit ) £8 Ftk, opeutiir i GREAAE ptwiRs
refrigerant is introduced. | hj s mapner, an .

i St Pﬂ%seqﬁt%&o%ﬁa&etv%h%eeﬁe%%ﬁgﬁacyl FERgtEATe 18 beld Frigh
nmenti oned above, it can be understood fromthe
af%%ﬂh’ﬁ‘i"@ﬁéhe@@ﬂﬁpbédbf t he vacuuned contact that

t he nenbrane nenber 3 is el ongat ed-expandabl e at the
pressur E16f 1206 hPahematiodi(grao0 shPwiocgln anamipde of the
hi ghly stretchable so as to closely contact with the

i nimatallalentaff theecydyhdndal ebdstsabstyate 1. 10 In FIG

1, the references 3e and 3f respectively denote top

and bot Fo®. @13€i$S4 Rod POt &idhavigRBERLS) example of Shnce
the liquid used as the refrigerant and the cylindrical

S L&@Efﬁbﬁp?{%ﬁ%%i@ PR LB FLALRTEr (R GRCIh P P&entt NE

[iquid wi. not be scattered on a photoconductive
| ayeenEign in the case 15 where the photoconductive
| ayer 1's disposed on the surface of the cylindrical

bst th f ect th ted |
due 1o FRg- Jan A ROV 808 GalP gorlensl i we 2l e
o el T4 e fonRothesanbre phattiandiicter Einnse fa the

tenperature 20 control unit of the present invention.
ASPEER8RA IPEHIEN- 2 in the present invention, the
menbrane nenber 3 is closely contacted with the inner
wal | of FlGe 16/ andFldal 188 psercapes Seutiooh] iviewstodt ed
whil e receiving thernmal energy fromthe heating

el eranpled, ofanrd eldgroghotiogerphic fhotedomiduzdor &ok usd dn the
t he menbrane nmenber 3 from WO

200842 oRavEIEi6d P2008/ 072466 one direction (shown with
the arrow directing the down side in FIG 2) and is
rel eased to another direction (shown with the arrow
directing the up side in FIG 2). In this manner, the

i %@%Cﬁ%ﬁgefoi’fc@[}%%né%@ﬂ‘Eﬁ&iﬁ{?éﬁ%oﬁerf ormed. In this
enbodi ment,

Hereinafter, the present invention will be precisely
described with reference to the drawings.

The temperature control unit of the present invention
contains a memhbrane member which is fixed on, or detachably
attached to an entire inner wall of a cylindrical substrate that
has a coated layer and is exposed to energy externally applied

from a heating element, wherein a refrigerant is introduced into
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5 the nenbrane nenber 3 is an elastic body in the
shape of the cylinder (referred as a cylindrica

el astic body, hereinafter) which contacts with the
entire inner wall of the cylindrical substrate 1.

wbneamsdis; the air rel ease val ve as the assigtisrgooseans

for the close contact of the nenbrane nenber is not

U €6 dNph yoit:‘ﬂllé nf¥fm ﬁ@hl%n@?‘gﬁoth@tﬁon;f{;gglrfehqwscontrol

OC](CZU_I' red e I ntroducti on- ease O
ERB AT W SRR ol el TRFAGRE! Rbofiact 4o FRE™ 7°

refri.gerant can be reversel hangged. I
o B e bem o ik e Bortabog, iRt cafindiien) uliairates
inventhgn are_shown in gIGs. 3 and 4. In these
enbodi FBAcsordpRcq with fhe present snvenrtignuthe suxfase ne
hol | ow part through a doubl e pipe conprised of an
demepenatpee 94 thaviitpndrieel ahpladopdustyee gubstents iand
i nner pipe 9b having a relatively small dianmeter and
i quedrolddd fanstmone teina: d( 46 & 560€ toanhoend:, iprefdrab2P 130°C or
drawi ngs) of the rotated cylindrical elastic body
Clomperi SathefutficememyyaneuiesibeheXibiteatdean haesasily
part. The refrigerant 8 is then released fromthe
hid te@idiRBAL fo\Bkh i plé a0 e dd 19 kR cNGdifa¥s dc PR rature
cylindrical elastic body of -the nenbrane nmenber 3 _
i i t-h.t i -1 r 1.0 e . .
&y ﬁir;bdggggﬁ%%%}‘ﬁli};g?e@ith%n%ﬁﬁléﬁﬁg pm{:lon de £y heating
2 07266 7PCT1JIP20081072466y The doubl e pipe. |
TSR T AR BORD P oPTHR RS8P ¢ e
rotated cylindrical substrate 1.. The outer pi 9a . of
(SreaBa s r o She, BHABL G PASHIGTRARIE o PR D
openi ng t hereof becones an entrance part (the bottom
garltotflgeé Rb thegiodatiogsireapenpe ohd) art of the
cylindrical substrate 1, and the inner pipe 9b of the
doubl e Thiepmeimsbh th rgpowanbé mise asidndnsetied ifata hallow
openi ng thereof is positioned at the deepest part of
tdpmchalfl idwe epldndrizhl sheéstydtiends e balgstubs taxphadbbldhe a
refrigerant 8 is introduced in an annul ar channel 5

WhieGBuk & of 55WAER a2 td0Lhebvadralche? outher thd peiflet and
the inner pipe 9b. After entering into the annul ar

ChRNAGLI P retriBe FAHL, 108 @Ate S tEOVE $n §,R00REH 18R b, idnd is
reaches the deepest part, while sequentially pressing

I
%lﬂl%él?f@f%@%aﬁﬁggrasstooélg}sg@ gé’“mr&g@ ft:lﬁel, ?x‘?ﬁézcv}%qpﬁ

oned as t out er a towar e | nner wa
of, the.sybstr at 0 a$..15 to ke the nbr ane
e i SERERL BB itBac i Ee R WE T T ° BR€fqpably
suybstrate.l1l. Thereaffer, .the refrigerant 8.is f|own
isiegepid im0 ibﬂ?j ﬂés?cfawas,t fh'éaf# StBF tohes il Ash b he
(FIG 3). In the case where the refrigerant 8 is
i dransat ded tfafdhet ¢dingwienl pubetmife 48 Srolanges drertign
the refrigerant 8 is flown into the outer 20 pipe 9a
afhtegre of.eaThe rafor éra cdérpesit degubkeodf the prassurepispe 9b,

and is then rel eased fromthe termnal part (the
bai ffizte pelytattaidd dSbydyater pressure of an urban water supply

system. Moreover, the membrane member has enough thermal

conductivity to cool the cylindrical substrate promptly.
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of the annul ar channel 5. Note that, the annul ar
channel 5 defines a space in between the outer surface
of the inner pipe 9b and the inner surface of the
outer pipe 9a. WD 2009/072667PCT/ JP2008/ 072466

WB%()MO@EG% of the annul ar channel 5 is pref empallyyo8s/ e
nore as shown in FIG 5. Specifically, the annul ar

channe TRl oS BR 36 te BEUNEERL BcRHLP Yo SHEFAGSIPlne

the inn |nner sur

pi pe 9a mnthln h bl.e the 5 dou eis
O BoR B e et el FrinLie b as S gbBeL
cylindrical elastic bgﬁg so_as to be alleétothe

r soathgticanbbedi pBihe JNEGf %médéﬂlpﬁdw of *ubb% rate 1
and to have the sane axis as the centric axis of the
cyhiberinbalwhishsereel dn waten resindnseanb ARigBere Bsmee,
the cylindrical elastic body is disposed so as to 10 .
c ding lnic fasibint s, t e taresi stanicanend heflike waythreformulated in
cylindrical substrate 1 of the heat control unit. By
adjhesd forgmicheiovedt matepade) Tie fdreiaguledhod drthel 5
bet ween the outer surface of the inner pipe 9b and the

| NREMm FYnkaRenterliescQétRid RoBetRa coatyntiona] ormheg
pressure is reduced 15 and the appropriate circul ated

10w Vﬁ&sekﬂg Lhe £6d %Qersaacfﬁc é@éxﬁ?i’ééqﬁgere'o@ ihBRide a

case ere e space (5) I'S snal han 2 mm the

I f. th
rg e ffo%rﬁle gxﬁg&%rrarﬁrh&%ﬁ f El%aﬁbﬁcﬂhﬁtt%% i i{QW

Fige ' CPediced.

variatiqgns .in the rat eoft e _cyl
substra *Oﬂ‘é’&éﬂeﬁ@p ehfmsezﬁr At en)?en%éllgaetlﬁxrneent
control unit_of the pres

renbueh a8 mUY b “arn“b“uf‘é‘re xp%éﬁééeﬂnsa&vg?ﬁwﬁn@mal

3a, the outer face of the bag structure 3a is el a¢

areihsttratechachigh ismetatad byaneans pEairatadancadtemsivgich

the bag structure 3a, and the elastic outer face of

t his mﬁgihtsrtMeldﬂetl%heaaBbasrat@dbm tied dylimgrical substrate

2009/ 072667PCT/ JP2008/ 072466
1 by the heating element 2 is removed by introducing the
refrigerant 8 into the inner part of the membrane member 3
which is closely contacted with the inner part of the cylindrical
substrate 1, and the temperature of the cylindrical substrate 1 is
controlled via the membrane member 3 in this manner. The
membrane member 3 is sequentially expanded and elongated as
the refrigerant 8 is introduced therein, and sequentially closely
contacts with the entire inner wall of the cylindrical substrate 1.
In the embodiment shown in FIG. 1, the air in the hollow space of

the cylindrical substrate 1 is removed by means of an air release

valve 9 which is one example of the assisting means for the close
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fromthe inner surface of the cylindrical substrate 1.
Mor eover, the bag structure is shrunk to the origina
shape once the introduction of the refrigerant is

term nated and the refrigerant is rel eased therefrom
VEANAPI79667 t he el astic bag structure 3a does MOHIFRMRLEAES
wth the cylindrical substrate 1, when no refrigerant

| Soritatt 0f¢hedne AbrafeWieinbedrl Bsotas tNabkhiiss tht ahembirhae
cylindrical substrate 1 is detachable fromthe heat

CRRI Iy i&mhﬁfﬁ(ﬁénﬁl@o&’l’ﬁsél}o&h@a&’wiﬂhet}ﬁil aflih&rieHl er

face of the elasticC bag structure 3a presses onto

Db deRREL tsarge (RL B2l Wil EHE BRLiLERLpPHOS LM RlkedS an

I ntroduction o T ger ant, and

h d bst
tﬁggtffﬁﬁgt}% 407 infdlndne i ectfshaef% ﬁ%g o phBSeq

frlgerant 8 i ermnated t he, el a structure
hlChBional ?ﬁ%veorﬁta%’i?e wperabeed frods then t ne
cylindrical substrate is removed fromthe

@ﬁ?ﬁ@%ﬂim%mmmplmﬁt epsaaHnad;gentack thaiathfhg 8B,
it is preferably that the bag structure 3a is a
Cipleinpleirareain eipabe s 8rig el omga teal/ ewpandeabla at 4he pressure of
through-hole 8b in its center, the cylindrical bag
S5O0 G/ emi2 0200, 006 fd3edndn atnhbisr higldysttratothabde Goss to
that the inner circunference of the inner surface of

t 18 sBBNEY 1R t Rt ath 3Gt waliSofM K d i Hadeida@lsubstrate 1.
circunference of the surface of the rigid tube

SM %fzt;urze e @T@rémsrﬁ ahaesiamsp%cvcﬁ/emtae%usea Iéerad

the unfixed part 6a (the space in between the ou

2%%@%?75&%%@% IQIQ{)%Q}%% rlgj;]l f}lhfube 6 and the inner

ﬁ;[rf,g{”%%% et bt ldcie%%%%%éﬁngfﬁﬂeﬁaqf’hdmal
6
cypraAre §psé{p3§$?é?@ylc4@3pﬁﬁpo‘{?@ raibt dhood itk

accuracy in 5 the positioning is increased as the
rpgt Betsgpbteredun areh@ocendnsiysdayas eyeaem tha casq s.
In the enbodi nent shown in FIG 8, the double pipe of
i where dhd phuitecopidpesveday@bis élw@mlsem tha suyéace of the
circular through-hole 8b, and it is preferabl e that
t bdipdpeal subsherteehndgdrananyidefebies on abiergated lager
the outer pipe 9a, but the inner
due to the deposition of the liquid can be prevented, and thus
uniform cooling can be easily and accurately achieved.

FIG. 2 shows another embodiment of the ternperature
control unit of the present invention. As shown in FIG. 2, in the
present invention, the membrane member 3 is closely contacted
with the inner wall of the cylindrical substrate 1 which is rotated

while receiving thermal energy from the heating element 2, and

the refrigerant 8 is introduced into the membrane member 3 from
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10 pipe 9b may be al so set as the pipe for the
refrigerant) is disposed and the refrigerant is
introduced into and rel eased fromthe pipe for the
refrigerant. The positioning of the |ocation
woen®/drtver cyl i ndrical substrate 1 is held wddTeleso72466
cylindrical elastic body 6 is 15 perfornmed by using

m’dx?é deckfo BHIwK vﬁ"tﬁstﬁe%rb%ohﬁ'eggm()gz{ b’g% Ly tm

the top pressing tool 3e is conprise I'ange

rfl‘]ber 3gﬂ rls%@eg anor;}fblf Hir%%P%%ngqj \f\i]lp%%inﬁ%r ane

the cy | rica astl ¢ bo

contact s e enti c of t he 20
oo Rizbebing 0fs BP3e i BRtE 2H 5 o) BrRomiafngio the e
of, the .t hickness of the top and_bott s of the
e ?59%@%@59@ bretfirierlynrafome ol Aot s BERpdapent,
where the cylindrical substrate 1 is contacted It is

altde westhnang wmenpbar 8Hs oy ekastivekedonn dhetshape of the
thlckness changi ng part 3b of the nmenbrane nenber 3 of
t rmrhmxzbegdr@n@ewcsrhmzm&ewmﬁbodyJ heckinadter) which
el astic body is shaped in taper or curve.
Maoaduetrs witletbagnsirevicinerew 3H dfthet dydiglrichl isabsttate 1.
illustrated in the drawing, is a chuck which holds the

CYMbRedveakh6 Whs rb Bage v dIvemst i HodikOM SRAGGs ARG he
rotates so as to rotate the 5 cylindrical substrate 1

Whirh &e B@ﬁﬁac@q;fttme SR Ml 105! Q¢ 8REG Einttlgl%rﬁﬁft of

FurthernDre t e tenperature control unit of

Pr®ssn ton Tﬁ&%@fs;?éé&%rsm dijgent such that

he re r| ger an IS Clrcu Vi a const ant

h 1
L anver R rsfe&Sthﬁt'ﬁesr%filseﬁﬁﬁ dioRart 48 e contact

atur contr ol un| evi ce sho FIG 9
i |qu IGhE ’é‘)‘?é‘i‘hﬂ 1tiga, éﬁﬁ&wwﬁtrectm of
coolin tubes 9c, are resgectlvely ext ended from
t Hae mg@rgpbéagg)e oeyvergaly ahengodnected to the 15

constant-tenperature water bath 7. As a result of that
t he Other embodiments of the heat control unit of the present

invention are shown in FIGs. 3 and 4. In these embodiments,
the refrigerant 8 is introduced into the hollow part through a
double pipe camprised_of.an outer pipe 9a having a relatively
large diameter and inner pipe 9b having a relatively small
diameter and inserted from one end (the bottom end in the
drawings} of the rotated cylindrical elastic body comprised of the
membrane member 3 into the inner part. The refrigerant 8 is
then released from the hollow part, while transferring the heat
via the cylindrical elastic body of the membrane member 3 which

contacts with the entire inner wall of the cylindrical substrate 1.
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refrigerant 8 returning fromthe tenperature contro
unit is passed through the constant tenperature water
bath 7 and is re-introducing into the tenperature
control unit, the refrigerant having the controll ed
werpssadsnr e can be circulated within the 20PCT/aP2008/072466
tenperature control unit, the abrasion resistance and
stak| & B Hipt Gs A @&gﬁah%i Csa b %3k 181 thE ot APRRAGxis
two coo ing’tl ubg 9%? 9d, oneeof themis usedoas an ®
0 R T ' ' er [

HE DY Rofbl lind QLACEWEIARAL 12, TRRE bUFERPlpon the
refrigerant. fromthe,tenperature control unit. . WO
856 GrpaR s et B b Raae s SR hat alfanindl
control, unit of the present ipyention contajns another
ehfgaPribReoRgs R RRETATHE %ﬁ‘p&"&?‘?ﬂ%o@oﬂ‘f‘ﬂo}ﬂ B ¢
contains a pressure detector which nonitors the
pleagings) off thischoBowi Rpsriagt tie; crliadaion] swbstiade corind|
unit wherein the liquid 5 circulated inside of the
b pamer pareb8b oF thle ddwbleypipedisi dispoetdsnicmzoherasuch
the refrigerant 8 is supplied fromthe refrigerant

stiitage opankndtheeestsisopod tipmyal at aha deepesigpasindf the
supply pipe, and the refrigerant 8 is released into

t HG1I6RS § ARr FNEL S EPH AL LI RlabBEEAe T I THleadefFiger ARt B6is
of the nenbrane nenber 3 of the 10cylindrical elastic

bﬁﬁ)fpd[xg(?&é‘?ﬂiéqﬁﬁhnﬁ art BARRNAT grvteﬁ?&mg Qlspddktrhade

Herei nafter, one enbodi nent o e present invention

| BeBYBLALAS Y MLE B £08r 208G pb GG HLAUINISARELGrckling
i S a cross-section pl ane view's ng an ‘exanpl'e o
a.schematic 15 structure, of tenperature control ,unit.
o oorBE R PO URP LTI Bt SRR b v SUBETARE TR
accordance with the present,_invention . The
eHberAckesttherdeane st aisér while seanerbpliypressing 4hpar t

of the device such as the el ectrophotographic
phemekmTtR gtesnbes 3¢ theugHindeicad slastae body Juactiowiedeas
support 20, a rotation system 21 rotationally disposed
i bhé¢ beteeptyd Badvemrds ttheeirden walkapploe subbirage 1 so as
hol di ng system 22 connected with the edge of the

r o aldlontby si@ib2dne andMbead alosely syatam @3 hdilspinned:

at the perineter of the device support 20, and a

r ¢fall BLERO kubLb¥ader t akedéafier, the refrigerant 8 is flown
into the inner pipe 9b, and then released therefrom (FIG. 3). In
the case where the refrigerant 8 is introduced from the inner pipe
9b as shown in FIG. 4, the refrigerant 8 is flown into the outer
pipe 9a after reaching the deepest end of the inner pipe 9b, and is
then released froim the terminal part {the bottom part in FIG. 4)
of the annular channel 5. Note that, the annular channel 5

defines a space in between the outer surface of the inner pipe 9b

and the inner surface of the outer pipe 9a.
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WD 2009/ 072667PCT/ JP2008/ 072466 connected with the
hol di ng system 22 by a pi pe arrangenent. The
rotati on system 21 contains a flange 25, a bearing 26,
a pulley 27 fitted with a bearing case which stores

Woeobraidsng 26, a rotation axis 28, and a beldr@hosir24s6
suspended by the puIIey 27. The 5 flange 25 has an

openi Ng25a. rotation,axis | SPBOS
ot at | ot i di6sh Pe e punRES! Attt PSR AR r
bearing 2 The S ed to the,rot t|o
oaherogs isspon Eg 3 2%}3% firalVetheppRulenr RopRgl o is o
nmeans (whjch is not illustr ted| the drawi n V|a

t P A58 0 betwegy theQugey grf o % eP & vP AG dy ghe
means is transnmitted to the rotatlon axi s 28.
Thansrrarnfaee obthe paten P e Jasyihemthe daublsupipey the
classified into the rotation axis 28, a refrigerant

s ujpiblierui pei ipediﬁﬁomlﬂilmidefuhegmemhran@l easi ey Piofdhsl,

a cylindrical elastic body 32, a cylindrical frame 33,
anglindybahdldseid bgpdyessiazgio belpaddllel o thetrdveationt 4xis
part of the rotation axis 28, the refrigerant

r elieastife dfi R HllihdriPABS€PstrAtO&Udnd 36 hdvietienda Bd0exis
of the refrigerant releasing pipe 31 is connected wth

a JOtRd bgﬁﬁjlcjagigmf% cﬁ@ﬁdfi‘&%@%hggﬁjatb O?HH tBe thémbrane

conf | gur to connect wth V\D systens o

r eILE agi e tg@%érth{}ﬁriée[lséla 'Héﬂmfs %8 S0 as to

supplyi ng, e secon

rel eas edge of t ref.ri reI a

5B T35E MitB d e R thadr 9 5%e£ﬁbg 3 Hafipef Sbddate
rel easjn The refrigerant supplying pipe 30 connected
wit H?Fh% qarts‘%‘”@f/%lﬂéﬂﬁtf or supplying is connected with
the bottomcircunferential side of the cylindrical
frame 3By Thséing phie madth (gwnce) of the annular channel 5
2009/ 072667PCT/ JP2008/ 072466 frame 33 has a hole 36 to
wHiediv aemet he bt gesarface wipghyi ingepigipe b s dddrensutesd

at the bottomcircunferential side thereof, so that

t hmrfats bffehantutes psppPhi, acthytlost € thergaceusé it keduced
cylindrical frame 33. The cylindrical frane 33 has a

halied 3he fdppPophial diRculaté @Tdvges enbf tRe reEMEkLANE I
the refrigerant releasing pipe 31 at the upper

CihapiAnent i gh ﬁied@a&hﬁhﬁ% thJQ%aBQ'(S) 3 sﬁﬂglélhﬂaan 2

refrigerant releasing pipe 31 are connected with a
p'rﬁﬁa,st%ie loss of the pressure is increased, the mrc_ulated flow rate

of the refrigerant is.reduced, and thus the variations in the
temperature of the cylindrical substrate 1 become significant.

In the temperature control unit of the present invention,
the membrane member is at least an outer face of a bag structure
3a, the outer face of the bag structure 3a is elastic and stretched
as the refrigerant is introduced inside the bag structure 3a, and

the elastic outer face of the bag structure 3a enables to be held
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The cylindrical elastic body 32 is disposed on the
surface of the cylindrical frame 33. At the upper and
bottom parts of the 10 cylindrical frame 33, recesses
39 are forned so as to fix the cylindrical elastic

wapzgy/B2¢thereto. In order to fix the edges AOU/@R0MBlE466

cylindrical elastic body 32 to the recesses 39, the

USRS tR&hnaPdubald-oft P! byRhatRal GubsBteCRl  BfASbYEr,
body is configured to have a thickness of 1.0 to 2.0
ti . . _ ¥ [ cal
o IE Bk By AR P ENOTREe bl Shapdthufie bET | 02

| i ngrical 3. .Theref

of .the c frane r t .
R Ean e e 35003 PRSP oo tyigenane
cylindrical fr 33 at the tinme of replacing the

cW ?%8??%‘2@%%?5% body 32. In addition, the
cylindrical elastic body 32 is prevented from .
di sl ocaNawalx diiser]asticReg herucsprataddepsenply corinchay Hy
the cylindrical substrate 41 which is a work-piece.

