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DESCRI PTI ON TEMPERATURE CONTROL UNI' T FOR
ELECTROPHOTOGRAPHI C PHOTOCONDUCTCOR SUBSTRATE Techni cal

wdrbmbd72Ebe present invention relates to a tenperBEIR0E8/072466

control unit for a substrate of an el ectrophotographic

phot oconduct or. Backgrfﬁgggﬁm?ffbfﬁcent years, an

or gani ¢ phot oconduct or as replaced an inorganic

phot oconduc bee onmonl y _used_for a
copyi ng mch‘mﬁﬁﬂf&}@@iﬂﬁlép&Tmle&ﬁﬁﬂanﬁ or a
conpl ex machi ne conbining thereof in viewof its
&G EIGERO B O'DOGERAFSH 6 dP O TOGOND RIC RQR SUBSTRATE
mai n reasons therefore are, for exanple, (a) optica
characteristics thereof such as a wi de wavel engt h
region and | arge quantity of |ight absorption, (Db)
|.Gak: gharacteristics thereof such as high
g%ﬁ@%%%@ifyﬁ‘nd stable charging ability, (c) a wde
range of selections for, a material to be used, (d)
easy pFBEREGSERt Ywentgancealates tp s bempanadyregantrad
like. I'n addition to the above, the dianmeter of the
phot éeo adsh siraltaso fhbanreleot wo @Einct opriag hd o wiss toed naluwtgr.
with the downsizing of the inage form ng devices, and
hi ghly resi stant phatoconductor has been strongly
desired in view of high-speededoperati on and
gg?@t%nan%g -gree for the device. Fromthis point of
PEWE PH@'G@@ ni ¢ phot oconduct or has di sadvant ages

such that .
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 thereof such
as a wide wavelength region and large quantity of light
absorptiop, (b) electrical characteristics thereof such as high
sensitivity and stable charging ability, (c¢) a Qvide 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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it is generally soft as the main conponents of the
surface | ayer thereof are a | ow nol ecul ar charge

wa ranepest nmaterial and an inactive pol yner, tHGE/JP2008/072466
abrasi ons are prone to occur due to the physical | oads

SFIBAIS, KBNS DL TR B L RO Aot

el ectrophot ography. In addition, the increase in th

oy B Eheforgaaie phntocen H@éobﬂ)@éndﬁga@%%a%ﬁjst‘ﬁb that
i ncreased contact pressure are necessary as the

i izngé e gallly ddfe asotiee npain icohgsome rtsof e hansurfiace layer
downsi zed for the purpose of achieving the high inage

ﬂi@ljéotfyareTQ%%v M E1RUNLE chathe! & af pAtehaiatRlidsd an
wearing of the photoconductor Such 't he mearlng of the

s BURTTR WAty i B B FigRorre ReBhech Prelr Gue o the

characteristics such as low ng of the chargahility,

P bysiegl do adiselrom dheddens lopingray stiem gereeaning pistem at
defective i mages such as background depositions.

Wy enmerof tdpestrdaicbdan thoprobespaf thaldlgctrysiestography.
wearing | ead i mages of |ined depositions due to the

FA %"i‘l'?h@ﬂnf atﬁé“iﬁcré&%e{n the Héz'fdﬁé‘és B'frtﬁlé”is&@ﬁ&le%f thiae

e-1ong ‘of the photoconductor is linited as a result

f this arin scrat ches t he repl acenent
‘aﬁé‘ﬂ‘é{}ﬁ b A8 e Th8i AN eBRfn st ye SRy Y §TE Hecossary
necessary to reduce the anmount of the aforenentioned
aedhendidmetersobthe Hongahp avidelaf as¢ mpge and more
hi ghl ydur abl e organi ¢ phot oconductor, and this is an
dogantized dbk ahet pubposob¥ethisvimg thiel Righ image quality.

These are other factors to accelerate the wearing of the
photoconductor. Such the wearing of the photoconductor leads
the deterioration of the sensitivity, deterioration of the electric
characteristics such as lowing of the chargability, lowing of the
image density, and the generation of defective images such as
background depositions. Moreover, the scratches from the
partially caused wearing lead images of lined depositions due to
the cleaning failure. Under the current circumstances, 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



As the technique which inproves the abrasion
resi stance of the photoconductive |ayer, (I) the
wa mohorizeere whi ch uses a curabl e bi nder resin iRCWIPR008/072466
surface Iayer (for exanple, refer to Patent Literature
e [ I
hkg:rié@ %g%o%?x%tgggn rc?(g é{'l?(f tﬁégg%p Egﬁe Igrioblem to
ﬁatent |teratg£ ), and (3) the technlque in which
éﬁ% dnfthischigldy o di spersed in the surface |ayer
(for exanple, refer to Patent Literature 3) are
pr oposéd thentruhnigesewilschnimpesyes hbetalotadiqoerddiptance
using the curable binder resin tends to increase the
Bﬁﬁhé’liﬁ{oﬂ%%ﬁﬂﬁic%iv@'ﬂ&yéhU(31)|Wt&ﬁ@ﬁ;d@%ﬁc‘ﬁeﬁ%éﬁé
due to the inpurities such as unreacted residual
, the conp athbi it the
PR o Ty RePRIPA chd bbb T 0 ammle pe oo
i S poor. Mbreover e technjque (2), using the
Ra&%wlé%mtwec hhr {;?5 thetepbriqweg whicey PaeS #hd t he
technique (3) dispersing the inorganic fillers are
negrabineolet ul ap chairgg triman spordin @nn atsiial dfmeeatnple, refer
certain degree, but such abrasion resistance is not

B3/ PteheNlite PRUGFe ), 8%l €Yeth ¢ RAIPSe 1AMNIEH ih@rganic
t he organl c photoconductor. Furthernmore, the techniqle

e A il v Ber e laag e ol G TB T icter to

surfaces of t he |?organ|c fillers, and thus the inmge
Batent \Literafiugiee3] areePrenmsedd. ¢n@4&éhﬁﬁqJ@§h(mylues the

(2) and (3) have not sufficientlyachieved the total
tedisitgarec€l )i usinglithg dieldedsindexratesiasteatdsnee inndease the
physi cal resistance required for the organic
POSHRGATPERial and thus lowers the image density due to the
impurities such as unreacted residual groups, as the
compatibility of the charge transporting material and the
polymerization initiator is poor. Moreover, the technique (2)
using the macromolecular charge transporting material and the
technique (3) dispersing the inorganic fillers are capable of
improving the abrasion resistance at a certain degree, but such
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 techniques (1), (2) and (3) have not sufficiently
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As an alternative technique for inproving the abrasion
resi stance of the photoconductor to the above, it has

wamenoienewn t he techni que such that a charge PCT/JP2008/072466

transporting layer is formed by using a coating liquid

cont ai nj oner_ . havin - C _doubl ond, a .
SRR Pl BB Bl caRE P Thira B efec B 2 e
and a binder resin (for exanple, refer tq Patent

apdep hy sical aesistancepregnye dr fo the arganig rhptoconductor.
el ectric characteristics are significantly inproved
especiAklan ytaimspiose tgchaiqaedfiorfiacproayey tha abrasion
crosslinked resin layer which is forned by curing at

t&Astafcd WfYhePhetdebitd bR td 8Hk Gl o RO XMRLé HRBhEknown
nononer having no charge transporting structure and a

adi ¢ olynerihzabl e c ound havi ng,.a char ge.
(S HERbP PR T R4 F 2 "R Putinsb Py Re Y i faramed by
refer to Patent Literatures 5, 6, and 7). I.n the
using B enaddngdinpid goatainmea mopomephaving a C-C double
crosslinkages are forned as a result that the coated

benmdr aothalge transportingemfatneidlohavingdi €alC double bond,
pol yneri zabl e nononer having no charge transporting

§ﬁ&%%‘iﬁﬁe§%shﬁ€(f6f‘@h§% E?L%'I‘E{r 1t63Ph fe £ O TH MU EECY).

Irradiated with a UV [ight. wever, If a cylindrical

bstrate is_expposed w t he UV l.ight, the . ..
THR Hif S cRiSfRate And rhA apettrioSharartfpistignare
tenperature due to such the |ight energy and heat of
sigaificantipimnraved especiglly bysdispasing, aa a sugfgre layer,
appropriate increase of the tenperature

s reokBliyjkedc eesinM dyert Wwhichassfarmkeé d by eaein@at lebet a tri-
extrene increase of the tenperature may | ead the

FEeSLLFRh AR LB cEl Polyhferizable monomer having no

charge transporting structure and a radical polymerizable
compound having a charge transporting structure by UV
radiation (for example, refer to Patent Literatures 5, 6, and 7).
In the crosslinked resin layer, three-dimensional crosslinkages
are formed as a result that the coated layer of the 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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characteristics, and thus the tenperature of the
cylindrical substrate needs to be controlled. It has

whzewokkaewn t he techni cal concept of the broadPGRIPR@(8/072466

such that a substrate for a photoconductor is cool ed

gkoéé@d With @e gf@géi?ﬁﬁgngr}eﬁ!cﬁ{btnr,%QIBOEQ%%?ghlfhézsrfase of

ot oconduct or by coating”various ‘coati ng

rying the coated filns, and then curin he fil ns.
£hY eBhaaiasiasaman 1449 thadn teTaorm Gepodeths plpoth
substrate of hollow tube is cooled by externally
ephanaelprasiios] endathusithentemparatiraiop theatylagdaimal
drying the substrate of the photoconductor in the

sabyiatleUné&ds ROASES6n0Fol16@. el ect r ophot ogr aphi ¢
phot oconductor. Patent Literature 9 discloses that the

SubSt 4l B R Rn6AA Bfle WEchATEAMELOD, 2o BRfe Yroad sense,

l'iquid for coollng he “chu suppor

an ves the substrate drum while gripin atent .

Snth g subshrat bed RistocoRduesPr ibicobled dicde sime of
is cooled by inserting the small cylindrical tube
predngingancelddtngp hategranipisl photpcanstuchod byeoating
cooling water releasing tube into the holl ow space of

VAgioW todfingaliquidst dayeng thet sRSR ACAMR)d®D3hen curing
t echni ques, the problens such as the depositions from

L& el £ 2 :or}eef‘é‘&xgﬁgg?ét?ﬂg?ﬁﬁg?g§upee%eaﬁsthgsé tHat the

cool1'ng nmedi um-as r e diréct contac

the coolin diumwth th rface of fhe substrate
ﬁ‘ég%'?’i%e, ot hpblomp ub; al@swﬁsaﬂw meawhargbf%l%@ cooled
cool i ngmedi um the stains on the inner wall of the

ait abdhieciime vfalipscodangrakd dfyihignthelsopisérate of the
depositions of the dirt contained in the

photoconductor in the manufacturing process of the
electrophotographic photoconductor. Patent Literature 9
discloses that 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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bl ast, and the |ike are not taken into consi deration.
Al though it is presuned to achi eve the good heat

wa 2mvef2e67 ef fici ency as a result of the directPCoImewsi072466

and the uni form cool i ng, however, those techniques

%«% éf]e b g iﬁ§oﬁfﬁ{eﬁﬁ?ﬂ fgﬂﬁg o?rt?lkél ce}rﬁntslgi[é?ﬁ tube as the

ere ore een desired-to

|ous robl.ens,due jo th dire co f th
EHH drppLetsdepasiions 6f tng Drl com in the

coollng and hlgh efficiency of the coollng For
blastpland ithetlike angsnetitaken itaceensiderhsiomst Adghough it
state, it may not cause an extrene defect such as a

i ppeohnidibtd iaqbidve e goed Ll ydwsfor ffidisgcplad he
coated film or partially uneven cooling may be occur.

toi*-gﬁ?rdq}é‘étec :ﬂltt?&hﬁs fo | gﬁrofda Cdtifhd) f g,%we%e

roman e IC nma such as a

ose. s e is enl ed and panded once
mﬂ Féggﬁ}&?%sgligf%%ﬂ%ﬁhe BEG MEDL10ng (ﬁaptrﬁélems to be
cooling device is inserted in the cylindrica
sobvsid. at Theaatbnehatlhapibdensdpoireddtd solvet Marivow pngblems
device to thereby cool the cylindrical substrate.

Havenethe dice et boRtiétcat thohwlol € neédinh, be wedl 8¢
whil e being rotated i'n accordance wth thi.s method.

NDRERS getﬁ@% (558 Y 20 BAEISATE BB % coptipe:

rlgera ress USi
ontrol v %ﬁ The hucklng part thereof is not

O GXATBR Loyt hengubp bkt edsgiared Hethemgefing pate, it may
t hereof cannot be controlled if theUV light is

npt zdiusecan texdremy dafect: secharmparditipref the tlhpuid, but
chucki ng part becones high. Moreover, Patent

LihkeQeat 8FRinPor 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



5

10

15

20

does not disclose any special consideration for the
even cooling and the i nprovenent of the cooling

weetdoboizeecy by uniformly contacting the el astim®BcT/JP2008/072466

material to the inner wall of the cylindrical

at e in th net hod ent
P TR iR TREE el SnR ST Pr Balraters of BE,
(JP A) No. 56-48637 &‘Pa ent_ Literature 2] Japanese
chneking\pairt hacogmes dighopMogseves, Reteremm%ature 10
[Patent Literature 3] Japanese Patent Application Laid
dpesn npiRIKLldée afd- ABdeiGl chhRatdatatlibhefoat thie e4kn cooling
Japanese Patent (JP-B) No. 3194392 [Patent Literature

T S R o R A A

licati 2004, 30245 Pat
(S ihE ettt alhleatalho e inheh VRL BEchedyimdrical
(JP-A) No. 2004 302452 &Patent Literature 8] Japanese
%b%matw peeerdan et gk simpbe ApeNaod2006- 255679
[Patent Literature 9] Japanese Patent Application Laid
Open ([PaténtNoiteeatud7Odl JHparase Ratemat Applicdjtion
Japanese Patent ApplicationLaid-Open (JP A No.

ggléf(%gn[(lj‘qi gr)tNlol t=e-akgge 11] Japanese Pat ent (JP- B)

[Patent Literature 2] Japanese Patent Apphcatlon
Laid-Open (JP-A) No. 64-1728

[Patent Literature 3] Japanese Patent Application
Laid-Open (JP-A) No. 04-281461

[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 Paferit 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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3154263 Di scl osure of Invention An object of the
present invention is to provide a tenperature control

waimiob/0f2@e67 a cyl i ndrical substrate, which is cardigeo@mhr2466

to easily and uniformy control and suppress an
tnckeqse. i L heperal yr f the cylindrical substrate
%gl(ge(aﬂgfleag‘%)hggf I%‘igﬁ% traviolet radiation. As a
resul t,_of the_intensive studies and resea ch?ﬁs)n
conduckBatent LHergtuzentlli fapanspe PateniaI B dihNox hat

the af orenenti oned probl ens could be solved by the
BdbUBGBNg tenperature control unit, and this led the
present invention. The nmeans for solving the

af orenenti oned problens are as follows ' <1>

At enperature control unit for an el ectrophot ographic

hot,ocondu r substrate, in which the
ISR ERR ot ek

8nphot oconduct or substrate contains
a coated layer, and an entire face of the .

el ect rdprRIsst HiHike preserbaavienbionsihie provide a
exposed to energy externally applied froma heating
tdraperhtuhe lconbeohgnibifat adcylindricilagulostraygst erhich is
characterized in that : the tenperature control unit

EORtiBLRE A% Pe 211§ £RARL 5 FARANY AU tFB TG d sﬁ?b‘iie ss an

menbrane nenber detachably di Sposedin a holl ow space
| indrical subst ernein.th

issare 8 o Baraiits LRGN FIF A PR AR AGhAY o whole
2t the (e pf ultraviolel Tadiation . @ O

As a result of the intensive studies and researches
conducted by the present inventors, it was found that the
aforementioned problems could be solved by the following
temperature control unit, and this led the present invention.

The means for solving the aforementioned problems are as
follows:
<1> A temperature control unit for an‘_electrophotogr‘aphic
photoconductor substrate, in which thé electrophotographic
photoconductor substrate contains a coated layer, and an entire
face of the electrophotographic photoconductor substrate is
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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space of the cylindrical substrate as a result of an
introduction of a refrigerant therein so as to closely

weanvake th an entire inner wall of the cylimdrirads/ 72466
substrate, and to sequentially shrink to the original

f .as esul.t of of the
?12?1? ﬁgiel:&g]t% 8? ﬁgroeffatr%eméyis%l#ﬁ%z?l % ﬁégﬁéaﬁtﬁ, ane nenber is
det achably di sposed in the hollow space of the
cynndwﬁ)@dm& PgrRDTaR0 MABHRAT Y FENEEHICANES nenber
is configured to make a heat transfer between a
seqiantiadly tstieetohl iundili ved clemesthatdeeprsttpart of the hollow
refrigerant introduced in the holl ow space of the

SphtO Tt cyldRatiASul Arhie 4L eangt BBHE I n 0w RtYon of

contacted wth the inner surface of the cylindrical

te .sg as.to cqontrol, a surface tenperature.of .
AT Eh b BY do 1B eRrcoBigch SR £b i} jpoer
uni gf accqQrding to <1>, further contai ni,ngla .
meLP hbefatbririgad sabsirats,arttpgie aentdallycohriadg to the
configured to assist the nenbrane nenber to closely
ooigiaal skidge thereftas @ remdit ofah Iredéasdefdplel nefrigetant
substrate at the tinme when the refrigerant is

tREFORUGEso TRAL thE MRIRBF#hY HehEr A ddPhthABRP s HGsed

to any one of <1> or <2>, further containinga
refrigergant introduchng part,..fromwhich the

b sheBodgy pEpee gLt T Enpricltnbsbiates 2% not 1 ow
space of the cylindrical substrate. and a refrjgerant

r el easWhgrgar the; megmbrane maemdien e canfiguredobn seake @
the inside of the hollow part of the cylindrical

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
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
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substrate i s spontaneously rel eased. <4> The
tenperature control unit according to <3>, wherein the

wo gfopopesant i ntroduci ng part and the refri german/Jr2008/072466

rel easing part are a doubl e pipe conprising an inner

QLBSUQH;'%HuPUter pi pe, wherein the double pipe is
di sSposed so as to be on the sane axis to a rotation

axis of the cylindrical.substrate, an)niﬁ cc()lg.fj gur ed
to i nt? SGLESeAARt RAleastng Rartef? vgRICHEDe FedRtEaTadHh
the holl ow space of the cylindrical substrate, wherein
{itarodmteed o1 phei i sadardcthed hobloam partrefndee pxtinddficahe
hol | ow space of the cylindrical substrate, and the

EAPSEratieP® spohieRE6€6ly PéIRalsRd. hol | ow space of the
cylindrical space in a manner such that an opening

rapf deeg rt of e hol | ow
SAECERG LeinpCEah it Bbut i BER FEt ol {4, 5% iREkEMh the
égg[igerant flow out fromthe entrance part .or the

pEerany intrpdrEagparhpadsthae rrérigexppst e lpapg rart
towards the inner wall of the cylindrical substrate to
aska dbebbepipam®mprimngcontiantervwipe ahd anmartexapipe,
of the cylindrical substrate. <5> The tenperature

cont r ofy hidRbin 3B SMBEE bPp&ds divhesed BotdietdB¥d £ tRERG me
has a width of an annular channel of 2 nm or nore,

h I ch | is.
85 Eq ' FoR S B, oY i A RRF SRBLER Al OHL &

pi pe. <6> The tenperature cqontrol unit_ according to_any
%waafflgflreglﬁq trpducghapd; selepse ddeprefresommeinjanddrom
| east one side of a bag structure,

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 i1s 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
pushes and presses the membrane member towards t.h'e innéf 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.

