[ DESCRI PTION] [invention Title] | NTERVEDI ATE TRANSFER
BELT AND METHOD OF MANUFACTURI NG THE SAME [ Techni cal
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internmedi ate transfer belt for use in a | aser printer,

a fax machine, or a copier, and a nethod of

manuf acturing the sanme. [Background Art] Cenerally, an
i ntermedi ate transfer bellpegekrgrioader printer, a fax
machi ne, or a copier should have excellent properties

of heat dissipation, water repellency, oil repellency,

contam nati on resistance, heat resistance, nodul us,

r el aswdntildny Thiog] paper, antistatic properties, and

durability. Accordingly, in order to realize such an

i nt er mediINTERMERIATRr DERANSEBROIr oURELT eseANRh | NESHODe
use of a polyimde conpound, which has nmany

ad VANUEZESTURING |THE S§MRBi gh heat stability and superior
mechani cal and el ectrical properties, is being
conducted. However, this conpound is very sensitive to
noi st ur e, undeS|rany reducing the reliability of

el edTechnicaln Firadi ng properties thereof over tine,

and al so, the conpound is ve di fficult toprocess du

to a higﬁhﬁla@§e$ﬂﬁhsﬂpvﬁﬁt%%%p

transfer belt for use in a laser printer, a fax machine,

a copier, and a method of manufacturing the same.

[Background Art]

OF

éﬁ&ﬁﬁ?@ ES At iate

or

Generally, an intermediate transfer belt for a laser

printer, a fax machine, or a copler should have excellent

properties of heat dissipaticn, water repellency,

oil

repellency, contamination resistance, heat resistance,

modulus, releasability from paper, antistatic properties,

and durability.

Accordingly, in order to realize such an intermediate

transfer belt, thorough research into the wuse of

a

polyimide compound, which has many advantages, including

high heat stability and superior mechanical and electrical

properties, is being conducted. However, this compound

very sensitive to moisture, undesirably reducing

is

the

reliability of electrical insulating properties thereof

over time, and also, the compound is very difficult

to



easily becomes electrically charged. Further, the
internmedi ate transfer belt is required to have vol une

wonResi03s8svi ty suitable for transferring toner. PCI/KR2607/006538
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transfer belt has volune resistivity | ower or higher
than required, properties thereof, including
antistatic properties, transfer properties, imaging
Pr eRertkes dukel @asabiHighy,giangd comdrasiitiahi arRemperature, and
resi stance, are deteriorated, whereby critica
defeet sy Séicdnas epeerriaryges,chmmyedccur . Wien the
internmedi ate transfer belt has a |large difference in
surface Festhéryi tebéhnernedirde nmnssert dedtand tipsuired
outer surface thereof, it is difficult to control the
r esioshviet yobimarrdsisendedyr egl orb kehdiogot rapagierring toner.
furthernore, volune resistivity varies depending on .
t hd fpohei bnanzar ieslielsdr 86l UnhueeHidEiNgtyt lower or higher
problematic to operate the internediate transfer belt ,
at thae t resuigred eaPrePREELERT | FR§ESCHencigiclyding antistatic
conventi onal process for decreasing the difference in_ .
t hOLOREFEERS r esitdBNVIEY irﬂﬁQR$§§1§%tisﬂgpﬁéngoat??ﬁPQ£Iles’
pol i shing the inner surface or oquter surface.og t he
S %nce,

i nttelRearat £t t¥anst 8F9bel (LG PRALE he SGPF
resjstivity is adjusted, but i i sad t
SR T M

ant,i static coati Q]%
images, may OCCur.

are

When the intermediate transfer Dbelt has a large
difference in surface resistivity between the inner surface
and the outer surface thereof, it is difficult to control
the resistivity of an intended region thereof, and
furthermore, volume resistivity varies depending on the
portion that is measured, thus making it problematic to
operate the intermediate transfer belt at the time of
realizing an image. Hence, a conventional process for
decreasing the difference in the surface resistivity
includes antistatic coating or polishing the inner surface
or outer surface of the intermediate transfer belt such
that the surface resistivity is adjusted, but is
disadvantageous because it is complicated.

Specifically, additional antistatic coating
complicates the manufacturing process and increases the

manufacturing cost, and as well, causes layer separation



conplicates the manufacturing process and increases
t he manuf acturing cost, and as well, causes | ayer

wOgesarsss? onbet ween the antistatic coating | ayBCT/&RI0171006538
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belt or scratching of the coating |ayer, adversely
affecting the quality of an inage to be realized. The
internmedi ate transfer belt for a |aser printer, a fax
MagRitheenOr tige CEPitesthunet i@ns ihg t lapsf emnthethendvglt or
and thus should be manufactured to be seanl ess .
Accoirdicnpl g Wit tHehecqgaalingof 1l ayenyf astuarisegyamffecting the
internmedi ate transfer belt that is seamess, there is

a rethedyobf aqpliyang aopod yesdld zadi.d sol ution on the

i nner surface or outer surface of a nold using a

di spensertheHanesengditdties tmethbdr seffterforbecaaser tpminter, a
solution is difficult to uniformy apply on al

surflaac emcbfinehe onpkd coppdrs Honr Bl dray et hi R Va fsgosihey  toner,
Further, when the polyamc acid solution is applied on