Ale cilindsitahs ubktratieal .ewhbsre rafrigedantdisi iodkodhest,ias
body 32 is attached to the surface of the cylindrica
fslaoen 33 FEEGS. 11B tHiswsatd)ahet atlénddienk sttbetrate 1 is
cylindrical elastic body 32 holds WO

2908 B aDOE FRIN/ +HR2ROP B it ulohie. cyl indrical substrate
41 which is a work-piece. The cylindrical substrate 41

i s confy t: hel t.he:
o1 paASLREEnR PEOLS, Y14, SH0 SRBSTER e b

otk rBlea oiph e (RRCESRALALHER A IR FET 0

sh in EIG 12, tLli 42.is forned,between the
reebieade Tagiaciendt ph bhe S stia PhoRS Safepine spd
The thj ckness of the edge of. th% cy]hﬂq{ic?l el astic
pbegn dbe jcx lindrpead spthstratre 1 gp nld v ithnthe glagfipaags
taper or curve, along with the tilt 42. As a result 10
oftruishure Ra. edrcothe hotwuichipn ehtherafigerayd§ is2 is
shaped in the taper or curve, the edge 40 which
ctrangisatetls thhietkstds $aigsstpnetert da if sbrundcti vhagriginal
excessive stress at the tinme when the cylindrica

eshgpé Caiddied A Hescyindtichbdubbiagovieis ré e vedritanetlof
the tilt 42 is preferably mrror finished so as not to

1k Hprpgideh®otybl adid.cal el astic body 32. The
cylindrical elastic body 32 is fixed at the upper and

bot t oM AALhSwhel #8651t 54 B! 1898 rrefelarigndn ARl Phg

t he purpose of easy replacenent. ng 44 o

f - bubbl.e . i,S. pl d. . : f
DR, BBl L heVSHY REPi LR Bl ©

a cylin
el asti 0 2. As a result of .the rubber ring 44,
Herqush POLY 8RS rcbmten e HindSiecnhaAgcrubfu s
body 32 and the cylindrical frame 33 is prevented from
| disposgd amthesigidseiragtuee 6150 diat e 1ener eirgymlprence
body 32 is fasten by the stainless steel bands 43, a
sefithessnexbbefacei ofgt 6 miegn bt arce themb ge Bvesatactiewith the
outer circumference of the surface of the rigid tube structure 6,

and the refrigerant 8 is introduced in the unfixed part 6a (the

space in between the outer circumference of the surface of the
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WD 2009/ 072667PCT/ JP2008/ 072466 st ai nl ess steel band

43 and the cylindrical elastic body 32 so as to

protect the surface of the cylindrical elastic body

32. The cylindrical elastic body 32 is
ﬁ&wﬁ@ﬁﬁﬁﬁ7by the pressure of the refrigerantpcatapiodgor2466
ti me when the refrlgerant 45 is supplied 5 fron1the
refri nt. su e 30, sao th t he stret
cyreidErBaie ERane %’o%y Syt g i e TR T act RS
i nner sur ace of tg %X g%;écal substra e 41 and
ho‘il}fs“t% B mipear rg fhe memprangmsmper
the surface of the cylindrical substrate 41 is
und¥rnd Yhe sagidgtubeogHaceyre fdfhe holdingsablity afithe

equi pped with cylindrical pressing tools 34 fornmed of

a eiindrionl sebsirade 1t iseimpyovedd bot additpen.t the hemguky in
so that the cylindrical substrate 41 is easily |ocated
I ntHehposipicandgdevwmctes st aonhe rifpidcovier stiidture 6 is
cylindrical elastic body 32 is prevented from being
exPepode Malsha thetddY ddight I8uhengmbbdihenhebbiviadin FIG. 8,
process of the cylindrical substrate 41 by means of

t hg, d Mo tetl ﬁhis%lf Uidr 284 oU1eF %ﬁﬁé@eat bg icVdikpeéd & the

el astic body 32 is prevented fromthe deterioration
d T I
S BT B 0 0

cyll drlca tr es _41.havj,n fferen

t hre F%ﬁ?é‘ Fl éﬁ.ngCngDht 15 *:hegouk% Pg)e {J-ﬁ,eguf?' ﬁe mner
termn t|on f he heatl of drica

s UBRe 38 aﬂfmg A8 SEbBF JRARIPREST bR relibtRans it fisnosed
the refrigerant supplyin ipe 30 tq the space between
t e phergfrigaraet a%twoa&egfd anteaadredeased fram thymipe
33 is termnated. When the supply WO

2009/ R26d TRETARP2008/ 072466 of the refrigerant 45 is

term nated, the pressure of the
The positioning of the location where the cylindrical

substrate 1 is held with the cylindrical elastic body 6 is
performed by using metal or resin disk pressing tools 3e, 3f.
Note that, the top pressing tool 3e is comprised of a flange 3g and
an inner cap 3h.

A thickness of the membrane member 3 of the cylindrical
elastic body which contacts with the entire inner surface of the
cylindrical substrate 1 is preferably 1.0 to 2.0 times of the
thickness of the top and bottom parts of the membrane member 3
of the cylindrical elastic body at where the cylindrical substrate 1
is contacted. It is also preferable that the cross-section of the

thickness changing part 3b of the membrane member 3 of the

24



i0

15

20

refrigerant 45 is reduced so that the cylindrica

el astic body 32 is shrunk and closely attached to the
surface of the cylindrical frane 33. At this tinme, the
i nner dianeter of the cylindrical 5 elastic body 32 is
vantod/eesst han t he outer dianmeter of the cyl i hArIRI8UB/072466
frame 33 so that the refrigerant 45 is recycled into
thAi syt ARE I £Rc bbaYEs %ﬁaﬁwﬁw@r shBuid, Tel ease
valve 48 i1s disposed at the top part of the

refrig t I [ [ : he 10
Gener atl ooy E ORE hAE kBt SPIC KA FERTRo |2

ti when, the, refrigerant 45 is s ied.into the . .
T BE b il aofienar pcchidls TERREap 1S dylfpmien
cylindrical fra 3,, The air re|ease valve 48 is
o%‘éh%aa%.l fromet %iiﬁﬂﬁ@fr PRAca 2t ECtA LGS 9 28 (R petatsgthe
the.refri?erant 45. 151 n the refrigerant_ storage tank
2y lendrisal eabsgatnd wonly heldipstide spmgifxopmehgibgHow
arrangenment, the refrigerant 45 is stored, and is
passedtharephe rotational joint 35 disposed at the
bottom part of the holding system 22 via a pipe 50 by
means dfurahpruprd dthed bempetifiger anitrdb uret efishd presemt
the rotational joint 35 of the 20 holding system22 is
I @ivieniesh 1RcluR sl d@BbaNhefit QLB Hadthe?fef¥igbranpiipe
S1. The p!pe‘51_|s equi pped with a pressure censer 52
Wk e TRR! 9 B cﬁﬂ?td%{tet%%ﬁ'ﬁﬁaghfrllz Reatc! b4 QEwAth 4ontAld

a valve 53 which controls ow rate of the

r ' o - I SS. .of

Gl LR REhe i, ot 6 OB G RERERRE' g Brpgporature
2009/ 07266 7PCT/ 4132008/ 072466 radi ati on system 23,
o PhEMbnsor 52 recogni zes the drop in the
pressure, the pressure error %ignal is transmtied to
a cont rigte deviceshoir e pnild Gt tilistratearag a¥rmpple of such
drawi ng, and then the device is stopped. This is
bgraemdodimenthe Ty o gophng Hubpp &es Hde ABegfespigetively
refrigerant 45 released fromthe hol ding system?22 is
cextzindedeltoto the dombde qupe &acObofaral heakoohettesl to the
refrigerant 45 due to a breakage of the cylindrica
et@sdthatietypaddtukd vidbes bmhNEr , Ashe rpselsol ehestt eiee Of

the refrigerant 45 released fromthe hol ding system 22

CAIFrHR risedB [ urRI AR bR {0 t&h pk R HRVESS roMINEPYET
passed through the constant temperature water bath 7 and is
re-introducing into the temperature control unit, the refrigerant
having the controlled temperature can be circulated within the
temperature control unit, the abrasion resistance and stable
electric characteristics are attained. Among two cooling tube 9c¢,
9d, one of them is used as an outward path for introducing the

refrigerant 8, and the other is used as a return path for releasing

the refrigerant from the temperature control unit.
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10 the internal pressure in the space between the
cylindrical elastic body 32 and the cylindrical frame
33 is controlled by operating the valve 53 which
controls the flowrate of the refrigerant 45, and the

wehslbpeefor ce of the cylindrical substrate 4griBanosnr24s6
arbitrarily adjusted. 15As a nodified enbodi nent, the

pi pe 50, s equipped with a,fla er 54a and the pipe
51 PF s oBhS SEPTRE R SerT i mstboREhE Raseenb v iR
13, the leak of the refrigerant 45 due to the break g
ofoRtEDEARMer embediment spshFhab tag fepP erat BEs éaﬂg%
detecting the difference in the flow rates of the pipe
S@nahdonbrRinp( preeswye, detector wipiek suerritorsghe pressure of
refrigerant storage tank 24 is equipped with a o
t hbe mefgeramibs, andea fioperste contglivppes heirein 4he liquid
t her nonet er 55b, and then the cooling efficiency of

t Brcayhiowinddb ofuhst maith rhibebi emitonrs3 of thherylindrical
cylindrical elastic body 32 can be detected by WO
2Q004197 BEAY RGTERZ POBI £irddh s detaphiing faosl {Herefitgedant

the tenperature of the refrigerant in the refrigerant

S04 embg%eagsm bEIRPUAL U rAket iRt %ﬁﬁbiﬂ?iﬁlé

in the pipe 5 I'n addition, the detected val ue o

t enpenat . def er e ] I nu ]

o SO G o Ba ST S ot R AE Rphdld
dr awi ng, .the variation of the tenperatur ith

¢ Pt Bting Sotily & U witom bk B0 B Yidi e
production. This variation of the tenperature with
tﬁﬁbn@§“55ﬁ#é§ﬁﬁﬂﬁgﬁ'to the variation of the I|ight
quantity of the UV l[anp or the |ike used for the W

r aBnshedimantsefotamperatpaetqostrel it or repl aci ng t he
U lamp or the |like can be detected as when the
vari at i Hereimafher, teepenkodiment o the mresentxeeattagn g
a certain threshold. The material used for the
Cplkiphalinedatvith asfeirenbody tB2 dawingker 3Gy Keieat ed
fromthe material having excellent water 15

I @eb&d-8868onaN 1y ARdWRhOGShglANELamPPE I fal Sclptantices
t hereof include ethyl ene-propyl ene-di ene rubber, and

the hddtfe diLRYSRpREAHUEUES 121 ARikGCAROPhOt Ogr aphi ¢
phot oconduct or |
electrophotographic photoconductor substrate in accordance with
the present invention.

The embodiment of the temperature control unit for a part
of the device such as the electrophotographic photoconductor is
roughly classified into a device support 20, a rotation system 21
rotationally disposed in the centric area of the device support 20,
a holding system 22 connected with the edge of the rotation

system 21, a UV radiation system 23 disposed at the perimeter of

the device support 20, and a refrigerant storage tank 24
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The el ectrophot ographi ¢ phot oconductor for use with
the present invention will be described with reference
to the 20 draw ngs. FI Gs. 14A and 14B are
cross-sectional views of the el ectrophotographic

wohmboessduct or, and sai d phot oconduct or haspP@r/Jp2008/072466

singl e-layered structure wherein, on a conductive

S i \J YE€hi .
Subist %@gggvgﬁge@gfgﬁdggg%%%ﬁ £ 1Y Dige HaAhPemRe
2009/ 07266 7PCT/ J1' 2008/ Q72466 funct ixon C

Cranspdld RO ef o i 21 atline (a8 s, LRE8Ang 20,
case e t he_cr.ossljnked surface. Layer 1 :
corstlan e Etina SulR i bOERBe cesh AUtV oTag dhe Pearine2e
14B shown the case where the crq;;iinke surfac% Ia%ﬁ{
18 rebHdenaie 28a a8drs helt 29 puspenfedpyitipe pulley 27. "The
phot oconducti ve | ayer 12. FIGs. 15A and 15B are
cflonge déchapnal opdrang Hia,tarel therotaippwagds 2Fhisdisposed
phot oconduct or, and sai d photoconductor has a

| andl ratetibayHyvechgionted unaheharegiing 2im aix dohd benirine 26.
substrate 11, a charge generating |ayer 12a having the
CitBB GRS 2178l fige d Qo EHBGlok @fioantkis Z)autgepulley 27 is
transporting layer 12b having the charge transporting

T 4EAd AR AL & hdh SROFHE mbhEs (RWHicBNWot! NIPuARa e dietRe
the crosslinked surface |ayer 13 constitutes the

enl .l SPHT 1 J . I <h
PEMEE ieDhd BRICRE AT, BRI Rorcl &Ll
constitutes a surface portion of 15 the charge
CPikaiscih g ey ke € TS 4RE bl 08 280bst rat o

The conductive substrate i§.suitapl el ecte

dependi amqﬁér?ﬁkéﬁagbolﬁm%aw% Lﬁf%@ﬂy
restrictions, provided that it has a conductivity and
volagstiie@dntq aﬁ@éob@tmmﬂe@ﬁ» @rrefgagerapd supyIRE pipe
thereof include a filmof or cylindrical plastic or
paPemd o mifiigerant ablewsine pipe 1, &l enliindmcahiedksic body
chronme, nichrone, cupper, gold, silver, platinum

eBe, a dydimibpesl fradnd3s putit @ cy hgdrcdlybesemg boolsd4. In
prepared by extruding a plate of alum num al um num
ath@YenttickRiri oFlidleRaGioHt ££is 28 tHdeefriigerarfihageaging

into a

pipe 31 is passed through, and the end edge of the refrigerant
releasing pipe 31 is connected with a rotational joint 35. The
rotational joint 35 is configured to connect with two systems of
the refrigerant, and the first system is used for supplying, and
the second system is used for releasing. The end edge of the
refrigerant releasing pipe 31 is connected with the second system
for releasing. The refrigerant supplying pipe 30 connected with

the first system for supplying is connected with the bottom

circumferential side of the cylindrical frame 33. The cylindrical
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WD 2009/ 072667PCT/ JP2008/ 072466 tube in accordance
with a nmethod such as a drawing or the |ike, and
subjected to a surface treatnent such as cutting,
super finishing, polishing or the |ike. Mreover, the

Wotk®lorenel ess belt and stainless steel endwsgrhRbdrzics
disclosed in JP-A No. 5 52-36016 are al so used as the

cqonhduct | subst r at,e. . Furthernore, thgse .
orEpitent By BRLE 8B ts which 631 bet bttt skl fhe pige 30
resin and copati t he sane on the substrate cap be

LS ouBEated ot HBY ettt fyeu BBt ol de, HASFaL Tt thHe
conductjve powder include carbon_ bl ack, 10 acetylene
blthekre frigespnp dngappdre datq e sHriase addihe ¢xlapdrical frame
ni chronme, copper, zinc, silver or the |ike, and mnetal
o0xdde Phadwlinsfriedntracme ¥8 hdamadoleld7 irve wdvichride

i ke. Exanples of the binder resin used at the sane

t irefrigechotés réeraleditasthecraferiensnt rokasisgipipeSilnst the
or photocuring resins, such as polystyrene, 15

stugteciactyiforditihl eidxopiodnedEr , ThbABS Dahddikene
copol yrmer, styrene -nal ei canhydri de copol yner

PGlYABEeint POIRSIAY lpifd!3ar A fecotiditbd GhitArd gepyisay!
acetate copol yner, pol yvinyl acetate, polyvinylidene

chl ori dgy, oR Mﬁ{%{;ﬁ ASER ﬁbd)pgfli@ﬁﬁﬂ;]o%@g[bﬁyfhe surface of

pol ycar bonat'e, ose acetate resin,

F PR EBE e art Ao Pyt g, pBRgR R of ehe

tuene, pol

acryligc.resin, silicone resjn, epox esin, | ami ne

- Ssln it St pasrocyRa Y ATCLedPRGE 0Br heang

the_like. Such the conductive Igﬁgr S di§posed, for

exyhpdricahelgstisdhedhd2itherator ebprdgntulizoiruedsge 40

powder and bi nder WD 2009/ 072667PCTOP2008/ 072466

r edithei ¢ylinduicabplastiebedy 8@ othenecessegy 39, the upper

tetrahydrof uran, dichl oronmet hane, nethyl et hyl ket one,

t glaréreyd bottiolhe plarkef thedydoatiica) ¢lastiediady onconfigured
to have a thickness of 1.0 to 2.0 times thicker than the thickness
of the cylindrical elastic body 32 which is attached to the center
part of the cylindrical frame 33. Therefore, the cylindrical
elastic body 32 is easily located to the cylindrical frame 33 at the
time of replacing the cylindrical elastic body 32. In addition, the
cylindrical elastic body 32 is prevented from dislocation caused
by the repeated use by replacing the cylindrical substrate 41
which is a work-piece.

FIG. 11A shows the state where the cylindrical elastic body
32 is attached to the surface of the c¢ylindrical frame 33. FIG.

11B shows the state where the cylindrical elastic body 32 holds
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Mor eover, the one in which a conductive |ayer forned
from5 a thermal contraction tube is disposed on an
appropriate cylindrical substrate can also be suitably
used as the conductive substrate. Here, the therma
wapnbw@edsron tube is forned of a material, seCHIR®S/072466
pol yvinyl chloride, polypropylene, polyester,

Pﬁ}%ﬁ%mﬁw e.%mml f' ﬁ'lk@iiw%%k d;n@wet rleene,

e Lke 1§8r§§b;r : Eéegli;%re trad; g?gl% or
Qﬁﬁd?d?o%%ug TVE T ayeﬁF(?ﬁg ﬁg%ocoﬁ uctl e- Fayer\MII
aval Ené%%sépg@ﬁayga@@‘?mwﬁi‘g R am mat o ayer &d
P TRt S R e

phot oconducti ve layer is conprised of a charge
gererdee 4§ ofabier c hlgvﬂnlgaé edmatigdodants i PRtpTREHct idh,
and a charge transporting | ayer having a 20 charge
tslonspdnt FHG. 12pattilind2 is fothmed dsdweker e hecess 39 and
phot oconducti ve | ayer has a single-layered structure,
ttig: phiplaee wTdhet éMénddEyel fima 3y eThuhhidkdwms dfhidhe
charge generating function and the charge transporting

fogd bPPh@kyliR@ri@iR1AEHTR boldgr B2 NafdMied W1i€h the gradient
| am nat e- | ayer ed phot oconductive |ayer WO

2 HOLRGBLRELPEL R8¢ I@qgll 1'1'99!3 itk AL’ eMs a result
PeyartarFl R g

Ot OCOﬂ ctive | ayer w e exp al ne

ner nftaEhe %ﬁg@%?%@hc% A rlcalljlcél'a\é%cl l%/(ﬁ; ]32(19&% %%d in the

taper or curve, the edge 40 which changes its thickness is
prevented from receiving the excessive stress at the time when
the cylindrical elastic body 32 is stretched. Moreover, the
surface of the tilt 42 is preferably mirror finished so as not to
damage the cylindrical elastic body 32.

The cylindrical elastic body 32 is fixed at the upper and
bottom parts thereof with stainless steel bands 43 for the purpose
of easy replacement. A rubber ring 44 of self-bubble sponge is
placed in between the surface of the cylindrical frame 33 and the
cylindrical elastic body 32. As a result of the rubber ring 44, the
refrigerant 45 filled in the cylindrical elastic body 32 and the
cylindrical frame 33 is prevented from leaking. In the case
where the cylindrical elastic body 32 is fasten by the stainless

steel bands 43, a seamless rubber ring 46 is placed in hetween the
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The charge generating |ayer contains a charge
generating 5 conpound havi ng a charge generating
function, as a main conponent, and optionally contains
a binder resin in conbination, if necessary. As the

woan@mrgener ati ng conpound, an inorgani c nmatwfrijadoodidiss
an organic material are used. Exanples of the

U ERBE Uy ot LAl v Rt g tle BO5UE as wo
SRICHROUBCFRFE5R, oTcht EHEAT el IR P Aol o

exanpl e of the anorphous, seleniumis the gne i.n which

a dangl Thg-aydinieak elagticdhedy 2 in strafghed funthe prgssure
and/ or a hal ogen atom or the 15 one doped with a
bafdhearafmegeaaphadpiner use athem thor refirezdraing. 45 is supplied
the organic material, the known nmaterials in the art

c dnolmet his eelfri goranytl e iyt e fipe 36| sdahphtthal steytrhede

pi gments such as netal phthal ocyanine and netal -free
phéyhiad iGyanélagticardtyeBR UBcsadelly Rit geHdSto el dih€r aGifdce
net hyne pignents, azo 20 pignents having a carbazol e

Skt t9le0tYlifhQc Dl STBSratdH AN M8 Boldd BHeY bATh BRicAK BLBEA R te
azo pigments having a di phenyl am ne skel eton, azo

Eizﬂﬂe Md t RAVI A 3 x| {H@&EF@E PR Slyh dAE nggé 41is

avi ng- an oxadi azole's n, azo pirgnents navl

bi sst.i | bene skegl eton, azo pignments having a distyryl
ox%%%%%%F%CO%gzoog/ 072667PCT/ SP2008/ 072466 skel et on,
azo pigpents . hayi.ng a distyryl .carbazole skeleton, .
peryl end g EHEC AL ks tratis Adrs SHIRBPPTHR O iRATIGAb
pi gments, quinone imne pignents, diphenyl nethane and

t mysEeE Ralh Sdcfopmptent @ mew AgissieRé %‘ﬁo‘:"i’ and bottom
napht hoqui none pi gnents, cyanine 5 and azonet hi ne
pirpreatberéafdsgohat pheerhmsridgilsbattatiedlz b4 easily located
pi gments, and the |ike. Each of these charge

geanettat ipgmbdpeundisrentipnse Merboviengthe cylindrical elastic
conbi nation of two or nore. Exanples of the optionally

USRdyO3 D depréesited fohlBeinok ypdiedewi ot i UV lighe, during
epoxy resin, polyketone, polycarbonate, 10 silicone

SRS kT M B Al 290 o
P DV L ERMPEER! £3. Therefore, the cylindrical elastic body
32 is prevented from the deterioration due to the UV light. The
cylindrical pressing tools 34 are movable up and down, and
enables to cool the cylindrical substrates 41 having different
sizes in the longitudinal direction.
After the termination of the heating of the cylindrical
substrate 41, the supply of the refrigerant 45 from the refrigerant

supplying pipe 30 to the space between the cylindrical elastic

body 32 and the elastic frame 33 is terminated. When the supply
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pol yacryl am de, pol yvinyl benzal, and the |like. Each of
t hese binder resins nmay be used singly or in
conmbination with two or nore. Qther than the
af orenenti oned bi nder resins as the 15 binder resin of

widmoezdradege generating | ayer, a macronol ecul srT/rhemsgedes

transporting conpound having a charge generating

fyngld ¢ rg%}g?ﬂcﬁigg ot PR eRS tRE pGButdISS the

macr onol e rge transporting conpound include:

PR RR0 s POLYEY & enROLHE LEARRG 1 RAAKEL BBl 82 is

( ac_ry. I C resin, .aS an
Sy AL, BS0E e DALTBE RS SR RTAS S

mat eri al having a pol ysilane structure. The ecifi
cheam 83. ofk HeisaBiee BAUPGE JURBHaHEF A thPa B cal
charger transporting polynmeric materjals disclosed WO
26last @ 7ieehy7 BETs IS dianddie puipr- dampeterof thel 728,

01- 009964, 01-013061, 01-019049, 01-241559, 04-011627,
Odylin®i337] Hiima SB74O+h Dt 6frdgerant 45 is recycled into the

cylindrical frame 33.

Moreover, the air release valve 48 is disposed at the top
part of the refrigerant releasing piﬁe 31 so aé to. prexfent tﬁe '
generation of bubbles in the refrigerant 45 at the time when the
refrigerant 45 is supplied into the space between the cylindrical
elastic body 32 and the cylindrical frame 33. The air release
valve 48 is opened for a certain period at the time of supplying
the refrigerant 45.

In the refrigerant storage tank 24 connected to the holding
system 22 via the pipe arrangement, the refrigerant 45 is stored,
and is passed to the rotational joint 35 disposed at the bottom
part of the holding system 22 via a pipe 50 by means of a pump 49.
The refrigerant 45 released from the rotational joint 35 of the
holding system 22 is returned to the refrigerant storage tank 24
via a pipe 51. The pipe 51 is equipped with a pressure censer 52
which monitors the pressure of the refrigerant 45, and a valve 53
which controls the flow rate of the refrigerant 45. In the heating

process of the cylindrical substrate 41 by means of the UV
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04- 230767, 04-320420, 05-232727, 05-310904, 06-234836,
06- 234837, 06-234838, 06-234839, 06-234840, 06-234841,
506- 239049, 06-236050, 06-236051, 06-295077,

07-056374,

WO 2009/072667 PCT/IP2008/072466

radiation system 23, once the sensor 52 recognizes the drop in the
pressure, the pressure error signal is transmitted to a control
device which is not illustrated in the drawing, and then the
device is stopped. This is because that the drop in the pressure
of the refrigerant 45 released from the holding system 22 is
considered to be an occurrence of a leak of the refrigerant 45 due
to a breakage of the cylindrical elastic body 32. In this manner,
the pressure state of the refrigerant 45 released from the holding
system 22 can be used for a monitoring of the device. Moreover,
the internal pressure in the space between the cylindrical elastic
body 32 and the cylindrical frame 33 is controlled by operating
the valve 53 which controls the flow rate of the refrigerant 45,
and the holding force of the cylindrical substrate 41 is arbitrarily
adjusted.