10
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wherein said side has an elasticity, and functions as
a chuck in a manner such that said side stretches as

wa e9neked gerant is introduced into the bag StRUCIR2DEB/072466
and contacts with the inner wall of the cylindrica

| EBQSTBQH%IE e PRt QQLFr&Ih&n%’ hh@ 1‘}1? to %é’[ 68& %f éf% to

e tenpera ure control unit accor
structure i confi dtoreleasethe

R S A (R A T i stap g ige of a bag

once the introduction of the refrigerant is
sarydtiaeed. <8> The tenperature control unit according
to any one of <6> or <7>, wherein the tenperature

cont r owhifein fsdid hatedoad aineldstiéidyd ahdofukiétspasas an
the hoIIOMIspace of the cyllndrlcal Substrate so as to

Rist Cg? 8?)&1%(11 ég{(ﬁgi(g W%t%h%f 4d'Ehe refrlgerant

stra ructure IS

cal tr ture conpr|5| a circul ar
'{}@ﬁf dertiip e Bineer Crtgss anghepRiACtaEILh the inner

cyllndrlcal structure is disposed on the rigid
wadk of cthiehathagrmadesubﬁhrammser aade léldabhé mydimdrical
surface of the nmenbrane nenber contacts with an outer
substvdterence of a surface of the rigid tube, and the
refrigerant is introduced in between the out er

.Q%CT'HE qe%?ﬁ?rﬁultéqgo Ht{ la\gﬁlto‘fic&nedl %ﬂbewﬁgge flp %he

i Nnner Ci rcunterence I'nner sur
BRIV IATRIDSL o Sl LR é,:;«g;ﬁemgrgg°4¥#q2;sﬁggsmmk
structure is a cylindrical elastic body which
back to 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
cylindrieal 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

11
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is detachably disposed in the holl ow space of the
cylindrical substrate. <10> The tenperature control

wamiop/oreeor di ng to any one of <6> to <9>, wher®iTIIHR2bES/072466

bag structure is a chuck configured to hold the

rﬁ\é}um%{i cal substrate fromthe holl ow space of the

cyl'r ndri cal substrate and to rotate thereof so as to
ethec i ndri cal bstrate i.l e holdin

e ke tomn Wet%fépiﬂmlé RFATRE ) F Y0P afigf> to

to any one of <3> to <10>, further containing a

£8%s mjmrenn tdie bagatrosteysism cohhdgicaldelastic body which
reintroduce the spontaneously rel eased refrigerant

isnd @t ddHa 18T digRysed in HheKoIbRIs Tﬁ@éé ofitheacylindrical
tenperature constant bath. <12> The tenperature

é:‘ﬁp%'{] un|t according to any one of <8> to <11>,

er 'corrprisi ng a pipe for the refrigerant, which

is inserted into the circ | ar. t hrough- hol e of the

%i@? ¢ &Simlb%\‘&‘fétrreu%‘tfbfrr@ W woeghpggt@r 2Byape of <6> to
i ntroduce and rel ease the refrigerant. <13> The
<@rpwrheneis donbagl stumict uae deralchg ckocamfigamedafo kokd the
to <12>, wherein a thickness of the cylindrical

@l@ﬁ&i‘fcaﬂ%ﬁ&a‘ﬁ@%@nﬁmé Holl6RNSpedd B thet dyliR8rical
ent| re inner wall of the cylindrical substrate is 1.0 -

RebfeZpBd [IBRPle Bt RIGKOF RS B pblfie OB 0Th0LGOM

cont actl ng with the inner 'l of the cylindrical
rage v hpkegh whereplt of the cylindrical
el astic body where the
<11> The temperature 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
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t hi ckness thereof changes is shaped in a taper or a
curve. <14> The tenperature control unit according to

wampooTeeeof <8> to <13>, further conprising a BOUI208072466
metal or resin disk pressing tools respectively

' t QR ang het t f vl i i :

BhERRT SR of ERe A AEAATAIARLE bV AL Blltaching
ressing tools e.configured.t rforma itioning

Bith thecnnegnwaL o6 tircclyprisalinbatade, abd i s hel d
with the cylindrical elastic body. <15> The

t enperwhereicanpavt ofithe ¢dinddiaad alastieybody wherd the
to <14>, further containing: a refrigerant storage

tleick s st e reof dhaigd £ ehapedeid antaper 6kl Egpvant
suppl yi ng pi pe connecting between the refrigerant

S{952Bf. L@ @{Lﬁt&&e St ﬁaécceoirﬁhg%bgﬂ%o& BE'EB> to
eqU|ppe% Wi e re?rlgeran suppl'ying pi pé; and
configured to send the refrigerant fromthe, ) )

£ 187 durther §?H’rpé'g}é“%%ﬁkc?'ﬁl’f? Pﬁéﬂ%gali NoFeRip diskhpressing
body! a refrigerant rel easing pi pe connecting between
tduds aplspedtivedy dilsposied dbtlye dop ahd badftoigef dhe

storage tank, and configured to rel ease the circul ated

¢ylenaefdd108iRetraite, t he cylindrical elastic body to the
refrigerant storage tank;a pressure detector

r . e detector
and o YPEEP L pHBEsh gD OHEREROE £Rbi Hak T BB bp1s are

the flow C. . .
configured to perform a positioning of a location where the

cylindrical substrate is held §vith 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 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
configured to release the circulated the refrigerant in the

cylindrical elastic body to the refrigerant storage tank;
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rate of the refrigerant. In accordance with the
tenperature control unit for an el ectrophotographic

wvot/onestduct or substrate of the present i nverrGTmarr008we2466

increase in the tenperature of the cylindrica

subst rs\tpere%glp%s%e bQFo£Y @relavt& Qr?o%ﬁg 4 pRBLLLE, oY the

I np i S “easl resse
ngerature of the cyI i ndri cal substrate, and as a
dggr RHeaRflgh abrasion resistance and scratch
reS|stance, and stable static characteristics of the
el ect radhoworpteptont nof ciyst¢endocnigw=d be contrelathedlow
Brief Description of Drawings FIG 1 is a schematic

¢h fgbaTheheyfrige mady.r uct ural exanpl e of the
tenperature control unit which |s SU|tabIe for

carryi Y a gbragﬁcg $HEné 'tg ure ol &ndrol it for an

schemat'i I'agram s OW ng S ruc exanpl e of
nperajure control_ unit |ch IS SU|tabIe for
ef}&typﬂ OLR8T 3P Bekerondyetar bstmage of the present
schemati ¢ di agram showi ng a structural exanple of the
ieveetiany thecuirealseum thevteoipémtauiet abtbe faylindrical
carrying out the present invention.FIG 4 is a

§G D8t tieCc 4 SOd 2fBrSELNIH e b EHE Heaa! e TRlecUM 148 is

terrperature control uni t whi ¢h is suitabl e for
%ﬁ&a{gdq}éﬁ agr a r es slsre\(/ie{;'t | %qll}rrgi ing 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.

14



10

15

20

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

W®2008/02266Themat i ¢ di agram showi ng a struct ur al PERaIPPIS72466

of the tenperature control unit which is suitable for

¢ ,
giLreyI? g%\g rgams ogm@fnc H{B’@%ﬁ uc ura}l?%flaﬁ%) e (‘)’fr t he

ratu control unit which_ i s sui f or
2%) lge the’ PRETRFIAATE GORIERE it ‘ftil@bh af gudtable for

scher_ratl C d| agram showi ng a structural exanple of the
canpangt out therpradentninvenitiioh. i s suitable for
carrying out the present invention (before the

refri geI@N®s isal JtHAHHERIdiadrdem Hdwin@ aSshaidiiral
di agram showi ng a structural exanple of the

s SIBGNBL Y a%é:(%ﬁ éra%'?frte cygﬂtci* 1?111%%?1?@1& ?F SQfltable for

carrying ou present nven ion(a

refri.gerant introduced). FIG 9 is a schematl c
%*F’é‘@’rléﬁ%i %HB\R}‘ﬁgP%e%“r u{ﬁ‘tﬁ%m@xanpl e of the
tenperature control unit which is suitable for

carryi KbiGot i¢ hesqlregsahic dmmramoshowig aldtiwctaral

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

&% a il e S LER e i YERHtuR: cdiltPol hidNWhidBis HuBtabRe for

schemati ¢ di agrans show ng exanpl es of the state where

ée%g?&%g %gé'};ﬁ%lpfeus%snt ﬁ}\ﬁeﬂtlohel d with the cylindrical

FIG. 7 is a schematic diagram showing a structural
example of the temperature control unit which is suitable for
carrying out the present invention.

FIG. 8A is a schematic diagram showing a structural
example of the temperature control unit which is suitable for
carrying out the present invention (before the refrigerant is
introduced).

FIG. 8B 1s a schematic diagram showing a structural
example of the temperature control unit which is suitable for
carrying out the present invention (after the refrigerant is
introduced).

FIG. 9 is a schematic diagram showing a structural
example of the temperature control unit which is suitable for
carrying out the present invention.

FIG. 10 is a diagram explaining an example of a schematic
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FIG 12 is a schematic di agram show ng an exanpl e of
the installnent of the cylindrical elastic body. FIG

wdl B obs7286Tr 0ss-secti onal view of an exanpl e of P@IIP2008/072466

el ectrophot ogr aphi ¢ phot oconductor for use in the

BEARANre! 1AM P‘?Bseﬁk@nﬁ%ﬂ%‘d FIG 14B are

Cross-secti onal views O exanp]es of an

el ectr ot.Qar aphi hot qconductor for yse in th i

pr esenﬂ)an\;g F‘g‘ﬁ. ﬁ#&@llﬁﬁrﬁnﬁc}:ﬁ%atl“sal%g’éams showing
cross-sectional views of exanples of an

examplep i tdyr apiecwihtesteodon dubinsiri¢al subetratet ischeld with
present invention. Best Mdde for Carrying Qut the

thy eplimivitel elagfitdody.he present invention will be
precisely described with reference to the draw ngs.

The 1 eppar qblr e, Contd Bl il Ofa hheh PL 836 Mn bRXGDICBE the
nger 6% 'S | Xe on, Or

cont ai ns a nmenbrané ne

det achabl tached to.an entire inper wall of a
b‘ﬁt’iaﬁE‘PP |°aé'ihﬁw rigal efastig -ed layer and is
exposed to energy externally applied froma heating

el enenF]GwWi&r 5§ a @osefsdgeonal viewioff ancred platodaan
i nner part of the nmenbrane nmenber and is configured to

ERIEtEOp hatSer AR h BORSE o dii & otf fdrN@s€ Yhi tHY 'Pﬁééent _
substrate via the nenbrane nenber, while self-rotating
Iﬂ‘&erféfll :lnndri cal substrate. In accordance with the
present invention, the surface tenperature of the

cylindrjcal hot oc uctive substrate is
y d]E‘i(Q: 149& and 1%?& 14B are cross-sectional views of

examples of an electrophotographic photoconductor for use in the
present invention.

FIG. 15A and FIG. 15B are cross-sectional views of
examples of an electrophotographic photoconductor for use in the

present invention.

Best Mode for Carrying Out the Invention

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

The temperature control unit of the present invention
contains a membrane 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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controll ed and mai ntai ned at 150C or |ower, preferably
130C or lower. The surface tenperature of the

westhTiaée can be easily determ ned, for exanEr/JH2yo08/072466

nmeasuri ng the surface tenperature at the opposite

gﬁﬁinteirolp?ﬁoof pﬁe 'nﬁéﬁ%’ ;Eil[e e%;i’ﬁé{) 91?1 o bl glﬂﬁ'%%q&)gcontrol

rra 03|
is 10dereesa rt {romt rraﬂ ed osi tion on
tivdpree feampora e of Fhe sylipdsicaf substzateyia the
frequency of 25 rpm. The nenbrane nenber is easily

megubradei membehov hole sglduwtatingdbey¢ylnddroa]l substrate.
substrate, is elongation-expandable at a pressure of

500 hPE aleRot @ahPe PRIhNId pFBsOAt BvEREiINE] thé suifrfabe

I|qU|d refrlgerant e.g. water, to be i nt roduced

. og@gg?tuﬁg%f' nﬁﬁh}’ir?éap%ﬁpéﬁ i&gg[fl@tgg@ggs
T
Fontnlfed g %4’@958‘%& AT hBOLE egre,{%qf%.rggiﬁ?l;‘ggﬁ% or

t he deepest part of the cylindrical substrate in the
loveer dihreesurfacet tranpefat Tihe ofifthrecsehs i ratedc aie drecea sifly
the pressure is sufficiently attained by water

Q& BSEHIEe @f f6¥ e ¥ BAN VVBlyein cHARIHI N gStIRd 8Mr fARY €OMFJerature
t he menmbrane fenber has enough thermal conductivity to

gggh{ah(g)%é%e}dgélf%l %J?ﬁ%ﬁ%%i?éﬁ&pg;w%&hgnm?t%e ﬁgeagmg. ’

I'S prefre one "havi
gh stretchabilit such as tural, rubb synthetic
i%%ept (sre-ta@ irradiatipndaamp) & pasikion Wﬁtﬂf@rls 180
materials, which excel in water resistance, abrasion
degi‘&taapa,rtlﬁrghi thasrnedmteldepositésn strabbhe,cydimidé havhich
like, may be fornulated in
is rotated at the rotation frequency of 25 rpm).
The membrane member is easily inserted into a hollow

space of the cylindrical substrate, is elongation-expandable at a
pressure of 500 hPa/cm2 to 10,000 hPa/cm2 or by the weight of
the liquid refrigerant, e.g. water, to be introduced therein, and is
highly stretchable so as to closely contact with the inner wall of
the cylindrical substrate. The membrane member is preferably
elongated in two axial directions, and stretches till reaching the
deepest part of the cylindrical substrate in the longer direction
thereof. The aforementioned degree of the pressure is
sufficiently attained by water 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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the aforenentioned material. The form ng nethod of the
menbr ane nenber is selected fromthe conventi onal

w0 swbgeet hods known in the art. Specific exenmpirsos/n72466

t hereof include a sheet form ng nethod, extrusion

nol di . t [ ke S Lp-El '

the- cathOhasErifloftn Ofe be e HOMELE if Petfrabll she
or the |ike is_disposed nearby the cylindrjca
enpAHNg 2 gt Attetchabilics Bye pagpral FHk’é’leifon
system (which is not illustrated), the heat generated
symthetic yibleey, cal theibBte.at Enladditidwe, dida¢r mgbbeenent
2 is renoved by introducing the refrigerant 8 into the

RN PR, twRicH BRcBE TR WA MBePRtadc¥hhbhakforf r@SRItunce,
contacted wth the inner part of the cylindrica

ubst e 1 . r at of..4 h [ |.cal .
BURT PR ods, BORLPRiHRESS, ANY e Nk rafY N iha¥ated in
this manner. The nenbrane nepber, 3 i.s sequent.i a
b&wﬁa&%ﬁm@mlweﬁ%gﬁﬁé@nﬁi t hiehe éprmgegalﬁﬁtborisog tHe

i ntroduced therein, and sequentially closely contacts
mdhbraseantimleer nneeleetield Hrforh thecgdnvemtioalal forming
substrate 1. In the enbodi nent shown in FIG 1, the

fldthodst RRoRA 1 QWhePaFE OBpklerie ¥kiatdplcPtherdt rflladt a
is renoved by neans of an air release valve 9 which is

A f isti s f . .
RREREXEPARe toet PR REhE alh REFIpe dhelRBa. gty djke.
t he nenbrane nenber to sufficiently_ closely contact

with tée shawndm FAG. sy the caseavhepe thierheahiare elpment

refrigerant 8 is introduced. In this manner, any

PrudH asiseitV dantmotrsthar B keonpd sipeisy dr eeavieyl thAscyHandrical
menti oned above, it can be understood fromthe

substrate 1 which is rotated by means of a rotation system (which
is not illustrated), the heat generated on the cylindrical substrate
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 1is
controlled via the membrane member 3 in this manner. The
membrane member 3 is sequentially expanded and eAlongated 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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af orenenti oned exanpl e of the vacuuned contact that
the nmenbrane nmenber 3 is el ongat ed-expandabl e at the

wp2e3812667 of 500 hPa/cnR to 10, 000 hPa/cnR, anelCu/#2008/072466

highly stretchable so as to closely contact with the

j f ' ' S : |
LB Lhe meBHBH] BmEEs SUBL F0 Dibiet Pog mdprane
bott om pr ess; tools (lid nmenbers). .Sinpce the l.iquid
mambsE toratiiftendly SlsehnFatact Withit he 1AL o

do not have any contact to each other, the liquid wll
siobstmatec htatethed time avbhot Goomdfiogevent /s ivtmnduced. In
the case where the photoconductive |ayer is disposed

o< fiea 15 F, a0y QhshbRciett fskitLdls sHsbhflete BN de fftied.

any defects on the coated |ayer due to the deposition
oy *QS nhéﬂt'fogle‘iﬁﬁbBﬁe,p{teégﬂtbeedu %‘tﬂ&ﬁ.ﬁ*ﬁh{ %g‘

cool1ng can be easrly and accurately achieved.  FIG 2
shows anot her . enbodi manqr}f9 of the tenperature control
aHtementioned exampletlethe grcummerpntacthgt the
the present invention, the nenbrane nenber 3 is

ulegs brgneoneached 3vist dlonigm tednexp andiabdé athhe pressure of
cylindrical substrate 1 which is rotated while

5009 FPiNtGnt RETTR0D0ONEPHYche 0andNRs heshiy ot RlteRable %o as to
and the refrigerant 8 is introduced 1nto the nenbrane

CTORREY Sy chRE L FAn SR Wl Ll BR L Slbgrage 1.
AR LR AR IR
heat is efficiently perfornmed. In this enbodi nent, the
hﬁgﬂmmqn'emshingrtosls §lidnmenakérs). body in the shape of

t Since the liquid used as the refrigerant and the cylindrical
substrate do not have any contact to each other, the liquid will
not be scattered on a photoconductive layer even in the case
where the photoconductive layer is dispoéed on the surface of the
cylindrical substrate, and thus any defects on the coated layer
due to the deposition qf the liquid can be prevented, and thus
uniform cooling can be easily and accurately achieved.

FIG. 2 shows another embodiment of the temperature
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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cylinder (referred as a cylindrical elastic body,
hereinafter) which contacts with the entire i nner wall

wotoovreey! i ndrical substrate 1. Moreover, ther@i/JP2008/072466

rel ease valve as the assisting neans for the cl ose
e
GG, FiFcBlont (IR oIF Hioxt 3iPeLeHE0G QoWiF o1k fin
ucti.on-r Ieas of the refrlgerant upport
ﬁ@éﬁcaﬂfia&&r paskhd teABPEher firedion (s V%eadmﬁmo
the flow direction of the refrigerant can be reversely

shrogyediireCting thabwplisndetn BIGt 23. hdat thisntraxinemi theof
the present invention are shown in FIGs. 3 and 4. In

ingsehel bﬂﬁ@h&istelfﬁcﬁ@ﬁﬂzg;%ﬁ‘a‘knﬁeds TAttMdWSRBodiment,
into the hollow part throug doubl e pi pe conprised

o Mo b LRERIRRIL 0 81 SLRYINS) Yo L HEIEH Sh TR,

and 1 nner havi n
inse d fromone en (t e botton1 nd, in the
ayﬂwdﬁgsﬁr egffrrteﬁ’ea?@t%xléa Eif rﬁ}aﬁéw efusheeemfjer) which

conprised of the nenbrane merrber 3 into the inner
pemtactFheitlethegemtame i8nes whihof ¢theagdindrimmlthebstrate 1.
hol | ow part, while transferring the heat via the

MddeddielrC ghe & i#Stdle aBOBA10E éé“@hm'i@ﬁ%gnﬁi@fﬁs for the

whi ch cont acts vvlth the entire i nner wall

n I 1 The doubl e .pipe is di.s on
g%sesggn%ta}m ? ﬁ e rot 205 glne%geg gf (fthgs?gt &Dg%e unit of

ndr.i cal substr te 1. The outer pipe 9a of the
E%wo?@bm dament.cofhecflows aceurreshby thech that an

openi ng thereof becones an entrance part (the bottom
patrrto dive tide- el eas e @f )t hef rd fregdwdntosupport shet dl®se contact
cylindrical substrate 1, and

of the membrane member 3. In addition, the flow direction of
the refrigerant can be reversely changed.

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 comprisedpf»an outer pipe 9a having a relatively
large diémeter 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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the inner pipe 9b of the double pipe is disposed in a
manner such that an opening thereof is positioned at

wao hwodmepest part of the holl ow space of the PCT/IP2008/072466
cylindrical substrate 1. The refrigerant 8 is

nRtLr d i nn e | i .
TRGCR0 alPe 18 BPLEL L EBE Sape RS By gRAE G axis
After entering.inta the annul ar _ch el 5, the

?éﬂl? g@ﬁamé @ym,@wgrswiﬁar%m 1y The capticaspipge9a of the
deepest part, while sequentially pressing the nenbrane
denbbr p3pefistdvarmpdteddim aa agimst sechddyatf ametpeorieg as
the outer pipe 9a towards the inner wall of the

SAOSLIFR €0 ES A5 ehPrARKE Pdi? (TREDE A iy HI®in3the

closely contact with the inner wall of the substrate

her eqf t refrigerant 8 4.s.flo int.o th
dadBRESTOF She hiflobrpRFY B IRk iRdr Al THFALES), and
In the case where the refrigerant 8 is introduced from
the 1nRREPIpepeb o the dahbe ipdpeis disposgd mepmganan such
8 is flown into the outer pipe 9a after reaching the
tlezpasnt opemling theeeoHinepopitientdd, atabheidedpest pattcal éhe
fromthe termnal part (the bottompart in FIG 4) of

%Bﬁo%ﬂ@idhéé oY EY1ind ried Bs tib8tratleNs. 2 i‘éfﬁE@PQﬁk 8 is

defines a space 1n between the outer surface of the
inner, pige. 95 and the inner sucfagce,of the outer pipe
G HaRRG g RS, (M B RIS s & Sp i Ay "5
mm or nore as shown in FIG 5. Specifically, the )
hetwean theaputer pipe 9a apdcthe Anperviige 9he d\fiter entering
surface of the inner pipe 9b and the inner surface of
ime thd anmilae deanmhéhbn thberedoigd ranti ®anotbe foowhrd until
pi pe i s disposed inside the nenbrane nenber 3 of the
it reaches the deepest part, while sequentially pressing the
membrane member 3 of the cylindrical elastic body functioned as
the outer pipe 9a towards the inner wall of the substrate 1 so as
to make the membrane member 3 closely contact with the inner
wall of the substrate 1. Thereafter, 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 from 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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cylindrical elastic body so as to be parallel to the
rotation axis direction of the cylindrical substrate 1

wamdonmebave the sane axis as the centric axi spEf/JH2068/072466

cylindrical substrate, and the nmenbrane nmenber 3 of

cont st hty PHIEhaTuRE] #6aRTA ehagn AR 1o e bl 2 mm or

cylindrical substrate 1 of the heat control unit. By
Brest s somieinilhGh. 9spamecibicallye theramanlanghaaned 5 is a
bet ween the outer surface of the inner pipe 9b and the
spae¢ ialidtacee witheheuturt surfidecoPahe danerogpBbtdued the
pressure is reduced and the appropriate circul ated

r j | S b NEfuben
DU SR RSO iR be R LR TRADITO LTS the

l,oss,of .the pressure . s.increased,,the circul ated W
A8RB1E pibRdsILFPOGERARIE thEnmesabraRg TaibEh g of tRe

variations in the tenperature of the czlindrical. )

eybadrieal alasétohedyi ghasiteabe panalleleta thparodatiian axis
control unit of the present invention, the nenbrane

dbrdetion 9fathe egldihdaicalu§ ebstrace Dhndl behstd thé Wagne axis
3a, the outer face of the bag structure 3a is elastic

éﬁ‘%hg(feq{ﬁ'@@qyﬁ@ offgﬁerc?fﬁ. @ﬁfc%@tsdbcsﬁﬂé 0gdHa8%d AifBrane
t a, na t

e bag structure e elastic outer face o

N TR R NI O N RN
bag structure is shrunk to the original shape once the
com tafuwi tlothefenHee namergeusfiace of the eyhmdricahgublserate
refrigerant is released therefrom Nanely, the elastic
baf tHe hehtrednizolle@dtnot contact with

By adjusting the width (space) of the annular channel 5
between the outer surface of the inner pipe 9b and the inner
surface of the outer pipe 9a, any loss of the pressure is reduced
and the appropriate circulated flow rate of the refrigerant is
maintained. In the case where the space (5) is smaller than 2
mm, the loss of the pressure is increased, the circ_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 substrate 1, when no refrigerant is
i ntroduced, as shown in FIG 6. In this state, the

wewobnsétal substrate 1 is detachable from t hechsabosn72466

control unit. As shown in FIG. 7 the el astic outer

G S e LR e R

result of the introductjon of the refrigerant, and
thiRagnetruptugarisce r ek dor the origiaalahang onceHde

el astic bag structure 3a. Once the introduction of the
nmdfrodgetan of the tefirigewdtmdls téemeéhaséd arbhghstrafeigorant
3a is shrunk to the original shape, and then the

wWidlRdseadhstdrsbrpte 1 is renmoved fromthe
tenperature control unit. As shown in FIGs. 8A and 8B

ref t.ha b structure 3a isg a :
eyl | ndvPEATYD IR A1PRL i< PRerda el tE @4 aFS Aot dontact with
through-hole 8b_ in its center, the cylindrical ba
&ez?mwg 1 gnbgbrate dnwhen rrmgr@frsg?m%ﬁ%latw?wmd as
the inner circunference of the inner surface of the
sheono naire Fibéhber Incdmnitsacttazewthb dyiéndrical substrate 1 is
circunference of the surface of the rigid tube

AN ﬁvonﬁ“%‘ﬂet h8at %Bh'tﬂ&‘lr @Rt 8 is introduced in

t he unfl xed part 6a e space In betvveen the outer

(th
circu nce of a of the Ld tu
Che .%am%f@ 7o thE Slagtiamare Slfec tEehE difgtic ba
rrenbrane rrenber 3). By fixing the nenbrane nenber
Hryghdre iia prgbees gpsodtheymmer sgrfacrofidhgigsdindrigaly
of the cylindrical substrate 1 is inproved. In
sulbls tiria®B, 1 alsea aeculfioy the inteofastioroof nyel e firiwdeasgtnd

as the rigid tube structure 6 is

then the cylindrical substrate 1 is held with the elastic bag
structure 3a. Once the introduction of the refrigerant 8 is
terminated, the elastic bag structure 3a is shrunk to the original
shape, and then the cylindrical substrate 1 is removed from the
temperature control unit.