t h@nguthps sehd ek bef repefasterasksitegPg afIpeiiser and
external heat is applied thereto, the evaporatjon of,

the sol véFcordingmossiie! 11@&di 992to RfghMaRfeELUrng  an
rates . In addition, with the goal of manufacturing an,

i ntietREardiate r anahetehePelt ndtals ‘Seafif ,Sst’hei?}é% s 15 @

R R ST LS8 LRG0 80 SO e

Bgl g%? %ﬂgn%h%g?skﬁ%f%EetQ%fsg'%ﬁ&&ﬁ h§i$&“&a dispenser.
However, this method suffers because the solution is
difficult to uniformly apply on all surfaces of the mold,
and should have high viscosity. Further, when the polyamic
acid solution is applied on the outer surface of the mold
using a dispenser and external heat is applied thereto, the
evaporation of the solvent 1is impossible, leading to high
defect rates.

In addition, with the goal of manufacturing an
intermediate transfer belt that is seamless, there is a
wash tub method employing fast rotation to conduct
centrifugal molding. However, this method is usable only
when the viscosity of the solution is low. Moreover, when
the rotational axis of the tub is inclined, it 1is
impossible to manufacture an intermediate transfer belt

having a predetermined thickness. Meanwhile, when the

rotational axis of the tub is vertically positioned, there



the rotational axis of the tub is inclined, it is
i npossi ble to manufacture an internedi ate transfer

wOhalsto7$8avi ng a predet erm ned thi ckness. MeanwACTA&R2067406538
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the rotational axis of the tub is vertically

positioned, thereis alimtation in fast rotation,
undesirably resulting in sone thickness variation.

[ D isclosuing]t dtTeahnnc &k sPr ebt &b orAc agtadisnghlply t hesulting in
present invention provides an internediate transfer

bel 4gmaemtihd hkhsssrareufiactioned from a pol yi m de conpound

and has a low difference in surface resistivity

bet ween the inner surface and the outer surface

t hereof, thus exhibiting inproved operating
prodbnscbesuzaij a met hod of manufacturing the same. In

addi tion, the present invention provides an

i nt dFecbinacal tHrobdenl belt, which is sean ess and has

a uniformthickness, and a nethod of manufacturing the
sane. [ TEIGITEANISH ut £BA] REEBPET nglREeRL ATy stprovides  an
enbodi nent  of the present invention, there is provided

5 pOVrdéabas saanAter mBgi ht e "PrERser HAHEACHIFER fgom 2
1ol SIS L0, o cLofalsurlace U LOTENL 20,18, roce
ESEIEtI%ItXty bégﬂgél%%&I%%%e%e§h§£éégt§ﬁd hd LAleF §Erface
thereof, thus exhibiting improved operating properties, and
a method of manufacturing the same.

In addition, the present invention provides an

intermediate transfer belt, which is seamless and has a

uniform thickness, and a method of manufacturing the same.

[Technical Solution]

According to a first embodiment of the present
invention, there is provided a polyimide-based intermediate
transfer belt, which is not subjected to additional surface
treatment and has a surface resistivity ratio of outer
surface resistivity to inner surface resistivity in a range
of 107°~10°.

The intermediate transfer belt according to the first
embodiment may have thickness variation of 7% or less,
volume resistivity of 10°~10' Qcm, and a modulus of 3.0~7.0

GPa.



The internmedi ate transfer belt according to the first
enbodi nrent may have thickness variation of 7% or |ess,

woeaiswnsssr esi stivity of 105~1012 Wm and a noHOT/ER26(7/006538
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3.0-7.0 GPa. According to a second enbodi nent of the
present invention, there is a provided a nethod of

manuf acturing a pol yi m de-based i nternedi ate transfer

belt, conpkbestnggapR yengsaceed yanbedatetk selfut tba grresent
the outer surface of a nold using rollers; and
sulijreehictignt hehappl ied potoranied acinetsoludf omatefdmatring a
treatnment for imdization. In the second enbodi nent, a
numdryiof deHeasal | erstarmedietewo tornabere. balthe comprising
second enbodi nent, the polyam c acid solution my
corpgillyifg5a 200 wanicf sandebetutiaaldry thengutef veurface of a
filler based on the total anmobunt of a solute. In the ,
secoid eablodl neptlexdve hedt subdschbhy ftbe ianrmdiigdt ipmlyamic
may be conducted at 60~450 C . [Advantageous Effects]

As agescspbetiitrertel misatoreca iR priegeAl it Hton may
provide an internediate transfer belt, which

: IS
nanufactJ@e&hﬁr6ﬁ?%P?xﬁWHQQl@€nEoﬁ%dﬂﬁ@xﬁhﬁfhﬁbe rollers may

decreased difference in surface resistivity between
t héS rWer °§uFf%te and the outer surface thereof, even

W t hout the application of additiqnal treatnent,.su .
as anti st iﬁ%ecggfpﬂa,e?ﬂﬁglment, %he polyamic feid §ghutlon

may contain 0.5~20 wt% of an electrically conductive filler
based on the total amount of a solute.

In the second embodiment, the heat treatment for

imidization may be conducted at 60~450T.