As a modified embodiment, the pipe 50 1s equipped with a
flow meter 54a and the pipe 51 is equipped with a flow meter 54b
as shown in FIG. 13, the leak of the refrigerant 45 due to the
breakage of the cylindrical elastic body 32 can be detected by
detecting the difference in the flow rates of the pipe 50 and the
pipe 51.

Moreover, the refrigerant storage tank 24 is equipped with
a thermometer 55a, the pipe 51 is equipped with a thermometer
55b, and then the cooling efficiency of the cylindrical substrate 41

by means of the cylindrical elastic body 32 can be detected by
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08-176293, 08-208820, 08-211640, 08-253568, 08-269183,
09- 062019, 09-043883, 09-71642, 09-87376, 09-104746,
09-110974, 09-110976, 09-157378, 09-221544, 09-227669,
09- 235367, 09-241369, 09-268226,

WO 2009/072667 PCT/IP2008/072466

detecting a difference in the temperature of the refrigerant in the
refrigerant storage tank 24 and the temperature of the
refrigerant in the pipe 51. In addition, the detected value of the
temperature deference is continuously recorded in the control
device which is not i}llustrated in the drawing, and the variation
of the temperature with time can be detected from the beginning
of the production. This variation of the temperature with time
is corresponded to the variation of the light quantity of the UV
lamp or the like used for the UV radiation system 23, the timing
for replacing the UV lamp or the like can be detected as when the
variation of the temperature with £ime 1s exceeded at a certain
threshold.

The material used for the cylindrical elastic body 32 is
preferably selected from the material having excellent water
resistance, and abrasion resistance. Specific examples thereof
include ethylene-propylene-diene rubber, and the like.

[Layer structure of an;electrophotographic photoconductor]

The electrophotog¥aphic photoéonductér for u‘se with the
present invention will be described with reference to the
drawings.

FIGs. 14A and 14B are cross-sectional views of the
electrophotographic photoconductor, and said photoconductor has
a single-layered structure wherein, on a conductive substrate 11,

a photoconductive layer 12 having the both charge generating
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09- 272735, 09-302084, 09-302085, 10 09-328539, and
the like. Mireover, the specific exanples of the

af orenenti oned | atter exanple are polysilylene

pol ymers disclosed in JP-A Nos. 63-285552, 05-19497,

Wo2dP¥a%Re; 10- 73944, and the |ike. Further rmrP@m;;jg@gmmg
charge generating |layer may further 15 contain a

m)t:uegzu#ogx: anﬁa gg% rtg%ﬁé’o&%ﬂ% FaRTHIHN g o ed TP@G' PAA

cmmon

US%VIESn flfgﬁgg?q%{h%{ﬁgcﬁﬁtec&l%t : fggﬁayer f:—écf ]EBI ?113I é:(?t‘ljstllt%tes

transportln er Exanpl es o ectron
thesprtire B Oﬁ‘&‘f‘)é’rd"éim‘f%kf’rbtﬁ‘d-‘el%o Erl e B shewaithergpse
nﬁounds such as chrolanil, bronani
exs bhoerosalired serfaseylanendisnensistitiana surface
2,4, 7-trinitro-9-fl uorenone,
2, pbr5ioh béthamihtowe(ﬁ}&dqtbveem, 12.
2,4,5 7-tetranitroxant hone,
2,4, 8-t FIGist n16A & ABBhane cross-sectional views of the
2,6,8-trinitro-4H i ndeno[ 1, 2- b] t hi ophen- 4-one, WO
2@86@33@@?@@@?@9@%&9@&ﬁﬁﬁct0r and said photoconductor has
, 3, 7-trinitrobenzot hi ophene-5, 5-di oxi de,

r T
usegﬁﬂ H%é;?%}f:ergﬁ dt¥RLAMS wﬁege?ﬁ%nl L kendliRESe s"?lfb%trate

In conblination of two or nore, as

el ﬁc,tar Qﬂaréeagg'r?&rattkﬁ]g l@é?ﬁhglhavmg the charge generating
funetion and a charge transporting layer 12b having the charge
transporting function are disposed. FIG. 15A shows the case-
where the crosslinked surface layer 18 constitutes the entire
charge transporting layer 12b. FIG. 158 shown the case wh‘ere
the crosslinked surface layer 18 constitutes a surface portion of
the charge transporting ia.yer 12b.
[Conductive substrate]

The conductive substrate is suitably selected dep_ending on
the intended purpose without any restrictions., provided that it
has a conductivity and volume resiétance of 1010 Q-cm or less.
Examples thereof include a film of or cylindrical plastic or paper
to which metal oxide, e.g. aluminum, nickel, chrome, nichrome,
cupper, gold, silver, platinum, etc., is deposited by sputtering, a
tube which is prepared by extruding a plate of aluminum,

aluminum alloy, nickel, stainless steel, or the like, shaping into a
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As the hole transporting nmaterial, the electron
donating 5 conpounds |isted bel ow can be suitably
used. Specifically, exanples of the hole transporting
mat eri al include oxazol e derivatives, oxadiazole

woehimatdyes, inm dazole derivatives, nonoar yRCTAIFROVE 172466

derivatives, diaryl amne derivatives, triaryl amne
ISVl L ¥ES ek AR _‘E?éﬂhgﬁt S5 ns Y APLRYhg ShichRameEe,
10" aerl ya(i I'ves, ‘benzidine derivatives, diaryl methane
S SRhIETRR L MR ARG AL Fiime. suver

€ I'VEs, “pyrazo

derjvatives,. divinyl benzene_derivatiyves,. razQone
depisapeyBelisping R t&@ﬁi‘é‘é’[i@@%‘?"ﬁﬁf’a Spigkel At
derivatives, pyrene_ derivatjves, bisstilb Be

cealf wand; wigd nlessasiond eadiessabely ,SC'd&Sﬁérlan At al s
known in the art, and the like. These are used singly
d72-i3160d Brevienalsiooms ot as wheqondmeéiveasubsiaahel e
transporting material. -The form ng net hod of
t he changehgenerat thngel pyegrared yodigdersthassnfliedvent o
a vacuumthin filmform ng nethod, and a 20 casti ng

EEdach UsiangithaPRIsihahdedaliihngthe same oSpkeistibstrate
exanpl es of the vacuumthin filmformng nethod

| N6 Y918 VARAT 2 JEROTbhiaR: VB crAeg! oW di scharge
econposi tion nethod, an ion-plating nethod, a

tterd t.h s Leri
et hoa EARPFCof T2 ob TR Y ap Bl T AT B S
In the af tioned meth the | g
AR Ta Ut RO GERTobpt ot yin e iRl 1B, o
itably formed. .~ . Int the ch
RIS AT GOPR B 7106 FURREET| heaikey BRACBOHTL WeERGON dor

af orenmenti oned casting nethod, the 5 aforenentioned
i ofocquinative tir gaile I%K&rfgfeﬂg%lféi@at i Reienahihe i’mder
di spersed, if necessary together with a binder resin,

i resansciedeat tBechnes tinee iabidleotharamop Wisicaresins,

di oxol ane, tol uene, dichloronethane,

NEOGd ytohengsner plbecddwniagtreaines, such as polystyrene,

styrene-acrylonitrile copolymer, styrene-butadiene copolymer,
styrene-maleic anhydride copolymer, polyester, polyvinyl chloride,
vinyl chloride-vinyl acetate copolymer, polyvinyl acetate,
polyvinylidene chloride, polyarylate resin, phenoxy resin,
polycarbonate, cellulose acetate resin, ethyl cellulose resin,
polyvinyl butyral, polyvinyl formal, polyvinyl toluene,
poly-N-vinyl carbazole, acrylic resin, silicone resin, epoxy resin,
melamine resin, urethane resin, phenol resin, alkyd resin, and

the like. Such the conductive layer is disposed, for example, by

. dispersing the aforementioned conductive powder and binder
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cycl ohexane, cycl opentanone, anisol e, xylene,

nmet hyl et hyl ket one, 10 acetone, ethyl acetate, butyl
acetate, or the like, by neans of a ball mll,
attritor, sand mll, bead mlIl, or the |like, and then

WoeoslesRer sion is appropriately diluted and %ﬁﬂs/&?@ms
thereby formthe el ectron generating | ayer.

necessary, eli ilicone

O STLE ﬁywﬁaﬁiﬁr seltréd el S tetrfa%%&naiuaaaed 15
thereto coatln LS carr|ed out in accordance wi t h
a drpl Oé‘BH%eIt ﬂﬁfgly lethydkebong. todueme hagthe bikg, and
coating nethod ring coating nmethod, or the like.
Tieoatimar the gelwdieni ng | ayer prepared in the manner
menti oned above has a thickness of 0.01 pmto 5 ilm

pr ef er aMogre@0ex).t®@s qm o whipha fGhdugeve laysplrmiadyfrom
| ayer] The charge transporting layer is a |ayer
havt g naa L b iga ctioansibe id agplodadtdman appdopriate
crosslinked surface | ayer having a charge transporting
St Uildi all sulft 86 b€ laYs 8158 % 1ABa b eusdrh8@he Wonductive
2009/ 072667PCT/ JP2008/ 072466 transporting layer. In

t R bePSR Wi S d, rlﬁecl;rh%%%allr\:%%ggcrﬁyﬁg Ct%bleai)é%r dt $ea

entire charge transporting e crosslln

S%cfif%cr?l hg?(ll%ﬁl ASSPBQ g Qﬁlon % on t Chag?ester

genera ayer |ng so Al ik

di I
SRRk EhhAakACas SReHRE, @ﬁi\regti* ?‘r%sﬂﬁﬂprrdﬁg
structure and,a r.adi cal polynerl abl e npnoner havi ng
cHa‘r’éér’t?%fﬁ%é??glﬁ&@firt&é‘fi@r@arh r vher ke, Cq@InIng the

radi cal polynerization conpound denotes the same
deppauetiga)pamder therein. optional |y drying the coated
| ayer, and externally inparting an energy so as 10 to
i r{Pﬂ:uoaQ@nahmm‘renbayree ction. A thickness of the
crosslinked surface |ayer has a thickness of 10 pmto
30 pm ‘Phefpdicabbyndf:tpvie 1oy bwilhbabgpldihed tleixtkndds
thereof is thinner than 10 pm a sufficient charging

PIRAbEH d ERNOla RS Ry AV adkin¥ieNad e d firekDesSor

thereof is thicker than 30 pm the crosslinked surface
1§ahﬁ¥§fe fepdsd b eqparated froman under layer due

to a volung contraction at the tine of curing.

In the case where the photoconductive layer has a
taminate-layered structure, the photoconductive layer is
comprised of a charge generating layer having a charge
generating function, and a charge transporting layer having a
charge transporting function. In the case where the
photoconductive layer has a single-layered structure, the
photoconductive layer is a layer which has the charge generating
function and the charge transporting function at the same time.

Hereinafter, the laminate-layered photoconductive layer
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In the case where the crosslinked surface |ayer is
formed at a surface portion of the charge transporting
| ayer and the charge transporting |layer is of

| am nat e-| ayered structure, the 20 bottom part of the

WEAPYE266F ansporting | ayer is formed by coat PREIPZHS/0THE

charge generating layer, a solution in which a charge

t aﬁasq@ﬁgté-ng;mwcbauhegva lakar g6l harspdiiviedy
function and a binder resin are di ssol ved and/ or

dispet s£6k- 14y R daPRsRRbhaketisel14geE} and drying the

coated sol ut’ion, and then a WO

sggﬁé%%f??%gg%%ég?g?§£p72466 top part of the charge

ans s formed by coating, on the thus
formed pottom | ayer .coating solution ngai nin
Fad calt BorORte S FERPERRIGURE BRIA ST hATE] fBh0kadine
crosslinking and curing he coated, | ayer by the
apPRLeUE WnEek CHRREF gemergiinssin th‘é“*c%%?g‘gam
transporting conpound, the electron_ transporting . .
ne@epoapst, woll @ptionadboeoniay v bindgisresipgn combination,
macr onol ecul ar charge transporting materials listed in
t feneessarpt | Anghef chdngeagenamsimg opwd cotnal, g inorganic
generating |l ayer can be used. The use of the
magtteriilecud anh efinde shasnspbate ngedD material is
effective as the solubility of the bottomlayer is

suppr essesmpted BE thé MRopEa Ki@ah b BGrih D en Sludeass sk &l Bie
Exanpl es of the binder resin include thernoplastic or

t DefRaRL, a{rﬁﬁ.{'ﬁ]ﬁoééj SB1eA uRP! 363E X1 ERSbeHlurium,

styrene-acrylonitril copolyner, styrene-butadi ene

CHPDYTEL 1o GRS PR A0 coomians
amorphous silicon, and the like. The preferable example of the
amorphous selenium is the one in which a dangling-bond is
terminated with a hydrogen atom and/or a halogen atom, or the
one doped with a boron atom, a phosphorous atom, of the like.

As the organic material, the known materials in the art

can be used. Examples thereof include phthalocyanine pigments
such as metal phthalocyanine and metal-free phthalocyanine,
azulenium salt pigments, squaric acid methyne pigments, azo
pigments having a carbazole skeleton, azo pigments having a
triarylamine skeleton, azo pigments having a diphenylamine
skeleton, azo pigments having a fluorenone skeleton, azo '

pigments having an oxadiazole skeleton, azo pigments having a

bisstilbene skeleton, azo pigments having a distyryl oxadiazole
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chl oride-vinyl acetate copol yner, polyvinyl acetate,
pol yvi nyl i dene chl ori de, polyacrylate resin, phenoxy
resin, polycarbonate, cellul ose acetate resin, ethyl
cellul ose resin, polyvinyl butyral, polyvinyl formal,

@) dwigr¥ds7 t ol uene, 20 poly-N-vinyl carbazol encrasossisBacs
resin, silicone resin, epoxy resin, mel am ne resin,

t in, ph | r.esin,.alk ' d,th
| oFR1E, 8 Mo PO he v 50 £ iRty saPhh e P4
conpopund is 20 parts,by mass to 30 arts hy nmass, an
REFERE bieraephr e by ha B OLSY B9 D6B7He HIBens PovBRas
mass to 15Q parts by mass, with respect to 100 ?arts

) P S
byltBeRe dpipRPIgIIES, Aulienylmptbangand tripbgoylpgehane

t he macronol ecul ar charge transporting material is
upégmeints chen pequigede: vhaapbthpgubemy nEmentsyyanine
bi nder resin. 5As the solvent used for coating of the
bantidoazpaethiofe plemehits, gedigadgpgnié my, baskemzithdasrle
simlar to the solvent used for the charge generating

| aygmedan Hadudbedikbut Eswhtofbile sexdimygesgddaaeniy are
the ones dissolves the charge transporting conmpound

aRgniptuiNfely bessedWhhly bRER cotFinR8ldh §OLWE My Bbre.
m xed 10 solvent of two or nore is used. Moreover, the

bot t om phtuflbs W Fn wtg@ﬂa%ya%egg Qx| BYET 1 SufiQr Med

in accor W th a coatin [ simlar tot

e B9 Rh i IR R O Py aprhagnte

agibondREsin) S53VR 5B s ey bn R E e Rt

B A AL i e

pht hal ate, dioctyl phthalate, and the |ike can be

udedyacmydanideger abryiny lhemaabornd $hgdpkepr Each|of these

30 parts by mass 20 with respect to 100 parts by nass

ofbinfler besigsrmugshaused singly or in combination with two or
more. Other than the aforementioned binder resins as the
binder resin of the charge generating layer, a macromolecular
charge transporting compound having a charge generating
function can be used. Examples of such the macromolecular
charge transporting compound include: polycarbonate, polyester,
polyurethane, polyether, polysiloxane, acrylic resin, each of
which has an aryl amine, benzidine, hydrazone, carbazole,
stilbene, or pyrazoline structure therein; and polymeric material
having a polysilane structure.

The specific examples of the aforementioned former

example are charger transporting polymeric materials disclosed
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As the leveling agent used in the bottompart of the

charge transporting layer, silicone oil such as

di met hyl silicone oil, nethylphenyl silicone oil and

the like, and polyner or oligomer having a
weendduamedal kyl group at a side chain t her eofCTRHAMBET2466

used. WD 2009/ 072667PCT/ JP2008/ 072466 The usage

aﬁPgPtAtﬁ‘@g eAf-0b$ 72BP0RPSHFIEL, Yo D-otigod1pantotyoamss
respect to 100 parts by mass of the binder resin.

Ayt @4‘?1%%%5540{)116?7 het B sRar tu4°is§’f\?9 P98 014,

transporting layer is appropfiately 5 pmto 40 pm and

DEBTRL QARG (82 (DS 00 R6e e e
ORI 0Bl B JE 252k, PR

surface layer is formed by coating a_ coatin on the
DB6 1RA0AS: 0605 § 00,106 AR 16 ATR0T T+ 0 JBHATA
coating solution containing a radical polynerlzable
COBPSH2I3, OBt 2OBRAR0 08134 ket O (A8 -253868, V&9 183md
externally inparting an energy such as heat or |ight
SO9ABA0A 9, 100t 043883, €T It 2, dC BT BTG, GO 110I40MKGe H9- bI0I T4,
the crosslinked surface layer is 1 pmto 20 pm and

poef oy 09- PST37S,1609 3D 1 541 09-Be 78691 bH AATIHT,
thereof is thinner than 1 pm the durablllty is varied

ﬁg 30 Fetf déﬁﬁﬁgﬁzé b9 1Y pleaps 309088, bhesdAyskness
ereof 1$ thicker than 20 pm the reprodu0|b|I|ty 'S

dﬁﬁ'éé@sdssﬁ' us & 911«% Iiliq%dl ffusion of the charge as the

ness € entire charge transporting | ayer
becone | ar ﬁg e-la ered QGQN

ayor) MoRedtSerfRe sREPTERuREIGE f éra“fﬁ SifEhbithed
si ngl e-1 ayered str S a Iayer g ?ﬁ%t
cHaigE cxarE! ﬁtqrﬁgpéjlt!ﬁﬂtﬁ% © RO OREP &és | fﬁ‘gﬁOS-

function at the sanme tine. The crossllnked iﬁ@face

| 8P c2BHEA, P~ ﬂﬂé%hﬁﬁg’é%?%nk‘bﬂﬁt&‘*ﬁg

effectively used

Furthermore, the charge generating layer may further
contain a low molecular charge transporting compound.

The low molecular charge transporting compound which
can be used in the charge generating layer is classified into a hole
transporting material and an electron transporting material.

Examples of the electron transporting material include
electron receiving compounds such as chrolanil, bromanil,
tetracyanoethylene, tetracyanoquinodimethane,

2.4, 7-trinitro-9-fluorenone, 2,4,5,7-tetranitro-3-fluorenone,

2.4,5,7-tetranitroxanthone, 2,4,8-trinitrothioxanthone,

2.6,8-trinitro-4H-indeno{l,2-blthiophen-4-one,
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WD 2009/ 072667PCTOP2008/ 072466 as a single-layered
phot oconductive | ayer by adding therein a charge
generating conmpound having a charge generating
function. As nentioned in the casting nethod for

v whargdshe charge generating layer, the crossljpiisgeh2ise
surface layer is forned by 5 di spersing the charge

g rating, c ound. in the. coating sol ytion containing
el Rt A S R
coati.ng .sol uti t he substrate, .optional|y drying.
¢ HEPRAEREER ?aézﬂ?qﬁﬁa cKBEThars pepthsingbngr bheryghagtion
as toinitiate a curing reaction. Note that, a

didgere Pomass, @si tde eleChnne ranreoringnmagerigdner at i ng
conmpound i s dispersed in a solvent can be added to the
coat i ngAsdhgt hole tahnshertingsnhteriel ther élmcbrdmydenatiag
t hi ckness of the crosslinked surface layer is 10 pmto
3Gopngowntk pisedkbablw ca@ pmsttabby e d\WhSpedchtically,

t hi ckness thereof is thinner than 10 pm the

s wixfainep leBto foftar BolRotradkebitiak matadhl Pecllflendidodd ned.
When the thickness thereof is thicker than 30 pm the

CIIRTvA fiked S diasslel dBYatioRESih DR 18 WAL e rom
an under |ayer due to a volunme contraction at the tine

of F OG- 4 mi i : [
o f e amine dorhvhilViR, SRAIIRLR: e ARoc, lEYI
p COr Lve | ay. t he bottom part 20, of..t he
DA RECHEY Ehbiteen SV Shent B ROLN T, P heRph PLiLteH,
di ssol vi.ng and/ or. di spersing the charge generating
c SO P SR dinen AP agier d1aTv] MAFREREHCT HIves,
charge.transporti ng conpound having a charge .
t PEYEEO MRt UKV Bk VR d Ot HE T B apeRre deyivagives,
appropriate solvent, coating the thus prepared WO
2009287086 ATy atbpep sligievebe szang derivasinesdhyidngzeme
coated layer. If necessary, additives such as a
pldesivadiivey, indehevidrivatiaggnitytaaliehbaldriketices paene
added thereto. The di spersing nmethod, the charge
geeeiwdtivgs, ddeprlinche HBE vabipfege e hhalisRoddringtivenpaig,
the plasticizer, 5 and the |l eveling agent are the sane
asn A 11954£]sHBS6w h @G Hea £ )& B BIEE 13kl ONBhOfe hRE uebaERe1y
generating |layer and the charge transporting | ayer. %s
L102 ibI BARDilA%40 of t0S & AU, LEThD. HdIS G nbPoldif
descriptions of the charge generating |ayer” can Be
mdﬁ%§§§¥ use other than the binder resin listed in
t he descriptions of 10 the charge transporting | ayer.
Mor eov t.he aforenenti oned cronol ecul ar charge
transpol PF fTRENp SRt He CRAFET SeReTaREIAE TS
thereof is efte&tive as the compgnents of the | ower
roughly classified into a vacuum thin film forming method, and a

casting method using dispersion solution.

Specific examples of the vacuum thin film forming method
include a vapor deposition method, a glow discharge
decomposition method, an ion-plating method, a sputtering

method, a reactive sputtering method, CVD method, and the like.
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phot oconductive |l ayer in the crosslinked surface |ayer
can be suppressed. A thickness of the bottom part of
the 15 phot oconductive layer is appropriately 5 pmto
30 pm and preferably 10 pmto 25 pm In the

woas®/xndser e t he crosslinked surface |ayer i PEIPYISHAIG
of the single-layered photoconductive |ayer, the

qg@ﬁfe' A%.@ﬂmggﬁ REE nlENRJdsl $hb nyBE oPYhE abidiHen BB nlle

af orenenti on ottom 20 part of the photoconductive
l.ayer. .a coaf | P al. 4 Sagi cal
ﬁg?gggrae%ﬁczogrb?%ag%ﬁp%é%ﬁé 1%8&{22}5 %: z}{rggle)I gtgrner ating
compound, ., opti onal | ryi t he coated | [ .
o nott KaBasP are Eh hed BeREPIGRe 1LET 5 Mihned iy
such as heat or_light. The thickness of th
AcseEdangecwidy the adorepentioned ‘iﬂﬁ%f‘bg ?t?%ﬁ?i’ they

2009/ 072667PCT/ JP2008/ 072466 and preferablz,z mto 10
miovyraantisaedhinorganic energdtic changergraerakifeg ©prpund
the durability is varied due to the .uneven film
tihidikpess d, Thecanmuany toigether shith gebijudrarwmsingin a
compound contained 5 in the single-layered

ol OcoHEe hisvettalypdrdfarapn elanmabley ditkalaneaseluane30%
by mass wth respect to the total mass of the

RNehRABAHHLINGS vhAYS&hloFbife ict S ldABhRrasDIES, of the
bi nder resin and the.charge transporting conpound

C

I

ildedd Qg%g%t _ 3%?13%\58(%)5&5&& k??exﬁe‘?% grictiké@one,

yer are re i by 10 mass to 80% by mass

and.10% b sS.tpo 10%.hy. ' e

- t%‘ieg?n%’n%%lm aocfet?ﬁeé %ﬁytqoarﬁ%ggtfset’mo% {l]figﬁghg%o%g%gggtfiave
layer.. [l nternmedi ate | r n .the case,.where ,the
SE by snd mtrbdad Bl pri@RobpohRa En the
phot oconductive | ayer, an inter diatg.laxfr ga& be h
dlispessaniip approprteby ditedagdroafed fothergby farm fhe
invention for the purpose of preventing_the
coattoeingenenatoig daper. If necessary, a leveling agent, e.g.
dimethyl silicone oil, methylphenyl silicone oil, etc., can be added
thereto. The coating is carried out in accordance with a dip
coating method, spray coating method, bead coating method, ring
coating method, or the like.