As shown in FIGs. 8A and 8B, it is preferably that the bag
structure 3a i1s a cylindrical bag strucfure haﬁng a circular
through-hole 8b in its center, the cylindrical bag structure is
disposed on the rigid structure 6 so that the inner circumference
of the inner surface of the membrane member 3 contacts with 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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di sposed as a central axis. In the enbodi nent shown in
FIG 8, the double pipe of inner and outer pipes 9a,

w®@Ehoder2désposed in the circul ar through-hol e &gT/ENRESiot2466

is preferable that the pipe for the refrigerant (in

the drawing, i.t .is.the outer pipe 9a, t the inne

b5d b nd SR Er i imBeFiped pg thprsitier Sifface of
refrigerant) is disposed and the refrigerant is

the rmgmnmmlah@rrél- eaBadlixingntheemgimpbrane mpmber
refrigerant. The positioning of the | ocation where the
aybundriltarigdbtibatserictwrd 6l dheilisidihg ahilitydof ¢he

el astic body 6 is perfornmed by using netal or resin

8y B i 6555 @8 {2 S1 %E’inﬁ;m\{?ﬁ e H??ﬂtddift LG gccuracy in

pressing tool 3e is conprised of a flange 3g an

inner cap 3h. Athickness of  t{he .nemfrane nmenher 3, of

HE R Fiainieds Bieast dubtg b ER] CONPRURIhnER § fo
entire inner surface of the cylindrical substrate 1 is
gisesetbpy a contrabagis.i nbe thie ¢mdodindaiesbowm imd'IG. 8,
top and bottom parts of the nmenbrane nenber 3 of the

théidudibleapips) afinfiebedid alutwhgiipekBa, cobiisdlispaked in the
substrate 1 is contacted. It is also preferable that

i seab gL ARy Uk L EEDESR AApUIER B bighesh che

i s.shaped in el or.curve. reover, the ba .
tepigetat i BB Tuasuies 16 i tRO O ter a0 aubRs Higeinner

draw ng, is a chuck which holds the cylindrical

pie Obamaylbe adae ke asothowippdoe thankfrigenasst)de disposed
to rotate the cylindrical substrate 1 while hol ding

hhd sleeeefrigerahe iBdnktP¥duced into and released from the pipe
for the refrigerant.

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
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space thereof. Furthernore, the tenperature control

unit of the present invention includes the enbodi nent
waobvo1daet the refrigerant is circulated via aPCOIPRDE@NT2466

tenperature water bath which controls the tenperature,

and_t.hen.i s . re-introduced intq the tenperature control
Btpbrihy QabRic Bong it Thanfiingt q SR EhRe 0

exanpl e of such the enbodi ment. Two coolipg tubes 9c,

od, arMorgepes: the bpgsiartugerdapsy Houghpitdspnel 9a,

9b, and are connected to the constant-tenperature

b etratatihin/ thésd ma wasgyl is afchiutdkt wihiehr k6ld géhantylBndrical
returning fromthe tenperature control unit is passed

$ 06 Q4G ot NEr&RNER &Holl SINGY AleUTdn ABbBALRALH ak BOFotSte the
re-introducing into the tenperature control unit, the

ref.ri,ger ant _havi h ont r.gl.1 ed .t enper at.ure Ggan,b
SibaraF arenate § Fhf o ne i AR bR, 68 pdflow
abrasi on resi stance and stable electric

spagathereetics are attained. Anong two cool ing tube
9c, 9d, one of themis used as an outward path for

i ntrodiartigethere ethe genspé rfturencontrelairtrof shegadsent
as a return path for releasing the refrigerant from

i\fe PRSI HHE s AHY £ bdlinle A0S ubAMREL PENE GetPPer@ht is

unit of the present invention contains another , :
enbodi t .such that the tenperature, control unit '
GRRL T ¥id Ao Sae B EEmPGTARHT £V R PaFB YHASh controls
&;;ssure of the refrigerant 8, and a flow rate control
temnargturehand ghes is recimtradncadineo dhettiganperature

menbr ane nenber 3 of the cylindrical
control unit.

The device shown in FIG. 9 illustrates one example of such
the embodiment. Two cooling tubes 9¢, 9d, are respectively
extended from the double pipe 9a, 9b, and are connected to the
constant-temperature water bath 7. As a result of that the
refrigerant 8 returning from the temperature control unit is
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 rtwo 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.

25



10

15

20

el astic body as the refrigerant 8 is supplied fromthe
refrigerant storage tank by neans of a punp via a

wo glwhpesant supply pipe, and the refrigerant B1/82008/072466

rel eased into the refrigerant storage tank after

circul I NSi of th nbr.an er_3.of the.

oyl + ndf he dPmpertiu confrdTERRIAPE R B3RS B davieiien
control unit] Hereinafter, one enbodjment of the
eidms apeidiey emb%dlé%nﬁ.sw@@ thahthertemperature pentrol
draw ngs. FIG 10 is a cross-sectional plane view

ahoncogt @i sex gaessuet detechorathicls magitore thie pressure of
tenperature control unit for an el ectrophotographic

HOLeEG8dYEhe'S, %&tar flow 'rﬁté%%rtgél"ﬁ%w\ﬂv&l@efél% the liquid

present -1 nvention. The enmbodi nent of the tenperature

CETL oo eh B SEE5S T B i

classified into a device support 20, a rotatjon system
elaptiobadyorathy milsigsyamnt E istrpmiiedfzomy shegrefrigerant
devi ce support 20, a holding system 22 connected with
$tragdom ikt bynmgariabf anpaysp aiazd refrigéraadisaipply pipe,
system 23 di sposed at the perineter of the device

. r.efry t e
%H?ﬁq{ehre% .ng@Q;EtIE#ng%E@E;nzB%?‘%Efeaf??%@‘fgmm Hectunk

pat tem 21 fl 25, 26,
APt BB b Bt A B Sing R e o B bRES

the bearing 26, a rotation axis 28, and a belt 29
exldpdmtad dhpstiebpdyl ey 27. The flange 25 has an
openi ng 25a, and the rotation axis 28 is disposed

[Embodiment of temperature control unit]

Hereinafter, one embodiment of the present invention is
explained with reference to the drawings. FIG. 101is a
cross-sectional plane view showing an example of a schematic
structure of a temperature control unit for an
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 1s
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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and rotationally supported in the opening 25a via the
bearing 26. The pulley 27 is fixed to the rotation

W@E08/02867 t he pul ley 27 is connected with a dreoi/Ir2008/072466

means (which is not illustrated in the drawing) via

the bel t; 29 d the,driving fo of the drivin
fEngctad Fthdle hafais Pt ke Bano Aate S5ringdment.
structure of the holding system?22 is roughly .

cl assi Thearqtation systema? 1 sendrins zflapged; gebanring 26,
supplying pipe 30 and a refrigerant rel easing pipe 31,

a pullend@1 fiatedmaishi £ beading2asa whiclndtorsd the dearddg 26,
and a cylindrical pressing tool 34. In the centric

RQfoftaPi_‘oﬁ ARid 9BaLINAa BEIE 2 suéﬂ@nﬁsﬁfﬂﬂ%éfﬁun%y 27. The

rel easing pipe 31 is passed throug and the end edge

f the frigerant releasing pjpe 31 j.s connegted wth

AgEa2h a1 ARGTHAnIRE 2aRe Argh BEY SALRHPS, AEI S s disposed
configured to connect with two systens of the )
aaflrrgjationallirmupperted: it tho omening d8adviaothe bearing 26.
suppl ying, and the second systemis used for

Thleepalley. 27ThHe fexeld adaheototdtdonedxisg28abhe mahldagiAWis
pipe 31 is connected with the second system for

ém&ﬂtxﬁé‘?ﬂhegg ﬂi-{ﬁea ey ?xg%l{n§ (Ri¥hNe ROPE1IRRLE ?1{1 %ﬂe

rst syste supplying is connected w

he bottom circ ecential side.of the cyli.ndrical .
Famings Vbt hr e anr (e driging doraoF Sheetfiging
which the refrigerant supplying pipe 30 is connected
meanfeipbransmif tadiive dhenrotatien dxisi@B-eof , so that
the refrigerant is supplied to the surface of the
cyl i ndTheadtriucei®e 33.thEhRoldinghdystah 22 dsEroAugHlgs a

hole 37 fromwhich the refrigerant is recycled to the
LBl 8803 o' Bl E 5L ol ins3é8,agi ltJ}?igerant supplying pipe
30 and a refrigerant releasing pipe 31, a cylindrical elastic body
32, a cylindrical frame 33, and a cylindrical pressing tool 34. In
the centric part of the rotation axis 28, the refrigerant releasing
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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upper circunferential side thereof. The hole 37 and
the refrigerant rel easing pipe 31 are connected with a

w@2Pe03867 The cylindrical elastic body 32 is dCpPIRes/ 072466

on the surface of the cylindrical frame 33. At the

aBEE BLhag O B LG v AR e S KARL il i pive 30

el astic body 32 thereto. In order to fix the edges 40

157 campeetad ﬁarth@abo'éloa%tméc‘b@éyreetltaé sife theg @9§e§0 pat
the upper part and bottom part of the cylindrica
Haseixigbodytiis sappligdriedtieo shafecaof thekandiadoical. ftame
to 2.0 tines thicker than the thickness of the

53! i megd %911&11%&1 ?erY3§%é’!"'h°ﬂi‘ol'e53@tﬁéﬁf'%1tc‘B the

center part of the cylindrical frame 33. Therefore,

| i nd I b d 32 I t
U S5 0L SR TP M TR e
cylindrical elastic body 32. In addition, the

eppendirewmieremtiad sedaythy;_reuoi prihehodel %7 amd the

di sl ocation caused by the repeated use by replacing
tdfeigotd mideélealsiaghsipeaBe dide vbhabcied withrk pipecds.
FI G HAshows the state where the cylindrical elastic

body ﬁ%é%ﬁé&ﬁgﬁ‘fi elQstil% @quvﬁfgpggt@ﬁ?ﬂ tRE'd@hce of

frame 3 shovvsth tate

i ndrigal el.astic,body, 3 holdsthe yIi drica
&t cr fmdlaal Bioe 33 A A FRe piraiar SaAcbedform dres of the
substrate 41 is conflgured to be hel d by t he
exdenfdemedsiraste (3% ropeisaes idtharelfasmed bods B2 fixtle

12 shows a structural viewin which the area around
éyiendeenl4él actid bedeyd2 nteiretd. elAadrderbardfix3thé dges 40

enl arged. As
of the cylindrical elastic body 32 to the recesses 39, the upper
part and bottom part of the cylindrical elastic body is configured
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 cylindrical frame 33. FIG.

11B shows the state where the cylindrical elastic body 32 holds
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shown in FIG 12, atilt 42 is forned between the
recess 39 and the surface of the cylindrical franme 33.

woheoncekness of the edge of the cylindrical miBs2E8/072466

body 32 is fornmed with the gradient in the shape of

it h il I f
(REEv b Sup B S Wi R b ey efeicoeé‘yriil“ ’
shaped.in the taper or curve, the edge 40 whic
erldngdaicalisubsfirakp ekl 1s sopfmradgo heoheld by W‘hg t he

excessive stress at the tinme when the cylindrica
swallieinm dxsdyf Ble icylaidetahedastiorismdye32.t he surface of
the tilt 42 is preferably mrror finished so as not to

danmagert@e 1‘2\’;1;!16‘\9}%'&%ltrﬁ‘éﬁ%dlcvWXn%hlJﬁ'Qhe area around
cylindrical elastic body 32 1s fixed at the upper and

e eRer B0 f grecEendia) Slelinee BRRwbnEas qlgTagdyy A5

sel f - bubbl e sponge .is placed in_between the surface of
shewayin #dG.ch?, artakes SGSaﬁ%m% begmiaen thalrespagitand
body 32. As a result of the rubber ring 44, the

tled siugbienbf 4heféylindricaltfrancy 133ndr Thel tlalchkateiss dfodhe
32 and the cylindrical frame 33 is prevented from

é&é‘g'oq'ghel &ltlﬁﬁrﬁ,%sleel%ﬁceb(t)@f Y id pstheal wil (}?%Bé %radlent

32 1s fasten by the stainless steel. ban

S rub ring 46 is placed
351? 8 Ehngi M e dnBewatyREiRly Asemesult
bod 32 so as to protect the surface of the
el thatithedgg Qﬁttg@ oduydeizal plastig bedy idZis shapedcin the
body 32 is stretched by the pressure of the
tapdr gercartiveatthehedgé A® wihdohtdleanigés igethivkidss i
supplied fromthe refrigerant supplying pipe 30, so

P& e A BRI AR Iving 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 between the
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cylindrical elastic body 32 is closely attached to the
i nner surface of the cylindrical substrate 41 and

waozlogls72ée cylindrical substrate 41. In this nECWER008/072466

the surface of the cylindrical substrate 41 is

unifqrmy. c ed., The cylindrical .supstrate 41 i

Shindpen Sepebb g Fani ho PRl e R DRIARE Hon 33 sy as o
a netal or resin at the top and bottom parts thereof,
pootavdtthehsuefacenaf thalcydimdricad ¢lastici Bodwaid.y

| ocated in the up and down directions. Moreover, the

cyl i ndThealyléh dsilciat edasyicITodys 32r Bveiteedhéd iy bReressure
exposed with the UV Iight during the heating process

Of thB&eT¥ddiditC tﬁrﬁgc?{é#ea%eﬂtmé R At 85 iNupplied

radiration unit 23. ore, the cylindrical elastic

5o e TEREEESR] RUPPIIRR Pene i Tobhat Phecyortned®

nmovabl e up and_down, and enables to cool the
eylindai¢ala¢lastibe bodye¥?2 49 chesslyp idiachedetn the Aameirrsurface
the longitudinal direction. After the term nation of

bhehbeslindriehl shdseyvatadlitad hollstthat eg¥hdride substrate
supply of the refrigerant 45 fromthe refrigerant

Y5 O Py 8 B Rac s B VOER e ARG i

term najed. When the supplyof the refrigerant 45 is
pat rﬁghé8?°¥ﬁ€ pressure of the refrigerant 45 is
reduced so that the cylindrical elastic body 32 is
shrunkThaccydindeical stuthedmate d ihequippedevth eybindrical
cylindrical frame 33. At this tinme, the inner dianeter

pfeééielg_cvddladm ¢atmelast 4 mboslyoB2ebin at@Heetop Al bbetom
outer dianeter of the
parts thereof, so that the cylindrical substrate 41 is easily located
in the up and down directions. Moreover, the cylindrical elastic
body 32 is prevented from being exposed with the UV light during
the heating process of the cylindrical substrate 41 by means of
the UV radiation unit 23. 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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cylindrical frame 33 so that the refrigerant 45 is
recycled into the cylindrical franme 33. Mreover, the

wororbease val ve 48 is disposed at the top parmIrabos/n72466

the refrigerant releasing pipe 31 so as to prevent the

rati.on of hubbl.eg in.the refyigerant 45 t he
GRS TrbibeRantory 1§ JekRunakells kb qinré o Slnte
space between the cylindrical elastic body 32 and the .
rsfrigeraniatdrsapd ued spdhatthecrliadricalelaggic body 32 is
opened for a certain period at the tinme of supplying
$heun kfand elasdlyddttachetdheo thbrswdihentofstlor aghndaikal4
connected to the holding system 22 via the pipe

AR BITEN AL (H1S tifld, QRS Bhef Aihth e SPth&RYlindrical
passed to the rotational joint 35 disposed at the

tto rt,of the hol di,n stem 22.,via [ 50 by
AR BBy 37 i 18all9r rich RS Tl dia RePel oB bR, on
the rotational joint 35 of the holding system?22 is
exdindniealtfsane 38e39 that dhe refvisarantahR 19segyaled prgpothe
51. The pipe 51 is equipped with a pressure censer 52
eriinlrioxli framse 33 pressure of the refrigerant 45, and
a valve 53 which controls the flow rate of the

refri g;ﬁ:bgg v8r: tHd alibse d 941P& %Bfeﬁfﬁ?épééb% at the top |

cylin substrate 41 by neans o1 e Uvradi ation

syste 3, ce the sensor 52 .recggni zes ,the drop j,n .
SHEC BT 488 el ara i ECLbaRin B RiBE P gioafs 110 REHATh the
to a control device which is not illustrated in the
generatdonofobuhbhes he thevrefrigeranbgpedt thnitameswhen the
because that the drop in the pressure of the
refrig@ermni 545 $eppHeddidtoothd Bpakelshtve sy sheneydZndsical
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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considered to be an occurrence of a | eak of the
refrigerant 45 due to a breakage of the cylindrica

w@Ek@spizeebody 32. In this manner, the pressur epl/H2608072466

the refrigerant 45 rel eased fromthe hol ding system 22

can. be used for nmoni t.ori ng of e devi ce. repver
FAdiqiebravatept 28 dee; (e Aea&om b2 Isepkaifes e TXoP in the
cylindrical elastic body 32 and the cylindrjcal frame
BBessursrthopresswe epemeignal ke tvansmite dyhe ghcontrol
controls the flowrate of the refrigerant 45, and the

QevibengHiehcie p6t iHascydteddin chle dtbwingl andlthén the
arbitrarily adjusted. As a nodified enbodi nent, the

lgli{?f‘céps 'bﬁ%;g;g%kl.pp%i‘é'i i%rb@czfd&i"’tﬂgt §heSdfo 04 Eﬂbe'glpiég&re

IS equl with a tlow nmeter 54b as shown I n
1 t he | eak of e refrigerant 45 dye.to the breagkage
8F thRdedyiatiantchs Tel Sats L TEER t43 nolfing system 24 iy
deteptin%ethe difference in the flow rates of the pipe
sonsikereldet pbpeats peenprenseef a vak of tihgerefrigerantagé due
tank 24 is equipped with a thernoneter 55a, the pipe

td al br&gkia gpod the fylindhtvdivsiRiseic boldy 3®d Thethish@anner,
cooling efficiency of the cylindrical substrate 41 by

glg?g)gteg ugggtﬁifé o qhle Cfffé@t%ﬂtc4g%e%ge8%oﬁlethe holding

detecting a erence in the tenperature
0 S BE S By b ASSR0  E Bo e,
In addition, the detected value of the tenperature
tle¢ antereal pressniaundbleyspacobdéween the cybindukal elastic
device which is not illustrated in the drawi ng, and
bb&y\3Z iaaid €Re 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 is equipped with a
flow meter 54a and the pipe 51 is equipped with a flow meter 54b
as shown in FIG. 13, the leak pf'the-refrigerant 4§ 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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of the tenperature with time can be detected fromthe
begi nning of the production. This variation of the

wd anperzaéure with tinme is corresponded to the p@EwIRbISTN2466

of the Iight quantity of the UV |lanp or the |like used

for the UV rgdiation stem 23 he ti.m ng for .
a8ladiifn s aRACEER:S n W bR rakite R TS Blaerpnisin the
when the variation of the tenperature with tine is
esdregeranhsteorags tank %raésdwgﬁe.temeem@q af theed for
the cylindrical elastic body 32 is preferably sel ected

f ¢ frtig & een trih dthieap 1@ 6ilng laxaddl Bohn, whiced e teatiedt vl of the
and abrasi on resistance. Specific exanples thereof

té}ﬁwstﬁww&eﬁeﬁé@ﬁylc%%u%sﬁgly y@&%decﬁ@ﬁ! tHhecdh el

Layer structure of an el ectrophot ographic

hot oco tor] The electr aphi ¢ _photogonduct oy.
58}' it b het RuBkEstdd Darheo tviRe b ARICHRY Migiation
V\nthreferencetothe drawi ngs. FI Gs. 14A and 14B are
ef bbe temperaidire/Walh tome h%néeed?ﬁ@fﬁﬂ%]t fipmghecbeginning

phot oconduct or, and sai d photoconductor has a
of ohé @roaasteen st ITicisuv #risftéd e iof,t hentemperdvare weith time
substrate 11, a photoconductive |ayer 12 having the

ﬁown%%%r _ 06tk POEARTSA %‘f t%Ezdlmgh}% ahfﬁ@rs Eﬁé v

functio sposed FI G 14A case

eCa RS FOCRRATLT e asqigmﬁeummg

case where the crossllnked surface | ayer

fomeeplaging thesir¥ é@mmgrtt»h@rﬂlbe qaﬁebphbft@@@ﬁdm when the
| ayer 12.

variation of the temperature with time is 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 electrophotogl;aphic photdconductér 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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FI Gs. 15A and 15B are cross-sectional views of the
el ect rophot ogr aphi ¢ phot oconductor, and said

w@hoboresduct or has a | am nate-| ayered struct UPEr/JP2008/072466

wherein, on a conductive substrate 11, a charge

1%&1' di E}Ya gkaarp drqgn '}%nct% &?Sgﬁ 884 ngFIG: 14A
PuRctity Add ¢t ® 185

I'on an arge ransp rtlng ayer
e ch getra sportjng fungction are_ disposed, FI
igaws% CaR WRSE R tEop Rk SRF Facedl AT L3 copgyigutes
13 constitutes the entire charge transporting |ayer
the ertit® phsBostndnctive basexr WMer F1Ge 1dBoshbivnk ébe case
surface |l ayer 13 constitutes a surface portion of the

@cthé dpePNihkBd ddfalce ldkrerl p@%ﬁ%ﬂt\(&@ léb%h&ﬂé&i
The conductive substrate S SU|tany sel ect ed

n nth |nt W|thout any
g %% 9t8 Stoch é)lf?f

r| cPT 6Nng prow exr'1as a conduct ivity and
volune resi stance of 1010 Wcm or |ess. npl es
t her eof1 &ﬁel%a&df 1pR are GF0§§/1S|eﬁéPrth9dl vwva%pf ¢hgy
paper to which netal oxide, e.g. alum num nickel,
elramep hot cgr apheic phptxmqnd)md:mr, aindveaid phatbmmductor has
etc., is deposited by sputtering, a tube which is

Qflﬁﬂﬁlﬁ?ﬂebYafé&(efdJQtﬁﬁ:t%r@ @‘h%r@in abﬁrﬁ RHAdu@tHE BUBLtrate
aIon ni ck stai nl ess steel, or the Ilke shaplng

g t ube in_acc rda ce ngh ﬁ net hg?l1 as ti
a\%/i a’iﬁe SEEeF? B IRPL dgp-Rpsps dhg ‘Fgae gene“’ ng
treatnment such_as cuttlng, super finishing,  polishing
tuneten ard a Khpage dransperpingkdayendiZbshaging thejcharge
stai nl ess steel endless belt disclosed in JP ANo.
bagPdtinapefumiciionsad dispdsedconBIGE iNGA shbsits the.case-

where the crosslinked surface layer 13 constitutes the entire
charge transporting layer 12b. FIG. 15B shown the case where
the crosslinked surface layer 13 constitutes a surface portion of
the charge transporting léyer 12b.