[advantageocus Effects]

As described hereinbefore, the present invention may
provide an intermediate transfer belt, which is
manufactured from a polyimide compound and has decreased
difference in surface resistivity between the inner surface
and the outer surface thereof, even without the application
of additional treatment, such as antistatic coating, thus
realizing improved operating properties, and also provides
a method of manufacturing the same.

In addition, the present invention may provide an
intermediate transfer belt, which is seamless and has a

uniform thickness thanks to the minimization of thickness



realizing inproved operating properties, and al so
provi des a nmet hod of manufacturing the sane. In

woaaddiorsssn, the present invention may provi de ROT/KR2007/006538
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intermedi ate transfer belt, which is sean ess and has

a uni formthickness thanks to the m nimzation of

t hi cknessvari ati on, and al so provi des a net hod of
manufrdetibhpgahdeasadeprofildescra ptatondobf Dmaniifigdti@g the
1 is a schematic perspective viewillustrating a

pracass of manufacturing an internmedi ate transfer belt
according to the present invention. * Description of

the Reference Nunmerals in the Drawing * 1 : 1st roller

2 : 2nd roller 3 : nmold 4 : polyamc acid solution

[ BedDesbrtgtilder eifnBfaeingh det ail ed description will

be given of the present invention. Useful for an ,

i nt er nedifd#Ge ir ARst erClrmatiss PEREPHFESENViCHy éht PBDRTAtLNg a
pol yimde resin is obtained by dissolving di anhydride,

di &HOFESSandt aIldeCFIEARY y TondfiEBFIRIFTT] et TRRSEST  Pelt
sol vent, .thus preparing a polyamc acid sol ution,
whidrorsiipfiehe agh iPg@S6RTt RVt '& *sur f ace of a nol d

using a roller, followed by heat treatnent, f .
i mi d%ZQFFBﬁiption of the Reference Nume%a stln.%%e Drawing *

1: 1% roller 2: 2™ roller
3: mold 4: polyamic acid solution
[Best Model

Hereinafter, a detailed description will be given of
the present invention.

Useful for an intermediate transfer belt of the
present invention, polyimide resin is obtained by
dissolving dianhydride, diamine, and an electrically
conductive filler in a solvent, thus preparing a polyamic
acid solution, which is then applied on the outer surface
of a mold using a roller, followed by heat treatment for
imidization.

When the outer surface resistivity and the dinner
surface resistivity of the intermediate transfer belt,
which is molded but is not subjected to subsequent surface
treatment, such as antistatic coating, are measured, the

surface resistivity ratio thereof is preferably in the



When the outer surface resistivity and the inner
surface resistivity of the internediate transfer belt,

wORhis®Ns8ss nol ded but is not subjected to subsBQUER2007/006538
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surface treatnent, such as antistatic coating, are
measured, the surface resistivity ratio theieof is
preferably in therange of 10~2~102. The surface
resdasigevidy rathootray bhee cahedhat edebysEhuatyt onatlio may be
bel ow. Equation 1 Surface resistivity ratio = louter
surddcalaesdishy Hduat/ionnbebe sbawf ace resistivity |.

When the surface resistivity ratio exceeds 102, it is

di fficul ttkduatéonttol the resistivity of an intended

region of the internediate transfer belt, and vol une

resi stividurfeaei esresistithy t heabebt is difpitetrt teurface
operate at the tine of realizing an i nage. On the

ot hesilsanditwhéninee surface resisdtiivityy ratio is |ess
than 10~2, the outer surface of the belt has | ow
resistivity to applied voltage, and devel opi ng

fillers, such as toner, are not well fused thereon,,

the int effhsdi &h8 ?Péﬁ%@%ﬂrQﬁﬂﬂﬁl§éFYs?@@%ﬁ;%49§e§§rﬁgcelt is
resistivity ratio in the aforenentioned range %
onldtTifdrgher 591 6P pbPY i e 58T VebKs Pt Gbi at%rh ed region

L2%$ nq%%gtﬁ%%%ﬁ%ﬁiagFeafﬁ§s5??20?#?8 éﬂgctr i ca %Igg&ig&lVlty

varies, and thus the belt is difficult to operate at the
time of realizing an image. On the other hand, when the
surface resistivity ratio is less than 1072, the outer
surface of the belt has low resistivity to applied voltage,
and developing fillers, such as toner, are not well fused
thereon.

In the intermediate transfer belt satisfying the
surface resistivity ratio in the aforementioned range, not
only monomers for ©polyimide resin constituting the
intermediate transfer belt, but also the electrically
conductive filler, greatly affecting electrical
conductivity, are uniformly dispersed. Thus, when applied
to a printer or a copier, an intermediate transfer belt may
realize good development performance.