The charge generating layer prepared in the manner
mentioned above has a thickness of 0.01 pym to 5 pm, preferably
0.05 pm to 2 pm.

[Charge transporting layer]
The charge transporting layer is a layer having a charge

transporting function, and a crosslinked surface layer having a

charge transporting structure is effectively used as the charge
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conmponents of the bottom | ayer in the crosslinked
surface | ayer and inproving the adherence between the
crisslinked surface 20 | ayer and the | ayer below. The
intermedi ate | ayer prevents any inhibition of the

o dopgombgact i on and formati on of uneven surf@egefosthNgss
crossli nked surface | ayer, which are cased by t he

TR o TP YR T2

er conéflnln WO 20 9/ 0726 7PCT/JP2 08/07216 t he
ra VORI 18 SR GRATe, SBTEES, atingblavsFefhe cResslinke
|nterned|ate Ia er also i roves the adherence bet ween

t igaee éﬁY“ifaJIfSt ogmadnly SRAtIEE vada Rargs genersding tayer,
crosslinked surface layer. 5The internediate |ayer
gehépating sdntiminneordaphitues nadécal pelyanenizatioomeoneennd
Exanpl es of the binder resin include polyam de,

al @orwdicadpubimerighbly mratcmes bhubhge npodhatigeytransporting
butyral, polyvinyl butyral, polyvinyl alcohol, and the

| i euclufeonaitd pidierl bﬁt&rﬁéritzﬁﬁlé il ot &h@ih@)ﬁe&hdxf-‘ge
sel ected fromthe 10 af orementi oned conventi ona

C Ogrhina@ o FELBAA ruéiadrt %Q@ﬁﬁaf@ér ttRhe JAHiAIBEly3 &rik AHBhH

is appropriately 0.05 pmto 2 pm [Undercoat |ayer]

! rbotlﬂgoaﬁatmaregm@ &%r d¥E8itiBn} Qﬁdpﬂﬁé?”(ﬁptxo%all%

invention, an undercoat |ayer nay be forned

{08 SRRUE do¥Red S P4b AL ege%p.gl rl%ggg&gglensgggg@ sq 28

er Coa

th
2&%2?%2&?.aoﬁt?vﬁ%treeﬁg“m”#eem ReR (he erseliaa n
the photogsensjtive | ayer usjng a solvent, it _is
prfdprenlayarohasa thickngss Hallf nep ke g s paeforably 40 nm

typically used 20 organi c sol vents.
to 25 nm. When the thickness thereof is thinner than 10 um, a

sufficient charging potential cannot be maintained. When the
thickness thereof is thicker than 30 um, the crosslinked surface
layer tends to be separated from an under layer due to a volume
contraction at the time of curing.

In the case where the crosslinked surface layer is formed _
at a surface portion of tha charge transporting layer and the
charge transporting layer is of laminate-layered structure, the
bottom part of the charge transporting layer is formed by coating,
on the charge generating layer, a solution in which a charge
transporting compound having a charge transporting function
and a binder resin are dissolved and/or dispersed in an

appropriate solvent, and drying the coated solution, and then a
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Exanpl es of such resin include: water-soluble resins
such as pol yvinyl al cohol, casein and sodi um

pol yacryl ate; al cohol sol uble resins such as nyl on
copol ymer and net hoxynet hyl ated nyl on: and curabl e
weynE2&dpabl e of forning a three-di nensi onBET/IRNYS/072466
2009/ 072667Pcri nD0si 072466 network structure such as

pQJpV*Jﬁﬁt HA0Ee cHBRFAM A dRT The RIANIOIs foR8idll by coating, on
al kyl -nmel am ne resin and epoxy resin. Mreover, to the
upgde

E}?@@g%llxgx&rbotemﬁua e POYEH £iRl06RNG i A cOBtaghixihde
can be added to prevent occurrence of noire and reduce
t he,.resi dual 5 ent i al t [ .

ST HEEP RO Aner RIS ooyl fod HIMR' A% Brodelfaudliblna
zi rconi.um oxi de, tin oxjde, indium oxid and the
(Pane Be eoatod taviidur CobrPpUa oL AL ati sl nesEy.
usi ng an appropriate solvent and the coating nmethod as
descr i Bedthe chares basporting %mfeuwéyéﬁ? qriﬁ?‘@SQer . a
silane coupling agent, a titanium coupling agent, a
ctmeasportingl nage sigbntholertraneppitinscantodabtdeti t o t he
under coat | ayer. Besides the above, for the undercoat

| mperomedetilartcharpge esansportveg e arerials listqs of éhabl e
to use a layer fornmed by anodically-oxidizing A 203 or

adéayeptibas HEd hesd foge M n®ig@asd €hdizapterfting Uahensan
pol ypar axyl yl ene (paryl ene) and an inorganic materia

SHE sBd. Sifde ush4 thiiR3crdnl8lc@da CRERrBY t¥ RS HIPing

hi n-1 ayer form ng nethod. Besides the materi al

t
d i . i . b
ug}ggf@ggsﬁfl \écglvecgg\fﬁ@:s:g?@@i!hfgnrQ@f}?@ﬁbtﬂ&ﬂgﬁﬁel‘:i@ e

ness o e un coat Iayer IS

[ l.y.,0 p 2 p b f
REP SR e B Py aRfinethe itk Bt

y nt1oxi dant may
be add%gﬁgg ach layer such as th rossl i nked surface
Vayer, KXMRBIPLehERG BIRGeT BAP, inehuflh ADEFmRRTRTYS A5
| ayer, undercoat |ayer, internediate |ayer and L?e
| thermesnt tasanpsushsts BPLYSHHFOW. ifyYRpRE ery gt Et ance,
especial ly .

copolymer, styrene-butadiene copolymer, styrene-maleic
anhydride copolymer, polyester, polyvinyl chloride, vinyl
chloride-vinyl acetate copolymer, polyvinyl acetate,
polyvinylidene chloride, polyacrylate resin, phenoxy resin,
polycarbonate, cellulose acetate resin, ethyl cellulose rééin,
polyvinyl butyral, polyvinyl formal, polyvinyl toluene,
poly-N-vinyl carbazole, acrylic resin, silicone resin, epoxy resin,
melamine resin, urethane resin, phenol resin, alkyd resin, and
the like.

The amount of the charge transporting compound is 20

parts by mass to 300 parts by mass, and preferably 40 parts by
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WO 2009/ 072667PCT/ JP2008/ 072466 for preventing decline
of the sensitivity and increase of the residua
potential. Exanples of the antioxidant are as |isted
bel ow. (Phenol conpound) 5Exanpl es of the pheno

GRSt nCl ude: 2,6, -di -t-butyl - p-crezol e;pcr/ap2008/072466
but hyl at ed hydr oxyani sol e;

22 1b Ot B 6) RO he”ih APy i dAImT s o

25%92{;"3%{;%' %%gﬁg' ﬁﬁo&“ ¢ }%, sage twtigqt%y&ﬁim' fr?molecum
éL t hi obi s- ( 3-.met hy L butyl p henol%

ans@tsnamaeﬂé%pg resterr%ti ¥ uged, Biaan pharsd)alone, or in

1 1,3-tris-(2-nethyl-4-hydroxy-5-t-butyphenyobut ane;

1, @mbinatien With the tinder 9€8i15- di - t - but y1- 4- hydr oxyben

zynbenzene 15;

t et raki ées[ trhet mllhrenewedt{'o;r&'oaﬂing eDHthe/ beottonhparoxy phen

yl ) propi ona te] net hane;

bi@atgd' transpdrtiny dapxy -the énduindllphaoyibeusolive it used for

aci di gl ycol ester; tocopherol; and the liKke.

( Rveagirpel @&r@tﬁf@ [@eﬁ@ﬁ%%@ﬂl@ﬁl Yut suitable e#amples

par aphenyl enedi am ne i ncl ude:

Niﬂﬂ?ﬁ'@bff aph thé%ﬂ QRdtks (ﬂvggecmé %%bac%ﬁgportmg compound

N, N -di -sec-butyl -p- p enyl ene |an1ne

l\l'zﬁu?gme Phder r?#‘ilyéveﬁegrlﬁgyé S%fmt or mixed

I'-i'SOpro ené

200 / 0736{52PCT/ JP2008/ O72ﬁ66
ven WO Or more 1s use

Moreover, the bottom part of the
charge transporting layer is formed in accordance with a coating
method similar to the coating method of the charge generating
layer.

The bottom part of the charge transporting layer may
optionally contain a plasticizer and a leveling agent.

As the plasticizer used in the bottom part of the charge
transporting lgyer, the conventional plasticizers for resin such as
dibutyl phfhalate, dioctyl phthalate, and the like can be used.
The usage amount thereof is appropriately 0 to 30 parts by mass
with respect to 100 parts by mass of the binder resin.

As the leveling agent used in the bottom part of the charge
transporting layer, silicone oil such as dimethyl silicone oil,

methylphenyl silicone o0il and the like, and polymer or oligomer

having a perfluoroalkyl group at a side chain thereof can be used.
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N, N -di nethyl -N, N -di -t - butyl - p- phenyl enedi am ne; and
the like. (Hydroquinone) Exanpl es of

hydr oqui none i nclude: 2,5-ji-t-octyl hydroqui none;

2, 6-di dodecyl hydr oqui none; 5 2-dodecyl hydr oqui none;

Wb medeessl- 5- chl or ohydr oqui none; PCT/IP2008/072466

2-t-octyl-5-nethyl hydroqui none;

(Zglé-&agagzg@gum-tﬁé{r@&ml AW RAPD t@NpditDy tifds

I]ganl ur conpound) anpl es of the organic

sul f.ur co { ncl ude: . :

T BR300 Ly mnossof the binder resin.

di stearyl-3,3" -thi.qodi pr gpi onat e; .
i s et r B ERgss Ot the Bt e Libe shapss tranporting
(Organi ¢ phosphorus conpound) es. of the
olayiiie AIOPREHE éolﬁ’ﬁ‘o‘iﬂwég iR g4 P%?gﬁé‘ﬁy}‘? pm 6 30
phosphi ne; tri (nonyl phenyQphosphine; 15

t pin-di nonyl phenyophosphi ne; tricresyl phosphine;
tri(2,4-dibutyl phenoxOphosphi ne; and the |ike. These
conpourdstiar endenohrerasha ansslonkddrurfare lagyers, the
plastic, oil, or the like, and can be obtained as a

Contiee Ghalrgprteassort20d hey e dist inem taomethin dhe tiheming
antioxidant is 0.01% by mass to 10% by mass with

I 586l JfaHeN&olsQlidkedRiThcOlafdie thay@ostinked addetbe
[ Crosslinked surface | ayer] - : :

layer is formed by coating a coating, on the bottom part of the
charge transporting layer, a coating solution containing a radical
polymerizable compound, optionally drying the coated layer, and
externally imparting an energy such as heat or light so as to
initiate a curing reaction. A thickness of the crosslinked surface
layer is 1 pm to 20 pm, and preferably 2 pm to 10 nm. When the
thickness the-reof is thinner than 1 pm, the durability is varied
due to the uneven film thickness. When the thickness thereof is
thicker than 20 pm, the reproducibility is declined due to the
diffusion of the charge as the film thickness of the entire charge
transporting layer becomes large.
[Single-layered photoconductive layer]

The photoconductive layer of a single-layered structure is
a layer having both the charge generating function and charge
transporting function at the same time. The crosslinked surface

layer having the charge transporting structure is effectively used
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The af orenmenti oned radi cal pol ynerizabl e nononer
havi ng no charge transporting structure is a tri- or
nore functional radical polynerizable nononer having
no charge transporting structure. The tri or nore
woredvvoomal radi cal pol yneri zabl e nononmer denatraw2088/072466
nmononer whi ch has no charge 5 transporting structure

S b ' : laL;

e A A TR R LI RO AP Nl By ot cheBill o
el ron transporting s cture (e&..0. condensat .
pShosS RereBRARG torde AL IR RR of diac SR B Papotion.
attractive afoma{ic ring havjng a ano group.and/or a
AT BRIt Thhe 1128 Tk B LPY for FBLIE HEE PhAARe
radi cal polynerizable grouyps. The radical
paﬁyﬁﬁwf&b!yaé*efrum Feeslingregupniiace day et faraped by

W thout any restrictions, provided that it has a CC
ddisn exrshnadhehnrics geatirabing copobynndiinsfieecombingpl es
of the radical polynerizable functional group include
( &#plvtisnbrsmita e gettheytahieal pobtmenahblbcgmpopnd( 2pating
1, 1-substituted ethyl ene functional group, and the

| tke.coating solmtdsbasthef sbstrits Wisiodiallgdreimylthae
functional group include the functional group

' 8pA ESEM Ry dt Meﬁ'ﬁbllgVanﬁ‘ﬂaft@ﬁE‘éh@i‘g¥ so as to initiate a

CH2r-CH X2-Formula (1) 20In the above fornula, X2 -

d | . )
%ﬁg{rﬁ@rgﬂ% %h;ec £3"cRUR, Qﬁlgpersﬁ%%k@ﬂGnquﬂhm the

nap : may have a substituent; enyl ene

Ot RHRe Y VB A" ud 1R LY 0 so BlePda ] bEP

%roup, g reFresents a
SraRgte G Shudns rosihptntdistuesghktd Sl |

napht hyl met hyl and phenethyl); aryl group

benzyl , R

(éﬁgﬁﬁne&ﬁé#wheaWSﬁ%w#@ﬁyﬂ%f?cq)}axes-Ls } gap to 30 pm, and

Exanpl es of the substituent include a vinyl group,

seyeiaragivd® nm ieehyimi Whendbedhyjtkeesuphereof is

vi nyl car bonyl group, 5 acryl oyl oxy group,

athyrhman Bimd md Ogpow g harsh fficren tt ¢heomtihgrpogeotial cannot be
maintained. When the thickness thereof is thicker than 30 pm,
the crosslinked surface layer tends to be separated from an under
layer due to a volume contraction at the time of curing.

In the case where the crosslinked surface layer is a top
part of the single-layered photoconductive layer, the bottom part
of the single-layered photoconductive layer is formed by
dissolving and/or dispersing the charge generating compound
having a charge generating function, the charge transporting

compound having a charge transporting function and the binder

resin in an appropriate solvent, coating the thus prepared
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Exanpl es of (2) 1,1-substituted ethyl ene functiona
group include a functional group represented by the
followi ng formula: CH2=C(Y4)-X3-Formula (Il1) In the
above fornul a, Y4 denotes an al kyl group which may 10

woepeo/E2@ubst i t uent; aral kyl group whi ch mayPGRIFa008/072466

substituent; aryl group (e.g., phenyl and naphthyl)
V‘@élﬁ@uf@yarf@ﬁg)rr L%Sﬂpeststéééq‘fayei}al qg%@c@éﬁﬁy, ﬁ)dﬁ'i‘ﬁves

group; fditro oxy group (e.g. nethoxy and

ﬁ;@@%&% st1c99$§3q719%fe9 %g)@ﬁ?r@ﬂ mﬁﬁgmr@%memﬁey(?)

ggen A grou 15 et
ich ma t t Kk
bR ya“'ﬂﬁh@ﬁ%‘{eﬁ%ip% et Bt Raols S bbR il

aryl group phenyl and naphth i C h
aC%Bgtlptiué]ﬁ% cgérge m%wégl%pgmomm&e W@gg%é i

R33, which may be identical or different, each denotes

aahg dhegenetingmgealtiqte Hhogpmyecay thosy deseripeddndthe

ethyl) which may have a substituent; aral kyl group

ﬁ] gsg:r;bﬁnnylo,f thapihdmbrmﬂgﬂatmwlmnﬁ)th)? cliirgl may
transporting layer. As the binder resin, the binder resin listed
in the descriptions of the charge generating layer can be mixed
for use other than the binder resin listed in the descriptions of
the charge transporting layer. Moreover, the aforementioned
macromolecular charge transporting compound can be also used,
and the use thereof is effective as the components of the lower
photoconductive layer in the crosslinked surface layer can be
suppressed. A thickness of the bottom part of the
photoconductive layer is appropriately 5 pm to 30 pm, and
preferably 10 pm to 25 pm.

In the case where the crosslinked surface layer is a top
part of the single-layered photoconductive layer, the crosslinked
surface layer is formed by coating, on the aforementioned bottom
part of the photoconductive layer, a coating solution containing
the radical polymerizable compound and the charge generating
compound, optionally drying the coated layer, and curing the

coated layer by externally imparting energy such as heat or light.

The thickness of the crosslinked surface layer is 1 pm to 20 pm,
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substituent; or aryl group (e.g., phenyl and naphthyl)
whi ch may have a substituent)); and Xa denotes any one
of the groups described in relation to X2, single
bond, or al kylene group; with WO

BRORODHZ28H0 7PCVP2008/ 072466 t he provi so that @iy jreaghr2i6s
one of Y4 and X3 is an oxycarbonyl group, cyano group,

al kenvl epe 0 or,atgmati c i n r oup. .
SR PEERTAREL SRR 14 AR [HbgR the lickness thereof is
a- chl oroagryl oyl oxygroup, net hacryl oyl oxygroup, 5 .
S ERReE Ry Rhbg ot S ERbALT JREAGAYG B ARE uneven film
a- eyanophenyl ene group and net hacryl oyl am no group.
®eSHf substituent which further substitutes the
substituent of grg;ps represented by X2, X3 and Y4
i ncl udeTaehanoyavt ofttdwe chingeapegaping gempoyndugntained
al kyl group (e.g., nmethyl 10 and ethyl); al koxy group
(enghe smtglexdnyaned ethiovogond witideolayegrisuypreferahly 1% by
phenoxy); aryl group (phenyl and naphthyl); and

armhky o FOipy( Rrags, whbnzgbeanth phenstdlylhss of the
Anmong t hese radi cal - pol yneri zabl e functional groups,

apRALYORILORNY e Q6PHP aNHe P raBIMREE YnoVd PP o DFIRUBiPd &
particularly 15 preferred. A conpound having three or

M8 RGhY QYd OKYr 4 %H}?'sggﬁ‘@i (ﬁgguﬁﬁ%n&giﬁmhs ’

by esterifying or transésteri a conpoun avi ng

t Rr or re droxyl aroups i _the nol ecul it

L o Ford n R S B p RSV AUPR el By kDS BB UL U BBy
A co u ving thre nmore meth oyl ox oups
REHIRTR LT L g AR PR S A Pa e i) el
the three or nore radical-polynerizable functiona

gri§apectcohthe frky ameenéof thediatse mpprsingh thabl e

functional groups may be identical or different.
photoconductive layer.

[Intermediate layer]

In the case where the crosslinked surface layer is a top
part of the photoconductive layer, an intermediate layer ean be
disposed in the photoconductor for use in the present invention
for the purpose of preventing the contamination of the
components of the bottom layer in the crosslinked surface layer
and improving the adherence between the crisslinked surface
layer and the layer below. The intermediate layer prevents any
inhibition of the curing reaction and formation of uneven surface
of the crosslinked surface layer, which are cased by the
contamination of the components of the bottom part of the

photoconductive layer in the outermost surface layer containing
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‘The tri- or nore functional radical-polynerizable
mononmer WD 2009/ 072667PCT/ JP2008/ 072466 havi ng no
charge transportable structure is appropriately
sel ected dependi ng on the intended purpose w thout an
WOaP972467 ons. Exanpl es t hereof incl ude PCTIIP2008/072466
trinmethyl ol propane triacrylate (TMPTA),
t thdTRA fidadlpplPRe R able Meklnimd.at MorboviA-tisedi f i ed
trimethyl ol propane triacrylate, EO-nodified
t 1 02 il & PTLRRFNEsb lindsF dtledltte DhdRehickitween the
trinmethyl ol propane triacrylate, caprol actone-nodified
t Bb&%hﬂé%?* BE 9&’@%%0%&&9&%}@%@@?@5@%@ &sslinked
trimet ol propane triacrylate, ‘pentaerythritol
tri afcr%llat e, pentaerythritol tetraacrylate (PETTA),
g?‘%&c I a’.’[?)f't riacrylate, ECH nodified glycerol
triacryl.ate, EO-npdjfied glycer triacryl ate .
PO mod e gEPRa e reppraraly bondint d bBiges Ferip
i socyanul ate, dipentaerythritol hexaacryl ate (DPHA),
capeomadn saanaRet; edi e m@denef {hebinder sesiaaioirge e,
di pentaerythritol hydroxypentaacryl ate, alkyl-nodified
1pobiapeittea el gatinli sadbbe nyderr yhse s soable pokpuimyldmtyral,
di pentaerythritol tetraacrylate, alkyl-nodified
dp pbntiagl Bubyidlpbotyviagt yledlel, dndetheylible. A formation
propanet et raacryl ate (DTMPTA), pentaerythritol
et R eiferhaaieity b aledia fedl ayerdisk dddifedsfroar tReaci d
triacrylate and

24 forenret (85 A D XGH PN BLAY o6 ¥ EnPPRREREWNEA thickness of the
tetraacrylate. 20 These nononers may be used al one or

(IR Pbor is apprdtialdyBI08NEM doadifn OF Lhe

[

tri-or nore ftunctio pol'ymeri zabl e nmononer
hayi no .char transporting structure is 20% by nass
t@%ﬁ%@f’@ﬁﬁﬁand preferably 30% by nass to 70% by
mass Wi th respect to the total amuynt of the .

Cr ous! THKBEF DO OB HSTOBETPETE PIDGART PSR ERFigDe an
layer. In the case where the ratio thereof s |ess

t hadepooatolaygigsay theelozamed ar betreandher spndygtave

di menti onal crosslikage beconmes low in the crosslinked
sanbabmtk ayal theapliot e wigvief layant i nprovenent of
abrasi on resi stance cannot be 5 attained conpared with
t he casBhesindgrédia grerantderadly ¢dranimpbasisic alsi heemain
resin. In the case where the ratio thereof is nore

t BampPAUNRY hBRSFer, EcHRETIRPALION fHie hRaig@ercoat layer is
transporting conpound is decreased, and thus the

el.65idd %iﬁt‘@ﬁégh%%é%ﬁ&%iv%f BReaiaded, sildaughidt is
uneasy to state as the required 10 abrasi on resistance
an I [ har .ery. St | '

o e Fu BTG L LBRA PEU A PN oL ERETOF (PERATIY Ufod
t her eof i% gagti cularly preferably in the range of 30%
bYTRRRY FUVIBYE-by nass in view of the bal ance between

t he abrasion resistance and e‘d&ct_ri c char agieri stics.
15The absrmypdes phAuahrggiR anchiste s teranluble ppdas s uch

as polyvinyl alcohol, casein and sodium polyacrylate; alcohol
soluble resins such as nylon copolymer and methoxymethylated

nylon; and curable resins capable of forming a three-dimensional
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havi ng a charge transporting structure denotes a
conpound whi ch has a charge transporting structure
such as a hole transporting structure (e.g. triaryl
am ne, hydrazone, pyrrazoline and/or carbazol) and an
wloewtwiorsst r ansporting structure (e.g. 20 cormanpzbec246s
pol ycycl i c qui none, diphenoqui none, and an el ectron
at Y r [ [ ' cy. dl.er

Ll 1Rk A PR %ﬁf)ﬁ a%ﬁ%@?é'r?%ldaﬁ%e éllﬂggz}rg%rgeg?%sggr g%enm

nitro group), and also
f t | .- EX | f th di
ceshr TP il SRR Gp SlpoaF o Phbc e Morepear ith te

descriptions of the radi cal polyneri,zabl e nononer.. WO
2P 088 IRETT FBoGaN I BLETERE of fanial ide can be
acn¥ugﬁloxy group and a nethacryl oyl oxy group are

pa¥ G taProveRerertagnce of moirgipaid pedeen the residual
pol ynmerizabl e conpound having a charge transporting
stparentiad, aig hBvamples of themeetalmotidenaclugeotipgnibn
but preferably has one functional group in view of the
f idzndeusillicay adndhielaeeircosiam cxideatac beidestindsum\ihade,
two or nore functional radical polynerizable conmpound
hatidgh@ lidvar ge transporting structure is used, the
charge transporting structure is fixed in the :

crosslirkgdipddréohtfydr SabPfHFAbUIBY Q5idPRASppropriat
However, as 10 the charge transporting structure is

e 4o B8 ¥ Yoo 1O OGRS Bud BRoEAiive '

resin and the internal stress o € Cross

hi gh. .Ther ef K .
PP MBFERAOE GP BERpE Mg RIERFR.% e e R REOR: Rlyptine
ier, the |ike. Th I t
g Ena PHroets sebdBpe e nis bt thedrEnfah Ereded b ape:

is 5 pmor_ less. In the case where the thickness is
movlargaat Baysg  (Besidps dhegboxe, basthsr upfaraaidayenread
surface | ayer becones extrenely high and cracks tend

t anpdecpagseatiiggenifonerit ¢hpreforahle 6m usk a layer formed by
crosslinkages. Fromthe view point of the
elaguidiosliptaxcdthagaizOriosta tayer fordled aseghare galngéc
two or nore functional charge transporting conpound is

usedterasl sutienreshlgberstylyléng 484k hoNahddi dhorg@inic
the tinme of the charge transportati on cannot be stably

NBh Bt AESu s alshSi G EHES:, ITi@S BT hhd GLOYEYW Lduin
fixed in the crosslinked structure via a plurality of

bcﬁﬂqiﬁ-la}gle fgﬁﬁiﬁg%&fhohhe Besides the material described
above, conventional undercoat layers can be used. The
thickness of the undercoat layer is appropriately 0 pm to 5 pm.
[Addition of antioxidant in each layer]
The antioxidant may be added in each layer such as the
crosslinked surface layer, charge generating layer, charge
transporting layer, undercoat layer, intermediate layer and the

like, for the purpose of improving whether resistance, especially
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WO 20091072667PCT1JP20081072466 sensitivity and

i ncrease of residual potential tend to occur due to
the trapped el ectric charge. These degradati on of the
el ectric characteristics appears in an inage as the
wowesedsszmage density or thinned printed chpoaot2e972466
Therefore, the radical 5 polynerizable conpound having

ot . . . _ . i .
loBP et 25Plinp RHE SLRRERR LRY BLEURALES
char.@e iraﬂs orti ng structure, and the charge

t 128 pdt PP ‘b’&é? 'ucture is fixed in between the
crosslipked strugture in the fashion.of dant .