[Conductive substrate]

The conductive substrate is suitably selected depending on
the intended purpose without any restrictions., providéd that it
has a conductivity and volume resiétance of 1019 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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Furt hernore, those prepared by dispersing conductive
powder in a binder resin and coating the sane on the

woeabshr@ée can be al so used as the conducti ve PCT/JP2008/072466

substrate. Exanples of the conductive pomder include

rbon blac acet yl.ene Dbl
i R e SR g A b Bt B, RAERG E or e like,
or the Iike, and netal oxide powder of conductive tin
ardgabjevted 4o 1 parface treakmpnésush ascwithagr speern
used at the sane tine include thernoplastic resins,
fihéshirsgt poHshisg cor tiphdilacur Mrgeroe»s:irn$heml'n:ﬂ:e:i$ndless
pol ystyrene, styrene-acrylonitrile copolyner,

ﬁéW&H& &%&ﬁﬁé&“@téélpé}kdlé%% bSltYd iR 4B $h G P‘%N’(K i de
copol yner, po yester pol yvi nyl chloride, vinyl

acet at e .,copol vin acet at e,
%2 %ﬂ@ %raefh cﬂf%élatfeth%SP9MItg‘f‘£SP§§ Xéephenoxy
resin, polycarbonate, cellul ose acetate resin, ethl
cel | uIBEéth@émﬁl‘e:pbh%ﬁ PyYeppaegrizy dlpmaysmn@conéu
pol yvi nyl toluene, poly-Nvinyl carbazole, acrylic
pewider i3l hilvioider esdin, agfoatingithe sRhmTonethesubstrate
ur et hane resin, phenol resin, alkyd resin, and the

Lk e SHEfukA SORAN R &Tsubtghgposed, for

exanpl e di spersing t or enent | oned conductlve

powder and i ndefresin in suitab el.ec

e.g. tGFR ot {%‘h co&daﬂ%b‘f"o%ﬂfia%'emd“&e éafBor Black,
nmet hyl et hyl ket one, toluene, or the |ike, and coatlng
aertydenathlask, voptal ppw darcobhabuminym c hiekebridast i ve

| ayer fornmed froma thermal contraction tube is

fldesed, esppserappQilvdrcor the like, and metal oxide powder
of conductive tin oxide, ITO, or the like. Examples of the binder
resin used at the same time include thermoplastic resins,
thermoset resins, or photocuring resins, 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. Swuch the conductive layer is disposed, for example, by

dispersing the aforementioned conductive powder and binder
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cylindrical substrate can also be suitably used as the
conducti ve substrate. Here, the thermal contraction

WO weoiser ormed of a material, such as pol yvi ngdT/IP2008/072466

chl ori de, pol ypropyl ene, polyester, polystyrene,

ol.yvinylidene.chloride | yet hyl ene hl oride
Feiben ratitanty medpeiedt shfiailiud ratRiraitriaEtamee
cont ai ni ng_the conductive powder therein. )
dridesemedbamey anpthplqthylkepone otolnana.i aetheytke wapd
be expl ai ned next. The photoconductive |ayer may have
costingl thd ayhitddnst ruct ure or | anmi nate-1| ayered
structure. In the case where the photoconductive | ayer

has a M%%aeaﬁré@eyshgdinsw}ﬁ%ua %ontthtPW'l?fgf‘%‘ﬁtgieﬂefrom

| ayer is conprised of a charge generating layer Vi ng

a char enerating . functiqn, and, a charge .

£ EREBETL FoRUTabreT (bR JSRARegkOR ThapRTopRiate
function. In the case where the photoconductive |ayer
¢relsndryialgubstapde an s alse ber suitabhdy prrsdoas ideceonductive
| ayer is a layer which has the charge generating

§ubstraae. afdetdetledahgenidlascpraddtien tubetisoforaied e a
same time. Hereinafter, the | am nate-| ayered

BRSO 18 {0YS5800 ARG, KRIGGfpyiene,potseste
BeRBRF R PRET IR SRR bee BB Brridens

a charge generating conmpound having a charge
g@hbeatTeigondmegisjﬁxedstradmajxmrk), or the like, containing the
conductive powder therein.

[Photoconductive layer]

The photoconductive layer will be explained next. The
photoconductive layer may have a single-layered structure or
laminate-layered structure.

In the case where the photoconductive layer has a
laminate-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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conmponent, and optionally contains a binder resin in
conbi nation, if necessary. As the charge generating

wazopoizae;, an i norgani c material and an or gani RCT/JP2008/072466

material are used. Exanples of the inorganic nmaterial

36t WAE1ESI AR AR Bl Wiy 81BN SR! e0btiinea

I
tel’luri ent u ium oge

el eni um ar seni ¢ conpound, anor phous,silicon, and the
Lﬂ@mﬁﬁé%yéffé abhgp%%ﬁj‘!‘étlﬁﬁ lagerhnor phous sel eni um

is the one in which a dangling-bond is term nated wth
&Chypdegegmnetatimgrdfer) a hal ogen atom or the one
doped with a boron atom a phosphorous atom or the

l'i ke. T‘hetélﬁapgeg@@g%rﬂﬁﬁfé \#&er LHRLANDMA ?W%?éé gkferfting

the art can be used. Exanpl es thereof include

ht hal ocyani ne pi nts such nmet.al pht hal ocyani ne
B iRty HsAen AR, Eeee il e dhe decd HRAL
pi gnments, squaric, acid nmethyne pigments, azo_pignents

paERRNents A Peto By costains @ pigdenresHninfgmbination,
triarylam ne skel eton, azo pignents having a

ifi pheeydaany. neAs kdleetlvar gaze neirgiiang coleyouwndaan inorganic
fl uorenone skel eton, azo pignents having an oxadi azol e

kRl e55 8D a n@ An R PIBNLSmARSENY Ardiusshl | bene skel eton,

azo pignents having a distyryl oxadiazol eskel eton, azo'
peryl chsairbineE b it ani A orataapangheas tevatatine
pi Pnent S, qu(ihrg}%g(? [ mégn_pin%rrent s, di pherllyl _rrelglhane and
selegHamy pm Wy §atanimpsalerpimoted lapgim,
napht hoqui none pi gnents, cyani ne and azonet hi ne
pé reinins ; tell heltigian th Piogresy) tsele hiwiveazsehitazoimdound,
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, oi‘ 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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pi gments, and the |ike. Each of these charge
generati ng conpounds may be used singly or in

wa@ esubjoressi on of two or nore. Exanples of the opti/ereaddor4ee
used binder resin include polyanide pol yur et hane,

TReYons v pndafh BT irlon (REGON S0 Stae g pon

formal, polyvinyl ketone polystyrene
wxlenevmgmeamae@tbrawlw 9r afilgeyclic quinone pigments,
pol yvi nyl benzal, and the |ike. Each of these binder

¢ eRniorse mmyinb@ilgs:ednsd;,n@igheny]imedmhé matd oniphddylmethane
or nore. Q her than the aforenenti oned bi nder resins

ﬁ%xﬁ@ﬁt%’ &o&ﬁ?ﬁ&‘n@faﬂ& %a%‘h%‘%pﬂ%‘%%reabig‘iﬁeh%%yaﬁme

macr ono ecu ar charge transportl ng conpound havi ng
char eperatin ctlo be use 0

SRR e PTG RoP A, (BRS TR Predienss: PheP Ly tﬁmzole
[ ncI ude- pol ycar baonat e pol yest er, gol yur et hane,
pEnenher andothes likecan achcof these ebange czanerstingi ch

has an aryl am ne, benzidine, hydrazone, carbazol e,

&dmpbanels rayppearsdd Béngly vetinr eombehation afidwo or more.
polymeric material having a polysilane structure. The

speci T g, GXAR! 56104 o lﬂf‘oﬁé ge&"s‘-‘éli bPREEr r%f&'fﬁn%l‘@&@' €

are char ger transport ng pol ymeric materi al

cIo d|n . 01 001728, 01.,009964 01 013Q61
ARG uiptbdgic. GRUNIESAR. BRI ReReRe, BalGaEPagiate,
04 225014 04 230767, 04 320420 05-232727. 05 310904
9icoaussesinnmaylaaresios-paagisyl datyzabipolyysnyifenmal,
06- 234841, 06-239049, 06-236050, 06 236051, 06- 295077,
PdhihagT&ketone, polystyrene, poly-N-vinylcarbazole,

polyacrylamide, polyvinylbenzal, and the like. Each of these
binder resins may be used 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

38



10

15

20

08-176293, 08-208820, 08-211640, 08 253568, 08-269183,
09- 062019, 09 043883, 09 71642, 09-87376, 09-104746,

w@N0R8FA, 09-110976, 09-157378, 09-221544, OScLH26639)72466

09 235367, 09-241369, 09-268226, 09-272735, 09-302084,

Ogéﬁp%foglsexanpﬁ %’t(ﬂg—%qdﬁeﬁéﬁooir\%d Vﬁ‘qf%%%‘ple

are % eneg }S rs _disclosed in J
ésolbﬁ 7, 651%@6@ 01101$§§42 %325%41 i ke.

FurthernDre t he charge generating | ayer may further
Oan&ﬂﬁGﬁ,de820480u05r282525e(ﬁ%éﬂ@ﬁ@ﬁnﬂh@2ﬁd@@@Und.
The | ow nol ecul ar charge transporting conpound which

96“2@@89?8@6@3&9380 b@ﬂgsw@.@ew bBagl4ay Y6- '2134841
classified into a hole transportlng mat eri al and an

Bpes08a0: PRERE0 R ger2eBPbY; QPRI P‘é%ﬁ”“

receivin ounds such as chrol anil, brom

pafla@%agoes 03820, 08¢ 23464R0 OG- RB3DKS: %369183

2,4, 7-trinitro-9 fluorenone, 2,4,5,7
00t062019009-043888n00e71842, BI78787 6200t 104316h09e110974,
2,4,8 trinitrothi oxant hone,

6961’@0976 npYt P s 8 n@@“@éhss&zib](ﬁghiz%%%@ 4)9 235367,

one, 1,3, 7-trinitrobenzot hi ophéne-5, 5-di oxi d

ﬂ?"%‘f@?ﬁ% 99”5692%% HEer3 89'50g O?i ,993359?5? ne

el ectron transporting material. As the hole

PP233Bo890i aAgdnthediks- the el ectron donating conpounds

| isted bel ow can be suitably used. Specifically,
Moreover, the specific examples of the aforementioned

latter example are polysilylene polymers disclosed in JP-A Nos.
63-285552, 05-19497, 05-70595, 10-73944, and the like.

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 méterial.

Examples of the electron transporting material include
electron recei}ving compounds such as chrolanil, bromanil,
tetracyanoethylene, tetracyanoquinodimethane,
2,4,7-trinitro-9-fluorenone, 2,4,5,7-tetranitro-9-fluorenone,
2,4,5,7-tetranitroxanthone, 2,4,8-trinitrothioxanthone,

2,6,8-trinitro-4H-indeno{1,2-blthiophen-4-one,
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exanpl es of the hole transporting material include
oxazol e derivatives, oxadi azol e derivatives, im dazole

wolesobwadssves, nonoaryl ami ne derivatives, di arptT/aoos72466

derivatives triaryl amne derivatives, stilbene

G512 G ISR R L8, SN i

nmet hane derlvatlves 9- styrylanthracene deri vati ves,
doriyadiyecandriheatikees These aye unedsmelyeer yacpydsination
hydrazone derivatives, indene derivatives, butadiene
dftwoadt wesre,nd ehe edect'mai txessp rtsag ﬂnkaeaeial.
derivatives, enanmi ne derivatives, other materials

known Ag tmehQIé tr@ﬂé&t}&tﬁn? x!ﬁ%teirﬂﬁs %P@;ﬁe%ﬁ% o ting

or in conbination nore, as

SRR DR o1 RO DRAEC? Bl

vacuumthin filmform ng nmethod, and a casting net hod
ersamplep nfefhg bnl%émnrsmrtls;gem&hem@kan@u@@ exarpke
vacuumthin filmform ng nmethod include a vapor
depesitives) oxididola dirivativeechangd adetedrasvatices,
nmet hod, an ion-plating nethod, a sputtering nethod, a

. 0 \
{ni Ke. 4 Xﬁ %‘B&I %g{réeﬂrirg%%%egha%ogs ﬁerf‘%{’t&@% tl{lﬁéyl
af ar enent.i oned i nor.gani ¢ ,or ani c erl n be
Shnaorivanpes. Yt a2t A lErs. aiehenyf se1Bend
eneratlng | ayer is formed in accordance with the

¢ DivarkeYe $ ohenzichise derivat ek, disaydfmetheneidgrigatives,
i norgani c or organi c charge generating conmpound

triaryl methane derivatives, 9-styrylanthracene derivatives,
pyrazoline derivatives, divinyl benzene derivatives, hydrazone
derivatives, indene derivatives, butadiene derivatives, pyrene
derivatives, bisstilbene derivatives, enamine derivatives, other
materials known in the art, and the like. These are used singly
or in combination of two or more, as the hole transporting
material.

The forming method of the charge generating layer is
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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is dispersed, if necessary together with a binder
resin, in a solvent such as tetrahydrofuran, dioxane,

walzooxot2ee, tol uene, dichl or onet hane, PCT/IP2008/072466

nonochl or obenzene, dichl oroet hane, cycl ohexane,

opent anone,. ani,sol | ene,, neth t hyl ket one,,.
G EhB R BRi iR A P, FREIaEr Y (e A emgRtiged
nmeans of a ball mll, attritor, sand mll, bead mll,
BIONgaaILigZe0T gl Materhal aaBies spbinbly tarmedri atel y
diluted and coated to thereby formthe el ectron
gener din the lcagerwhlefrentdnesharye generatingdaggens foeng:d in
di met hyl silicone oil, nethylphenyl silicone oil,

&&Sord aaft} Q‘i‘tl@‘%_ﬂ%ﬂaf nedRtiohed EQQEih%guﬂe%h%ﬁE thgd out

In accordance wth a dip coating nethod, spray coating
nﬁ)t hod Pead coating .method, ring coati ng meéhod, or d
piprementiongd INPrEshiGHr-0T8a Yy Fhykse BPUSLALIPS fompoun
manner nentioned above has a thickness of 0.01 nmto 5
yindispeasedabf pegessarmtogethepwitbrmbgader aespor in iy

| ayer] The charge transporting layer is a |ayer having

solvbatgaudh assfeekahpdrbomed h 0dioadte ad oxadahienketuene,
surface | ayer having a charge transporting structure

ﬁlﬁ:lﬁqgfv%teitﬁ%b%é%Sﬁo@ﬁléﬁlﬂ)%x%gt%%rﬁ?gg%éq%é,a.yer )

e case re the cross ayer is the
entire charge transporting l-ayer, the crosslinked
Siphestnay & oIt nen baniiipn sy e, e thds gy lketone,
generating |l ayer, a coating solution containing a
acation®, eibly)ranctatei butebagetmte, (er thelilte¢, by means of a

pol ynmeri zabl e nononer having no charge transporting
ball mill, attritor, sand mill, bead mill, or the like, and then the

dispersion is appropriétely diluted and coated to thereby form the
electron generating layer. 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 ym to 5 pym, 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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structure and a radi cal polynerizable nonomer having a
charge transporting structure; hereinafter, the

WO 200b/0akep0l yneri zati on conpound denot es t he SEIMBIP2008/072466

definition) and filler, optionally drying the coated

ayer nd externally i nparting an ener 0,as;to
bR dine dveny Jedid Base AT flpER sBeceecTiesa shrface
crosslinked surface |ayer has a thickness of 10 nmtao
by emis phefeartare yhaggamhraasporiing WEar. Hee croedieked
thereof is thinner than 10 mm a sufficient charging
pat adel Bly exarznfur nbed b1 od @t ingd . ontiee chize gehgakerestsng layer,
thereof is thicker than 30 mm the crosslinked surface

h 268t h S MWTub R P Eo R EPR i AECH raldiBuPBo Qﬂx%rriké‘t}iﬁhtﬁ%{ﬁpbﬁnd

a volu contraction at the tinme of curing. |
ase ,where the crosslinked surface |ayer.is fornmed at ..

Z B e BB P B A o HE B b A BRSO BTG RS PRTGIng
the charge transporting |ayer is of |amnate-|ayered
strugdugeeand erpdicad rp Pame nizaple mpacgeer havinsra chgrge
| ayer is fornmed by coating, on the charge generating

teesportinglstirueturdl i «imafteharlge rhddaeElppolyimigrization
conmpound having a-charge transporting function and a

26 %rur{cﬁﬁie%o%FQ tfleSSifh egeﬁﬁ‘#i%ﬁdéﬁ@?’iﬁ.?ij,s%ﬁti@ﬁally

appropriate solvent, an rying the coated ution,”
BB B o LA R E3UFE 5 e
coating solution containing a radical polynerizable
toiptiate ancuting eeactind. crddhiickineag odridecerdssdinieed
coated | ayer by the application of external energy. As

s WefadedlgR rt has spehilckh@ s6 WTPDP0 fdn toh80 glre¢ piréferably 10 pm
to 25 pnm. When the thickness thereof is thinner than 10 pm, a
sufficient charging potential cannot be maintained. When the
thickness thereof is thicker than 30 ym, 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 thé 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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transporting materials, hole transporting materi al s,
and macronol ecul ar charge transporting material s

wo 2®b/eteén t he descriptions of the aforenenti oreExIP2008/072466

charge generating | ayer can be used. The use of the

nacr I | a [ ran rtin ferial ji . :
R RRPP SR LD EPEL FERPEPREERE IR Rl d)y cogtine, on
suppressed at_the ti of coating the surface | ayer.
té@aﬁ{auésfoafn%@%rmmwsiancwlfdplgd%olmé?wnatﬂpbn%ra

t hernoset resins such as pol ystyrene,

stdicah@odyme mrablé coogpolydemd §ilye grendtradsbmking and
copol ynmer, styrene-mal ei ¢ anhydri de copol yner,

AHiNSShE coaR@dYMyRY b Hh@ragislictivt of Rk@bkAST CnR¥by.
acet ate copol yner, polyvinyl acetate, polyvinylidene
chl orige olyvacrylate resi.n henaox i n

ol ye b SRR bR Bl ile RIRPEERT W plectron
cel lul ose resin, polyvinyl butyral, polyvinyl formal,
Fampporying anateralyohglatrangportingapaiterialsy gnd
resin, silicone resin, epoxy resin, nelamne resin,
maerbardecatan chplhgadiranepiontirgd kyateréalsi]lisind ivhehe
i ke. The anpbunt of the charge transporting conpound

(i@sc?l‘QpPi%rﬂssop%hgaﬁ%ré&Moﬁ@ﬂt&ﬂ}yge‘?éﬁerﬁf‘ﬁlg layer can
preferably 40 parts bymass to 150 parts by mass, Wth

respegt tQ, 100 parts by mass qf t@e bi nder resin. Note
bedeed , Theeashof sherbaskimslsrulay shickg gansvorting
transporti n& material is used, it can be used al one,
watpmalowbe Hactioie af ther sl ubiligsrof e hotpem layer is
sol vent used for coating of the bottompart of the
suppressed at the time of coating the surface layer.

Examples of the binder resin include thermoplastic or
thermoset resins such as polystyrene, styrene-acrylonitril
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, alkjrd 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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charge transporting | ayer, the one simlar to the
sol vent used for the charge generating |ayer can be

wasegp7deert suit abl e exanpl es thereof are the orEBIP2008/072466

di ssol ves the charge transporting conpound and the

i nde in .. re, i.nal e | v Qr..mpxed

Blfcl 18P abfby aiReS; s ol il do, 00 oiref B pss of

&grg,of t he charge traﬂs orting layer is formed in
ebindrEgesinn ANekmat aE HbcAsa whare fheygacgamolecular

coating nethod of the charge generating |ayer. The

tloa tgent panspoftinigemattarie is anedoit cag baysednalone, or in

optionally contain a plasticizer and a | eveling agent.

éSmbhiBaPicAs With4¥e Hesdet Rebfie bottom part of the
charge transporting | ayer, the conventi onal

plastigizers for resin;such as.di butyl phthal ate

Gi oot yi® phenedlea Tagh FRE PRRNE 81 the Btet Partalife
anmount thereof is appropriately 0 to 30 parts by nass
GRharee txpasporigngoyedy tRemnewimilar todhei spleentazsed for
As the leveling agent used in the bottom part of ‘the
thacharte agmpardting laggercars blei ased, but ssuithbhsexamples
di met hyl silicone oil, nethyl phenyl silicone oil and

thérddfiere BRE )Y IR0V e O lth@ORL r AV H¥s Forting compound
perfl uoroal kyl group at a side chaln thereof can be

used.The. usage anount,,thereof is.appropriately 0.to,1
SRR B0 S B ML CHLE. 151 BRI SB[ iced minide

bi nder resin. Athickness of the bottompart of the
29lyegd af tWesur marg 1saysedi s Mppeoyet, dbe hotomnartsef the
mm and preferably 10 nrmto 30 nm

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 layer, the conventional plasticizers for resin such as
dibutyl phthalate, 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 oil and the like, and polymer or oligomer

having a perfluoroalkyl group at a side chain thereof can be used.

44



10

15

20

In the case where the crosslinked surface |ayer is the
entire charge transporting layer, as nentioned in the

wo s genet hod of the crosslinked surface | aymor/Jmbe/072466

crosslinked surface |layer is forned by coating a

atin on the tto art of the charge fransportin
ThSen ke G3nPHAG LRETAOE S ARSTORTAR S0 Hhd] GATL Y mass
pol ymeri zabl e conpound, optionally drying the coated
watlerespadt sgtldthpairys bypmrassnef bhe diadgr xarin-as heat
or light so as to initiate a curing reaction.