Useful for the preparation of the polyimide resin
able to provide the intermediate transfer belt having the

aforementioned surface resistivity ratio, the diamine is



conductivity, are uniformy dispersed. Thus, when
applied to a printer or a copier, an internedi ate

wORemrn3sss? belt nmay real i ze good devel opnent  PCT/KR2007/006538
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performance. Useful for the preparation of the
polyimde resin able to provide the internediate
transfer belt having the aforenentioned surface

r esictt ipddty chabi oy Lheiedgnise iatptapart i Ll eypieally used
limted, as long as it is typically used to prepare
poloy mpekedresi Pl dnd cexarplies tdrer eofanplelsudenekecf include
'-oxydianiline (ODA), para-phenylene diam ne (pPDA) ,
nmetfg-4pheryteaei diram n@©DANPDAparapataryienky| dnemdiam (EPDA) ,
(pMDA) , and neta-net hyl ene di am ne (mvDA) . The _
di arhtypdphdaylsnaot dpantneul dmPYA) i nmi pedaasetloignas idiamine
is typically used to prepare a polyimde resin, and
exaimpIDés , t hed euftd-meithgéene  @igmines-(hdhzkene
tetracarboxylic dianhydride (pyronellitic acid
di anhydr iTe, PRDAYdr3ds, 4s4noperzsphenbid Y limited as long
tetracarboxylic di anhydride (BTDA), 3, 3,4, 4- biphenyl
teﬁﬁhd&?bb%y@YR9QﬂléﬁhV§?ﬁdéo(BPE%&?eaﬁdpQ?ﬂ;mlde resin, and
oxydi pht hal i ¢ di anhydride. Wen the polyimde resin.is 15
pr EFEFEd St he ek nénahdle he' -di AnRY R e Sray b2 TREY*Y 11C
i n equival ent nol ar unts.gh.slv nt, ma ﬁ‘g B
eI BAPLIIF O AROIRT IRy BbFar Lahoide ol YUHEY, 3:3/4/4
such as N, N-di net hyl f or.mami. de ((g)l\%? i.nethéﬁjmta' _
( OVASE PRGN SRRV LB nONE BT o 3540
th%ﬁ@%%%gﬁlC%Ek¥a8§ﬂ%%%hH¥? Eﬁ5%%§dr¥€%0h(BPDA), and 4,4-
oxydiphthalic dianhydride.

When the polyimide resin is prepared, the diamine and
the dianhydride may be used in equivalent molar amounts.

The solvent may be selected from among highly polar
aprotic solvents, such as N,N-dimethylformamide (DMF),
dimethylacetamide (DMAc), and N-methylpyrrolidinone (NMP).

Further, the electrically conductive filler, which
functions to control the volume resistivity of the
intermediate transfer belt, is added when the polyamic acid
solution 1s prepared. As the electrically conductive
filler, one or a mixture of two or more selected from among
Ketjen black, acetylene black, furnace black, or conductive
or semi-conductive powder, including metal such as aluminum

or nickel, metal oxide such as tin oxide, or potassium

titanate, or conductive polymers, such as polyaniline or



functions to control the volune resistivity of the

internmedi ate transfer belt, is added when the polyamc
woaaisd7s8sv uti on is prepared. A s the el ectri caPCyKR2007/006538

conductive filler, one or a mxture of two or nore

sel ected from anong Ketjen bl ack, acetyl ene bl ack,

furnace bl ack, or conductive or sem -conductive

powdar/acknel itk Ngndetal uskehiasa@l ameuntmodr Onbekelwts based
net al oxi de such as tin oxide, or potassiumtitanate,
or @onrtkectbyvel patyurer $f sueblase polryasidearnéo attain desired
or pol yacetyl ene, may be used in an anmount of 0.5~35
w %leasedcah thedtiotalitanounds ofuahsobutretalnfolder ey be
attain desired electrical conductivity. As such, a
metagldifiibhet 1 yragomies iavhdi tiroral | nont @ifndd 1ivd ar® based on
amount of 0.1-5 wt % based on the total anmount of a
5 soltitcetofhé aeeddd odf adpspeEsi ng the el ectrically

conductive filler is not particularly limted, and the
use of arfhel Meaderi eThehBRRRT et  thenAliachgient i eppductive
di spersion, is preferable. Used in the present
i nviedtlesn, 19 APsperitarudeaby| iAEnteds a Pl yhe use of an

di spersant, exanpl es, thereof includipg poly-Nvinyl . :
£ Or HATFRAER L Bo Py TRIST AT acORam 0, Bl SRRV ryasoctsion, i
pyrrolido and pol y-N-vinyl caprolactam The
di§ﬁ§#§53?fﬁay be variously used dependi ng on the type

10 of diSpemge%n SO|Ut%8n' TQ%S%%%CtHQQé%%EOBbe a dispersion
preparation of The poFyaﬁ%c acid

stabilizer is a polymer dispersant, examples thereof
including poly-N-vinyl formamide, poly-N-vinyl acetamide,
poly-N-vinyl pyrrolidone, and poly-N-vinyl caprolactam. The
dispersant may be variously used depending on the type of

15 dispersion solution.
The reaction for the preparation of the polyamic acid

solution to obtain the polyimide resin 1is conducted at

0~60C for 0.5~12 hours.

The polyamic acid solution thus prepared is applied

20 on the outer surface of a mold using rollers, and is then
subjected to heat treatment for imidization, thereby
obtaining a polyimide-based intermediate transfer belt.