Ther ef ’é’j‘,mPif‘é; ‘P’gﬂffhﬁ‘%‘rﬁ’x(’) aRpage é‘éE'éStﬁldpE t'ches is
suppressed and the electrostatic characteristics are

stEhanalasdapaund) aryl amine structure is effective as
the charge transporting structure. The nunber of the
funct i dvaimploupl thepbohol sompetedalricjudee.
Specifically, the conpound having the 15 structure

r 2,01, el enbady by - ddeeofeo Il wihivhat egiehed edx yfaorirulea (1) or
(2) is preferably since the electric characteristics

SHGRIPE- AR 4-bihiphen®si dual potential and the |ike
are suitably maintained. RL 0,Ar3 CH2 = C- CO-(Z)m

G ot DSy
2,2’-methylene-bis-(4-methyl-6-t-butylphenol); |
2,2-methylene-bis-(4-ethyl-6-t-butylphenol);
4,4’-thiobis-(3-methyl-6-t-butylphenol);

4,4 -butylidenebis-(3-methyl-6-t-butylphenol);
1,1,3-tris-(2-methyl-4-hydroxy-5-t-butyphenylbutane;
1,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxybenzyDbenzene
tetrakis-Imethylene-3-(3’,5-di-t-butyl-4-hydroxyphenyl)propiona
telmethane; bis[3,3’-bis(4’-hydroxy_-3’-t’buty1phenyl)buty1ic
acid]glycol ester; tocopherol; and the like.

(Paraphenylene diamine)

Examples of paraphenylenediamine include:
N-pheny!l-N’-isopropyl-p-phenylenediamine;
N,N’-di-sec-butyl-p-phenylenediamine;
N-phenyl-N-sec-butyl-p-phenylenediamine;

N,N’-di-isopropyl-p-phenylenediamine;
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WD 2009/ 072667PCT/ JP2008/ 072466 In the above
general fornulae, Rl denotes a hydrogen atom hal ogen
atom al kyl group which may have a substitute, aralkyl
group which may have a substitute, aryl group which

R0 68 substitute, cyano group, nitro grEuER2008/072466
al koxy group, -COOR7 5 (wherein R7 denotes a hydrogen

at .. al I » Whi.C y_have substitute r.al kyl
R A D e A R
ggﬁﬁhgve a_substitute), hal ogenated carbonyl group, or
In each of R8 and RO denotes a hydrogen
atom hal ogen ato | kyl, group whjch may have a 10
substitg& MBS Y@?%ﬂﬁnﬁﬁ?éﬁc ‘have a substitute,
or aryl group which may have a substitute, and R8 and
RE.8rié"t et hxdrowringppi driedidedecydbydepdidppneeach of
An and An denotes an aryl ene group which nmay have a
subrdriecyldy danduwe meid? -dodacy - § wdubo rodgt droxgudndiesr ent
to each other; each of Ar3 and Ar4 denotes an aryl 15
gr2ticndil- 6 hmetlyy anderogusndasd;i t ute, and Ar3 and Ar4 are
identical or different to each other; X denotes a

si ngh @ cbpdébe ndll kB BREh AT oWRE £En BYN D BKE 15ke.

substitute, cycloal kyl ene group which may have a

Sbtgﬁfg!aw& Sul®rkodRpHghaPr oup which may have a

substitute, oxygen atom sulfur atom or vinylene
group; 2 [ kyl ' -have a
Juber « FraEifhe ke’ rlinl s RHBA AL T Ig RG]
Tt R PR FEERH Bietanry- § P RiodToFRERS)
Her.einafter, _the specific¢ exanpl es of the genera

f odrlﬁ%‘"lrééef’}'])'33'11&1’(‘?;1%°PF°Ib9etedé§‘@r?tEFeb‘3‘e‘ VO

2009/ 072667Per / H2008/ 072466 In the general

f dOngaaéc phpspheryrompepng)t he substitutes of RI,
exanpl es of the al kyl groups include a nethyl group,
et hyl gEsapmplps efythegrmgamic pliogb hgres op mame ndhim cl wde’,
exanpl es of the aryl group include a phenyl group,

naphi hydylgsleesp hiaed tfifeohy lohe iy péarspléne bf t he
aral kyl group include a benzyl group, phenethyl group,

napldiyé AElphen y3) sy haAE; therdsvit @haphigxanpl es of

t he al koxyl group include a nethoxy group, ethoxy

9r{QH@, 4 REPRONH HSLBYR) p REMP HilE: hhli&heTHEEE MRY be
further substituted wth a hal ogen atom nitro group
cyano gipgdRe c_ghﬁyoluxﬂfsogpe §H8Qna ’s & antioxidant for rubber,
plastic, oil, or the like, and céﬁ be obtained as a commercial
product.
The addition amount of the antioxidant is 0.01% by mass
to 10% by mass with respect to the total amount of the layer to be
added.

[Crosslinked surface layer]

The aforementioned radical polymerizable monomer
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10 nethyl group or ethyl group, al koxy group such as a
nmet hoxy group or ethoxy group, aryloxy group such as
phenoxy group, aryl group such as a phenyl group or
napht hyl group, aral kyl group such as a benﬁgl groug
WEr 20pHERST hyl group, or the |ike. Anpng the PCTAPI008/072466
af orenenti oned exanple of the substitute of R, 15 the
hysdriage hat g ed tFehBybrighouptarceupar is cal arityor more
pref erabl e. Each of Ar3 and Ar4 which may be
FibstichdliedalifAN pdlphe 8060 AR oMNThLE Y FdICthaie
aryl group include a condensed pol ycyclic hydrocarbon
r -.C cy c+Jrydy0 n ; i
R Rpof e c SRRTRee, T ThRe oY R BB RE Qe radical

d d I l i [ .nel
ekt R R O e AT

formng a ring. Specific ex | es thereof include
JEALERYTLIRR SHRUCTHETRAD §F 8312), entgﬁnﬁﬁwtlaﬁo%ﬁ‘}“t“ma(e-g-
azul enyl group, heptal enyl group, biphenyl enyl group,
d@upﬁdaéﬁgyp,§ﬁﬁbwﬁo§eiﬁﬁﬁ&%ﬁ@#n@r%mgﬁm %ﬁ§%a501 and”'an
2009/ 072667PCT/ 1P2008/ 072466 f| uol enyl group, i
adenapint hitaasporgneupstrpeaitedeleys. grandensaced apolyeiniic
group, phenal enyl group, phenantryl group, antryl
gjwienef | diptaniogiyihoge oumd acephertanhhayirenyivegaoompatic
aceant hryl enyl group, triphenyl eyl group, pyrenyl

¥iQgPha ving4 ¥gany! %@ﬁ@u@mdmpﬁ‘lhh&@e@dugr bup, haanthreleor
l'ike. Exanpl es of the non-condensed cyclic

hﬁﬁgEQC%;iHQﬁﬁﬁéPUPadi%l UGSy IRNAY /b RN g1 @4 OfThe radical
clic hy

nonocy rocarbon group such as benzene, diphenyl
&l N8%me AZhYRL BY) | ;s Sh18E b1 LPRGRYE without
t?§§¥&%@??y§hgy%§%§%%§%@gﬁﬁﬁéﬁ%; nonoval ent é?BUB“of““’
10 non-condensed ,pql l.i c, hydr ogarbgn 0 c S;
MBI PP TBRERG YRR peRgY &l faris QouBle Borith “RnSis
di phenyl al kenes,. dj phenyl al kyne ri phgn t hane,
Fadigally e Rzahle %ﬁﬁ@ﬁﬁ%y&ti}mﬂ%{ﬁé@, Pnﬁw%ﬂéﬁwe
al kans, pol yphenyl al kenes; and a nonoval ent group .of

r funptiepale gronpn 1agkndsc Alboki subetitygdgethyiepge Aypnctional
fluorenone. 15 Exanples of the heterocyclic group |

i godwre(23 Inbrsonbat Brtte dredhpleate Berdt b legrodivs evntdotha Hike.
di benzot hi ophene, oxadi azol e, and thi adi azol e.

Examples of (1) 1-substituted ethylene functional group
include. the functional group represented by the fql_lbwing
formula:

CHy=CH-Xz— Formula ()

In the above formula, X: denotes an arylene group (e.g.,
phenylene and naphthylene) which may have a substituent;
alkenylene group which may have a substituent; —~CO- group; -

COO- group; —CON(R3zs)— group {(wherein Ris represents a

hydrogen atom; alkyl group (e.g., methyl and ethyl); aralkyl
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The aryl groups for use as Ar3 and Ar4 may be
substituted with the follow ng groups. 20 (1) A

hal ogen atom cyano group, nitro group, or the like.
(2) An alkyl group, preferably d-Cl2 |linear or

Woaneheskenl kyl group, nore preferably Cl-C8 pdim@dhs®hacs
branched al kyl group, even nore preferably Cl1-C4

i b d | whi £h
{158 820 ROSARE AL ARRRyL ML DHIRERAE 81 group

t'om oup, “cayano ¢
2009/ 07 667gC£@ﬂP20ﬁ§é§%ﬁ466ﬂ 1- C4 al koxy group,
phé&rfrt PGFBYH 25nRAY PIsuBstd®Ped wi th a hal ogen

atom -C4 al kyl, group, or C-C4 al koxy .group.
Specifigg‘xéﬂ%iﬁﬁrse%f e sgbptigrenpdnelide aeiayhsenayp, styryl
group, ethyl group, n-butyl group, i-propyl group
t-aJoups G sihydbathutadionyl Breumr opinylgathany! group,
trifluol omethyl group, 2-hydroxyethyl group,
2-arhiboplexhgiroypoapryldy bymnoeghytp gnduppylthioether group.
2- met hoxyet hyl group, benzyl group, 4-chlorobenzyl

group, Exmetpigkhdn@y|1,droulpstitirtplesthlybens Yhingtioupl saadp
the like. (3) An al koxy group (-0OR2), where R2

r dpeRsRNE Fubld€iodlall WroghOrp ré Qe Aifd BEEhk Tol1kvin STEEMbE:
exanpl es thereof includes a methoxy group, ethoxy

Qr Oup, OHYEQRYAY-RLOUP, i - PTOPOXYuEE Q. L - but oxy

group, n-butoxy group, s-butoxy group, i-butoxy group,
2-hydro r egzyl : - L

EriTH uorhEhe RESyEOERu BoI2 0 REYo Fh8 Mkt prgup, grhich may
anyl ox 0 erein the aryl, grou be a enyl .
o Y SR Al Ao EepRR ViR B RE SafyF i Hens
group may haye a sybstitute such as Cl- al koxy
g@&é’g, g ‘AUY%SWP dp 2nsr m%ﬂ‘b@’evﬁflawém Spey fhave a
exanpl es of such the aryl oxy group include a phenoxi
grovbstitye abp g BeRy 2By sy P Z1eapht Altirexgreppumlkoxy
4- met hoxyphenoxy group, 4-nethyl phenoxy group, and the
| igreup(&)g.Ameshkyy rend @phoxgh camd orCAOR smegwapt wherein
group. Specific exanple thereof including a nethylthio
grRuipreatebyhtdiao hgdeogen ptenyl hhiyd greop.(e.g., methyl and

p- met hyphenyl t hi o group, and the I|ike.
ethyl) which may have a substituent; aralkyl group (e.g., benzyl
and phenethyl) which may have a substituent; aryl group (e.g.,
phenyl and naphthyl) which may have a substituent; or
~CONR33R39 group (wherein Rig and Rgg, which may be identical
or different, each denotes a hydrogen atom; alkyl group (e.g.,
methyl and ethyl) which may have a substituent; aralkyl group
(e.g. benzyl, naphthylmethyl and phenethyl) which may have a
substituent; or aryl group (e.g., phenyl and naphthyl) which may

have a substituent)); and X3 denotes any one of the groups

described in relation to X3, single bond, or alkylene group; with
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(6) In the formul a above, each of R3 and R4 denotes
a hydrogen atom al kyl group defined in (2), or aryl
group. Exanples of the aryl 5 group include a phenyl
group, biphenyl group, and naphthyl group, and these
wgeh@v@7a substitute such as a Cl-C4 al kKoxyChsmens/072466
ad -4 al kyl group, or hal ogen atom R3 and R4 nmay form

atl{é Egoviigoqﬁ gt)ia@qg.ggpon B?Sfi.;fa{ﬂ:d g)éqggilxﬁéxféarﬁ)laﬁyg GPp,

R
expressed by the above formula i1 nclude an am no” group,

diet hyl am no.10 group, N nethyl -N-phenyl ,n0 group,
NGB EROT ke vah 88 rokb R et S ERE 2s8 b0,
di benzy| am np grou pi peridi no,group, ,norpholino

gr oup, BB14 i nog’ér oug, ©and SUbStHeRt (7‘)’““5&153e an
alﬁéienedioxy group such as a neth Ienedigxy group, or
o hIRyoanrgliXlRKS gr oFO88eh as METARCEYIAREY t hi 0 BTRP
(8) A substituted or unsubstituted styryl group,
sabgtinoetkyleore unsubstip.ut ed 8=qyldexopicey pyIoxxyr oup group,
di phenyl am nophenyl group, ditolylam nophenyl group,
adetytamwphickglene group andsntdtbaaryloghemgmogpofipr use in
Ari and Ara, divalent groups delivered fromthe aryl

gr oups Eithpnedfabaustit@sntiSehich Mrfier anthsdithteanthe
be used. X denotes a group of a single bond,

SPEG il f dups ulst ikt ub gd g, KinlcBide
g?‘gﬁi‘f‘*‘iu ds%(’f o eg o?éﬂ%/%é?g%g/o 26%7%63(:T/JP2068/ 072466

NI S A B LIRS 0 mer
Sgln{lutratl%tzl?{naﬁ/{iog lgxr']oeurgr@alflf.', glreztflcr)]}?ylzinlrlfg'ethoxy); aryloxy
group {e.g., phenoxy); aryl group (phenyl and naphthyl); and
aralkyl group (e.g., benzyl and phenethyl).

Among these radical-polymerizable functional groups, an
acryloyloxy group and a methacryloyloxy group are particularly
preferred. A compound having three or more acryloyloxy groups
can be produced, for example, by esterifying or transesterifying a
compound having three or more hydroxyl groups in the molecule
with an acrylic acid (salt),Aan acrylic halide or an acrylate. A
compound having three or more methacryloyloxy groups can be
produced in the similar manner. Notably, in the three or more
radical-polymerizable functional groups-containing monomer,
radical-polymerizable functional groups may be identical or
different.

The tri- or more functional radical-polymerizable monromer
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The substituted or unsubstituted al kyl ene group is
Cl-Cl12 5 linear or branched al kyl ene group, preferably
G -C8 linear or branched al kyl ene group, and nore
preferably C1-C4 linear or branched al kyl ene group,

wadodoheser al kyl ene groups may have a fluori nerabRm072466
hydr oxyl group, cyano group Cl- C4 al koxy group,

p enyl group,., h mhlch S further
ittt W?{ﬁe“’ B e iR eh i oy "o KRy

up. ECLf | es of su t he
sﬁﬁgﬂt{gﬁt tiHiflE st ; PBS cantiadribnBuetn Mo a0y
net h Iene grou eth | ene group, n- but yl ene group
i’-'ﬁ? Bgilane- gr%ﬁa Plesut fhevpet grlaabldes Bmat gﬁéolgraaﬁne
n- propylene group, trifluoronethylene group, 15
2 tpipgrslatet hy(Th Mg rouptrimethydshpapngnene tgimaethacrylate,
2- cyanoet hyl ene group, 2-nethoxyet hyl ene group,
bdhRAtiddifeedqyr obpmeathghylpevpyghenetgrongdate, EO-modified
4- chl or ophenyl et hyl ene group, 4-nethyl phenyl et hyl ene
gt einpe t Hyrlbl ptepayleet Hy kb eyia tg) ®Up malifieldherikdtbyldQFbgane
substituted or unsubstituted cycl oal kyl ene group is a

Coriatrildiy! eagratetthe- ﬁf&lﬂ;ilé@htr'iﬁ%tﬁﬂbhpPo;?dﬂ@’tﬁﬁ@rylate,

group may further have a fluorine atom hydroxyl

g'TPP'zQ m&difidd ab K e @R rofhnt? tﬂ&?ﬁ%@:@;oﬂenté}éry‘tﬁﬁtol

i ke. Specific exanples th reof 1 ncl

> S0P 0Tt pETR oL (USRS BT TATY gycerol
%ﬁgagh% tltuiéghg$%§¥éﬁ%stg ?%? &F%%ﬁghgg lhésﬁﬂpgﬂ%pd

is.any of an eth | eneox ropyleneoxy roup
cBhYAeERE gl EERC %tfp p¥’93 riycog S§e8h, Uriacrylate,
dlet?yleneglycol group, 5 tetraethylene glycol gr oup,

o Tiska gdeRT eihad) yeetyapwase. dieenirersthaitandegnacnylate
wi thin the al kyl ene ether group nmay have a substituent

sUDRIB4) a chpdeloxydngmoodi fieetdipen trayphrisbhyhesgraoupl ate,
or the like. The vinylene group is expressed by the

f dip@wdargytrivl ae: hydroxypentaacrylate, alkyl-modified

dipentaerythritol pentaacrylate, alkyl-modified dipentaerythritol
tetraacrylate, alkyl-modified dipentaerythritol triacrylate,
dimethylol propanetetraacrylate (DTMPTA), pentaerythritol
ethoxyteteraacrylate, EO-modified phosphoric acid triacrylate
and 2,2,5,5-tetrahydroxymethylcyclopentanone tetraacrylate.
These monomers may be used alone or in combination.

The formulated ratrio of the tri- or more functional radical
polymerizable monomer having no charge transporting structure
is 20% by mass to 80% by mass, and preferably 30% by mass to

70% by mass with respect to the total amount of the crosslinked
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175 C=CH aor 75 -C=CHCH=CH | b 10 In the above
formul ae, R5 denotes an al kyl group (the sane as the
al kyl group defined in (2)), or aryl group (the sane
as the aryl group denotes by Ars and Ant), and a

widehoet@sssan i nteger of 1 or 2 and b denot es BCHIR200B80TPA66

of 1 to 3. 15Z denotes a substituted or unsubstituted

%-#@a@@qa £2UPEn §#€%%Eé%l?&e°{ &Péﬁg%‘tﬂe&%ﬁ& Alsk hame

eneoxycar onyl group

il A DL

SO s o, e PR S S SUESL A e
significant improvement of abrasion resistance cannot be
attained compared with the case using the conventional
thermoplastic binder resin. In the case where the ratio thereof
1s more than 80% by mass, the content of the charge transporting
compound is decrgased, and thus the electric characteristics are
degraded. | Although it is uneasy to state as the required
abrasion resistance and electric characteristics fend to change
depending on the process to be used, the formulated ratio thereof
is particularly preferably in the range of 30% by mass to 70% by
mass in view of the balance between the abrasion resistance and
electric characteristics.

The aforementioned radical polymerizable compound
having a charge transporting structure denotes a compound
which has a charge transporting structure such as a hole
transporting structure (e.g. triaryl amine, hydrazone, pyrrazoline
and/or carbazol) and an electron transporting structure (e.g.
condensated polycyclic quinone, diphenoquinone, and an electron
attractive aromatic ring having a cyano group and/er a nitro
group), and also has a radical polymerizable functional group.
Examples of the radical polymerizable functional group are those

listed in the descriptions of the radical polymerizable monomer.
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ether group are those listed as al kyl ene ether group
of X. Exanpl es of the al kyl eneoxycarbonyl group
i ncl ude a caprol act one-nodi fi ed group. Moreover,
especially preferable exanples of the radical 5

pol evarriezabl e compound havi ng a nonoval ent  altarigmosior2466
transporting structure are the conpounds having a

[ Ok B PRRREMRS Sro B B A BERER Aoy B b
1 e FRieflas %Pﬁy Kol ‘ot om o methyl ot oup: each of

Rb and en a, Cl -Co6 gf | grou does no
i ncl udel?\zl h’Sf"o‘f)1 Ogi"&ﬁﬁ‘zﬁﬁ gﬁ’ﬁmg’gé‘é‘ Y@ HéEPEIET e a
plurality of or Re, they may be different to each
ot%@psper%gﬁcﬁtégcfaﬁy mﬁve@@fe bvoprtgose fupgtigaal sRoNRs
a group of a single bond, such as a nethyl ene 15
grivupprefergblonkagpue funatidneheroupupyiex midbe dil nby uahisy
followi ng formul ae: -CH2C1-120- -CHCH20- orCH2C H2- C
H3and electrds$tetoockpoade exprcessddhby twhreoyemerafunctional
formula (3) is preferably a conpound havi ng a net hyl
grreudic Ainplol§ieizgb U @gound having a charge transporting
structure is used, the charge transporting structure is fixed in
the crosslinked structure via a plurality of bonds. However, as
the charge transporting structure is extremely bulky, distortion
may caused in the cured resin and the internal stress of the
crosslinked surface layer becomes high. Therefore, cracks or
scratches tend to be formed due to the deposition of carrier, or the
like. These problems may not occur when the thickness of the
crosslinked surface layer is 5 pm or less. In the case where the
thickness is more than 5 nm, the internal stress of the
crosslinked surface layer becomes extremely high and cracks tend
to be caused just after the formation of crosslinkages.