At hi ckAaddickhebfofahesbottvie p Htir dBicke lchivaigel trandporiting
20 mm and preferably 2 mmto 10 mm Wen the

T T T

t hi ckness thereof is thicker than 20 nm the
P8roducibility is declined due to the diffusion of
the charge as the filmthickness of the entire charge
t r ansplor thagaseywheyeddrresrossliekef Siunface|layerds the
phot oconductive | ayer] The phot oconductive | ayer of a

Shiigeech 2y €fh 18P ot HEEaly® ra asayieh thdié dgnbgid féhaing
charge generating function and charge transporting

f.n%?ltoidﬁ@f fhe tc@ﬁssc'ﬁ eld Qﬁrfa-@éelayeqs%hien&%%sﬂﬁ]i@(f Surface
e cha 'S

ayer having t rge transporti-hg structure

ffectiyel edas a. singl e-layered photoconductjv '
f r1% %%eﬁﬁgv £ABFE & 2LEHAPEe O&eh‘g‘? g’l‘ﬁtﬁ@chﬁfﬁBQE&he
havi ng a charge generating function. As nentioned in
charga¢rangportingd ayer, Aocod tig gt s udhen gondaneing ianradical
| ayer, the crosslinked surface |ayer is fornmed by
poBRaesiAibleh hpanad, aptesahl1F0d SPTHOYRE doateldelayer, and

coati ng
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 pym. 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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solution containing the radical polynerizable
conpound, coating the coating solution on the

waeamshrmte, optionally drying the coated | ayerPCHEIRR008/072466

externally inmparting energy so as to initiate a curing

reaction. . e tih di sper-si qn_sal,ut i .in i.ch
53 Urs Dol Pha Sed SRG e 13v5R Y. kAR el o
sol vent can be added to the coati ng@;ol ution of the

ch¥Eeq BARGYALIRG SeWN haying g iehasgegenerating function.
crosslinked surface layer is 10 nmto 30 nm and
Asahenaiyed Onnrhe oa2Gngmmedthed fdrefdrim okgébe ¢hwergeof

is thinner than 10 mm the sufficient charging

ERitidly EAUIOLhRECIRRisirdt i dur &N 14 6r (4E6KRARAShY

hereof 1's thicker than 30 nm the crosslinked surface
ayer._ten to_be separated from.an urpder J ayer due to
ARSrshEE dha PaRted B R hRthg CREAT AR IR A FRA
case_where the crosslinked surface layer is a top part,
glutien sopgpening dherashisabpodgmeaniye 1@39@?1,13({‘}'@5, coating
bottom part of the single-layered photoconductive

tley evatmmg eohmidohyonlitheos wh sigradndbptich sligrduiyig gt tiee
charge generating conpound having a charge generating

AN Blyer N £ 3%t8FnANITERBATLINE EABPEY S H&tbRifiate a

charge transporting funCtion and the brnder resin in-
an_.appropri.ate | yent, .coating the thus . . )

PR ERGRRT oNokf abiaty Art PHaSHs IR Tigpein Which the
necessary, additives such as_a plasticizer, a leveling
charge genernbing kemuaund isdhisperaed dnca spheent can be

di spersi ng nethod, the charge generating conpound, the
addedaot tlongpatinggotwtipauskithé lkeops Hakied gerfacenihyidie A
| evel ing agent are the sane as those described in the
thickness of the crosslinked surface layer is 10 pm to 30 pm, and
preferably 10 pm to 25 pm. When the thickness thereof is
thinner than 10 pm, the sufficient charging potential 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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descriptions of the charge generating |ayer and the
charge transporting |layer. As the binder resin, the

w2oger2ééesin |isted in the descriptions of theCoirpe®72466

generating |l ayer can be m xed for use other than the

bi nder resin.listed . in the scriptjons of the aj.ge
Soliiepny aRdyarEis thrchoalod: faxidre” Hopeshsargnagaitives
macr onol ecul ar charge transporting conpound can_be

aheh asadlastirizen adevehageagens, er thetlike can peeadded
conmponents of the | ower photoconductive layer in the
thetso. NkEHe slisbaesid @yestload, tiee shppeesgaterating

At hi ckness of the bottom part of the photoconductive

: . q '
¥ 53 00 ORGSR i g,
surface.layer is ato rt of the single-layered

BRd: e NP G pSRe Are (e SR P AR CslFICTRRol dpothe
is formed by coating, on the aforenmentioned bottom
gaseriptiame op hbecdangs generhbing layer eaxd blye ehiangeon
containing the radical polynerizable conpound and the

thad o gengriaeng opRE n deit tayial, Ithedbit der td€in listed
coated | ayer, and curing the coated | ayer by

bl R AP TR oUE Pl Ll ftea

0 nm and preferaply 2 to .10, \Wen the thickness

o PaB oGRS e, WAHIGE Fsi HSChdidorns f seEinspRe ot
due to the uneven filmthickness. The anmount of the
tharcda rgenaatspeg toogpayad cMordonar, ithet atorementioned
si ngl e-1 ayered phot oconductive layer is preferably 1%

BYacromolecular 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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mass to 30% by nmass with respect to the total nmass of
t he photoconductive layer. The preferabl e anmounts of

w0 hwobizeier resin and the charge transporti ng mEonyreuesh 72466
contained in the bottom part of the photoconductive

| ayer e spectiyely 20% b ss,.,t 0, 80% b S_and.

384t trEa by B H B 0B YRR T RS s R et 1
amount of the bottom part of the photoconductive ]
thiparer tham dr i the duagbility s vagied shuebe thetypeven film
crosslinked surface layer is a top part of the
{Hiekeesgsducti ve | ayer, an internediate | ayer can be

di sposed in the photoconductor for use in the present

i nventtpg Jxﬁbumeogeﬁ@eﬁgrgg rf‘é’x’%ﬁtihgg%%{i?ound contained

contam nation of the conponents of t om layer 1In
t he crosslinked syrface |ayer and.inproving,th

RS B aeTEand D aep BlRic REH 180T 08 & TEAGEIbLInA% by
the | ayer below. The internediate |ayer prevents any
maisishlia B0%6 by masscwitmgespeaet tothanptad rmass o dre
uneven surface of the crosslinked surface |ayer, which

phétcavirtudive Hayeent &k d pire for alfl et ond cargeoseth e bahder
the bottom part of the photoconductive |ayer in the

Pe‘%iﬁrQﬂﬁttlﬁ‘fzﬁﬁfﬁ%'tﬂ%&p%ﬁéﬁ/@é&%&ﬁld Wn¢ained in the

pol ynmeri zabl e cohfpoun er, ‘the internedr ate

| ayer al sg i mproves .t he gdherenge between the bottq
hontompantohbhs dhntasenivctive Ayerart meseecEvelRicape by
surface | ayer. The internediate |ayer generally
m@msatimgo,‘j{z/bwnMSSr@gdrﬂO% by mass to 70% by mass with

respect to the total amount of the bottom part of the
photoconductive layer.
[Intermediate layer]

In the case where the crosslinked surface layer is a top
part of the photoconductive layer, an intermediate layer can 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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as a main conponent. Exanples of the binder resin
i ncl ude pol yam de, al cohol -sol ubl e nyl on,

wonamen?2sel ubl e pol yvi nyl butyral, polyvinyl burera2008/072466
pol yvi nyl al cohol, and the |ike. Aformation nethod of

it | ! [ lect edyfrom.the
LRE raBiCHTBALAR S o AR EomPRuBRl 7 M GBBYSE theni ckness
of the internediate layer is appropriately 0.05 mmto
E‘l‘iﬁﬁmT‘hW&@r]@é’ﬁtr @laape}qlprﬁveﬁé%ﬁh%%esmwb@ﬁw the
in the present invention, an undercoat |ayer may be
bottw partbef tleep idt®conddetives dagebandatkee amdsshaked
phot osensitive | ayer. The undercoat |ayer generally

§apfRleNmydd €Si N as the main conponent, however, in
consi deration that the undercoat |ayer is coated with

the p Qsensitive_layer using a.solvent, it is .

or of or bpp arereifiat BYBY YRR IRY GhBPALR pbidqr rosin
typically used organic solvents, Exanples of _such

AR mamceomponghiter - Expmples ekthe bnderaesini ypalude

al cohol, casein and sodi um pol yacryl ate; al cohol

polyhhede eal coch od vwdl udd e nyy lom , cwpoé yrsolulaledpolyvinyl butyral,
met hoxynet hyl at ed nyl on! and curabl e resins capabl e of

bBIyViRG 1 i 1) rae; BoTPv AN HMOL M dSTRYFKE © AUfdFRStion

polyur ét hané, nel am ne resin, phenol resin, -

Bt L 5L AR BB B L0, 40
can be added t o prevent occurrence of noire and

atorsaee nhioneskcomue npomalt geatingtmethednplA shigkness of the
nmetal oxide include titanium

intermediate layer is appropriately 0.05 pym to 2 pm.

[Undercoat layer]

In the photoconductor for use in the present invention, an
undercoat layer may be formed in between the conductive
substrate and the photosensitive layer.

The undercoat layer generally contains a resin as the main
component, however, in consideration that the undercoat layer is
coated with the photosensitive layer using a solvent, it is
preferable to use a resin having high resistance to typically used
organic solvents.

Examples of such resin include: water-soluble resins such
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

49



10

15

20

oxi de, silica, alum na, zirconiumoxide, tin oxide,
i ndi um oxi de, and the |ike. The undercoat |ayer can be

w0 zogeteelrly usi ng an appropriate solvent and t hECTRIRDISNG2466

met hod as described in the photosensitive |ayer.

Qver ouIin agan a_titani um coupl i
BORRPY R ser e bl B0 1R 3 B eREER pey RS IRIATERSHE 5 Bénor
added to the ndercoat Iayer Besi des, t he above, for
ffff‘énurﬁigb’édaﬁ I BP [96eR A0 EROXY EeTM- | MRneoves, te the
is preferable to use a |ayer fornmed by anodlcally
oriddirzoat) 1dy €3 dinea posydar pogmied tusi noetad oxidanian be
mat eri al such as pol yparaxyl yl ene (paryl ene) and an

L8068 Frowe Rt b@bu?ﬁb‘ﬁbea& §!1611r% a§ﬂ°re%lu6@ ﬂhg’relsT(Qlal
and CEq by vacuum t hin-layer form ng nmethod. Besid

described a nyent i onal r.coat
B L BB B, SO E BRSPS B S
| ayer is appropriately O mnmto 5 nm [Addltlon of
epdilieds algmes 7izgenjumhexide.i GR ekitte. i@dipan oxide,
added in each | ayer such as the crosslinked surface
hadarhe tikar.ge generating | ayer, charge transporting
| ayer, undercoat |ayer, internediate |ayer and the

i ke, TRE JA@e RIS e?%dﬂé%‘rﬁ%d‘@?‘ﬂ@fn sﬁlgﬁsﬁmlate_

especi al l yfor preventing decline of t sensiti

SentasiiharodniBe i bhef ar e rauib B tanshar PedpSERative
lEaxyaer;pI el%’[o?'];ozfgs ghs?ln:llne %ggg(l)ﬂ{]gd alggcr:ltu%eiltamum coupling
agent, a chrome coupling agent, or the like can be added to the
undercoat layer. Besides the above, for the undercoat layer used
in the present invention, it is preferable to use a layer formed by
anodically-oxidizing Al203 or a layer formed using an organic
material such as polyparaxylylene (parylene) and an inorganic
material such as SiO2, SnOg2, TiO2, ITO and CeO2 by vacuum
thin-layer forming method. 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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2,6,-di-t-butyl -p-crezol e; buthyl ated hydroxyani sol e;
2,6-di -t butyl -4-ethyl phenol ;

weteanyles7 ?- (3, 5-di -t - butyl - 4- hydr oxypheny! ) preqi/amadsa2466

2,2 -met hyl ene -bis- (4-nethyl- 6 t butyl phenol); 2,2

fTEi' (li‘ﬁeefnxg i S(Eézll'hg’fah%/}# tlge :segx%% v gilpygﬁgld increase of the

4 4 butylldenebls (3 methyl-6 t- butylphenol) [,1,3
Wﬁléu(a;! -patemirals- hydroxy-5 t -but yphenyl )butane |, 3,5
trimethyl-2,4,6

tris( 3E5aﬂ1pltesbaﬁ the édtydxnia«heazyla)sbhezm&)elow
tetrakis-[nethylene-3 (3,5 di-t-butyl-

?ﬂéﬂ&b’@@ﬁ%&&[ppl ona te] met hane:
bi's(4' -'hydroxy-3' -t butylphenyl)butyllc aci d]

gl ycolgester.: %tg herol ; ;and the Héi ar aphenyl ene

di ani nef B&}ﬁﬁl pﬁ’aﬁ’g’p}h‘é(’rWPBH % ncl ude”

N— hen I N -isoprop henylenedlanlne

¥ baetyd i yere go le&ﬁlémedrﬁmérowm@v}e’ N-sec
butyl p- phenyl enedi am ne N, N -di -i sopropyl -p
Pleedyitebaty bt éwdiylphenol;
N, N -di nmet hyl -N, N -di -t-butyl - p- phenyl enedi am ne; and

L GO g oo
I SR
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-butyphenyl)butane;
1,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxybenzyl)benzene
tetrakis-[methylene-3-(3’,5-di-t-butyl-4’-hydroxyphenyl)propiona
telmethane; bis[3,3"bis(4"hydr0xyf3’_-t-butylphenyl)butylic
acidlglycol ester; tocopherol; and the like. |
(Paraphenylene diamine)

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

N,N’-di-isopropyl-p-phenylenediamine;
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2-t octyl -5-net hyl hydr oqui none,
2- (2-oct adecenyl ) - 5- net hyl hydroqui none; and the |ike.

wq tdogarnicer sul fur conpound) Exanpl es of the or gaw/e2008/072466

sul fur compound i ncl ude:

SR PP s B s ke

&gd the |ike. (Organi c phosphorus conpound) Exanpl es
y n@qer@%mek phosphorus conpound i nclude: triphenyl
phosphi ne; tri(nonyl phenyl) phosphi ne;

tri (diBraypesnyf hpiesghimene tihctiidsyl phosphi ne,
tri(2,4 dibutyl phenoxy)phosphi ne; and the i ke. These
QQJTPH%% P Pd KSPUTh e az@ﬂai&&a%gi HRBAk;

lasti c, 0|I or the 11 Ke, and ca obtalne as a

r roduct addi ti on of the
%rf{“%a SaBwePP b nass nydoaseyl B OaRBpAReguReRe:
respect to the total anDunt of the Iayer to be added.
2y oetyili iamatBytixdroqwip@re; The af or enent i oned r adi cal
pol yneri zabl e nononer havi ng no charge transporting
2{(2uettade denyd) B ime thiylhgdeofuiabhenand ehé dike.
pol yneri zabl e nononer having no charge transporting

pof ¥ §u '{'lt}ec(;&l oQtrn re functional radical

mer | za € non enotes a nmononer which has no
h hol.e
f[‘g;g ¢ AP pg{ég@?%gggggﬁgsﬁlf&f compound include:

dilauryl-3,3’-thiodipropionate; distearyl-3,3’-thiodipropionate;
ditetradecyl-3,3’-thiodipropionate; and the like.
(Organic phosphorus compound)

Examples of the organic phosphorus compound include:
triphenyl phosphine; tri(nonylphenyl)phosphine;
tri(dinonylphenyl)phosphine; tricresyl phosphine;
tri(2,4-dibutylphenoxy)phosphine; and the like.

TheseA compounds are known as a antioxidant for rubber,
plastic, oil, or the like, and C-a.Ill. be .obtained as a commerci.al
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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triaryl am ne, hydrazone, pyrrazoline and/or carbazol)

and an electron transporting structure (e.g.
waeoendernseat ed pol ycyclic qui none, di phenoqui noneCT/aredosaT2466

eIectron attractive aronatic ring having a cyano group

?QQ{ Do n| thro% 'i:n;g Eplrlc;et%l%r 'L?.a tri:. or, more

anct merl Yabie groups. "The radi cal
&}ol yrrerl zabl e functl onal gggtl) is suitably sel ected
nifapnahnyadical; inalymerizably i mapemsr ihayye ¢ eharge
doubl e bond, and is radically polynerizable. Exanples
nfartdpe)ntimtfgcatrtmﬂqmeri ZBIé etfunet | moaxke duogtiomal uckedical
(1) 1-substitued ethylene functional group, (2)

ﬁi@l%ftﬁé?fztdﬂletﬁGn%‘hD& AR OtHIH PR mPrOWRicRWad B charge
i ke. Exanples of (l) 1-substituted ethyl ene

functional group, includ the f | onal roup
TR AL PR g T e Ypucture (c.g.
Fornula (1) I'n the above fornula, X denotes an aryl ene
gratyl (@mine, hydrazone, .purragting| andionnanhang)) mad an
a substituent; al kenyl ene group which may have a

slelostoh uethnspﬁ?&irgg osixuctu®e0-(eggoupdbnd EABKREA ) polycyclic
group (wherein R36 represents a hydrogen atom al kyl

%ﬁ At e he%ﬁrﬂﬁhoﬁ’éd £hAYhh &N HtePRc(i9eIaromatic
enzyl , napht hyl'met hyl “and phenet hyI) aryl group

G5 vERE by B SRR B i BT Y R o or

ar oup, 2 nethyl-l 3 butadlenyl group, V|nylcarbonyl
wosgp, funational osadigadupolamarniagblar geowpoup dme radical
vi nyl t hi oet her group.
polymerizable functional group is suitably selected without any
restrictions, provided that it has a C-C double bond, and is
radically polymerizable. Examples of the radical polymerizable
functional group include (1) 1-substitued ethylene functional
group, (2) 1,1-substituted ethylene functional group, and the like.

Examples of (1) 1-substituted ethylene functional group
include the functional group _lreplresented by the f_otlbwing
formula: |

CH:=CH-X3- Formula (I)

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(R3¢)— group (wherein R3¢ represents a

hydrogen atom; alkyl group (e.g., methyl and ethyl); aralkyl
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Exanpl es of (2) 1, 1-substituted ethyl ene functiona
group include a functional group represented by the

w0 milob/owgesrg f or mul a® CH2=C(Y4) - X 3- Fornul a (| IBCH/Ip20d3872466

above fornula, Y4 denotes an al kyl group which nay

have subs |tue t 0 na

8 e teckne Pl rBhihytms Sl SERABMLPRY by eroup
ich may have a substltuent haI ogen atom cyano
-Bupphany} angh sap hthytdx\wrgr SupEX®R. et hoxy and

et hoxy); and - COOR37 group ((wherein R37 represents a

hydr ogEnaaipims of kb gulestit@eng.inchedéyd vingl giroydp), styryl

whi ch nmay have a substituent; aral kyl group (e.g.,

I
F9P, T TR VARSI e

a sqbakltuent CEN g Bé&&@ere g
’&%gﬁﬁ;‘}pbémf& I a&’é}n% TArPs P(t‘ny 8 fbEEguP-

a hydrogen aton1 group.(e.g met hyl and et hyl)

whi ch FEgmnle ?%ﬁmwﬁmw ryhylpng Supstipnal group

benzyl , naphthylnethyl and phenethyl) which may have a

mdiadiet adainctonal growp aepreeegted Ppyetlyé faHdwiaghfdnthhla:

whi ch may have a substituent)); and X3 denotes any one

of th egcgrLibed in re single

bond, e%?lr al kyl 2n§%group WlthtF%e prow é,I?JQt hat at | east
one of. Y4, an OX. bo ano ‘
o cenyre e sty B ARl s danors gbaiky EekaRp Lh i may

the substituent |nclude an crchl oroacryl oyl oxy group,
hava spbsyitaentyaoadkyt erpapowtighanayghaup,a substituent;
crcyanoacryl oyl oxy group,

aryl group (e.g., phenyl and naphthyl) which may have a

substituent; halogen atom; cyano group; nitro group; alkoxy
group (e.g. methoxy and ethoxy); and ~COOR37 group ((wherein
Rs7 represents a hydrogen atom; alkyl group (e.g., methyl and
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 R3s and Rsg, 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 X; denotes any one of the groups

described in relation to X3, single bond, or alkylene group; with
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crcyanophenyl ene group and net hacryl oyl am no group.
Exanpl es of substituent which further substitutes the

wehshiderent of groups represented by X2, X3 apr/f2008/072466

i nclude a hal ogen atom nitro group, cyano group;

P P ro%i 51 Rabf aane BE HB 5 LT 1R i s XkagbBl81 eroun.

phenoxy); aryl group (phenyl and naphthyl); and

ex angrogpe i keayde ne rEnon Oﬁm}'%hégl@t Fiylg) Srawbng

t hese radi cal - pol yneri zabl e functional groups, an

acryl ogkamplesoup afid a et hacrsybatitxentgr ouinalwede an
particularly preferred. Aconpound having three or nore

&Céli/ﬂof}}ﬂhei%}’log;:l&itéfz ng Z;‘%lgﬁf[?,;"d uc et tHALryRSHBYE: DY group,

esteritylng i ng a compound” havi ng

three or mire hydrox¥l 8roups in the nol ic e wWwth an

% FXARCthNlanesa) t ) BTAWPacr yI | € WARRETIORIOXYCr | aBEOUP,
A compound having three or nore nethacryl oyl oxy groups
¢y rophenylene gnouheanrd methaexyloylamipoaioup. n t he
three or nore radical -pol ynerizabl e functi onal

gr oupsEgakipgliesi o substituentady kil ffrtheri gabkeitutes the
functional groups may be identical or different. The

Libsti®heAR! 6 TG ORBh rE88h £ "0 XIERt 23 Y, include a
ﬁ ho charg S

mononer havi ng transportabl € structurei

gfro riately sel ected .dependi ng on e.i ntended hvl
BalosRn AlpmioRitrargrotis (A0 GAOuPEALkY] EXotiRe (et methy
i nclude trinethyl ol propane tri acrél ate (TMPTA),
anidmethyl)| ptlpanezroupelhger yhatkoxyPandodithoas); aryloxy
trimethyl ol propane triacrylate, EO nodified
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), an 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 monomer
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trimethyl ol propane triacrylate, PO nodified
trinmethyl ol propane triacrylate, caprol actone-nodified

W0 zdowetdayl ol propane triacryl ate, HPA-nodified PCT/JP2008/072466

trimethyl ol propane triacrylate, pentaerythritol

B it TraBFos Se btk Ranle| BRAGNE, G TRbbRbpriately

triacrylate, EOm)dl fied gl ycerol triacrylate,

f idepeding opn; r the r yntended, i RYER9SA oWidheyt) any
i socyanul ate, dipentaerythritol hexaacryl ate (DPHA),
egirodtachsne- nBaaim pkbsdi pleetasdr yidulutdel tneinmﬂr;y]]oapeopane
di pentaerythritol hydroxypentaacryl ate, alkyl-nodified

ﬁ‘lQ@f'}l@%éyt her M@ TRENt a?ﬁhi/éﬁ{ﬁolﬁ‘f(ﬁ’én@od'tfriﬁ‘éthacrylate
di pent aerythrl toI tetraacryl at'e, al

RS BET e itk %*ﬂiaﬁ?‘*hehepeﬁ%m‘iﬁrﬁo' EO-modified

et hoxyt et eraacryl ate, EO nodified phgsphoric acid
13531 lglprogane triacrylate, PO-modified trimethylolpropane

2,2,5,5-tetrahydr oxynet hyl cycl opent anone
tréhcaglatyl ahproldwoa ermmalifie] tiyn dchyiot¢prep ane teiadnylate,
conbi nation. The fornulated ratio of the tri- or nore

HEXCh 98ie d 24 fdle tRYL B‘?‘r'bb%fi‘;@ St A1RE teha‘ﬁéiﬁa'é‘}gthritol

charge transporting Structure is 20% by nass to 80%

d f bl y, 30% b to 70%
{Tagﬁ@éllal%FOp[H%gﬁra a’¥h5 gfsiﬁgy SssWﬁerfggyceml

| ayer. In the case where the rati o thereof is |ess
tmasrvladeby hesk medfiednalycesel ofrigicryhete,hr BO® -modified
di menti onal crosslikage beconmes low in the crosslinked

ghiiceack | ayrdhcrahitet he POymddidbed i nplywesobnt ofiacrylate,
abrasi on resistance cannot be attained conpared with
{RS(FATToL5E Ay DN s FYRHFN 8" Hipentaerythritol hexaacrylate
(DPHA), caprolactone-modified dipentaerythritol hexaacrylate,
dipentaerythritol 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 ratio 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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t hernopl astic binder resin. In the case where the
ratio thereof is nore than 80% by nass, the content of

WO fwootrgsge transporting conpound i s decr easedeCcEI008/072466

thus the electric characteristics are degraded

ug asy to_state.,as t

ShHEO e | TS Shas whlelbrif® chlpBRHAIR desp dhpn

t o change depending on the process to be used, the
2Oy amagsy dhe somtendsation phithecthrae 9uyreefterraab1| y in
the range of 30% by mass to 70% by mass in view of the
bed sltlea pebeeom dshbbwalimath ® eroesliakedceusfiadedlagetry and the
characteristics. The aforenentioned radi cal

ﬁi@ﬁ!dx&aﬁhgrs%%%lﬂ%doﬁﬁmﬂluﬁl ‘f@@f&%ntcéad’aﬁﬁ%ﬁ b8g
structure denotes a conmpound which has a charge

fﬁnspgrtrn stﬁucté} such as e transport

‘é°’(‘ eyt speacrﬁsr?eus’rﬂz%i 2oV yrPa2 Irne
and/ or carbazol) and an electron transporting
thexmoplastie hindespmisat kn pbeyense whege trhﬁneatlo thereof

di phenoqui none, and an electron attractive aronmatic

id ppreashag §0% Jan e g8 Utheaseh tenBofithe c g 1@epdramsgbrting
al so has a radical polynerizable functional group.