In the present invention, two or more rollers are

used to manufacture the intermediate transfer belt having

25 the aforementioned surface resistivity ratio. In this

regard, a description is given in greater detail with



solution to obtain the polyimde resin is conducted at
0~60 C for 0.5-12 hours. The polyam c acid solution

wotsg7sssepared is applied on the outer surfacBCOKR2007/006538
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nold using rollers, and is then subjected to heat

treatnment for imdization, thereby obtaining a

pol yi m de-based internediate transfer belt. In the

pr eseRirenp¥end i g dppendednar&wiral.l ers are used to
manufacture the internediate transfer belt having the

af or enentfiIened sim facechasisitd wanspeative vhewvhiiglustrating
regard, a description is given in greater detai

wi tiheefraoeree ©6 ndreufmypended dhawimgprieidbate tsamsfer belt
schematic perspective view illustrating the process of
marffeRedinonge t Hee inreeentdiaventicinsf er bel t accordlng

to the present invention. In the present invention,

pol yam c HcitdesHIraeroh Anyentaissli @dF6ﬁyFﬁéCoﬂ?%ﬁ Solution 4
surface of a nold 3 using rollers 1 , , and i s, then

subjSecrRd ied wBatther @&ttﬁénﬁuré@Cﬁf n?Hi %a@%% 3t pefrapyrollers
manuf act uri ng an i nternedi e transfer %Qlt The
roﬂher? i1 208l gi8 IGEﬁPedsék& F@ t §2hol HrR Sy for
wo, rollers 1 2 and the r t ed
stdt“bl wRPRA EREY R @aéwggagarwq Prhadi cgufafs cranster
g) flcaIIy when the first roller 1 is rotated in a
se direction, the second roller 2 is rotated in

The rollers 1, 2 are located parallel to the mold 3,
and two rollers 1, 2 and the mold 3 are rotated in a state
in which they are engaged with each other.

Specifically, when the first roller 1 is rotated in a
clockwise direction, the second roller 2 is rotated in a
counterclockwise direction and the mold 3 is rotated in a
clockwise direction. At this time, the first roller 1 is
brought into contact with the polyamic acid solution 4. So,
while the first roller 1 is rotated, the polyamic acid
solution 4 1is applied on the first roller 1, and the
applied solution 4 1is sequentially applied on the second
roller 2, which is rotated in a state of being brought into
contact with the first roller 1. Subsequently, the solution
4 is applied on the outer surface of the mold 3, which is
rotated in a state of being brought into contact with the
second roller 2. 1In this way, the polyamic acid solution 4

is applied on the mold 3 through a plurality of rollers 1,

10



countercl ockwi se direction and the nold 3 is rotated
in a clockwise direction. At this tinme, the first

wonraistogsssl i s brought into contact with the poPgamR2007/006538
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acid solution 4 . So, while the first roller 1 is

rotated, the polyam c acid solution 4 is applied on

the first roller 1 , and the applied solution 4 is
sequenttihalrkpy appdjued iog t hiee secandtr obher thicknkssh ¢8 the
rotated in a state of being brought into contact with

t heodliyiagti cr akclidr sdluSirs eguentis,agdis eslol uThenpdlyanic acid
applied on the outer surface of the nold 3, which is
rotstledion & siait eppiiduki sigctbr bbhght anntinteomediciten thansfer
the second roller 2 . In this way, the polyamc acid
solkalitorfAmed gppkhednohd t hetmptub!3 hetoighagment is 40~200
plurality of rollers 1 ,2 , thereby adjusting the
amo@nthaeid. t Ahek hessksfsst erpekyam ts auiafegeblyi oh or less.
that is applied. The polyamic acid solutjon 4 is .
appllt e edPe HEteren thet erisdngss VARRREE" peftesdsr néd the
on the nmpld 3 through heat treatnent is 40-200

t hiRKY2FHE t RFERNe3S Vet i‘on 1iSs pRefrail y 795 orthen  the

|l ess.., In the wh the thick . i ati

e RUALRTo TRELRbIJantE MBPa ol utror B-FeoPM aFadsiranLy

anddthen thgithi ckness \éﬁ"%xifealti on (t)f t he
e

] ilmis
incfgﬁgéafaunﬁ%siraﬁfy erf%?glrng Pﬁggoév%(%%neﬁgf the

ot IERagl e gtoppoote transter bel . 1T the

ot her, tq%'%gk“EQQﬂeési§,ithﬂai¥ﬁgym39§|ﬁegréOM@Edparallel
to each other, the solution 4 is intensively applied toward
the wider sides of the gaps between the first roller 1 and
the second roller 2 and between the second roller 2 and the
mold 3, resulting in considerably non-uniform application
thickness, and also, it is difficult to efficiently rotate
the rollers and the mold with each other. Thus, it is very
important for the rollers and the mold to be located
parallel to each other.