From the view point of the electrostatic characteristics, in
case where the two or more functional charge transporting
compound is used, an intermediate structure (cation radical) at
the time of the charge transportation cannot be stably

maintained as the charge fransporting structure is fixed in the

crosslinked structure via a plurality of bonds. The decline of the
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WO 2009/ 072667PCT/ JP2008/ 072466 substituents of Rb and
Rc. The nono-functional radical polynerizable conpound
havi ng the charge transporting structures represented
by the general fornulae (1), (2), or especially (3)

wioofomeesst N the present 5 invention is pol ynsri@pedsieiss

rel easing the G C double bond in the both sides,
(DS Al04 6, ARG IRDALAR bF BOSAAG] BB RiRELIM Soloteur due to
ordte p

incorp into a polynmer chain, not [ocated at the

LR ek LB TR (i ea (PRSI b BRL LochR®

rng “structure i s ncorpora
in chai.n of the crasslinked 1qhﬁﬁlyner chai n V\A?iic:h.t
| SAFIGHCHRR S B S AR °AF B P Bt ¢ RS oo TUHEG BRER® dePs1sy

radi cal pol ynmerizabl e conmpound and the tri- oy nore
f e ERingeal PYizdpd £hagariers: i z%?’@fﬂ%&g‘@rlﬁa%?gover ,

the charge transporting structure is incorporated in a
craysiénikablg oivap pupddsayinehe moery fengtisprhehargamer
chai ns, and such the 15 crosslinking chain is
ctrassipbirtitkgi stractuteeismobed ulsarhearahiosk bohkinacizehtd n
which is present between one pol yner nol ecul ar and
agsth petnAUMWTRE A BhL£Eed eFansprdtiag dthuctui, eaid tlie charge
crosslinking chain which crosslinks between a segnent
Of r o BRI P nG et U o QP LB FileiNin b ORPe RO ISR Fo B Bl ar

and anot her nononer-derived 20 segnent pol ynerized- at
2 Bcku bl it B TRERIGBE BotBNE. | SdrstAl! +hE ABkhhfion of
af orenent ironed 'segnent. “I'n any of these cases, a

tricryl am ne oup. which is ant .mai n

P PhEt P PpREosif B THR Sefrolify ™

posi tioned from a nitr.ogen atom and is bul ky.
I—E:%‘(Pé‘rt?r‘ispcissar@oﬁﬁ‘é’é{légsw th the min chainviaa W
2009/ 072667PCT/ JP2008/ 072466 car bonyl group, w thout

di r ect 14 teenykaoning stnatnae raietfechinienas Ahel chA&Ref or e

is fixed while being fairly free in a

t bragespair tievess tonal wspac®heThembkorod theHagetomad rgroup

am ne structures are appropriately adjacent to each

ot efeoif is prefapdle omewi t Bpecificallyotyereompamod haginghthe
crosslinked polyner has little physical strain. In
ag¢thidsQfe rbprddeateadsy vhersllbheng geaskankach sl (o (2)
| ayer is fornmed as an outernost |ayer, an occurrence

ofs gr@fe%mmetmt e leRriehal38 ctd 305 PO L L R G PASERAVi Ly,
i s disconnécted can be prevented. 10The radica

POL YR 23R £GP TRAUDT. 1AM Bfe BuffiBifSaintained.

9 Ars
CHZ:C*CO—(Z)mMArq—X ~Ar,—N

~

Ar4
Generai formula (1)

R 9 A
CHy=C #CO—(Z)H—"AI'z WN\

Al"4
General formula (2)
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transporting structure for use in the present
invention plays an inportant roll as it inparts the
charge transporting function in the crosslinked
surface | ayer. The anount thereof is 20% by mass to

8@Pobyos@ss, and preferably 30% by mass to 7R%YosB2ss
15 with respect to the total anmpunt of the crosslinked

surface | aye t he e erey,t he anount, t hereof .is
ess s i EUGRP oYY R AREmIEE B R A oRER o,
functi on of the,crosslinked surface |ayer. cannot be

S UFRIOBPRHOP Tl KTAR. WRIFL, FREYoAEES fhe st HE o ABRHE!
thereof is nore than 80% by nass, the content of the

t r§LOUROWHIChIRAY PaNetd snbsiihwico Py ] BAORAGY hshcmaydeave a
transporting structure is decreased, and thus high
alrbstgnte e gy anagzeupanitor dreuachilkoxy edoupt oCOHER,
decreased density of the crosslink bond. Although it
cdwiviree Rt demateass hipdrogeniaten, ellkgl greup which may
characteristics and abrasion resistance are changed
depergd b nmbenitu) 280%50 62608 REH{JH2 08/ Rd¥460sdhRitute, or
process for use, it is preferably in the range of 30%

byarj@ssotp WRIEHM AFRREvE A YiEWiRlte) NBaRAANEEd RELNESN

the both characteristics. The crosslinked surface

| ayfupl %rf@omww&ga 408 & i Al gg@%%@wgng at

| east 'the tri- or nore functiona

p L r vi Ng N9 charge.trnansportin

C ok TRk 8 el ROREER, ABN. AT Er B O RO R e S
havi,ng..a char ransporfing structure. JIn.order to
Ao atr k0 S p3b Y bidlemasnBass o subqtigite, gr ary]
reduce tge stress ir]té;% crosslinked surface 10 | ayer,
t FrodggEkighBayhawe a syhstgyterand fe apd Rogurrideptical or
a mono-or bi- functional radical polynerizable
notifiesent sngaeh athes)apsherf dunabd Aridéenetesran orylane

t he aforenenti oned radical polynerizable nononer

argioarp whidomery, hehe sesreswmienandeA sy and A baeudedtical
15Exanpl es of nonofunctional radical polynerizable
murodiéfe riene [t de ch- @fheyt bexl lof 20r3yhatledr £ dByetaexy eyl
acryl ate, 2-hydroxypropyl acrylate, tetrahydrofurfuryl

acE bt ehick SlalyyhHexy |sedsbitiel 264 Wi £ad Ard are identical
3-net hoxybutyl acrylate, benzyl acrylate, cycl ohexyl

ayditteSent §ﬁ%§¥h RRbY %td%’noit?QQ%X&le@ﬁfaﬂh,agﬂcylgﬁ)e group

met hoxytri et hyl enegl ycol acryl ate,

PRERRRYLSL Bl SISIlUGR! RSPl En Bl PR RR Ly

i sostearyt acry steat
noner, an tFe [0 ke. Exanpl es of bifunctional
TR spBR{BF. AH S thomann KRR Ry haghnab Hibcte
di acryl ate, 1,4, butandi ol diacryl ate,
oxygen atom, sulfur atom, or vinylene group; Z denotes an
alkylene group which may have a substitute, alkylene ether
group which may have a substitute, or alkyleneoxycarbonyl
group; and each of m and n denotes an integer of 0 to 3.

Hereinafter, the specific examples of the general formulae

(1) and (2) will be described.
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WD 2009/ 072667PCT/ JP2008/ 072466 1, 4- but andi ol

di net hacryl ate, 1, 6-hexanedi ol diacryl ate,

1, 6- hexandi ol di netacryl ate, diethyl eneglycol

di acryl ate, neopentyl glycol diacrylate, EO nodified

wol sphenet A diacrylate, EO nodified bi sphenadT/®2608/072466

diacrylate, and the |ike. 5Exanples of the functional
nononeyf_ i oS
fn S eéﬁé?l%ra m;;at fe gn 2 o0 HBAO TBSe MGl S

oct af | uorop erfluorooctyl et hyl

at e uor Ieth I
??r}ﬁ'f‘?’fﬁotflg 0?1 Pé‘?ﬁ a YR mc'fﬁﬁ@ ‘I’%ﬁﬁﬁﬁsg‘gﬁ ethyl
atons are substit and vi n ners, I
EFOURe pﬁamsﬁs?w%nu‘é% 10 WPai QDE y&xPB%(Pg‘.‘f ‘g‘ffp
such as siloxane units having a re eat i ng nunmher
tagy¥ @roupsaichade) ai I IEPamEw PR RINh YA 0P 2 i tne’line!
Publ i cation (JP-B) Nos. 05-60503 and 06-45770, e.g.
acaaph phels qfol hedd radiktyy lesiolpxinghed d pl benvt Herenyp), gienethyl
pol ydi et hyl si | oxane ethyl, acryl oyl 15

Aoy, ﬂﬁtplhtlhyihlnexhjnbgmmydmd abeyliky| and examples of the
pol ydi met hyl si | oxane butyl, diacryl oyl

RAkY L BESYPD ShtRERNE lﬂbﬁid}w gBdeh tdtholkiyk@roup, propoxy
Exanp es of the radical polynerizable oligoner include

r'oggn%rrﬁl oo BRXY PREM Af:S bEITRLNANSs @ty tle@ with a
po y Ster acrylate, and thé Iike. Note that, the |arge

f I
poaI Br a%af# gﬁr‘fogﬁ 0u8 g %} EBP%dllk ca@oagfghea?lafaab le
I d the dens
?mkgl%v"ﬁmqépﬁﬁiﬁytssgg% MOt cFLRS .yan%%thoxy
surface | ayer, and this may cause the dﬁ 1
SBOXE BN CFRATGEEMNER PHAPERBrORRT A B P FH@X%HHHP’ 8ty

t hese nononmer and oligoner is 50 parts WO
20THI0TREE APCTER2OYE B07RREE naphthyl group, aralkyl group

such as a benzy! group or phenethyl group, or the like.

Among the aforementioned example of the substitute of Ry,
the hydrogen atom and methyl group are particularly preferable.

Each of Ar3 and Ar4 which may be substituted is an aryl
group, and exampl_es of such an aryl group include a condensed
polycyclic hydrocarbon group, non-condensed cyclic h&drocarhon
group, heterocyclic group, and the like.

Examples of the condensed polycyclic hydrocarbon group
include the ones wherein 18 or less numbers of carbon atoms are
forming a ring. Specific examples thereof include a pentanyl
group, indenyl group, naphthyl group, azulenyl group, heptalenyl

group, biphenylenyl group, as-indacenyl group, s-indacenyl group,
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by mass or less, and preferably 30 parts by mass or

|l ess, with respect to 100 parts by mass of the tri- or
nore functional radical polynerizable nononer.

Moreover, the crosslinked surface layer is a layer

fway wegh7266by appl ying an optical energy, and gguird@sbiigss
m xture containing at |least the tri- or nore

f i l.radi ri ry hayi ng no

Bl o8, B8 RO YIRS I UGl RESR AR 00

pol yneri.zabl e, conpound having a charge transportin

D R R L EORS Bt indd e3aRPontr A PG otay dpEry!

optiona#ﬁ contaiped 10 in the cr ssgin ed surface

| a8 B ‘gqr&é‘rte{lﬁ 8F YR %?ﬁl?}iﬁ% &P Wt 7 Oe

crosslink reaction. Specific exanples of the

porSasythyglengh sranp; srighenyde viderovs ausnah gneuny

ket al phot opol yneri zation initiators such as

di ditysryut stophemaphthaceny! group, and the like.

2, 2-di et hoxy- 1, 2- di phenyl et hane- 1- one, 15

1- hydr o¥ixacytles dXle- piertphdkatedeyclic hydrocarbon group

4- ( 2- hydr oxyehoxy) phenyl - ( 2- hydr oxy- 2- pr opyCket one,

2- aexdd ndorthvidgd my kadth P &f In ddo RIRNBY & RRRRBEY GRuhipNRe

-1, 2-hydroxy-2-nethyl-1-phenyl propane-1-one,

g X %@ggﬂia?e-, RpRERYI B, FRi ity 2P QSN ORYIORNRE, dipHeDry]

1- -1 : [ -2-(0- Xi me;
mg&}ﬂer ﬁéﬂﬁf ﬁ’ﬁ@ﬂgﬁj s%%n%, o&&&qéxgi@g?gpyo?o

benzoi n et her photopol'ynerization T ni S such as
benzoi benzpi n, net hyl, et her, . benzoin ethyl ether,
b eReA BRI b PLET LY Bt RS PE aiteias Bistiraist
benzophenone, .phot opol yneri zation ipnitiatars such as
b&é@ﬁﬁ%ﬂ%ﬂéﬁlggﬁﬁygﬁg%%n‘i é‘ﬁéﬂﬂ‘,en%‘hphenyl alkyne,
2009/ 072667eCTMP2008/ 072466 o- benzoyl benzoi c aci d
netrhghe tlHae than g edistytylikginems, dad’ diphpasilaygloalkanes,
bi sphenyl, 4-benzoyl phenyl ether, acryl ated
beredsphenphalkansd pblypbenyl hllvarese merd ahhonevilaohgroup
phot opol yneri zation initiators such as

2-afsopg apeire hativanihdiearboR -salshax 00 8 -dxsien yl fluorenone.
2, 4-di net hyl t hi oxant hone, 2, 4-di et hyl t hi oxant hone, and

2, 4- di cEkapnilbh @fahbloiteroédiOERAIp include a monovalent
phot opol yneri zation initoators such as

eté&)ﬁbﬁ%ﬂa@%ﬂ&@féﬂ @ibenzofuran, dibenzothiophene, oxadiazole,
2,4,6-trimethyl béenzoyl di phenyl phosphi neoxi de,

2, A Brhidaieihyl benzoyl phenyl et hoxyphosphi neoxi de,

The aryl groups for use as Ar3 and Ar4 may be substituted
with the following groups.
(1) A halogen atom, cyano group, nitro group, or the like.
(2) An alkyl group, preferably C1-C12 linear or branched alkyl
group, more preferably C1-C8 linear or branched alkyl group,
even more preferably C1-C4 linear or branched alkyl group,

which may have a fluorine atom, hydroxyl group, cayano group,
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10 bis(2,4,6-trinmethyl benzoyQphenyl phosphi neoxi de,

bi s( 2, 4- di net hoxybenzoyD- 2, 4, 4-tri net hyl pent yl phosphi n

eoxi de, net hyl phenyl gl yoxyester, 9, 10-phenant hrene,

acridi ne conpounds, triazine conmpounds, im dazole
wepiingds, and the like. In addition, PCT/JP2008/072466

phot opol yneri zati on accel erator can be used 15 al one

i, conbi nation w t f t] " ith
LG ERT Eraf grbd iy ) PEIEY 43 Subeituted wi
t hereof include, trjethanol am ne, m ieth I

Skt AgPa Gl B OBe Aol 1 RO, BRI

4- di net hyl am nobenzoat e, 2-di net hyl am nqet hyl benzopat e,
Fiperie QRBP 1 e HODEHROPNENDNE® ArRIRY HPRE:
af orenmenti oned pol ynerization initiator can be used
smgipy n-brtyhgonbiinetopyh eapupwd BHyksraup TH vdNbgHe P,
of the polynerization initiator is 0.5 parts by mass
t10 p4Opphisupytiifiselomnthyl gfermb? hydrpayethyl gneaw.t o

20 parts by mass, with respect to WO
20Q9h 04 2EHAR GhbhB2 @08Y N4 Be1 gt0Qppar hethyxyedyl efrotthe

total of the radical polynerizable contents.

R RAr TR, PcERAbbEAZFIOk I ) PhetHibEROFEF AR

surface | ayer optionally contains additives such as

VAL ih%lﬁ%%?%@i gﬁﬁg{’sa@ (honj¥£duci ng the stress and

i mprovi‘ng ence), leveling agent, |ow

ecul charge tr or i ARterl A
AR oy FeF GRIPP) Wity FRuShrfie AN exous
exanpl es of .the, plasticizer, inglude. kn | asticizers
Ferihed rr2enrb e eRAE Pes R HEST AT  pr kUi
and dioctyl phthalate. The added 10 anmount of th
PEROST, 4 OKY| &F0PYTHP TR BFOYRsE PIARYKY Bé?%?aﬁl?’yt%%
by mass with respect to the total solid contents of
t g wnan ingosplareupn sdfutory Eioss| i hREKYsEFFHbe | ayer .
Speci fic exanples of the |eveling agent include:
sgiliahayethosyghoas, lskimmtlbyy ssohpcondlwiromethoxy group,
nmet hyl phenyl silicone oil, and the |like; polyners and

15n8lth@omRes having a perfluoroal kyl group in side
chai ns thereof. The added anobunt of the |eveling agent

1)ARRTAR16RF SrYup YeviBk rBRS 8h& ary E$ToWp tday &PL Ghend]

{ e totall solids content of the coating solution of

B L 5, PO B8l
have a substitute such as a C1-C4 alkoxy group, CI-C4 alkyl
group, or hélogen atom. Specific examples of such the aryloxy
group include a phenoxy group, 1-naphthyloxy group,
2-naphthyloxy group, 4-methoxyphenoxy group, 4-methylphenoxy
group, and the like.
(5) An alkylmercapto group or arylmercapto group. Specific

example thereof including a methylthio group, ethylthio group,

phenylthio group, p-methyphenylthio group, and the like.

63



10

16

20

20 coating solution containing at |least the tri- or
nmore functional radical polynerizable nononer having

no charge transporting structure and the radical

pol ymeri zabl e conpound having a charge transporting

WMo mwediaredy and curing the coated |ayer. |In they@a®gor4cs

where the radical polynerizable nononer is a |iquid,

WQg3009/ 07266 7PCT/ JP2008/ 072466 ot her conponents can

be di ssolved therein to formthe coating solution of

the crosglinked surface layer, but it may be further
diluted’wW th a solvent, if necessary. Specific

exanpt’ds of the solvent include: al cohols such as

met hanolg, et hanol, propanol, 5 butanol, and the Iike;
ket ones such as acetone, nethyl ethyl ket one,

met hyl i sobut yl ket one, cycl ohexanone, and the |ike;
esters such as ethyl acetate, butyl acetate, and the

| i Jeetheofayarwlasafedy ca e achtafdhy dndfRit depodé vadnelrogenmtbm,
ether, and the like; hal ogenated sol vents such as

di alkiybgooep izfime dlin 42X hircagdtdrane, tEiabpbeoef thaaryl
and chl orobenzene; aromatic sol vents such as benzene,

t adrvempeinckydeacphemg gharg,ikipheas! kesepVeadSUcihids ]

nmet hyl cel |l osol ve, ethyl cellosolve, cellosolve

ACRoADE andNthdsBEnhivkes vel R st A E MR hCRN 2 81 45 dIkoxy

singly or 'in conbination of two or nore. The dilution -

C Ao bt ha o ; s h v adi _
%ﬂoﬁg, Yitba éﬁﬁé’yggf’ﬁ%i ?}ﬁa%#’% %%ﬁﬂ. qiéjﬁh?;hzt may Ifonrgxln

dependi ng on t Ity O € conponen

. g0 hi d like. Th
TS Ptk o 6SRRER D OSSR g iy essea
SRR S e S5 e R b ine

af orenment i oned, ¢oati ng sol ution of the 20 crosslinked
sUETPHPe “avégyl'é“ wilgmy 1 @reing graure Y wlinheny! appnodrong,
the coated |ayer so as to cure the |ayer. Exanples of

t % ¥ idittoldpamano igne pddibanaamiob aroupgpipetdinegroup,
such as a high-pressure nercury |anp and netal halide

| anprpledoiw Bavamgp prrodidissi moupaaaldetigt hikien t he
ultraviolet region; and visible |light sources WO

20D AG7 iy TEETd 10 R2 (8 MQ 7R A6 A B Bt leylehetliexy f&hdp, ofr #n
wavel ength regi on covering the absorption wavel engt hs

ofalk iR idldefHEBF PN adiLale tROIMRIdiZRR). € contents
and phot opol yneri zation initiator. The light intensity

of(g} N& UYL $nLEREHARWstyBy] BFo LAN9E, Qh e fteQ Dy
unsubstituted Fphenylstyryl group, diphenylaminophenyl group,
ditolylaminophenyl group, and the like.

As the arylene group for use in Ar; and Arz, divalent
groups delivered from the aryl groups mentioned above for use in
Ars and Ars can be used.

X denotes a group of a single bond, specifically a

substituted or unsubstituted alkylene group, substituted or

64



10

15

20

5 300 mMVWcn2 to 1,000 mMWcnR. When the light intensity
is less than 300 mMNcnR, the curing reaction requires
a long period of time to conplete. Wien the |ight
intensity is nore than 1,000 nWcnR2, the progress of
widwogi@agt i on becomes uneven wi thin the | ayerPCT/madsttiues
the texture of the crosslinked surface |ayer 10
becones .si.an f.i .
REe R AL Ao hP WD g, pbfishibd BE AARRBsHRRLE
preferably, that the oxygen, densi I s, red 0
o Bodnte shur aeerBrotiot BLeh sty Sl uhilenp gitub:
conmposition for the coating solution of the 15
cPtRe Iieed surface |ayer, the binder resin can be
contained therein, provided that it _dges not adv%%f%iy
af f ect Hlresuhotiedser, napebstitetechatladearierppeds (ol C12
resi stance of the surface of the photoconductor.
Honeueor pakehed akyériabsospchreferably Bilng8rlineas or
does not have a good conpatibility with polyner
gBred el a R 1age roapyhindomorb e refie vatd yr@adi4 bmeef arhe
radi cal polynerizabl e conposition (radica

POl YRELd Z 8Dl B e ABNATRD, and flaheCalklohy Bbupahhey have a
compound having a charge transporting structure), and

t i Y, {up,tOe-CoAk ;
Dy o RERR, RRRR6EN PRI ACHER .| OF GRSy group
result, the resulte Y, : T s

. BBEntY sk HheBEar By alith i Burther substituted with a
surface. Therefore, (it .is preferaple that the binder

r g@i‘?g‘i”samﬁl’ ?&n[}gl "7‘112‘&'1 igﬁoﬁﬂeogcggfi(’%aso?xlﬁ PON 10f the
crossl i nked surface Iaégg. I.n order, to mai ptajn the

eBeeericexnmpies ef such thersphsttuted qrunsppslfniadaq

surface | ayer contains bul ky charge transporting
satkyene e oupeirail nde gnuethylenengraar oo b tlene fXpPERse

the density of crosslinks so as to increase the
physigdknstgrengt krprbpyldne gunimd-bubtgienergmups gchutyhene
crosslinked surface layer is rapidly progressed, after

bek88p CAI @Gy1EYe gxbepnalifoapplethydeexigrenel y 10 hi gh
energy, the curing is proceeded unevenly and thus the

r staﬁwe%ygxe@gﬁom favhbgy@hyilehegoan, sur f ace.

Therefore, is preferably to use an external |ight
CSEEBIRCI 4G (STRTELBINAAUEOILITG B, HoRR A
oot Shob B SFMETERh: SELLITSae BTG £Rh o
4-methylphenylethylene group, 4-biphenylethylene group, and
the like.
The substituted or unsubstituted cycloalkylene group is a
C5-C7 alkylene group, and such the cyclic alkylene group may
further have a fluorine atom, hydroxyl group, C1-C4 alkyl group,

C1-C4 alkoxy group, or the like. Specific examples thereof

include a cyclohexylidene group, cyclohexylene group,
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expl ained as follow In the case where an acryl ate
nmonomer having three acryl oyl oxy groups and a

tryaryl am ne conpound havi ng one acryl oyl oxy group are
used for the coating solution, the usage ratio thereof
WO IppR07e@73/ 7. The pol ymeri zati on 20 initi at®erT/ir3008/072466
added thereto at 3% by mass to 20% by mass with

ressB%Tm‘;tqlﬂefczbﬁbﬁ&hagﬁy@tm% hhe @ ikat e conpound,
and a solvent is added thereto so as to prepare the

coati ngTH@l U @tuthl dren SEFEIMIRH%I ?X@ﬁé/ L@ﬁ%PEr%’F%

is used as the charge transportlng rra eri al

2008 85 3Bat8) Set308r B, Al AR e cothivjgnestycol

transportin ich i unde | ayer of

¢ 20 Egoé’gr’?ﬁl@&fygiwﬁha%@“Paﬁié?&Y&ﬁaesﬁéxLsggvpnked
surface yer s forrred by spray coating, the

aft BF%W?%%a XSO REREPoPT PR reBRiqnfEl e lg TP, iand the
preferably tetrahydrofuran, 2-butanone, 5 ethyl
acddkglenc sroum@ithicethepdkyleac pilige granponay Barchat he
solvent is preferably 3 tines to 10 tinmes of the total
asubstitubnt sechcrsy h dtyelrospbguodp, methyl gheapieethydl gnpup,
the coating solution prepared in the manner nentioned
abowhe Hkeoating by spraying on, for exanple, a 10
phot oconduct or wherei n an undercoat |ayer, a charge

gener at TRg vllﬁ Rine gifhy e R QLB My Qf@ﬂ)lf&@ﬁ%‘eformulaei
transporting ayer are | am nated on a substrate, e.g.

an al umnu ?gln inthis order. Thereafter, it is
dried at v Iy | ow tenperature for a shor t

peri od (25 mnute to 10 m nutes), and then
is cured 15 by he #ng orOV irradiation. A
netal halide lanp or the like is used for the W

i rradi atlonRsand the illum nance (365 nn) thereof is

preferably i of 300 nWcnR to 1,000 mWN cn®.
In the case %@'Pe‘é‘ﬁéggvj}‘gm is irradiated at 600
nMVcn2, the entire surface of 20 the coated |layer is
uni formy exposed to the W/ light for 45 to 360
seconds while rotating the drum of the photoconductor.
At thisint theabbhe feempbagtRy dewdtetstean dtlyrh droupdithetsadne
so as not to exceed 100C. After the conpletion of the
clasithg, ailyligrohealefined id 0D, bt ar¥Dgroup (the same as the

2009/ 072667PCT/ JP2008/ 072466
aryl group denotes by Ars and Ar4), and a denotes an integer of 1
or 2 and b denotes any integer of 1 to 3.