ES AP @12, delige s 8 Cﬁhdparumhbza%'cenc%rﬁaumg!riap@y Bre

are those listed in the descrlptlons of e radica
ri.zab) r. Anong t hem acr,yl oyl oxy group
BREYERRAL n AP BERo RBGAS D BUTtE Bbithe Tedutred
preferred. The radical pol ynerizabl e conpound having a
ahaagon resispance mnd eleetrie shagp chenisticgotend forchange

functional groups, but preferably has one functional
deponding \orevhefpriokess itbrb & waleid!, 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/or 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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and el ectrostatic characteristics. Wien two or nore
functional radical polynerizable conpound having a

wa e/ gretT ansporting structure i s used, the chErmE2008/072466

transporting structure is fixed in the crosslinked

3&%?%%%?%%2%&%%” 31‘&%%&% a7 R q ARRBIGCyIBR Y rour

di stortio yca n the cured resin andthe
?ﬁ?éﬁﬂﬁﬁ3qﬁgi -crossl i nked surface |ayer

becones hi gh. Therefore, cracks or scratches tend to
be forThd thubicad palgnoepeabld comgfowad havinga dheerge
i ke. These problens may not occur when the thickness

eramﬁ)ﬁrﬁ sdtiriléedres %&gqea\r@wo 65 n§of€nfﬁﬁcf1%§fal éﬂ)ups
t he case ere the thrc ness is nore than 5 nm the

er.n e cl.osslinked surface e
bRkt eREs Poe BincHiRE) BRREP I %et%ﬁeaﬁéedquahty
just after the f rnatron of crosslrnkages From_t he
anevelestrastatie ﬁgaéaetqrrlégrcat i WVdiedy hwoeey sroxe; fupgtional
case where the two or nore functional charge

t a dicsd gy dliymge cizaphde ndmpounddhawing at eharegk ar@nsporting
structure (cation radical) at the tine of the charge

5EANTReE AL i 88d CARE @h akg e SEra s TR B %'tPﬁ‘@'t@aSe {dheixed in
charge transportl ng structure is fixed in th

oss truct yre vi.a a _plur f _Rhond

R R ReRL e RtEFe G S aurRBiei k8 Pﬁﬁesf%agnever as
otential tend to occur due to the trap ed eIectrrc
hechareeHaan spogitiugstoncHIre Heegfeemely bulky, distortion
characteristics appears in an inmage as the | owered
mmmgeadsadiiny the cuviednsskipr and e echatreaciadrstress of the
Therefore, the radical polynerizable compound having a
BRI {A0EE | AN3h 618V 88 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 pm, 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 transporting structure is fixed in the

crosslinked structure via a plurality of bonds. The decline of the

58



10

15

transporting structure is used as the radica
pol yneri zabl e conpound havi ng a charge transporting

wotawetzgée, and the charge transporting strucCtROBIR2608/072466

fixed in betmeen the crosslinked structure in the

fashi on. of ef ore tiop, of cracks
SRS 5t ass edoir i in! mplenfidl; el £ octhi e to
characteristics are stabilized. Atriarylam ne

the teapped; elestriscehargas Thesehdegradatinnpel thaglectric
structure. The nunber of the functional group thereof
thapieferisticy apyeaSpacian Dahklgy, as bhe domeaeddihagendensity
the structure represented by the foll owi ng general

BP ‘tHih fe ! ﬁrl‘ﬁ&e(lzéhéﬁa&'é% er & ¥retoRECHhE %aﬁh@&f ric

characteri'stics such as sensitivi ty, re3|

Eﬁentlal ndthel|né are swtabl ntaaﬂedg

APSFI4a e fompey hé‘r"éng%PHBﬁl cHPR Bbee
eneral fornulae, Rl denotes a_hydrogen atom halo
ansptiyE srughuidiie msesd andhe aa@métpqlumerlaﬂbgﬁyl

group which may have a substitute, aryl group which

oo pvamed hasuhgtd thhege tyanepoi by strhictargl awd the charge

al koxy group, -COOR7 (wherein R7 denotes a hydrogen

ar oupp(?f;wt ES&E% LTS IHQY@cv@eéﬁ”%ﬁb'#bts%hﬂ ky'

veas stitute, or aryl group

ave a titut e) haI at car.bony r.0
EERARY O i BF Tashint it réndiiRy doHessre {Rf%f%@@ﬁtwn of
atom hal ogen atom al kyI group whi ch may have a
stk ontseratehekys sypans sepilcnddhehedestrostiabiei t ut e,
or aryl
characteristics are stablhzed

A triarylamine structure is effective as the charge
transporting structure. The number of the functional group
thereof is preferably one. Specifically, the compound having the
structure represented by the following general formula (1) or (2)
is preferably since the electric characteristics such as sensitivity,

residual potential and the like are suitably maintained.

R1 O AT3
CHp=C—CO—(Z)m—Ari—X-Ar,—N_
Ar4
General formula (1)
R1 O Ar3
CHy=C —CO—(2),— Ar—N_
AT4

General formula (2)
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group which may have a substitute, and R and RO are
identical or different to each other); each O'Arl and

waRd@othesot es an aryl ene group whi ch may have BCT/JP2008/072466

substitute, and Ar 1 and Ar2 are identical or

differe t o, each ot her:. each of and Ar4 denotes

an ar J1 heothSThReRera) Endlas. ide Shfed b hnatiREsSatem.
Ard are identical or different to_each other; Xdenotes
hakogap atpen@lknligroae whtishomay bigvieay sihaditute, aralkyl
substitute, cycl oal kyl ene group which may have a

gtisp it bich ned K hastehars udystitu ted)i oty Ingwo d@wehikdh may have a
substitute, oxygen atom sulfur atom or vinylene

y d [k I ' h
%lggéjﬁ.tutze, @ﬁglltlﬁ%rg% 3 oY E 65 o L%Mgz'ﬁﬂgé 3 TEOR,

stitute, et her group ave a
upstitute, ,or al kyl.eneoxycarbonyl grqup; and .each of
GrBRtenn o dhatts & N ERESTH Ao B0 Bioaflh 3 R e
speci fic_exanpl es of the general fornulae (I) and (2)
have deubstiduitpearabkyharegener hich anavihav¢ ja) subsgtifnje, or

anong the substitutes of R, exanples of the alkyl

grylugsounpok hitkch an apthuste graulpstiette), lgrlogenapedmdrbonyl
group, butyl group, and the like, exanples of the aryl

PEOU, bPLd Sﬁ({)ﬁf’b\?%&e% Udieh SRR ol 1 gg&gtggda t he

exanpl e aral kyl group 1 nc enzyl

rqup, phenet hyl . group, naphthyl met hyl grqup, and the
iy RE8e o emmbnLEE S enmhod Modh Frep et ot Rl Tpve &
met hoxy group, ethoxy group, propoxy group, and the
$uhetit Uhasaraky lgrdup mhlevehs oy | d sphdtituteal oganyl
atom nitro group, cyano group, alkyl group such as a
£E6 Wy tw lgichlim 6f hawbyd sgbetitutal kadyRgraaith Reugie dderitical or

met hoxy

different to each other); each of Ar; and Ars denotes an arylene
group which may have a substitute, and Ar; and Arz are 1identical
or different to each other; each of Ar3 and Ar4 denotes an aryl
group which may have a substitute, and Ar3 and Ar4 are identical
or different to each other; X denotes a single bond, alkylene group
which may have a substitute, cycloalkylene group which may
have a substitute, alkylether group which may have a substitute,
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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group or ethoxy group, aryloxy group such as phenoxy
group, aryl group such as a phenyl group or naphthyl

w@e@up72ear al kyl group such as a benzyl group OPCT/JP2008/072466

phenet hyl group, or the |like. Anong the aforenentioned

met hy |- Gt 865 A E a2 e a 1tytes
exanplf $E t he Sfﬁsﬁ;tUtf Ci§fng¥Q5 E¥gro%q@ﬁ9toghﬁth

and Ar4 which may_ be substituted is an aryl_ group, and
Brplexamples of tbﬁ aklyl grongs imeludpoaameshyl gyeyp, ethyl
pol ycycl i ¢ hydrocarbon group, non-condensed cyclic

gyspcpropyl giroup, bhelydrgrongl, iandtheplikandxtnepldskef the
Exanpl es of the condensed pol ycyclic hydrocarbon group

afyl YpSup h%c?ﬂ&é aWBﬁre‘%ﬂy'l grouy, ﬁ&ﬁﬁtﬂ&'l"g%ﬁpo“ad@’tﬁgmke

at'ons are tormng Specditic exanpl es” f hereof

sFemples B a A7 éh‘&%ggﬁ‘éa'ﬂ%%&é? £hetiBy1 BABRE Ahspethyl

group, as- |ndacen%g'grou s i ndacenyl group, fluol enyl
@wup, naphihyhmepbyd\aronm and ghei Hkenpand esamples of the

acenapht henyl group, phenal enyl group, phenantryl

glkuxy] grdupy inghode a fdatbioxyt gryhp géthexy group, propoxy

acephenant hryl enyl group, aceanthryl enyl group,

' , I
%gdpnﬁé‘,ﬁgﬁh e HKWIP T@ég%%gyﬂiggargi(!?f %%%%Xitt&r QlURruth a

acenyl group, anpl es of

N R pr .

as benzene, dlphen¥ et her, pol yet hyl ene di phenyl
wetby] arioptreny e thiyil @nows, alkeaydgphepauch s ghaethoxy
nonoval ent group of non-condensed pol ycyclic
Syl P o2 oy gupuplakybsxpipbepyduch as phenoxy group, aryl
group such as a phenyl group or naphthyl group, aralkyl group
such as a benzyl 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 examplgs of such an aryl group include a condensed
polycyclic hydrocarbon group, non-condensed éyclic hydrocarbon
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,

61



10

15

20

pol yphenyl , di phenyl al kans, di phenyl al kenes, di phenyl
al kyne, triphenyl nethane, distytyl benzene, 1,

wd20ppieesy| cycl oal kanes, pol yphenyl al kans, pobgypiremsior24e6

al kenesJ and a nonoval ent group of ring aggrenation
§¥QﬂocaLbon such as 3?%&% B Eg% fluorenane. Exampl es

O HRY hET BB FEPPED XE1BI98Pa RESABOSAEhET e
of carbozol e, di benzof uran, dlbenzothlophene

asemaphbhenyhgroun; abieaadpayl greus: phefanigy liggoups @ntryl
as Ar3 and Ar4 may be substituted with the follow ng

growps fluorh ndbalkd geo upt, cne phyeanon thigdpnybigrompgr oup,
or the like. (2) An alkyl group, preferably C1 Cl12

hERAEn Y 1ehwgqla§g> ek hodyRPY gD, BIELAYRGLYuEL OB

1 near or bianch gf oup, even nore pr
or

A |inear ed a may have a
FRreR g ST AgR %Feaylu% i thedife o
al koxy_group, phenyl group, phenyl group substituted
with aEramujes oft 8 non-candergedgynlis hydrgeadion group
al koxy group. Specific exanples of such groups include

ngheidieyin ogiodiale n €igivhapd 6 0 wivo ndeyeliy hydirdodarbon ey such
group, t-butyl group, s-butyl group, n-propyl group,

%é klo@n% thK %%BSrZEB}/féHﬁM%BVd S@x{e%ﬂ ether, diphenyl

xyeft hy gro
Chigeshes ot By@wﬂ{ﬁ‘%%& s Bftdi: n%ﬁﬁ@a;é‘rbég'sé’{lggqefﬂﬁé', and
t he I|ke An al koxy group (-OR2), where R2
neprmﬂrsset polykyclig osteﬁrbneogquul( gnchspediphenyl,
exanpl es thereof includes a methoxy
polyphenyl, diphenyl alkans, diphenylalkenes, diphenyl alkyne,
triphenyl methane, distytyl benzene, 1,1-diphenylcycloalkanes,
polyphenyl alkans, polyphenyl alkenes; and a monovalent group
of ring aggrenation hydrocarbon such as 9,9-diphenyl fluorenone.

Examples of the heterocyclic group include a monovalent
group of carbozole, dibenzofuran, dibenzothiophene, oxadiazole,
and thiadiazole.

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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group, ethoxy group, n-propoxy group, i-propoxy group,

t - but oxy group, n-butoxy group, s butoxy group, i
werloosRegr oup, 2- hydroxyet hoxy group, benzyl oxpcmiruws/072466

trifluoromethoxy group, and the like. (4) An aryl oxy

oM, erein the aryl .,arou be, a_phenyl, qroup, .
Saer R outo gy o BRI HeBuB, wemd ErdrEstit Ry it
have a substitute such as a Cl-C4 al koxy group, Cl-C4
abalpggnoutpmeC 4l b gty hespnrspeflic4 Ye&TQMD .-
such the aryl oxy group include a phenoxy group,

Speditfivy bgxyn gleaupf sdehagnoipd ol ugheoapmethyl group, ethyl
nmet hoxyphenoxy group, 4 nethyl phenoxy group, and the

$idifp, APuBN AN "BpE Pg%\?ﬁptquﬁflyéﬂﬁfﬁaé)b%t?tl roup,

group. Specific exanpl e thereot 1 ncluding a nmethy e}

roup, .ethylthjo.grqu henyl t hi o, gr o
TR R U B ety T uR (2 TOETORY 4 th) g0 uihe
formul a above, each of R3 and R4 denotes a hydrogen
Zreshpxaekhy] group. detyasaethy) groupy 2amathgxyeshyl group,
Exanpl es of the aryl group include a phenyl group,

oé whwingto@p pdpchurdbeapkl b ugy, oLtpn e iyl biehesd grypg)ave
a substitute such as a C1 C4 al koxy group, Cl C4 al kyl

S gy 80 SR B 1Y 01 1ing I

(3) An alkoxy group (—OR2), where R2 represents the alkyl group
defined in (2). Specific examples thereof includes a methoxy
group, ethoxy group, n-propoxy group, i-propoxy group, t-butoxy
group, n-butoxy group, s-butoxy group, i-butoxy group,
2-hydroxyethoxy group, benzyloxy group, trifluoromethoxy group,
and the like.

(4) An aryloxy group, wherein the aryl group may be a phenyl
group, naphthyl group, or the like, and the aryloxy group may
have a substitute such as a C1-C4 alkoxy group, C1-C4 alkyl
group, or hélogen atom. Specific éxamples 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.
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by the above fornmula include an am no group, diethyl

am no group, N-nethyl N-phenyl am no group, N-diphenyl
wamiomo7géoup, N, N di (tolyl)am no group, di benzydBr068/072466

group, piperidino group, norpholino group, pyrrolidino
g{oup, and the like. (7) An al kyl enedi oxy group such

Q a net hyl enedi oxy group, or an al kyl enedithi o group
such asg, a nethylenedithio. (8) A substituted or
unsubstidt uted styryl group, substituted or
unsuhstituted A-phenyl styryl group,

di phehyl am nophenyl group, ditolylam nophenyl group,
and thé&4 ike. As the arylene group for use in Ar 1 and
Ar2, divalent groups delivered fromthe aryl groups
nentioned above for use in Ar and Ar can be used. X

£FB8b BPr BuffachBotie, adh 8705 SY Rt dsif hydrdeen atom,

substituted orunsubzéituted cycl oal kyl ene group,
allyd; granr dedined dnpi onraylgrourne FEaaapley efighe aryl
oxygen atom sulfur atom vinylene group, or the |ike.

giveu s uhsludeaephon yl prolngt, i Hipthedch yd | gydvgneagd aupp hshyl
Cl-Cl2 linear or branched al kyl ene group, preferably

$P, Ahﬂeﬁ{es%ruﬁﬁﬁ%%da@dﬁ@t%e%gé‘ﬂ aPRC IS alkoxy -
preferably Cl- C4 i near or branched al kyI ene group

ik 51 G BRAG Feloh  oy rrn

phenyl grou;gWl phené group which is further
a mBgiinyeem banakion . .haPpgeifigiegamelesaf 4hrygropmegprepsed

Cl-C4 al koxy group.
by the above formula include an amino group, diethyl amino

group, N-methyl-N-phenyl amino group, N-diphenyl amino group,
N,N-di(tolyl)amino group, dibenzylamino group, piperidino group,
morpholino group, pyrrolidino group, and the like.

(7) An alkylenedioxy group such as a methylenedioxy group, or an
alkylenedithio group such as a methylenedithio.

(8) A substituted or unsubstituted styryl group, substituted or
unsubstituted #phenylstyryl group, diphenylaminophenyl group,
ditolylaminophenyl group, and the like.

As the arylene group for use in Ar; and Arg, 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
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Speci fic exanpl es of such the substituted or
unsubstituted al kyl ene group include a nethyl ene

w@rowp726et hyl ene group, n-butyl ene group, i-preapyirNs072466

group, t-butylene group, s-butylene group, n propylene
roup, .trifl.uorqnethyl ene group, 2-hydroxyethyl ene..

§raubscisuse R aPn e EhRn substiiSue L b gBstuted

2- met hoxyet hyl ene group, benzylidene group, .

pHevlgnet gthenhgrgupupxyseshropisedfneaitomneinglenp, group,

4- et hyl phenyl et hyl ene group, 4-bi phenyl et hyl ene

of obp,liked the |ike. The substituted or unsubstituted

cycl oal kyl ene group is a C5-C7 al kyl ene group, and

such t 4G .

FLuor | e it sty flctd bE AR gRbG ¥y e BYEPAs C1-C12
1- C4 al kox rqQu r the |ike. ecifi | es
erssr prabehediiolteh xaumaesranyy GIA A e
roup, 3, 3-di net hyl cycl ohexyl i dene group, and the Iike.

nebed tdlkylene @rowps ubzd imore @ refaalelye Cdr hdr ligeanpor
is any of an ethyl eneoxy group, propyleneoxy group,

Bt Ayt Ro@ Gl1%§ 06 ngreromp, Hodthesed kGdkbngl @tiups may have a
di et hyl enegl ycol group, tetraethylene glycol group, or

R AOMSHE YRSkt i 0 1 S5 o g
TR I LT T
following fornmulae In the above fornul ae, R5 denotes
halegdaylatgmoup 1¢ Chealdgtegroup, or C1-C4 alkoxy group.
Specific examples of such the substituted or unsubstituted
alkylene group include a methylene group, ethylene group,
n-butylene group, i-propylene group, t-butylene group, s-butylene
group, n-propylene group, trifluoromethylene group,
2-hydroxyethylene group, 2-ethoxyethylene group,
2-cyanoethylene group, 2-methoxyethylene group, benzylidene
group, phenylethylene group, 4-chlorophenylethylene group,
4-methylphenylethylene group, 4-biphenylethylene group, 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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as the al kyl group defined in (2)), or aryl group (the
sane as the aryl group denotes by Ar3 and An), and a

walznevesean i nteger of 1 or 2 and b denot es amBCT/IJH2e@ax72466
of 1 to 3. Z denotes a substituted or unsubstituted

lok 14t ut [ ed al kyl ene
%t?’h}éi}ﬁg‘rég%?y %Phgggzﬂdgkl%ogg%‘gpbgﬁw P%% (%%kapé Exanpl es of
the sybpstityted or unsubstituted kyl ene group are .
t hoseqF]il%tS shrtuted aF w%@%@ a¥k3@n@><sﬁl@%§reflp is
the substituted or unsubstituted al kyl eneet her group

amy ofhos ethiyde eeoxy grblkipl, gropstlbseoyy @muyf, ethyleneglycol
Exanpl es of the al kyl eneoxycarbonyl group include a

SRR ﬁ‘%ﬂﬂ%ﬂ&d%ﬁbﬁéraﬁﬁg Hieé\mfl%‘ﬁ\é%ll?rc&lsg_?&ﬁg{ Iey

preferabl’e exanpl es of t radi cal polyneriza

C ound; havi nonoval ent. char SROrtin
ERFRGUIVISIRY bk QRNBENERHpRBYIERbE RGN and the
expressed by the follow ng general fornula (3);

dkydere gruRIMathay the abeylgaecethen group smay)hagga

of o, p and g denotes an integer of O or 1; Ra denotes
subytit wget sachnom hgtihykyhgoopp, exethydf gRupndtirgl group,
denotes a Cl-C6 al kyl group (does not include a
SVEhedfke aton) and in case where there are a plurality

of Rb or Rc, they may be different to each other;

S .
d i f 0 3; Za.d . .
of 'a o horansli Balh R o riet RAdrE BT P el lac:
group, and tﬁg grQups expressed by the follow ng

a or

'TS
—C:CH—<CH=CH4>—b—

In the above formulae, Rs denotes an alkyl group (the same
as the alkyl group defined in (2)), or aryl group (the same as the
aryl group denotes by Ars and Ars), 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 ether group, or

alkyleneoxycarbonyl group.