In the case where the rotation speed and the rotation
time of the rollers 1, 2 and the mold 3 are not adjusted,
the polyamic acid solution 4 is intensively applied between
the first roller 1 and the second roller 2, and thus may
not be applied on the mold 3, and also, the thickness

variation may be increased. So, it should be noted that the

rotation speed and the rotation time can be adjusted. In

11



the wi der sides of the gaps between the first roller 1
and the second roller 2 and between the second roller

wO20mredssshe nold 3 , resulting in considerabl yPCT/KR2007/006538
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non-uni f orm application thickness, and also, it is
difficult to efficiently rotate the rollers and the
nmold with each other. Thus, it is very inportant for

t hedr@liberstadd dhe-doal, dthe berdotat egepar akl ehetmollers 1,
each other. In the case where the rotation speed and

the rotattied hoi® of ikhedrolderso-Loo Zrpand drte e dration
are not adjusted, the polyamc acid solution 4 is

i nttens vel yeappd iled between the first roller 1 and the
second roller 2, and thus may not be applied on the

mol d 3 , Thedmalldo3 mdne kdhifckmeslsofaslatimen sapibéess steel,
increased. So, it should be noted that the rotation

spesd &edlvhe randtitde tisteecahhpeeallj ust edot particularly
I nconsi deration thereof, the rotati on speed of the ,
rolligviged, , utanbasher nbEagBhi $Iise0¢v3ED- POO 3 2Andnner
the rotation tine is set to 1-4 hours. The nold 3 nay

be digmesgropf al irilPd, M8t ai nl ess steel, or Teflon, and

the size thereof is not particularly | | mted, but has

a | engt h B Poby30D- rﬁﬁléﬁﬁoéﬁtﬂﬁﬁefl dfvf&r?élt éf gpplied on the
100- 150 _mMm, The pol yam c acid solution 4 |,

appiaEd onlfshéu%?%t%j L9 STteppfett &rﬁgﬁ‘ﬁpgea%ia]ts then

L;%%#ggg £ ngi%%%fhgp separ%fed3frogﬂthe ﬁgA&%é%ﬁurE%%S the

polyimide-based intermediate transfer belt. The stepwise
heat treatment may be conducted using an IR heater, an
electrical furnace, or a hot air oven, and includes pre-
baking at 50~100C to primarily remove the solvent and
moisture from the surface of the belt and then final post-
curing at 350~400C at a heating rate of 2~10TC per minute
to completely remove the solvent and moisture from the
surface and the inside of the belt such that imidization
progresses, thereby completing a solidified film.
Alternatively, after the pre-baking is conducted, the belt
may be separated from the mold, turned inside out, fitted
on a mold having a smaller size, and post-cured, as
necessary.

In the case where the intermediate transfer belt is
manufactured through the above method, the rotation of the

mold 3 for adjusting the thickness of the intermediate

12



pol yi m de-based internedi ate transfer belt. The
stepwi se heat treatnent may be conducted using an IR

woOhemtoesss7an el ectrical furnace, or a hot air BUBKR200TH06538
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i ncl udes prebaking at 50-100 Cto primarily renove the

sol vent and noisture fromthe surface of the belt and

then final postcuring at 350~400 C at a heating rate

of 2ehB@f€rperbaiitnutis t omtoihpl &kl y tremsby t eawsiagény  the
and noi sture fromthe surface and the inside of the
belthiskoksshaariatdinv andrrgshogngs ses, dihbeepyce in surface
conpleting a solidified film Alternatively, after the

pr edsakithgity eorhan ddte PhEcheber ane IFEdsEpar Afeer surface
fromthe nold, turned inside out, fitted on a nold
havitnghg sRbeTRedisitee tranafpodic!dur ed, as necessary.

In the case where the internediate transfer belt i .
manuf act dfed? t KEBEGh he'isdvet et RBEY R He AotAt isffﬁruafon 4
the mol.d 3 for adjusting the thickness of the

i Nt §Fat Bt r BRsT é‘toageg% s MHRPz e ¢ Hdpssigent surface
decreasi ng the thickness variation and reducing the

di FE&EPERERT nsélﬁPf Ze TRS AL Yy Betiden e d iyt gynducted,
surface and _the inner, surface of. the int di

trécﬁlsef er®Belts IhregléF%\Ylet%’n ¥ ﬁ"lc t(#e po é)jgrrélggegrci dgurface

SOlfétsii%@iéi@jzpltioedt}%] Hnﬁegolsqlr?faiﬁé %ﬂ%_@i@@gy is in the

subsequent surface treatnment, such as antistatic

COgLi g, S 1’U3t~1°o‘39d8ﬁ§egisébetﬁéﬂEH?@kﬁe%%' StddiattYon is 7%
rati o of the outer surface
or less, thus realizing an intermediate transfer belt
exhibiting superior insulating properties and development
performance.

Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes in
conjunction with the drawing, those skilled in the art will
appreciate that various modifications, additions and
substitutions are possible, without departing from the
spirit of the invention.

The intermediate transfer belt thus obtained has
volume resistivity of 10°~10' Qcm, which is classified as a
medium intrinsic resistivity wvalue, resulting in an
intermediate transfer belt for use in a laser printer, a
fax machine, or a copier, which has improved antistatic
properties and printability and is semi-conductive.

The transfer belt of the present invention has a

13



resistivity to the inner surface resistivity is in the
range of 10 2~102, and al so, the thickness variation

WOR8SNI5837 | ess, thus realizing an internedi at BCTKR6(7606538
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belt exhi biting superior insulating properties and
devel opment performance. Al though the preferred
enbodi nents of the present invention have been

di sedesed foar 3.lohustr abhye apdr pRsesravl €O 2NKId aPa. When
with the drawing, those skilled in the art wll
appirecirdei1bbati svariwgus heddintieeatbd Dass  atdidficendednd may be
substitutions are possible, wthout departing fromthe
spintdchanf chhey | dafentrednupdheckttdretniedsat e Gr &hsf ether hand,
belt thus obtained has volunme resistivity of 105~1012

W mhanhittk tsdelassid itddhas themediermaditatiensirgnsfer belt is
resistivity value, resulting in an internedi ate

t r axisffdr abdl difoirculde tonmaldlaser printer, a fax

machi ne, or a copier, which has inproved antistatic
properties and printability and is sem -conducti ve.