Z denotes a substituted or unsubstituted alkylene group,
substituted or unsubstituted alkylene eﬁher group, or
alkyleneoxycarbonyl group.

Examples of the substituted or unsubstituted alkylene

group are those listed as the alkylene group of X.

Examples of the substituted or unsubstituted alkylene
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150C for 10 mnutes to 30 mnutes so as to reduce the
residual solvent, to thereby yield the photoconductor.
Exanpl es S5Herei nafter, exanples and conparative

exanpl es of the present invention will be explained,
wautood/d72@hal | not be construed to limt the BCUHE008HT2466
the present invention. The apparatus used in the

j ' ' - 10A
(a%(/ﬁf%#n%&mlgiaﬁ@%é Niskd Gas Ok yRad Bahd ORriBS ROXK.

di sposed nearby a cylindrical substrate to

whi ch h [ d
i oo, TrRARRHR AL AT RRLUERGk PR oR ISP GRALST A"

subst rlate Wwas ﬁeétaswed by nmeans of a thernocouple and
dEIT A BEHRE PRGYEHE IRP ati ons of the tenperature

were evaluated at three points, i.e. an u r 15..
por t | oMORATEEr SERATRLN, Pier AerATBBIGS Shiis Tifigal
cylindrical substrate. . Note that, an Al
sbpbpexisablyueapparaddt aying a poengNHENt \(AarEe p- coat ed
in a coating solution of the charge transporting |ayer
hena g ot b of girbotmrgafothulcapphi dohpetng aysrupkre
heated and 20 dried to thereby forma charge

t expsagedingthaydlowavg gnardhfohneks(f 20 pm

<Coating solution of a charge transporting |layer> WO
2009/ 072667PCT/ JP2008/ 072466 Bi sphenol Z

pol ycar bonat e1l0 parts by mask hit 550,
manuf actaurgd by Teijin
| [l p
CH=C—CO-Za N
~t—to-2 OO}

W(Rc)t

General formula (3)

In the general formula (3), each of 0, p and q denotes an
integer of 0 or 1; Ra denotes a hydrogen atom or methyl group;
each of Rb and Rc denotes a C1-C6 alkyl group {(does not include a
hydrogen atom) and in case where there are a plurality of Rb or
Rec, they may be different to each other; s denotes any integer of 0
to 3; and Za denotes a group of a single bond, such as a methylene
group, ethylene group, and the groups expressed by the following

formulae:

—~CHCH0— = —CHCH,0—  or —@~0H2CH2—
CH,

The compound expressed by the general formula (3) is

preferably a compound having a methyl group and ethyl group as
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Chem cals Ltd.) Low nol ecul ar charge transferinglO

parts by nma& materi al CH3 Tetrahydrof ul ane80 parts
by maskE 1%t et rahydr of ul ane sol ution of silicone 0.2
parts by mas oil The conditions in Exanpl es

wcb2oangizdgonpar ati ve Exanple 5 1 were as f ol | ewsip2008/072466
W lanp: WV | anp manufacture by Fusion UV Systens

JasQﬂa%tk%déntg gﬁ)bta%@ o H bul b) Di stance between

t he surface of the cylindrical

§“bm3tnruf“£§*e 050 RaPel 9 1 At B 08 Mmptun

bstrate at, the tinme of UV|rrad|at|on r
Vﬁ'ﬁlgeq'fﬂ charge transporting structures represente%y the

general formulae (1), (2), or especially (3) for use in the present
invention is polymerized by releasing the C-C double bond in the
both sides, therefore the charge transporting structure is
incorporated into a pelymer chain, not located at the terminals of
the resultant polymer. Specifically, the charge transporting
structure is incorporated in a main chain of the crosslinked
polymer chain which is formed by the aforementioned
mono-functional radical polymerizable compound and the tri- or
more functional radical polymerizable monomer. Moreover, the
charge transporting structure is incorporated in a crosslinking
chain present between two main polymer chains, and such the
crosslinking chain is classified into intermolecular a crosslinking
chain which i1s present between one polymer molecular and
another polymer molecular, and an intrémolecular crosslinking
chain which crosslinks between a segment of a main chain folded
within one polymer molecular and another monomer-derived
segment polymerized at a part of the main chain where is distant
from the aforementioned segment. In any of these cases, a
tricrylamine group which is a pendant of the main chain has at
least three aryl groups spirally positioned from a nitrogen atom,

and is bulky. However, it is connected with the main chain via a
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External diameter of the cylindrical conductive
substrate: 100 15 mm Total length of the cylindrical
conductive substrate: 380 nm WO

2009/ 072667PCT/ JP2008/ 072466 Refrigerant: water Length

waol 200dn@2deef ri ger ant suppl yi ng pi pe: 400 mm SpEcEP2008/072466

bet ween the refrigerant supplying pipe and the hol di ng

]B%:rimﬁ 1 p@ﬂﬁ,y%h{}m'd§@iregllgﬁétc{n%f?8%%? h(%t wafl 68 i, €

supplyrng the refriger a/ cn? Thi ckness

e T R

erature water bath:
S
f

tting at 30C (cool abi |t , 500 Vir) .10 Circul ation
ot BrE SR OR b Shate | o SPaHEDES, thefe trif BichBRbe 51
Ext ernal dianeter of the cylindrical conguctiv
sibByeiunes: arpoap prAp riatetgiadiarengit eaeh (A 8CE Y1 tRGr §RAGE
conductive substrate: 380 nm 15 Refrigerant: water
within the polymer, and thus the crosslinked polymer has little

physical strain. 1In addition, in the case where the crosslinked
surface layer is formed as an outermost layer, an occurrence of a
problem in that the charge transporting passage is disconnected
can be prevented. |

The radical polymerizable compound having a charge
transporting structure for use in the present invention plays an
important roll as it imparts the charge transporting function in

the crosslinked surface layer. The amount thereof is 20% by

“mass to 80% by mass, and preferably 30% by mass to 70% by mass

with respect to the total amount of the crosslinked surface layer.
In the case where the amount thereof is less than 20% by mass,
the charge transporting function of the crosslinked surface layer
cannot be sufficiently maintained. In the case where the
amount thereof is more than 80% by mass, the content of the tri-
or more functional monomer having no charge transporting
structure is decreased, and thus high abrasion resistance cannot
be achieved due to the decreased density of the crosslink bond.
Although it cannot be stated as the required electric

characteristics and abrasion resistance are changed depending on
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Length of the refrigerant supplying pipe: 350 nm Space
bet ween the refrigerant supplying pipe and the hol di ng
part of the cylindrical elastic body: 2 mm

Pressure for supplying the refrigerant: 5,000 hPa/cn?

R0 2dbvickwess of a cylindrical elastic body: pbx@pi@snizaes
Tenperature of the refrigerant: 30C

(RSP Ap TP e YRt fn sREGenS a0y rges to

[ B TR 1R vieW BRI R e L TBePoF R sare as
in,Exanple 1, provided that the follow ng conditions
WEPET R

J®¥d°%s described. Length of the refrigerant

supplying pi pe: ;100 nm 5 Pressure for supplying the

r ef ri gef BAterosglanked sapfaceniayends foomed Ry ritnig the

el astic body: 4.0 nm [Exanples 4] The conditions were

satixthge sambasnigratiteaspltbe tri-prowaedunvhionthgadical

foll owi ng conditions were changed as descri bed.
polymerizable monomer having no charge transporting structure
and the radical polymerizable compound having a charge
trénsporting structure. In order to control the viscosity at the
time of coating, to reduce the stress in the crosslinked surface
layer, to reduce the surface energy or friction coefficient, a mono-
or bi- functional radical polymerizable monomer, and/or an
oligomer can be added thereto. As the aforementioned radical
polymerizable monomer and/or oligomer, those known in the art
can be used.

Examples of monofunctional radical polymerizable
monomer include 2-ethylhexyl acrylate, 2-hydroxyethyl acrylate,
2-hydroxypropyl acrylate, tetrahydrofurfuryl acrylate,
2-ethylhexylcarbitol acrylate, 3-methoxybutyl acrylate, benzyl
acrylate, cyclohexyl acrylate, isoamyl acrylate, isobutyl acrylate,
methoxytriethyleneglycol acrylate, phenoxytetraethyleneglycol
acrylate, cetylacrylate, isostearyl acrylate, stearyl acrylate,
styrene monomer, and the like.

Kxamples of bifunctional radical polymerizable monomer

include 1,3-butandiol diacrylate, 1,4,butandiol diacrylate,
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thAtmogdifaed bisphenok B dippeyiatel 3m

A. Difference in the tenperature is 0C or nore but

10 Space between the refrigerant supplying pipe and
the holding part of the cylindrical elastic body: 1.5
mm Thi ckness of a cylindrical elastic body: 3.5 nm
Crculation flowrate of the refrigerant: 1.8 L/ mn.

wbhby¥@npleer 5] 15The conditi ons were set the SAFIPAYSAI466

Exanple 2, provided that the follow ng condition was

RN FEREE RIS Bl AIRREPMIG Rber DAt h:

o nparative I The conditions were set
,same as, i.n 2, 1:2 Vi t
f;oflmwﬁebwﬁ%%%’eﬁgﬁgﬁ%%ggﬁsi&ée@%%ﬁ@%ﬁ?’
ef ri gerant: none st - t epper t b ;
RReC PR Eeeh TR ot iige EL ARG R APEHiate
in Table 1. WD 2009/ 072667PCT/ JP&O@S/ 072466 Not e
ithR 1tke as fol | ow

| ess t Baarfges of the functional monomer include:
fluorine-containing monomers such as octafluoropentyl acrylate,
2-perfluorooctylethyl acrylate, 2-perfluorooctylethyl
methacrylate, and 2-perfluoroisonylethyl acrylate, in which
fluorine atoms are substituted; and vinyl monomers, acrylates
and monoacrylates each having a polysiloxane group such as
siloxane units having a repeating number of 20 to 70, disclosed in
Japanese Patent Application Publication (JP-B) Nos. 05-60503
and 06-45770, e.g. acryloyl polydimethylsiloxianethyl,
methacryloyl polydimethylsiloxane ethyl, acryloyl
polydimethylsiloxane propyl, acryloyl polydimethylsiloxane butyl,
diacryloyl polydimethylsiloxane diethyl and the like.

Examples of the radical polymer'}iz_able oiigomez" include
oligomers of epoxy acrylate, urethane acrylate,.polyester acrylate,
and the like. Note that, the large content of the mono- or bi-
functional radical polymerizable monomer and/or the radical
polymerizable oligomer may practically reduce the density of
three-dimensional crosslinks in the crosslinked surface layer, and
this may cause the declined abrasion resistance thereof.

Therefore, the amount of these monomer and oligomer is 50 parts
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B: Difference in the tenperature is 5C or nore but

| ess than 10C C. Difference in the tenperature is
10C or nore but less than 5 30C D. Difference in
the tenperature is 30C or nore Table 1 Top (C) Center
pOCpeBoREdmM . (C) Tenperature di fference (c) HuiromsHTMG6
Ex. 1 42.5

by mass or less, and preferably 30 parts by mass or less, with
respect to 100 parts by mass of the tri- or more functional radical
polymerizable monomer.

Moreover, the crosslinked surface layer is a layer formed
by applying an optical energy, and curing the mixture containing
at least the tri- or more functional radical polymerizable
monomer having no chargé transporting structure and the radical
polymerizable compound having a charge transporting structure.
However, a polymerization initiator may be optionally contained
in the crosslinked surface layer in order to efficiently proceed
with the crosslink reaction.

Specific examples of the polymerization initiator include:
acetophenone or ketal photopolymerization initiators such as
diethoxyacetophenone, 2,2-dimethoxy-1,2-diphenylethane-1-one,
1-hydroxy-cyclohexyl-phenyl-ketone,
4-(2-hydroxyehoxy)phenyl-(2-hydroxy-2-propyl)ketone,
2-benxy_l-2'dimethy1amin0'1-(4'morph01inophenyl)butanone-1,_
2-hydr0xy-2'methy1~l-phenylpropane-1'0ne,
2-methyl-2-morpholino(4-methylthiophenylpropane-1-one, and
1-phenyl-1,2-propanedione-2-(o-ethoxycarbonyl)oxime; benzoin
ether photopolymerization initiators such as benzoin, henzoin
methyl ether, benzoin ethyl ether, benzoin isobutyl ether, and
benzoin isopropyl ether; benzophenone photopolymerization

initiators such as benzophenone, 4-hydroxybenzophenone,
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41.0 40.0 2.5 A Ex. 2 44.5 43.0 42.5 2.0 A Ex. 3 49.5
39.0 40.0 10.5

WO 2009/072667 PCT/IP2608/072466

o-benzoylbenzoic acid methyl ether, 2-ber_1zby1 naphthalene,
4-benzoyl bisphenyl, 4-benzoyl phenyl ether, acrylated
benzophenone, and 1,4-benzyl benzene; thioxanthone
photopolymerization initiators such as 2-isopropylthioxanthene,
2-chlorothioxane, 2,4-dimethylthioxanthone,
2 4-diethylthioxanthone, and 2,4-dichlorothioxanthone; and other
photopolymerization initoators such as ethylanthraquinone,
2.4,6-trimethyibenzoyldiphenylphosphineoxide,
2,4,G-trimethylhenzoylphenyle‘thoxyphosphineoxide,
bis(2,4,6-trimethylbenzoyl)phenylphosphineoxide,
bis{2,4-dimethoxybenzoyl)-2,4,4-trimethylpentylphosphineoxide,
methylphenylglyoxyester, 9,10-phenanthrene, acridine
compounds, triazine compounds, imidazole compounds, and the
like. In addition, photopolymerization accelerator can be used
alone or in combination with the aforementioned
photopolymerization initiator. Specific examples thereof include
triethanol amine, methyldiethancl amine, ethyl -
4-dimethylamincbenzoate, isocamyl 4-dimethylaminobenzoate,
2-dimethylaminoethylbenzoate,
4,4'-dimethylaminobenzophenone, and the like.

The aforementioned polymerization initiator can be used
singly, or in combination of two or more. The amount of the
polymerization initiator is 0.5 parts by mass to 40 parts by mass,

and preferably 1 part by mass to 20 parts by mass, with respect to
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B Ex. 4 43.5 46.5 50.5 7.0 C Ex. 5 49.5 44.0 41.5 8.0
C Com 1 145

WO 2009/072667 PCTAIP2008/072466

100 parts by mass of the total of the radical polymerizable
contents.

Furthermore, a coating solution of the crosslinked surface
layer optionally contains additives such as various plasticizers
(for reducing the stress and improving the adherence), leveling
agent, low molecular charge transporting material having no
radical polymerizability, and the like. Specific examples of the
plasticizer include known plasticizers for use in general resins,
such as dibutyl phthalate, and 'di-octyl phthalate. The édded
amount of the plasticizer is 20% by mass or less, and preferably
10% by mass with respect to the total solid contents of t_he coating
solution of the crosslinked surface layer. Specific examples of
the leveling agent include: silicone oil such as dimethyl! silicone
oil, methylphenyl silicone oil, and the like; polymers and
oligomers having a perfluoroalkyl group in side chains thereof.
The added amount of the leveling agent is appropriately 3% by
mass or less with respect to the total solids content of the coating
solution of the crosslinked surface layer.

The crosslinked surface layer is formed by coating the
coating solution containing at least the tri- or more functional
radical polymerizable monomer having no charge transporting
structure and the radical polymerizable compound having a
charge transporting structure, and curing the coated layer. In

the case where the radical polymerizable monomer is a liquid,
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120 115 30 D 10 [Exanple 6] An undercoat |ayer was
formed by a dip coating nethod on the Al substrate
(external dianmeter: 100 mm so as to have a | ayer

thi ckness of 3.5 pmafter drying. <Coating solution of
widhwoand@r coat | ayer > 15 Al kyd resin ( BECKOS®LI/IP2008/072466
1307-60-EL, DI C Corporation)

%@%&tc@&w olBsS Ml BRI 18561980t HeSHRER BEEAM N ating

C Corporation)4 parts by mass Titani um
OXIhr]fglsoscﬂp}gEﬁylc ?%Iﬂalt one 28 §?b§%t i flaly BO4ERA! ©
parts by nmass

diluted with a solvent, if necessary. Specific examples of the
solvent include: alcohols such as methanol, ethanol, propanol,
butanol, and the like; ketones such as acetone,
methylethylketone, methylisobutylketone, cyclohexanone, and
the like; esters such as ethyl acetate, butyl acetate, and the like;
ethers such as tetrahydrofuran, .dioxane, p_ropyl ether, and the
like; halogenated solvents éuch as dichloromethane,
dichloroethane, trichloroethane, and chlorobenzene; aromatic
solvents such as benzene, toluene, xylene, and the like;
cellosolves such as methyl cellosolve, ethyl cellosolve, cellosolve
acetate, and the like. These solvents can be used singly or in
combination of two or more. The dilution ratio by the solvent is
arbitrary adjusted depending on the solubility of the components,
coating method, intended film thickness, and the like. The
coating can be performed by a dip coating method, spray coating
method, bead coating method, ring coating method, or the like.

After coating the aforementioned coating solution of the
crosslinked surface layer, a light energy is externally applied to
the coated layer so as to cure the layer. Examples of the light
energy include: ultraviolet light sources, such as a high-pressure
mercury lamp and metal halide lamp, each having an emission

wavelength in the ultraviolet region; and visible light sources
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WD 2009/ 072667PCT/ JP2008/ 072466 Onto the
undercoat |ayer, the follow ng coating solution of a
charge generating | ayer was di p-coated, and the coated
| ayer was heated and dried to thereby forma charge

gonedatisag | ayer having a thickness of 0 3 [OT/IP2008/072466
<Coating solution of the charge generating | ayer>

Y- It h I hal ine4 parts mass
pol S S S 1 e & eI RE PRI A S ™
Ltd.) . 2. .parts_ b S thyl et hyl ket onel50, parts by
n&‘g’gz’iﬁﬁgflow?ﬂ%%@%%é’%@ﬁ&%ﬁﬁ’@nﬁ ,1"1‘41‘&4 ol | owi ng
coating sp]Jution of a gcharge transporting | ayer was
dipﬁﬁ-%%lg%%ﬁ{,e confemis %Hﬁpgag?w@m%%ath%ﬁ%b%m- drihs
to thereby forma charge generating |ayer having a
t Rigdniadensity ol tha radindiomds sspferably b1 thpaasgarafefrom
transporting |ayer> 15 Bi sphenol Z polycarbonate
( B9 B (om)® TS1208D mWéimen Heen che dightdintehSityaistless
by mass Low nol ecul ar charge transporting materi al
r ehpnasHii edWihymhehé ehlrong Rgaétiontequii® spalésg pyrivassf
C=CHn-N a CH3
time to complete. When the light intensity is more than 1,000
mW/cm2, the progress of the reaction becomes uneven within the
layer, and thus the texture of the crosslinked surface layer
becomes significantly rough.

In the case where the curing is performed by the light
energy, it is preferably that the oxygen density is reduced so as to
prevent obstruction of crosslink by oxygen.

As the composition for the coating solution of the
crosslinked surface layer, the binder resin can be contained
therein, provided that it does not adversely affect the smoothness,
electric characteristics, or resistance of the surface of the
photoconductor. However, polymer materials such as the binder
resin does not have a good compatibility with polymer generated
as a result of the curing reaction of the radical polymerizable
composition (radical polymerizable monomer and radical
polymerizable compound having a charge transporting structure),

and then a phase separation may occur in the coating solution of

the crosslinked surface layer. As a result, the resulted layer has
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20 Tetrahydrofuran80 parts by mass 1%t et rahydrof uran

solution of silicone oil (KF50, Shin-Etsu WO

2009/ 072667PCT/ JP2008/ 072466 Chem cal Co., Ltd.)O0.2

parts by mass On the charge transporting | ayer,
wioheodiobdsowi ng coati ng sol ution of a crossl i KKEAP2008/072466

surface | ayer was spray coated, and the irradiati on of

s%%z%rﬁca%@ﬂr Iﬁgghﬁmgﬁﬁ%&ﬁe 9k Fdre\’\@f gsf ?rﬁ%i‘gﬁl’enﬁfht

e same "condPtions as I n Exanp er the W
r di it _was at 13

E’t’ﬁferf ’E‘hgénc}P&, Oﬁﬁg es(l%rgace Oaa)%;%r gt\ﬁtﬁgn g’?tﬁé
thlck S 3 F)m to thereby yield.an
eHeEt ib‘gﬁé ahtd Phot oconduct or. <Coat i ng sol ution
of the crossl i nked_surface | ayer> 10 Tri-or ﬁ
f unct i drardesdpdapipipndye %]é’l‘jpélcrﬁs‘ﬁéﬁﬁ?erﬁ%‘i}f’%ﬁ ppof,
charge transporting structure (KAYARAD TMPTA, Ni ppon
KiheakrpsBbinkeldt shdfacpaayer byntrias bulkyrchagnee fransppsiag
radi cal pol ynerizabl e nononer havi ng .no charge

t saReperdd figereinushdrie i§ KAYARAY YDRCAI@@ashitbpote sty of
Kayaku Co., Ltd.)2 parts by nmass Radi cal polynerizable

COrRRNRk sNaVh B o i RErahar g bhasEadstiagtdl r Uftthicecuring

represented by the followng fornmula 10 parts by mass

H3Gction of such the crosslinked surface layer is rapidly
progressed, after being coated, by externally applying extremely
high energy, the curing is proceeded unevenly and thus the
resulted layer ends up having an irregular surface. Therefore, it
is preferably to use an external light energy which is capable of
controlling the reaction speed depending on the light intensity
and the usage amount of the polymerization initiator.

The coating method of the crosslinked surface layer is
explained as follow. In the case where an acrylate monomer
having three acryloyloxy groups and a tryarylamine compound
having one acryloyloxy group are used for the coating solution,
the usage ratio thereof is 7/3 to 3/7. The polymerization
initiator is added thereto at 3% by mass to 20% by mass with
respect to the total amount of the acrylate compound, and a
solvent is added thereto so as to prepare the coating solution. In

the case where tryarylamine donor is used as the charge

transporting material and polycarbonate is used as the binder
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CH3 20 Photopol ynerization initiator, i.e.

1- hydr oxy-cyl ohexyl - phenyl - ket one (I RGACURE 184, G ba
Japan K K. )1 part by nass Tetrahydrofuran80 parts by
mass [ Conparative Exanple 21 5The el ectrophot ographic

plohegen@uct or of Conparati ve Exanpl e 2 was jiepadf8draics
in the sane rmnner as in Exanple 6, provi ded that t he

irradiati f nd tihe te e t r,ol

@FS%@?%&@ e vdthafite et FORERGS G SR8 Ding
ara e Exa The, thus o i ned

¢ oHBESF BhBE 5P AP Ee e wﬁoﬁnmamﬁbgéad. gprface
gi o, Mz1350 _((Ri coh Conpany Limted), and 4,000, 000

p. éX%’él%f‘”ﬁ%ér s PRrag seating, theaforeypenpaed sobvent of

Ltd.) were subjected to the printing test (Initial

ciaegoamealwion igpovferabhe tetfabordrofineibutanone,

characteristics, charge potential in
ethyl acetate, or the like, and the usage ratio of such the solvent

is preferably 3 times to 10 times of the total amount of the
acrylate compound.

Sequentially, the coating solution prepared in the manner
mentioned above is coating by spraying on, for example, a
photoconductor wherein an undercoat layer, a charge generating
layer, and the aforementioned charge transporting layer are
laminated on a substrate, e.g. an aluminum cylinder, in this order.
Thereafter, 1t is dried at a relatively low temperature for a short
period (25°C to 80°C, 1 minute to 10 minutes), and then is cured
by heating or UV irradiation.