Examples of the substituted or unsubstituted alkylene

group are those listed as the alkylene group of X.

20 Examples of the substituted or unsubstituted alkylene
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formul ae - The conpound expressed by the genera
formula (3) is preferably a conpound having a net hyl

w@rzowp72eed et hyl group assubstituents of Rb anmeciRep2008m82466
nono- functi onal radical polynerizable conmpound havi ng
t charge tra or ti strugtures represented t he
b ERet BROHR, 7 LABEF H1Paras sikyiete TR R o % cc
in the _present inpvention_ is polynerized by rel easing
the C-Exasmles gbhle ialkyleneoxycarkpayl grenpnackudoa
charge transporting structure is incorporated into a
papyolactohaimodified goaied at the terminals of the
resul tant polynmer. Specifically, the charge

tr anspRfdrcdYes] 6458431y B rbRGOIR! & £6 plbs %frﬁiéﬂr%@ﬁéarl

of the crosslinked polyner chain which'is forned

the af orementi oned -functional ragdica

bR R R EB RO B AN in e B oV Bfe Hiobhar e | ona
radi cal pol ymerizabl e nononmer. Moreover, the charge
tramypottnggtsuctare ageithg pemnwindedaving a structure
crosslinking chain present between two main pol yner
ekprassedbst thecfollowingasaténkdi fugrnetibd §3):s cl assifi ed
into internol ecular a crosslinking chain which is
present between one pol yner nol ecul ar and anot her

pol ynmer nol ecul ar, and an intra
chain &Q? h crosslinks between
chain 1ol ged w thi

nofer-uéPr¢e

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
Rc, they may be different to each other; s denotes any integer of O
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:
CH,4

The compound expressed by the general formula (3) is

preferably a compound having a methyl group and ethyl group as
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tricrylam ne group which is a pendant of the main

chain has at |east three aryl groups spirally
weoebhiesed froma nitrogen atom and i s bul KypCT/JP2008/072466

However, it is connected with the main chain via

acar.bonyl . gr Wi ut directly connecting to the
Sf'}gll)%tlgﬂé}lﬁgog#gbtaﬁ’e&r ore is fixed while being fairly
free in a three-dimensional space, Therefaqre, these
tri ar yFhampanosiuniienak radicalppebpprzable wgmpennd o
each other in the space wthin the polyner, and thus
héreing ohel chkggk prdwysporthag dtructerghyspeasestadiby. than
addition, in the case where the crosslinked surface

%(?ﬁ(&fali forRL B (FF @), BYlEpERshl Mforols @ SAWHEPEEsent

IW
a problemin that the charge transporting passage

i s di,sconnected can reyented. .Theradj cal .
I HEP P A SRR R A P a1 FF o' Aeiie hong in the
structure for use in the present invention plays an
befgosiden, thunefase ithej changestramsportins strawspse tifng
function in the crosslinked surface |ayer. The anount

inverporated 20% lypohaact @h30% Mo tnvsatednd thetermlihyls of
30% by nmass to 70% by nmass with respect to the tota

% >
AP YO u Rt FoRiASE, | SARLALAIGE Shp Mifred PR GAIRE
charge tr.ansporting, functi on of fhe cr.osslinked.

ST CRBEe 5, BEOERARBIe DAt &, M3 1R ERaTy Al Sroeslinksd
the case where the anpunt thereof is nore than 80% by
pelyaer shadonvhieh as fonmead byrtheaoremenitiongd nononer

havi ng no charge transporting structure is decreased,
Mio6h o- s ctiogal atwddsa b pol phlesi2diSle eampodund 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 is 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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be achi eved due to the decreased density of the
crosslink bond. Although it cannot be stated as the

wo eqpuiorxely el ectric characteristics and abrasi oPCT/JP2008/072466

resi stance are changed dependi ng ont he process for

us it LS efe e range of 30%.by nmass
S5y etalhy Wi AR Y diPrtAE ANEE Sy MR ED ehtin,

characterlstlcs e crosslinked surface layer is

andrdengfore is rfgxq£évhﬁlszthﬁ@gcwwrf FeR)1Rt2 | east the

tri- or nore functional radical polynerizable nononer

tlardendime nshangé sprazes pdFhengfoser these arsacylt imine

radi cal pol ynerizabl e conpound havi ng a charge

LRNIAPEE 419 §%f)i"§ﬁi"fa%el§7 B d3Ldeht 8 é%fEH bPhet BB the space
VISCOSIty at the tinme of coatlng, to re uce the stress

n he £LOs | i nked s ace
WO RE B g i bR G R P BRP T HERapEE hag Littte
functignal radical paqlynerizable nononmer, and/or an
phyginsdrsteainpe @d%éél%ﬁés dndthengase avhers shemrospbaked
radi cal pol ynerizabl e nononmer and/or oligoner, those
sunfacei laytereisafdrmmad dxeansedtermasplegefan occurrence of a
nmonof uncti onal radi cal pol ynerizable nononer include
%r(%l@hll el a PEhY | Mg @tMﬁBﬁ%?ﬁ?? aGi¥ A 8isconnected
hydroxypropyl acrylate, tetrahydrofurfuryl acrylate,
2- eth | hex bitol acrylate, 3-nethoxybutyl
%%?}1a?59 %%ﬁ?§ acryl ate, cycl ohexyl acryl ate,
i soanmyl acrylate, isobutyl acrylate,
met hoxUhe iradigak pedy pegnzable rampound having a charge
phenoxyt et r aet hyl enegl ycol acryl ate, cetylacryl ate,
tenspatyhg atkutaise foi eaeyin éhégrisent 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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styrene nononer, and the |ike. Exanples of
bi functional radical polynerizable nononer include

wd 2@9busandi ol di acryl ate, |, 4, butandi ol PCT/JP2008/072466

di acryl ate, 1, 4- but andi ol dinethacrylate l,6

exane di acryl di met
RS LRe % B5PY WL pof tara BT ABURt 5RgRsctl S04 by mass to
di acryl ate, EO nodified bisphenol A diacrylate,

b miase 5 eyeed|the balance besweenithadatibie.

Exanpl es of the functional nononer include
é¢hapacteristiosai ni ng nononers such as oct afl uoropenty
acryl ate, 2-perfluorooctylethyl acrylate,

2- perf’t‘H@r(ﬁ%%%ﬁh%é@’éumé?eaﬁyélaisefoﬂﬁgdb curln the

2 perfl uoroi sonyl ethyl acrylate, 1n which Tluori

are ubst i i nyl Monones
B heh sorprams Ak dehshAbe a2 opdny et Hans S aAbE (o
such as_sil oxane units haV|ng a_repeating nunber of 20
polyzpernaldeonea onke y hgyrngen Pgbangemnspantong structure
Publ i cation (JP B) Nos. 05 60503 and 06-45770, e.g.

andythy kadidaldp olBtohytizialbdx iconep byhd hevheg aytbhitge
pol ydi met hyl si | oxane ethyl, acryl oyl

g‘a %%?ﬂélﬁﬂlew pIHQMJd’ aﬁf ¥J)19 (11 the viscosity at the

I'si | oxane butyl, | acry

B SERANb BL18IR e DRSS SRR

of epoxy acrylate, urethane acrylate, polyester

lasrey, dperedarne the suirface Roeegy len friction eoefficient eatmono-
of the nono- or bifunctional radical polynerizable

oD bomEanatidna] rdicabgiotpin 9k yPRY nZewd @ er| badiBF aiBy

practically reduce the density of

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-methoxybutyi écr&late, benzyl
acrylate, cyclohexyl acrylate, isoamyl acrylate, isobutyl acrylate,
methoxytriethyleneglycol acrylate, phenoxytetraéthyleneglycol
acrylate, cetylacrylate, isostearyl acrylate, stearyl acrylate,
styrene monomer, and the like.

Examples of bifunctional radical polymerizable monomer

include 1,3-butandiol diacrylate, 1,4,butandiol diacrylate,
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t hr ee- di mensi onal crosslinks in the crosslinked
surface |ayer, and this may cause the declined

w@hnesiwer resi stance thereof. Therefore, the arorIR206f072466

t hese nononmer and oligomer is 50 partsby nmass or |ess,

nd, preferaply 30,parts b ss or less, wWth.respect
P obsapaietafperpBeryfasehd BiRespe ot nfin

radi cal pol ynerizabl e nonomer., Mreover, the
tisherpniddal dimretasrylaie, diethyleneglyicel diachylate,

appl ying an optical energy, and curing the mxture

soop entylgldyedl deastylabe, B0 -modifiod ditpheniodldiacrylate,
radi cal pol ynmerizabl e nononer havi ng no charge

Efﬁﬂ?&ﬁgﬁi&‘%ﬁ Bgﬁ%ﬁ@e deey18e ! afidCae POty Ter i Zabl €

conpoun avin arge transporting structure.

However, a poly i zation.initiator may b tionally
cont ai irkamicerel thodupcrianslcmonemet spehade or der 1o
efficiently proceed with the crosslink reaction.

Bpecin¢ -contanping menemensot yohe piseatiaduoningniydracrylate,
i ncl ude™ acet ophenone or ketal photopol ynerization

2P drfhierdociyldtlnd aésilagsy acpé opherescyletzyl
di met hoxy-1, 2-di phenyl et hane-1 - one,

- cl - - . .
R APORENE BRER Pl SRS Bl shofekatndm hich
ﬁ%gg_%%gé?%g%%@?b%ﬁ%%d|v’in§l mdnomers, acrylates
hydr oxy- 2- et hyl - | - phenyl propane- | -one,
andenhnoagryhbrteisot 4 ¢l (bavimighy Indlysgloaayle) gropprsardh as
one, and
s oken¥ luhitd-Hy ViRah e ePtertZn & Grehb@rysfa2 ®esyl 0, okisekosed in

benzoi n ether photopol ynerization initiators such as
?&Béﬁhge PR®Y 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.

Examp_les _ovf‘the radical polymerj'z.able‘ oligomer include '
oligomers of epoxy écrylate, urethane acrylate,Apolyester 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

71



10

15

20

nmet hyl ether, benzoin ethyl ether, benzoin isobutyl
et her, and benzoin isopropyl ether; benzophenone

w@hob/opesymeri zati on initiators such as benzopherine)s/ 042466

hydr oxybenzophenone, o benzoyl benzoi ¢ aci d net hyl

nzoyl pnaphthalkan 4- henzoyl bi sphenyl, .
68 ihss e L BREITAID 0 TR AR mfid BRABYS, yith
1, 4-benzyl benzene; thioxanthone photopol ynerization _,
TeRact & %%Mtasb&m%iapgﬁyptwbﬁarmﬁaﬁé}mctwnal radical
2-chl or ot hi oxane, 2,4 di nmet hyl t hi oxant hone,
pPolrmdeeizallehnoxamémwone, and 2, 4- di chl or ot hi oxant hone;
and ot her photopol ynerization initoators such as

et hyl afiloreadbl, "M crosslinked surface layer is a layer formed
2,4,6-trimethyl benzoyl di phenyl phosphi neoxi de,

4 6.t rinethyl benzoyl phenyl et hoxyphosphi neoxi de, ..
By ey R et Ryt S REfk RUSE g ontaining
bi s( 2, 4- di met hoxybenzqyl ) -2, 4, 4-tri nmet hyl pentyl ghosphi
%i&%fe,thﬁétrh'y%w shpetipaal gradigal podrmemeablne,
acri di ne conpounds, triazine conpounds, im dazole
monponadhavang ndehhirge.trhmspddtingetructure and the radical
phot opol yneri zati on accel erator can be used al one or

b ElyaRBP 216 Ad hp b ndNEa #{ 9% %’TEHEEQ_@ %ﬁiansporting structure.

phot opol yneri zatton initiator. Specific exanples
net hyl di. et hanol

ereof include triethanol. amg ne .
S or B O A R 282D a0 REBAFHRTIY Contained
4-di met hyl am_nobenzoate, 2-di nmet hyl am noet hyl benzoat e
in the giresshpked suptaceolmatone ordea tonefficieatlyrpaoceed
af orenenti oned pol ynmerization initiator can be used
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-benxyl-2-dimethylamino-1-(4-morpholinophenyl)butanone-1,
2-hydroxy'2'methy1'1'pheny1propane'l'one,
2-methyl-2-morpholino(4-methylthiophenyl)propane-1-one, and
1-phenyl-1,2-propanedione-2-(o-ethoxycarbonyl)oxime; benzoin
ether photopolymerization initiators such as benzoin, benzoin
methyl ether, benzoin ethyl ether, benzoin isobutyl ether, and

benzoin isopropyl ether; benzophenone photopolymerization

initiators such as benzophenone, 4-hydroxybenzophenone,
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singly, or in conmbination of two or nore. The anount
of the polynerization initiator is 0.5 parts by nass

w0o mod07pert s by mass, and preferably 1 part bypaBESR0068M72466
20 parts by mass, with respect tol00 parts by mass of
t he t ot of the radicgl pol,ynerj zabl e content.s.
Eheedy e Brol Beld MR, % PR E Fout Ridene.
surface | .ayer optionally contains additives_ such as

Dengeylhisehienydedsbenapy) pheovd ¢ tihes, acrkateshd

i nprovi ng the adherence), |eveling agent, |ow
e 2ephenonbannd 1 r4&bemoayl ibun z@tes rildbxhathogeno
radi cal polynerizability, and the like. Specific

810U A5 ndé riBeidH 2aidiatéR sueR! é@@-i&'&%P%%f&x‘%{x{tﬂoﬁle,
or use’in general resins, such as dibutyl “phthal ate,

nd ,di ogt.yl phthalate. The, added unt of the
SieRPT e bRl ek BE1HORREEROHRY oy of eranl y 10%
by mass with respect to the total solid contents of
2 Hedietdrylthiewn nthene oandrb 4cd wddprotdeie xanthone 1 agd other
Speci fic exanples of the | eveling agent incl ude-
photapulenoe tizatidn anitdiaterssuchi hs @dhglanthraquinone,

met hyl phenyl silicone oil, and the Iike! polynmers and

P00 BRI b guRL oL 00 chei

ther added” anbunt "o I ng agent is

ppLopri ately 3% b ss pr..less.with.respect to the
foRb it Ry b Re ek By i o R PEIPEORI ot t he
crosslinked surface |ayer. The crosslinked surface
bis¢3r4,Bstrimretdy Lbe neoxi) nhe n ke hasarhing oxader i on
containing at least the tri- or nore functional
badR celd i prd thoaryibeatd oy ) et rimae t gl pun tsiph@ephineoxide,

transporting
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, methyldiethano}l amine, ethyl -
4-dimethylaminobenzoate, isoamyl 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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structure and the radical polynerizable conmpound
havi ng a charge transporting structure, and curing the

wa@oabmtbebayer. I n the case where the radical PCT/JP2008/072466

pol yneri zabl e nononer is a |iquid,other conponents can

dIS oIved t her tp for he ¢ atl qutlo
PO BAINY Sl of hec foral dF G 1 RARA Lo fineH 18
di | ut ed with a solvent, if necessary. Specific
BN tSs of the sol vent include al cohol s such as
nmet hanol , et hanol, propanol, butanol, and the I|ike;
ket oneEusth:dnrmsrel,catcmﬂ:;ingﬁdl;alt'ﬁimyblﬂthteMSslinked surface
net hyl i sobut yl ket one, cycl ohexanone, and the |ike;

Fa'%teeﬂ §p BldnA 18P cgh@ﬂn@%ﬁﬁ%&esbé‘ﬁé’lh AACEAH Alofes ﬁ%tﬁ@ﬁers

ke; ethers suc as tetrahydrofuran, dloxane propyl

g;her and t k X hal,agenat ed S?Lven S suc af

oE e R e st BAJR RERES e e vline
chl orobenzeng; aronatlc sol vents such as benzene,
agenbnow yplacalagchange f1amspextingsepderial kaving no
nmet hyl cell osol ve, ethyl cellosolve, cellosolve
eadicall yolgntk tikablliky. adfade EdevenSpeciic beauselds of the
singly or in conbination of two or nore. The dilution

ﬁp‘iét‘i’m%r 1'?1%1§919"]§£‘$Wh3pﬁ3{§%'1$1rz%5'¥ B9 W ﬁgﬁ%%%ﬁﬁirggins,

on the solubility of the conponents, coati

i nt.ende i the.lik 0, £an
SRR AN S R aa e st Aaorisurcalats, © chhe Afed
nmet hod, bead coating nethod, ring coating nethod, or
amounicef thedastirazends 20% diomeashor dees, aodipraferably
solution of the crosslinked surface |ayer, a |ight

0% by msseﬂlehnﬁdslp)ec&p;plﬂlﬁldtdmltehﬂl@@ahtdntﬁﬁﬁthéﬁ’:o&hng

to cure the |layer. Exanples of the |ight

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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energy include® ultraviolet |ight sources, such as a
hi gh-pressure mercury |lanp and netal halide |anp, each

wa2edeemn eni ssi on wavel ength in the ultravi oh@t/Jpr2008/072466

region; and visible |ight sourceswhich emit the |ight
of, a wavel engt.h regi,on,coveri t he.absopptiqn .
Qb ERmReTE e, s o pisRely e Tein oot onm the: roatipe
contents and phot gpol yneri zation initiator. The |ight
soludien tof tdre eresslupkedisorfpge dpgeer bt ytimayrke funther
of from300 mMVWcn2 to 1,000 mWVWcnR. When the |ight

diluesdiwith a $dventhafind08ssaiye S pebHi € exiangp Ieeaof tha
requires a long period of tinme to conplete. Wen the

$d19Rhnt iﬁﬁﬁﬁbaﬁléé}lmf %élg% t19Q B %@Eantoﬁ‘,eptr%%anol,

progress of the reaction beconmes uneven wthin
ayer,.and.thus,.t he.texture of, the crosslinked surface

1"&%?%&%%5%‘:%& #ﬁ%gﬂﬁﬁf‘#&h@ﬁ_aq%(’flﬁe case where

t he curin%.is performed by the |ight eneg%%, it is

medhylethylketane; meedxylaepb ubylkatpnies cyeliolexanonasand
prevent obstruction of crosslink by oxygen. As the

tlospided ;td st rk ayudhhas adlyll ngeetaltef bavybackbgte, and the like;
crosslinked surface |ayer, the binder resin can be

QMR BEth Pt AL RIAYLIEH WiBkaht, J965yTUenATYERTALHe

. e snoot hnéss, -electric cha I stics, or
(85 heloegarsed Sotirals nehons AisBlEno et e 1 osi n
does not have a good conpatibility with polyner
dohdpzeethame atrighloroadhanes and ichdorehenzeneoareomatic
radi cal pol ynerizabl e conposition (radical
Pelivemesi At asBewrdie atsl uead, Gallene, 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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pol ymeri zabl e conpound havi ng a charge transporting
structure), and then a phase separation may occur in

w0 bwoomaéi ng sol ution of the crosslinked surf aaer/my@ror24ce

As a result, the resulted | ayer hasa significantly

i kr.egul ar rf,a herefore, it is.preferable that
PRAERGRL: TheJTeRr ol R HIBnebh foRiBprie Ve TR 13"
solutign of the crosslinked surface layer. In order to
absornfiiantWavelergihs of fheaforementionederadicalt he
crosslinked surface | ayer contains bul ky charge

pobreappablengostents andsphbtomolymericaition snildaessar The
to increase the density of crosslinks so as to

1iBRE GRTEnENS BNYRERCA Aidt {96 Breférd RIS ¥ thBIr £ b FPom
such the“crosslinked surface layer “is rapidly

200 nFORG 16 Bhor BT ReRE"C I hap 1E e ORREA TR 15 T8ss

unevenly and thus the resulted | ayer ends up having
th%@iﬂ%m%tcmé’eet.hernerm@.reactltoni seqpuigiesrapppgiremied of
an external light energy which is capable of

tioné toldompldtee rWBaodn aheslighd 1depasitiynis aiorehthan dh000
intensity and the usage anmount of the pol ynerization

i'nﬁméxﬁfz,opéey;x%ig*}eééid}&ww&@ti?gl *%@stﬁlég ; VP ithin the

surface y s expl al ned as e case

ere an ryl.ate, nononer .havi ng three acryl oyl px
Sirp e Bt SRR ot B st b R guthare fasfer
acryl oyl oxy group are used for the coating solution,
beéromeagagpaticanthierevsghis 7/3 to 3/7. The
pol ymeri zation initiator is added thereto at 3% by
mass tla 2h&odaseraderel the casiegls perféemedt by theolight

of the acryl ate conpound, and a
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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solvent is added thereto so as to prepare the coating
solution. In the case where tryaryl am ne donor is used

waxobheeechar ge transporting nmaterial and pol ycerhmeds®72466

is used as the binderresin in the charge transporting

s the nder .ng | Cl 0S e
8 Y ERUeREDLY, Bk R SR e Pra Do BB EE Thae
f orned by spray coating, the aforenentioned solvent of
the kigder fgsipiistnencortainadinghe ceating elutionof the
but anone, ethyl acetate, or the like, and the usage
czﬁddﬁmﬁedunhfah@lapénent is preferably 3 times to 10
times of the total anmount of the acryl ate conpound.