The transfer belt of the present invention has

amodMbde iﬁr:;nwentmoui), and preferably 3.2-5.0 GPa.

When the nmodulus is |ow, the internediate transfer

bel t may %é@%&%amn@gwpiffaa%m ned E‘a%npé%%rﬁdew%m may
On the other hand, when the pmodu|lus is hi t he

i Nt RihcdnEct TRRsrER BBPt TPdlering %ﬁfﬁ“% ri ¢lieh gre set

nledo'rtg'letdoe Iffusltq:v%ntl%dt are not to be construed as the

limit of the present invention.

<Example 1>

While nitrogen was introduced into a four-neck flask
equipped with a mechanical stirrer, a reflux condenser, and
a nitrogen inlet, 3.36 g of Ketjen black was added to 1007
g of DMF and dispersed using an ultrasonic homogenizer,
after which 118 g of BPDA and 80 g of ODA were added
thereto and dispersed using an ultrasonic homogenizer. The
dispersion solution was reacted at room temperature, thus
preparing a polyamic acid solution containing electrically
conductive filler. The viscosity of the solution was 1950
poise at 23T.

Thereafter, the polyamic acid solution was applied on
the outer surface of a cylindrical mold as shown in FIG. 1,
pre-baked at 80C to primarily remove the solvent and

moisture from the surface of the belt, and finally post-

14



A better understanding of the present invention may be
obt ai ned through the foll owi ng exanpl es, which are set

woRanstonsssd il lustrate, but are not to be const POBKRIB07/006538
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the limt of the present invention. <Exanple 1> Wile
nitrogen was introduced into a four-neck flask
equi pped with a nechanical stirrer, a reflux

CONGRRSEr at andod Nhtr QgeRehfl @) . r3td6 F 06 KepdeNminute to
bl ack was added to 1007 g of and di spersed using

an adniolaseni;y Crdaseg edtiez &l vaht eanavmelstiit® droh 8RDAsurface
and 80 g of ODA were added thereto and di spersed using

an arad rcasonine it nofjettiez érel tThehds spansiaatusohgt & opolygignide-
reacted at roomtenperature, thus preparing a polyamc
acikéhssol uinosrneohiedaeni tpred feot rbedt | whdehducs | weamless and
filler. The viscosity of the solution was 1950 poise

at @@CainFheleatreralvhecpuluganive déildesol utheontijggness of
applied on the outer surface of a cylindrical nold as
showe brlFEl Ghud nammiechaked ws S3CMHo0 primarily renove

the solvent and noisture fromthe surface of the belt,

and finally postcured at 350 C at a heating rate of 5C

per mnute to conpletely renove the sol vent and

noi st ur e FFGRPtReSurface and the inside of the belt,

t hus manufacturing a pol yi.m debased internedi ate,.
transfer &F@yﬁﬂ?ghafgfé%aﬁFégg %ﬁ%l%ﬁﬁﬁﬁgﬁs applied on the
el eehly, cally (RORAUELING I T 18! -nthe kil ghngss o

in Example
1, after the resultant belt was separated from the mold,
turned inside out, fitted on a mold having an inner
diameter 4% smaller than that of the mold used in Example
1, and post-cured, thus manufacturing a polyimide-based

intermediate transfer belt. The thickness of the belt thus

manufactured was 63 .

<Comparative Example 1>

While nitrogen was introduced into a four-neck flask
equipped with a mechanical stirrer, a reflux condenser, and
a nitrogen inlet, 3.36 g of Ketjen black was added to 1007
g of DMF and dispersed using an ultrasonic homogenizer,
after which 118 g of BPDA and 80 g of ODA were added
thereto and dispersed using an ultrasonic homogenizer. The
dispersion solution was reacted at room temperature, thus

preparing a polyamic acid solution containing electrically

15



the belt thus manufactured was 65 m. <Exanple 2> A
pol yam ¢ acid solution was prepared, applied on the

wonuwisd7ssand t hen pre-baked, in the same nmanner PEE/KR2007/006538
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Exanple 1 , after the resultant belt was separated
fromthe nold, turned inside out, fitted on a nold

havi ng an inner dianeter 4% smaller than that of the
nolabrusediva Exabgt e IThe andcpesty- cfir ede shlstion was 1840
manuf acturing a pol yi mi de-based i nternedi ate transfer
beldaisEhett bt €kness of the belt thus manufactured was