A metal halide lamp or the like is used for the UV
irradiation, and the illuminance (365 nm) thereof is preferably in
the range of 300 mW/cm?2 to 1,000 mW/cm2. In the case where
the UV light is irradiated at 600 mW/cmsg, the entire surface of
the coated layer is uniformly exposed to the UV light for 45 to 360
seconds while rotating the drum of the photoconductor. At this
time, the temperature of the drum is adjusted so as not to exceed
100°C.

After the completion of the curing, it is heated at 100°C to
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15 the device, and the printed i mage were eval uat ed.

The results of the wear characteristics (the depth of
wear) are shown in Table 2, the results of the charge
potential in the device are shown in Table 3, and the

WOPUERG6DNs of the image are shown in Tabl ePYAIPTYBLOE G

Nunber of the printed paper 2,000,000 4,000,000 Ex. 6
1 B0 EorCP0 mirditdsToB8® minutes so as to reduce the residual

solvent, to thereby yield the photoconductor.

Examples

Hereinafter, examples and comparative examples of the
present invention will be explained, but it shall not be construed
to limit the scope of the presenf invention.

The apparatus used in the examples is shown in FIG. 10.

Evaluation method'ZA

A UV lamp was disposed nearby a cylindrical substrate to
which a charge transporting layer had been coated and dried, the
surface temperature of the cylindrical substrate was measured by
means of a thermocouple and data logger, and the variations of
the temperature were evaluated at three points, 1.e. an upper
portion, center portion, and bottom portion of the cylindrical
substrate.

Note that, an Al substrate {outer diameter of 100 mm) was
dip-coated in a coating solution of the charge transporting layer
having the following formula, the coated layer was heated and
dried to thereby form a charge transporting layer having a
thickness of 20 pm.

<Coating solution of a charge transporting layer>
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Note that, in Table 2, the unit for the depth of wear
is pm WD 2009/ 072667PCT/ JP2008/ 072466 Table 3
Nunber of the printed pa-ier Initial 2,000,000
4,000,000 Dark part

WO 2009/672667 PCT/IP2008/072466
Bisphenol Z polycarbonate 10 parts by mass
(Panlite TS-2050, manufactured by Teijin
Chemicals Ltd.)

Low molecular charge transfering 10 parts by mass
material
CHa
C=CH N
CHg
Tetrahydrofulane 80 parts by mass

1% tetrahydrofulane solution of silicone 0.2 parts by mas
oil

The conéitions in Examples 1-5 and Comparative Example
1 were as follows:

UV lamp: UV lamp manufacture by Fusion UV Systems
Japan K.K. (bulb type: H-bulb)

Distance between the UV lamp and the surface of the
cylindrical substrate: 53 mm

Duration of irradiation by UV lamp: 2 minutes

Rotation frequency of the cylindrical substrate at the time
of UV irradiation: 50 rpm
[Example 1]
External diameter of the cylindrical conductive substrate: 100
mm

Total length of the ¢ylindrical conductive substrate:380 mm
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Exposed part Dark part Exposed part Dark part Exposed
part Ex. 6 800 130 760 150 700 180 Corn. 2 800 210

Refrigerant: water

Length of the refrigerant supplying pipe: 400 mm

Space between the refrigerant supplying pipe and the holding
part of the cylindrical elastic body: 2 mm

Pressure for supplying the refrigerant: 2,000 hPa/cm?
Thickness of a cylindrical elastic body: 1.6 mm

Temperature of the refrigerant: 30°C

Constant-temperature water bath: setting at 30°C (coolability
1,500 W)

Circulation flow rate of the refrigerant: 5 L/min.

[Example 2]

External diameter of the cylindrical conductive substrate: 100
mm

Total length of the cylindrical conductive substrate:380 mm
Refrigerant: water

Length of the refrigerant supplying pipe’ 350 mm

Space between the refrigerant supplying pipe and the holding
part of the cylindrical elastic body® 2 mm

Pressure for supplying the refrigerant: 5,000 hPa/ecm?
Thickness of a cylindrical elastic body: 1.0 mm

Temperature of the refrigerant: 30°C

Constant-temperature water bath: setting at 30°C (coolability
1,500 W)

Circulation flow rate of the refrigerant: 3 L/min.

31
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780 300 720 450 Note that, in Table 3, the unit for
the charge potential is -V. 5 Table 4 Nunber of the
printed aper Initial 2,000,000 4,000,000

WO 2009/072667 PCTHAP2008/672466
[Example 3]

The conditions were set the same as in Example 1,
provided that the following conditions were changed as described.
Length of the refrigerant supplying pipe: 100 mm
Pressure for supplying the refrigerant: 500 hPa/cm?2
Thickness of a cylindrical elastic body: 4.0 mm
[Examples 4}

The conditions were set the same as in Example 1,
provided that the following conditions were changed .as described. |
Space between the refrigerant supplying pipe and the holding
part of the cylindrical elastic body: 1.5 mm
Thickness of a eylindrical elastic body: 3.5 mm
Circulation flow rate of the refrigerant: 1.8 L/min.

[Example 5]

The conditions were set the same as in Example 2,
provided that the following condition was changed as described.
Constant-temperature water bath: none
[Comparative Example 1]

The conditions were set the same as in Example 2,
provided that the following conditions were changed as described.
Refrigerant: none
Constant-temperature water bath: none

The results of the temperature control are shown in Table
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Ex. 6 AAACom 2 BCC Note that, in Table

4, A represents an excellent imge, B represents an

i mage having a slightly | owered i nage density, and C

represents an inmage having a significantly | owered
WiorRege 7407 density. As has clearly expl ai ned HBOWPa08pRss

tenperature control unit of the present invention

enabl exoke (Wak] OHdTyitE PRl fo! tHBvA RN RS &sOofol Iohe
cylindrical substrate, and as a result, an

eA:eﬁh'fngkﬁéeoﬁ{ AL EaROL PEANELB O NAYENGuSAE 8 bRAN 5°C
wear C aracterlstlcs, electric characteristics and
Ié]EB]g%‘f(gxueaxlclet% ﬁ?entebngpgfé)tqﬁ%%gﬁ"c or more but less than 10°C
C: Difference in the temperature is 10°C or more but less than

30°C

D: Difference in the temperature is 30°C or more

Table 1
Top Center | Bottom | Temperature .
C) Q) 1. O | difference C) Fvaluation
Ex. 1 42.5 41.0 40.0 2.5 A
Ex. 2 44.5 43.0 425 2.0 A
Ex. 3 49.5 39.0 40.0 10.5 B
Ex. 4 43.5 46.5 50.5 7.0 C
Ex. 5 49.5 44.0 41.5 8.0 C
Com. 1 145 120 115 30 D

[Example 6]
An undercoat layer was formed by a dip coating method on

the Al substrate (external diameter: 100 mm) so as to have a
layer thickness of 3.5 pm after drying.
<Coating solution of the undercoat layer>
Alkyd resin (BECKOSOL 1307-60-EL, DIC Corporation)

6 parts by mass
Melamine resin (SUPER BECKAMINE G-821-60, DIC
Corporation) 4 parts by mass
Titanium oxide (CR-EL, Ishihara Sangyo Kaisha, Ltd.)

40 parts by mass

Methylethylketone 50 parts by mass
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CLAIMS 1. A tenperature control unit for an

el ect rophot ogr aphi ¢ phot oconduct or substrate, said

el ect rophot ogr aphi ¢ phot oconductor 5 substrate
conprising a coated layer, and an entire face of said
whesdoroomhot ogr aphi ¢ phot oconduct or subst r at eedagPngs/ 72466
exposed to energy externally applied froma heating

el enentophd Ege %JEQ'CBQI yeeq- Rée Gol18W3h Y3 a$ thution of

characteriz in that: tenperature contro

c [.S).n 11 10 I e
AR 1%%?4;}?%?a%ﬁy ddPSCE%s?é‘ ?ﬁﬁﬁ%oﬂaﬁ%‘iﬁs
of th ndrl I hqt hot ocondu tor
oo Pegted RAfiive FrdBhedly 2hat feRbered BSbSrinn tager
t sequential]ly stretch until reaching the deepest
18 at%aiﬁﬁ??%@f p%\é‘énof the 15 cylindrical

substrate as a result of an introduction of a

5 reloaginmnelutien of the chagee @esleasting breract with an
entire inner wall of the cylindrical substrate, and to
s&oieent tithhyl phthakyt phthelw@yaginal shapiepahsrbpfmm a
result of a release of the refrigerant therefrom so
t Palytibg! berthran SO S M-S, BekbatiabhymdislpOsed.bdn) t he
hol | ow space of 20 the cylindrical substrate, and

wherein the menbrane nenber is configuredyhprsNiKen s
heat transfer between a surface of the cy?l ndri cal

SNP&@:B@%& ARdidde refrigerant introduce g?mgn% ﬂ;pHaos\g

space of the cylindrical substrate viat

10 3000 o75BEn B FRBsRERB kb E v ¢ °a1é°em%g thine
T 5o SRS R L PSR B P 5 e

coated layer was heated and dried to thereby form a charge
generating layer having a thickness of 22 um.
<Coating solution of the charge transporting layer>

15 Bisphenol Z polycarbonate (Panlite® TS-2050, Teijin Chemicals
Ltd.) 10 parts by mass
Low molecular charge transporting material represented by the

following formula 10 parts by mass

20 Tetrahydrofuran 80 parts by mass

1% tetrahydrofuran solution of silicone oil (KF50, Shin-Etsu
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2. The tenperature control unit of according to claim
1, 5 further conprising an assisting systemfor a
cl ose contact of the nenbrane nenber, configured to
assi st the nmenbrane nmenber to closely contact with the
VEhPYE246Aner wal | of the cylindrical substrBEBIRRH0S{0FL66
time when the refrigerant is introduced. 10 3. The
t@hpariaalCe.,dort.y ol unit according to ay2 paetobyahasin
1 or 2, further conprising: a refrigerant
i nt rodggd BRe RREkge it O pYiteke 18P DB ARG coating
refrigerant is introduced into the holl ow space of the
. . : ) 1 ‘ , ¢ .
R Doy e B AR on famnd e
insl ge t L l.ow part  af [Lindricail strate
R85 o DOV T che e B o O R RO
uni t. accaqrdi to claim.3, wherein 20 the refrjgera
HHBRRER) [k £ R OrHOPBE AR Bra T elocks | AGHE UV
are a doubl e pipe conprising ap inner pipe and an .
dindiptigngdt was dried\giel30°¢ fare3@anpreesiseeas o abtaasihe
so as to be on the sane axis to a rotation axis of the
mnpﬁﬁpkedlswm }eatea hairiggi & thigginess of 9.0 pm, to thereby
2009/ 072667PCT/ JP2008/ 072466 configured to introduce
andld elrcakeettdphotefrageicapliotioccaddctorom t he hol | ow
space of the cylindrical substrate, wherein the
o4 84t iRigNed1usiosOeNEKd efbdstirdie BBl RRedagakt of the
hol | ow space of the cylindrical substrate, and the

I T¥1e6r Bid¥® functional radical polymerizable monomer having no
charge transpérting structure (KAYARAD TMPTA, Nippon
Kayaku Co., Ltd.) 8 parts by mass
Tri-or more functional radical polymerizable monomer having no
charge transporting structure (KAYARAD DPCA120, Nippon
Kayaku Co., Ltd.) 2 parts by mass
Radical polymerizable compound having the charge transporting
structure represented by the following formula

10 parts by mass

Photopolymerization initiator, i.e.
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5 is inserted into the holl ow space of the cylindrica
space in a manner such that an opening thereof is

| ocated at the deepest part of the hollow space of the
cylindrical substrate, so that the refrigerant flown
WO R0POMEST he entrance part or the deepest pXFEIPYLIESI66
and presses the nenbrane nenber towards the inner wall
19- 0§ d $ 18- 6yloneah 1 Ge nSUNSIH AL ARG ARKR R he4retibaalpan
menber contact wth the inner wall of the cylindrical

sgbgtyate. 5. The tenperature control qpb§r9§ZQﬁﬁggg
claim4, wherein the double pipe has a width of an

t
gﬁ{g;;la y(IfJS?&GP&L of 2 mmor 15 nore, wherg, ;Qt?%@ﬂp%égs

nne a space between an outer face o e I nner

pipe_and an ipner f.a of the outer pipe. 6. The
téﬁﬂgﬁpﬁrﬁzbvecgﬁ?wlezﬁit according to any one of

cl ai ns to.4, wherein the nbr ane nber, | s at | east
outer 76t GLetsPD RO RET BING E AR ORAEL BT AE G BRFRAVS
face of the bag structure has an elasticity, and

f Bremples2 asaapeppeted i dhensama mamnen dadd theanalep.
face of the bag structure stretches as the refrigerant
i provideddticatdthaixradhatibag fSUVUdght andathe tompacature
with the inner WO 2009/072667PCT/ H2008/ 072466 wal | of
t Bentydlivagd patfosnlest attke samascdmdioing 4sién Comparative
cylindrical substrate. 7. The tenperature control
unidam@eronding to claim6, wherein 5 the bag structure
is configured to release the refrigerant and shrink

back t ortBenQ5idHtAfke & LRRSrop Y8 gt AFhid P hOHI6hidABL Y was

the refrigerant is termnated. 8. e tenperature

CORLSRle gl § RG5O T956 QREDA @35 P nF1dkdked), and
4,000,000 pieces of paper (A4 size, My Paper, NBS Ricoh Co.,
Ltd.) were subjected to the printing test (Initial charge potential:
-800V). Thereafter, the wear characteristics, charge potential in
the device, and the printed image were evaluated. The results of
the wear characteristics (the depth of wear) are shown in Table 2,

the results of the charge potential in the device are shown in

Table 3, and the evaluations of the image are shown in Table 4.

Table 2
Number of the printed paper
2,000,000 4,000,000
Ex. 6 4.2 8.0
Com. 2 3.5 6.0

Note that, in Table 2, the unit for the depth of wear is pm.
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10 6 or 7, wherein the tenperature control unit

further conprises a rigid tube disposed in the holl ow
space of the cylindrical substrate so as to be on the
same axis to a rotation axis of the cylindrica

QB PRcE, and the bag structure is a cyli n@€TARACOIG 66
structure conprising a circular through-hole in a
c@abﬁg3thereof 15wherein the cylindrical bag
structure is disposed on the rigid tube so that an

| et e enet Rl S R ase of ~the
nbr afre Ilﬁllﬁﬁ lal:’U”l agts VVI2 OCUOOUUL € Ct1 Hb'dﬁjo mc.

o as }I'J;irﬁbgrt xpésbfpa{rk @,aﬂ{ﬁ‘ ,.Xpoggdki)al"t ![fark art 'E"ic part
e

[ [@u ho! 1] DELFFEN l”’?ﬁ(},ffl Tid cul U?'OE"L’C B a
SIFLLAGE OOLI b1 d tubeg 20 dllu3 gTe {TMER 450

crrcu er erce OT e TT1ier Sur I alc UI lIIB TT IIUI alTe
menber. _ 9. The t rature control unit according to
any ondVgje thaf; ﬁ’é%‘i@ 3, thenend; ferihe sharas pefential iss
a cylindrical elastic WD 2009/072667PCT/ JP2008/ 072466
bﬁ@y whi ch is detachably di sposed in the holl ow space
of the cylindrical substrate. 10.The tenperature
cBabkeoft unit according to any one of 5 clainms 6 to 9,

~tt
(7]

=

\quqe.[_e.;_ ure- s a chuck .confi g red to
oldt :Wm tprinted panek, ¢+ he holl oW space
thel eyl Bl callsulbsP900W  ohd APOPPY: o it hereof so

Extu otateithe—eyhindritbal—su "ctraL%umhLLé hol di ng
tEamedt 10 81 Fhe te”pe(gture contrek-uni-t-laccor di ng
to any e @atChiA TEb1E 4, A HoprddilidHn ERONI, éx?d iflage, B
refrlgerant cifcu a i on’Syste n1con igure

a

y
neou released.refri
B B PR BRI R AR G PO g WLy, ana
t er at ur e- const ant. bat h.
Srg%presents an image havmg a significantly lowered image

refs Elqyscg tl?lleag an?}r"

density.

As has clearly explained above, the temperature control
unit of the present invention enables to uniformly control the
temperature of the cylindrical subsirate, and as a result, an
electrophotographic photoconductor having excellent wear
characteristics, electric characteristics and image quality can be

produced.

87



ot

10

15

20

15 12. The tenperature control unit according to any
one of clains 8 to 11, further conprising a pipe for
the refrigerant, which is inserted into the circul ar
t hrough-hol e of the cylindrical bag structure, and is

configured to introduce andr, se the 20
refrigerant. 13. The tengg%§ﬁbi control wunit

according to any one of clainms 9 to 12, wherein a

thi ckness of the cylindrical elastic body at where
closely contacting with the entire inner wall of the
IVO 208907 2667 RGT dPR0OE/ 024 66 ayl ¢ledt i eghosughatplatce
is 1.0tine to 2.0 tinmes of a thickness of the top and

pPRtb oS &Ne8n 0k ubber £ 1RdAT Aakt &l A {derRQd c 3 h bR ductor
contacting wth the inner wall of the cylindrical

substrate, and wherein . a.part of the cyljndrical . .
SEPALI @ Bompandtisa;ne B ol Hvarn k! Bnet wbF e chgR s 1id

shaped_in a taper or a curve. 14.The tenperature
etasitpahoting ¥ 2k op boher ad aplpropeb srate beimsmsxposed to

13, further conprising a couple of netal or resin disk
epeeggingeirnalls apppedt fnoehn Heaposedlanhechterhile lagichg rotated

bottom of the 10 cylindrical substrate, wherein

b&ha?fr_%‘é’&'ﬁ'o% 9 s 105h 8k hQka k&SR Al ikt RE@SSI ng tools are

confi gured to.perforn1a positioning of a |ocation
R e e R
control unit according to any one of
membrane member, said membrane member detachably disposed in a
hollow space of the cylindrical electrophotographic photoconductor
substrate,
wherein the membrane member is configured to sequentially
stretch until reaching the deepest part of the hollow space of the
cylindrical substrate as a result of an introduction of a refrigerant
therein so as to closely contact with an entire inner wall of the
cylindrical substrate, and to sequentially shrink to the original shape
thereof as a result of a release of the refrigerant therefrom, so that
the membrane member is detachably disposed in the hollow space of
the cylindrical substrate, and
wherein the membrane member i1s configured to make a heat
transfer between a surface of the cylindrical substrate and the

refrigerant introduced in the hollow space of the cylindrical substrate

via the membrane member closely contacted with the
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clainms 8 to 14, further conprising: a refrigerant

st orage tank; a refrigerant supplying pipe
connecting between the refrigerant storage tank and
the cylindrical elastic body; 20a punp equi pped with
Whao9/eReG7ger ant suppl yi ng pi pe, and confi guPEHIR20084&Hds
the refrigerant fromthe refrigerant storage tank into

t hen &y bafdick GFlthel @dindribalYubstrate, so asMdf ddr@ebPAL
rel easi ng pi pe connecting between the cylindrical

ebastice thadyerandrs Be thefdiIgRIG1 SiRRgee t ank, and WO
2009/ 072667PCT/ JP2008/ 072466 configured to rel ease the

circulated the refrigerant in the cylindrical elastic
body to the refrigerant storage tank;

a
d fi d i . f
tho rer(tgivaRerauiy b bumbelRetnttioR €EREN T °

configured tqQ control he flow rate of fhe
rrt:hgélcgmpr?sing an asstlstemg system f%r a_cIose contact of the

membrane member, configured to assist the membrane member to
closely contact with the entire inner wall of the cylindrical

substrate at the time when the refrigerant is introduced.

3. The temperature control unit according to any one of claim
1 or 2, further comprising:

'a refrigerant introducing part, from which the pressurized
refrigerant is introduced into the hollow space of the eylindrical
substrate; and

a refrigerant releasing part, to which the refrigerant
introduced in the inside of the hollow part of the cylindrical

substrate is spontaneously released.

4. The temperature control unit according o claim 3, wherein
the refrigerant introducing part and the refrigerant releasing
part are a double pipe comprising an inner pipe and an outer
pipe,

wherein the double pipe is disposed so as to be on the same

axis to a rotation axis of the cylindrical substrate, and is
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configured to introduce and release the refrigerant in and from
the hollow space of the cylindrical substrate,

wherein the outer pipe is connected to an entrance part of
the hollow space of thg cylindrical substrate, and the inner pipe
is inserted into the hollow space of the cylindrical space in a
mjanner such that an opening thereof is located at the deepest
part of the hollow space of the cylindrical substrate, so that the
refrigerant flown out from the entrance part or the deepest part
puSheé and'présseé the membrane member towards the inner wall

of the cylindrical substrate to make the membrane member

contact with the inner wall of the cylindrical substrate.

5. The temperature control unit according to claim 4, wherein
the double pipe has a width of an annular channel of 2 mm or
more, where the annular channel is a space between an outer face

of the inner pipe and an inner face of the outer pipe.

6. The temperature control unit according to any one of
claims 1 to 4, wherein the membrane member is at least outer
face of a bag structure,

wherein the outer face of the bag structure has an
elasticity, and functions as a chuck in a manner such that the
outer face of the bag structure stretches as the refrigerant is

introduced into the bag structure, and contacts with the inner
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wall of the cylindrical substrate so as to hold the cylindrical

substrate.

7. The temperature control unit according to claim 6, wherein
the bag structure is configured to release the refrigerant and
shrink back to the original shape, once the introduction of the

refrigerant is terminated.

8. The temperature control unit according to any one of claim
6 or 7, wherein the temperature control unit further comprises a
rigid tube disposed in the hollow space of the cylindrical
substrate so as to be on the same axis to a rotation axis of the
cylindrical substrate, and the bag structure is a cylindrical bag
structure comprising a circular through-hole in a center thereof,
wherein the cylindrical bag structure is disposed on the
rigid tube so that an inner circumference of an inner surface of
the membrane member contacts with an outer circumference of a
surface of the rigid tube, and the refrigerant is introduced in
between the outer circumference of the surface of the rigid tube
and the inner circumference of the inner surface of the membrane

member.

9. The temyperature control unit according to any one of

claims 6 to 8, wherein the bag structure is a cylindrical elastic

91



10

15

20

WO 2069/072667 PCT/IP2008/072466

body which is detachably disposed in the hollow space of the

cylindrical substrate.

10. The temperature control unit according to any one of
claims 6 to 9, wherein the bag structure is a chuck configured to
hold the cylindrical substrate from the hollow space of the
cylindrical substrate, and to rotate thereof so as to rotate the

cylindrical substrate while holding thereof.

11. The temperature control unit according to any one of
claims 3 to 10, further comprising a refrigerant circulation
system configured to reintroduce the spontaneously released
refrigerant into the refrigerant introducing part via a

temperature-constant bath.

12. The temperature control unit according to any one of
claims 8 to 11, further comprising a pipe for the refrigerant,
which is inserted into the circular through-hole of the cylindrical
bag structure, and is configured to introduce and release the

refrigerant.

13. The temperature control unit according to any one of
claims 9 to 12, wherein a thickness of the cylindrical elastic body

at where closely contacting with the entire inner wall of the
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cylindrical substrate is 1.0 time to 2.0 times of a thickness of the

top and bottom ends of the cylindrical elastic body at where

contacting with the inner wall of the cylindrical substrate, and
wherein a part of the cylindrical elastic body where the

thickness thereof changes is shaped in a taper or a curve,

14. The temperature control unit according to any one of
claims 8 to 13, further comprising a couple of metal or resin disk
pressing tools respectively dispésed at the tép and bottom of the
cylindrical substrate,

wherein the couple of metal or resin disk pressing tools are
configured to perform a positioning of a location where the

cylindrical substrate is held with the cylindrical elastic body.

15. The temperature control unit according to any one of
claims 8 to 14, further comprising:

a refrigerant storage tank;

a refrigerant supplying pipe connecting between the
refrigerant storage tank and the cylindrical elastic body:

a pump equipped with the refrigerant supplying pipe, and
configured to send the refrigerant from the refrigerant storage
tank into the cylindrical elastic body;

a refrigerant releasing pipe connecting between the

cylindrical elastic body and the refrigerant storage tank, and
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configured to release the circulated the refrigerant in the
cylindrical elastic body to the refrigerant storage tank;

a pressure detector configured to monitor a pressure of the
refrigerant; and

a flow rate control system configufed to control the flow

rate of the refrigerant.
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