Sequent kl¥r tb%a‘iﬁ@iirf‘@hé%l‘ébtﬁ@ A eRatedidticd BRereof,
manner nmenti oned a ove I's coating by spraying on, for

wh
B REpSui BLRETAPREEIENEr S PR SS TIT ERRRER draféPorting

char%e transportlng Iayer are |lam nated on a

tratuges therginaand) risnparesaanydte 1npreasn shedpysity of
Thereafter, it is dried at a relatively | ow

tmnrséimksrrse d9to dnshadsée pheiphly §i2al dteefigth, Ifrtheutering
to 10 m nutes), and then is cured by heating or W

14 AGbAldOSuck tHB! GosifHIdG 'sﬁ@?a@é 1496 i ‘i-%F'lél sed

for theUV|rrad|at|on and the 11 un nance

thereos[ﬁwigr@; ﬁ%?ﬁlgyc&éggmé{ ?e o{}gﬁ%o 1P§ extremely

irradiated at 600 mMAfcn2, the entire surface of the

igh energye the cumngosnpyoesestesb aneyemds and |thatst ther

45 to 360 seconds while rotating the drum of the
péwiledridyerandsMiptha®ing an irregular surface. Therefore, it

1s 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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time, the tenperature of the drumis adjusted so as
not to exceed 100 C. After the conpletion of the

wa@ewnmpesit is heated at 100 C t 0l50C for 10 nPEIIIESO/0T2466

30 m nutes so as to reduce the residual solvent, to

t hereb |eI hot oc ugt.or
Teia b ch fae%S%%Su%sﬁlsgﬁgt PR & hecunderlvine
resent |nvent| on W]l be explained, but it shall_not
edopk the caosslimked svhﬁa@c@@'@r@fa%é hgczsshinked surface
i nvention. The apparatus used in the exanples is shown
laydrl (& fdine&Viay saragncamtihgdthdldforame nidendidssudyedt of
nearby a cylindrical substrate to which a charge

EH@%Q@Mg BGh'lﬁ)S%r1§‘ﬁ?efé“i*§'l’al§%%?§h§‘ﬂ?oﬁﬂaedj 2fifanone,

surface tenperature of the cylindrical substrate was

ur ed fathr coupl e and dat a
SHITAE A, T e ik AR L BR R R € p 200 PE Bl B iptven
at three points, i.e._an_upper ortlon center
’éopf‘i’f%abéﬁtﬁ bupﬁérﬁOpthtmesO@ e teyal amownt of the
substrate. Note that, an Al substrate (outer dianeter
méry]l&@emas)npaandj.p-coat ed in a coating solution of the
charge transporting |ayer having the foll ow ng
fornulg, ﬁ@ﬁt%?}ﬁ%é QYREingRSo NAZLAD APhd §¢ th® manner
thereby orm a charge transportl ng layér havi ng a
knesaaﬂfbozo nm <Coab sol.ution gf a_char

PEADRE Vel FoRtath Ry rz"ﬁ’dl“ygc‘é’r‘b Naf &2 P arac s
bﬁog(?csosnductor 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, it 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/cm2 to 1,000 mW/cm2. In the case where
the UV light is irradiated at 600 mW/cmg2, 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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(Panlite TS-2050, manufactured by Teijin Chem cals
Ltd.) Low nol ecul ar charge transfering 10 parts by

wormmeoTeaéer i al Tetrahydrof ul ane 80 parts by neECTLIR2008/072466

t et rahydrof ul ane solution of silicone 0.2 parts by nas

B0 Gt e e PRIR TR 2o S e Bhé ¥Bsidual
manuf acture by Fusjqgn WV Systens Japan K.K. (bulb
s9lyentitpiherebysyieddet hrophodacenduckon. anp and the
surface of the cylindrical substrate: 53 nm Duration

of irradiation by UV lanp: 2 mnutes Rotation

frequency of the cylindrical substrate at the tine of
BN¥aihpRel ation: 50 rpm [Exanple | ] External dianeter

of the cylindrical conductive substrate: 100 nmm Tot al

| engt f theeccylindrigal conductive substrate:;380
mret Hgept SRR 5 50 C TR FafiY B EF SHP1S of the

suppl yi ng pi pe: 400 nmm Space between the refrigerant
BIOM A h@vwg\enawalltlh@ epplaimed phut ibshalb nofihegpnstrued
el astic body: 2 nm

to limit the scope of the present invention.

The apparatus used in the examples is shown in FIG. 10.

Evaluation method"l" |

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, i.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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Pressure for supplying the refrigerant: 2,000 hPa/cm 2
Thi ckness of a cylindrical elastic body: 1.5 mm

woanperzasure of the refrigerant: 30C PCT/JP2008/072466

Constant -t enperature water bath: setting at 30C
(85 I} irculation fl rat.eof the
rﬁjg??lggro hlzw(;%ﬁ %?ir}no}r{%t Exa Iegzle%_.Exﬁngﬁ%]fts aREr of
t@é‘%&?i 14050, Tgnuia Q‘V@@?}b JABe: 100 nmm Tot al
|@neginhcadls kb)) cyl i ndrical conductive substrate: 380 nm
Rajw igelexnilar chaege teagsfernig t he ref 10gestbys bppsyi ng
RhREeriaPo0 nm Space between the refrigerant supplying
pi pe and the holding part of the cylindrical elastic
body: 2 mm Pressure for supplying the refrigerant:
5,000 hPa/cm 2 Thi ckngﬁz of a cylindrical elastic

r

body: |.o nm Tenper at of the refrigerant: 30C
nt -t enper at wat er bath: setting at 30C

(c bility 1,500 Circulation flow rate of the
refriygerant: L/ min. [ Exanpl e 3] The conditions were
set t He—=¢€H N, Exanpl e 1, provided that the
f ol i ng co tio wer e changed as described. Length
of refrigerant plyi ng pi pe: 100 mm

CHs
Tetrahydrofulane 80 parts by mass

1% tetrahydrofulane solution of silicone 0.2 parts by mas
oil

The conditions 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 cylindrical conductive substrate:380 mm
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Pressure for supplying the refrigerant: 500 hPa/cn®
Thi ckness of a cylindrical elastic body: 4.0 mm

w¢ Bvanpdees 4] The conditions were set the sanePEBJIR2008/072466

Exanple 1, provided that the follow ng conditions were
E} nged as. descrl bed. Space between the refrigerant

Sﬁ%f/' pleJae ®nd the hol di ng part of the cylindrical
el astl c body: 1.5 mm Thi ckness of_ a cylindri cal

cofbblw refrigesant) SURP e e G Mot t he

refrigerant: 1.8 L/mn. [Exanple 5] The conditions
Apaee duitwden sheerafrigerdtasppelRingpope card thathdlding
foll owi ng condition was changed as descri bed.

%foﬂfhet @ﬂﬁﬁﬁ%iéﬂlﬁ‘em&% bBayh2 pape [ Conparative
anpl e The conditions wefe set the same as in

Bhangate ier SRy B hRore e T & 4 SRg B mANS Ve e

Const ant - tenperature wat er bath: none The results of
Thackappeodiaceliagdrieal eladiehody i homamme 1. Note

that, the criteria for the evaluation are as foll ow :
Eenﬁiélfaftmm@f the reérigerpataB@r€ is 0 C or nore but
less than 5C B- Difference in the tenperature is 5C or

?g%%grgg?hﬂregﬁﬁeigﬁﬂel%%fe%ﬂﬁ e%egcggﬁ’%'a'% 30 (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/cm?
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.
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30 CD Difference in the tenperature is 30C or nore
Table 1 [ Exanpl e 6] An undercoat |ayer was forned by a

walzquo/orati ng net hod on the Al substrate (extermrei/JP2008/072466

di aneter™ 100 nm so as to have a | ayer thickness of
EES lafgfr drying. <Coating solution of the

A8 toat °1 ayer> Al kyd resin (BECKOSOL 1307-60-EL, DIC
Cor porat i on)tggi parts by nass, Mel ani ne resin ( SUPER
BECKAM Re comsbitigms Wete eof phe fama)asipdixample dass
Ti tani um oxi de (CR EL, Ishi hara Sangyo Kai sha, Ltd.)
poopatdd that the foMeivny getbml kiebnsew&fe phangeldyas described.
massOnt o t he undercoat |ayer, the foll ow ng coating

BRI hOSE Dlle 3eeHRCIRnINAIALIAG PANATLOG A P- coat ed,

and the coated | ayer was heated and dried to thereby

BT B AReRTVERE boidCre BYE bR A BT

| ayer> Yformtitanyl phthanyl phthal ocyanine 4 parts
Phigknespefya, crlimdriea) alagty bedyBp-8 mapki sui

Chem cal Co., Ltd.) 2 parts by nass Methyl et hyl ket one
[BRapeples 4y nmass

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 cylindrical 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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Onto the charge generating |ayer, the follow ng
coating solution of a charge transporting | ayer was
walkgeomated, and the coated | ayer was heat ed arc/gneh72466
to thereby forma charge generating | ayer having a
t hi ckngs 2 <Coat i olution of the cha .
{ransdSpts HhatayBPsraiaandas 7 fyrfiafioaare Aeridlfovs
érb,TS— 2050, Tejjin Chemcals Ltd.) 10 parts by mass
oWikfsirengeain thartgampertape: i3 ACmn mdrg buejess shaads°C
by the following fornula 10 parts by nass
BeDifferéneeunath80e ppdrathyeris 35 Clér nedreabudrleksnthan 10°C
solution of silicone oil (KF50, Shin-EtsuChem cal Co.,
ﬁﬁ @)i)ffé}e%o%aﬁf $hE%eMmer Al ?bQCQ?r H&'&SBQE%FS t&laél
ayer, the follow ng coating solution of a crosslinke
Wcﬁace | ayer was spray coated, and the irradi ation of
i ght and the tenperature control were perforned at
the sane conditions as in Exanple 1. After the W
Padlidfensmce in jhe tomperatunesoc306€ GomArut es so as

to obtain the crosslinked surface |ayer
Tabhkness of 9.0 nm to thereby yield an

el ect rophot ogr aphi ¢ phot oconduct or.

havi ng a

<Coati ng sol ution

of the

Crogs! |

NB&ites |

I'BoéoRn

ay&hperhthreO

nor e

functi gnafcy adi cad) P! yOEy | ¥ s RBNCOR HEXALREiG
ghag ge [t ranspqr iging $t egy ufe (KAYARADTIVETA, A ppon
KQyaKU [Cog4 5 LT d.43 B Ppabs DY MBss oIt 1-0f NOrep
YaNg 1 Qnakg Eadi Galo PYT WGRYy | £abl ejgipnonef havi gg no |
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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charge transporting structure (KAYARAD DPCA120, Ni ppon
Kayaku Co., Ltd.) 2 parts by nmass Radi cal

w@edoywersszabl e conpound havi ng the charge transEDIR20089072466
structure represented by the followng formula 10

part S @XEQE%% cyﬁ%%exy r'eﬁytﬂﬁfﬁqllm trl(l?t or., Sfégtion of

a Japan K K.) part by mass Tetrahydrqf uran 80
‘M g8yEomeLaingniayies; was Bpigpated) anddhe coated layer
el ect rophot ogr aphi ¢ phot oconduct or of Conparative
waaripd &tedl aad greghtedhenebhpdforama clearger ganeirating layer
Exanpl e 6, provided that the irradiation of UV |ight

Eﬁldn{ Q IR W oD Ol were perfornmed at the same
con itions as in Conparative Exanple 1. The thus

ned S8 tro La hIC hotocond tor was
5 L lﬁﬁlggg% Pjﬁ %Hﬁa i t ed), and
4 OOO 000 p| eces of e A4 size, My Paper, NBS
Yefesm tidanyliphthapy p@&b QEXANINE t he prd Rerhy byemrass
(Initial charge potential- -800V). Thereafter, the
Rebyrvialyd tactyenil (45-£F C BbE-Ge Snkienﬁi(ahehﬁcahélcde‘ljtde),
and the printed i mage were evaluated. The results of

the wear characteristics (the depth of meybhrgg%ysm
in Table 2, the results of the charge potential I'n th

191% ﬁ%@b"e%ﬁﬁzom in Table 3, and the evalfgdl on S%y mass

%8fown in Tabl e 4.

10 Onto the charge generating layer, the following coating
solution of a charge transporting layer was dip-coated, and the
coated layer was heated and dried to thereby form a charge
generating layer having a thickness of 22 pum.
<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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Table 2 Note that, in Table 2, the unit for the depth
of wear is mmTable 3 Note that, in Table 3, the unit

wd zopTeeechar ge potential is -V. Table 4 Note RGEEIP2008072466

Table 4, Arepresents an excellent inmage, B represents

vipngg ¢ slightly lowered i mage
@ rélgfc\ce&seérﬁs ?rrage having a significan Iy WS bg:}ﬂass
i mage As has clearl]y pI ai ned aﬁove, the
t enmper Pu'r bﬁrgsrtraﬁrSP%Fl% hees followapgfpating
enables to uniformy control the tenperature of the

solutnom iofad csobpslinked, swrfdcadayeresaktspray coated, and the
el ect rophot ogr aphi ¢ phot oconduct or havi ng excel | ent

weadistidvmaet UTVIigks and €Ké fte ({@%ﬁpﬂeeééﬁﬁcﬂsvvaf@
I mge quality can be produced AIMS 1. Atenperature

i,t..f 0 otor toc yuct,or
égﬁfotrr a?dj%tstallll dgaﬁ (terop ograp I C B*n g%:]gndu%?& the UV
substrate, conprising a_coat layer, and an entire
radi@ataongih was @e&eldoeha%gg i 30 FRHR BEMBR @Soto obtain the

substrate being exposed to energy externally applied
¢romslm bedisurfaed bapert havihg oehitknedsao£8.hym, to thereby
rotation system characterized in thatthe tenperature
FRIUr £h 18kEropHTRbEEh P pHIt8EsAaRIcEor.

<Coating soluti’oh of the crosslinked surface layer>

Tri-or more functional radical polymerizable monomer having no
charge transporting 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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menbr ane nenber, said nmenbrane nmenber detachably
di sposed in a hollow space of the cylindrical

walognT2a6e, wherein the menbrane nenber is corfdmIme/072466

to sequenti ally stretch until reaching the deepest
r e i I t
Rl PP P RS R R G RO HE 4 3 18 Sapan
Iga]e(reln so as to cl osely contact vvlth an entlrgwlfnner
of the cylindrical substrate, and tol MR P
shrink to the original shape thereof as a result of a
Tetredgal wifutrh@ refri gerant therefrom so §hparthedy mass
menbr ane nenber is detachably di sposed in the holl ow
mﬁ%aqfatu@wdmmélz]al substrate, and wherein the
nbrane nmenber 1S confi gured to make a heat transfer
betvve f t he rical bst e _and .t
o oopE iRt oar BhSY inHoe P BT ot ST Spr Ve
cylindrical substrate via the menbr ane nenmher_cl osel y
Ezamplecd was prepanedein shersadae gpapmercys indixample 6,
substrate, so as to control a surface tenperature of
plevideld tidat ¢he isvbdiatabe. oRUVIhgzliteapdr theitenqontataire
unit of according to claim1, further conprising an
vt ral 'vﬁ@ré}ﬁ%&ﬁﬁ‘xﬁ@ﬂ % %@%%n?@@bﬁﬂtlti‘?)fnst Qg 1ﬁeﬂlghﬁﬂ'§ratlve
menber, configured to assist the nenbrane nenber
@I oseI# ontact with the entire inner wall of the
substrate at the tinme when the refrigerant
IS |ntroduced 3. The tenperature control_unit
accor dfhg tMSawtwdo@le@rta@nhthﬁra@ e p hpkgconductor was
conprising: a refrigerant introducing part, from which
disp opedsiu il izegio MF1350 (Ricoh Company Limited), 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 um.
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refrigerant is introduced into the holl ow space of the
cylindrical substrate; and a refrigerant rel easing

W@2000/072667 whi ch the refrigerant introduced in PEEIP2008/072466

inside of the hollow part of the cylindrical substrate
.ir‘sib?@g’nt aneously rel eased. 4. The tenperature control
uni ccording to claim3, wherein the refrigerant
introducing part and the refrigerant releasing part
are a [doubl e pi pe coMfymilsrred theprintedrpapepe and _an

out er [pi pe, Iaitgalei n t he douBi080800e is |[di spddHld.G0P as
t 0 be [Dark pret|Fapwedmpars| Dagk partpiigibsadrpagyDarkqfart| Bgposed part
@Bx. bndri 8ad dubsid@t e, | arvé0i sgonfispur ed tT00 ntlr od 8@
@oeh.12q| ege@ tlhe gedriger &s0 i p amgbd rom t 70 hel | ows0
space of the cylindrical substrate, wherein the outer
pi pe i onnect ed an,eni ranc art, of . the hollow. ,.
Space SPRHEaE, Ff ik la " EhBAPRE, BY the chhabe drheeifipkic
is inserted into the holl ow space of the cylindrical
's,Y)ace in a manner such that an opening thereof is

| ocated at the deepest part of the holl ow space of the
Tablendri cal substrate, so that the refrigerant flown
out fromthe entrance part or the deepest par{ pushes
and prlesses the bereoidherprintad papear ds the | hner wal |
of thg cyl Imdial cal |sub210081080t 0 rakd,A0900Penb ane
dnBer] contalt with the iAner wall of thhe cyl | ndri cal
Solbst2jat e. 5B The tlenpera€ure coptrol €hit acfording

to claim4, wherein the double pipe has a wdth of an
annul aNogedhas) 1afTablend oA represents an excellent image, B

represents an image having a slightly lowered image density, and
C represents an image having a significantly lowered image
density.

As has clearly explained above, the temperature control
unit of the present invention enables to uniformly control the
temperature of the cylindrical substrate, and as a result, an
electrophotographic photoconductor having excellent wear
characteristics, electric characteristics and image quality can be

produced.
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nore, where the annul ar channel is a space between an
outer face of the inner pipe and an inner face of the

wmewen7aeepe. 6. The tenperature control unit aRCOIRIDISY72466

to any one of clainms 1 to 4, wherein the nenbrane
menber is at |east outer(ﬁﬁgﬁhgé a bag structure,
wherein the outer face of e bag structure has an

el asticity, 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,
tnd cohtteatse v tiuret eninodarndl forodn tdlectndp hnatdigralp hic
substrate so as to hold the cylindrical substrate. 7.
Ph6td QMBE Ao SulbaHaite! sHid elecsopHotegkaphlidi m 6,
wherein the bag structure is conflgureg to rel ease the

refrigerant, and rink back to the origihnal sha

BRO AR R s el F gBpkh 18y cR 3R an
term nated. 8.  The tenperature control unit according
eptizpylaggeofosaid gleftsophotogrgrhis phokecondpeton snbstrate
control unit further conprises a rigid tube disposed

bairtghexpobbdvtospaeegy e xtaenalllyi apipliedl frombst heteisg as
to be on the sane axis to a rotation axis of the

Ellnh BAE R 1eSHitY 2bEate@ By td o PR oa! e Echirdcterized

cylindrical bag structure conprising a circular
thrpugh-hole in a center thereof, wherein the

E&Fﬁﬁ rical bag structure is disposed on the rigid

tube sqQ that an inner circunference of _an inner

sur f ackheotemperginpe soatiehboit comprsingia stegtchable
circunference of a

membrane member, said membrane member detachably disposed

in a hollow space of the cylindrical 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 is 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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surface of the rigid tube, and the refrigerant is
i ntroduced in between the outer circunference of the
wap/anesnf the rigid tube and the inner circurdBIRNSH72466
of the inner surface of the menbrane nenber. 9. The
I r.ol.WRizt.: 8GC [ 0

HFERESASH G BR Rt HATERI AL s 2% B'oRbrol a
cyl jndrijcal elastichody i.ch is detachably di sposed
Flirfate WPS\KPEB%‘%@?&%‘% ﬁ@l@@ﬁ%%‘éﬂr@&sst rate. 10.
The tenperature control unit according to any one of
clains 6 to 9, wherein the bag structure is a chuck
configured to hold the cylindrical substrate fromthe

ol | OWI‘BEatS‘eQn?Eréﬂﬁré?%hﬂﬂﬂi 6alt §PhetoAdihg 80@14MN 1,
rotate thereof so as to rotate the cylindrica

tra e dj hereof, 11, T emperat ure
BRI I B h DAL, 9L ipor F BETRSRRAE Bt ene
further conprising a refrigerant circulation system
nsmbganednembes fonftgiee d ke assih the sempragiesmesnber to
refrigerant into the refrigerant introducing part via
closetpeoatact withstlenenlbatchini@r widld dfethpecatimderical
control unit according to any one of clains 8 to 11,

§UD5IteCRRhE SR & HYPehE e fH{1e ralitl 1s9RI 8 u M. ch
is inserted into the circular through-hole of the
cylindrical bag structure, and is configured to

i ntroduce and rel ease the refrigerant. 13. The

tenperature control unit according to_any one of .
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 cylindrical
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 to 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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clainms 9 to 12, wherein a thickness of the cylindrical
el astic body at where closely contacting with the

wenbbnresnner wal | of thecylindrical substrat erdBIr063/072466

time to 2.0 tines of a thickness of the top and bott om

d d | Lel d
EiaRreHd R troRiee Tha FeEhH PeRe Lot P o gd from
art_of the cylindri caI

substrate erein_a
hadio C\ﬁh‘g‘ehﬂ?éflt wrAbsubskEREDf changes is

shaped |n a taper or a curve. 14. The tenperature
cont r ovhenein dhearwiergpipe anyonnecodd doaanmzeraacéJart of
further conprising a couple of nmetal or resin disk

HETDINEY PRl 6§§H@Q:57'1Mﬁh}icgl RPIeHa b, ARG (RPN pipe
bottom of the cyI indrical substrate, wherein the

WGP et el b bpgeR o b iR S5 A 45 aR 5B in o

vvhere the cylindrical substrate IS heId with the
manney sugh thaisanonsipg therenieis lagsdedt ab the dnansst
unit according to any one of clains 8 to 14, further
parpof sheghoBowespagevdntheséyliadeidankubstragkr isgethaitt the
suppl yi ng pi pe connecting between the refrigerant

P4 2% 298 A APl v & ulthE oY [thads A&l n & Bakt ©roafly de@p@HﬂBart
equi pped wth the refri ger ant suppl yi ng p| pe, and

con red to send the r erant, fr

SRPhE eSS0 EhS Bk rd hh b F RiAKia thy tnpep wall

bog%/ a_refrigerant rel easing pipe connecting between
eyvilmirical sabssrate boayakiadhamembrager member

storage tank, andconfigured to rel ease the circul ated

édletd(ﬁfwiﬂemhﬁtidﬂeﬂ 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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cylindrical elastic body to the refrigerant storage
tank; a pressure detector configured to nonitor a

wee@sswse7 of the refrigerant, and a fl ow rate pONIF008/072466
system configured to control the flowrate of the

vrvgflf Io?%h%néylindrical 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 temperature control unit according to any one of

claims 6 to 8, wherein the bag structure is a cylindrical elastic
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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 tdp 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 configui‘ed to control the flow

rate of the refrigerant.
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