63 mm . <Conparative Exanple 1> VWile nitrogen was

i nt r oduc dherppétar f othe msdiyamiaskc e i Ped ORi PhAS agapplied on
mechani cal stirrer, a reflux condenser, and a nitrogen

i nitde iznss guéfa%tqfe@ Is1vaé RARA shaHde atﬂolil@@i? al%ﬂﬁeter of
DVE and dlspersed u3|ng an _ul trasoni c honbg |zer

af tle0 Vil G £8 \¢NefBPBAZaHA™BY §OBRT T er a0 di?é%l for 20

thereto and di spersed using an ultrasqnic howqgen

Th@lﬁﬁ'sp%?%éitc?r‘ﬁ SRR oﬁhﬁasgatm@ac‘f(?é}ﬂj%tlopﬁorﬁs xample "1 to
ei{og{.t ﬁgﬁ}ﬂ e%#f‘{ ellp)a/%i) d]a%ﬂ?— rfe]%‘; e %s(.lj.Hia(l)nuu‘rIac%urlng a

Vi SC of t he solut ion 84 S 2
Thé%qﬁ?‘ e ??Fed + SHE aa|8 . f% ?%% §a§éa f%dtthkness
pp

C
t he nner s ce of a.cvlind hawvi an i nner
dlanetgF 8 Eﬁ &l &fSX %ﬂ%?V%i W%S%n rotated at
1200 rpmfor 20

<Comparative Example 2>

A  polyamic acid solution was ©prepared as 1in
Comparative Example 1, loaded into a cylindrical Teflon
mold having a double structure comprising an outer cylinder
and an inner cylinder, and pre-baked at 80T to primarily
remove the solvent and moisture from the surface of the
belt, after which the inner cylinder was removed from the
outer cylinder.

Thereafter, final post-curing was conducted at 350T
at a heating rate of 5T per minute, thus manufacturing a

polyimide-based intermediate transfer belt. The thickness

of the belt thus manufactured was 68 un.

The properties of the intermediate transfer belts
manufactured in the examples and comparative examples were

evaluated through the following methods. The results are
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mn, treated under the sane conditions as Exanple 1 to
renove the solvent, and post-cured, thus manufacturing

wO0aoqsmrsssm de- based i ntermedi ate transfer bel t PCTIEKR2007/006538
t hi ckness of the belt thus manufactured was 71 nmm.
<Conparative Exanple 2> A polyam c acid solution was
prepared as in Conparative Exanple 1 , |oaded into a
cyldmaini eal Tdiefd an va@be. havi ng a doubl e structure
conprising an outer cylinder and an inner cylinder,
and pre-bakeduata8d Kediatpriingr Rhyid enove the sol vent
and noi sture fromthe surface of the belt, after which
t he i nnevadyhgademswasntamovedl §r appi hed otiberthe sample and
cylinder. Thereafter, final post-curing was conducted
at ngBBuCementa hwasti ngondueted 5CGpey ndnuresisthivsity meter
manuf act uring a pol yi m de-based i nternedi ate transfer

5 bel tHIRFREAt WWknesvadialbhe Helom tHisswimifiacteeradas The
68 mm . The properties of the internediate transfer
belvicd tgRufaRlueed to tthe esamiceswahd 1€6npar at i surface
exanpl es were eval uated through the foll ow ng nethods.
The'SsdSGiVEtAr BahoRR2F oAbt 4 BRI S(li%hs%raf ddie sample
Resistivity Ratio Vol tage was continyously applied to
t hé"aSaRiaEeEn Prmdastisreat wdSTR8"dbEt &d fﬁ&?igg“%ted polymer
kftlsb%ék}jé%ﬁhﬁ%ﬁ&%k?ﬁgT%m%Fekt?ggll%ggegwgmgnner surface

10 resistivity and the outer surface resistivity of the sample
were separately measured at intervals of 10 sec. As such, a
ring probe was used. The size of the sample used for
measuring the surface resistivity was 20 cm X 20 cm, and 10
measurements were conducted on the corresponding surface

15 and averaged. The obtained values were substituted into

Equation 1 below, thus calculating the surface resistivity

ratio.
Equation 1
Surface resistivity ratio = | outer surface
20 resistivity / inner surface resistivity |

(2) Volume Resistivity
Voltage was continuously applied to the sample and
measurement was conducted using a resistivity meter
(HIRESTA UP), available from Mitsubishi Chemical. As such,
25 the voltage applied to the sample was 100 V. The volume

resistivity was measured in a manner such that the sample

17



vol tage applied to the sanple was 100 V . The surface
resistivity was neasured in a manner such that the

woesplrssnas pl aced on a substrate formed of aPCT/KR2007/006538
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fluorinated pol ymer having high insulating properties,

and the inner surface resistivity and the outer

surface resistivity of the sanple were separately

nmeasiy edaakdi bhes iadisa10fsul3tsace, Asnsudty valunagres odeivity
was used. The size of the sanple used for neasuring

t hecrsrebdc evase sicstsiivetly awasn2@real X 20 éM sand ublng a ring
measurenents were conducted on the correspondi ng

surdrabe -artheassrraged. tTh e ointla neddviduacamirang the volume
substituted into Equation 1 bel ow, thus cal cul ating

t herestisttavetyewist i20i tomn rat i26. dEguatricbnlQ Beaswikaments were
resistivity ratio = louter surface resistivity / inner
surdapekiciedi arg vawgraged?) Vol ume Resistivity Vol tage

was continuously applied to the sanpl e and neasurenent

was conductedodding a resistivity nmeter (H RESTA UP),
avai |l abl e from M tsubi shi Chem cal. As such, tge

vol t age apisl iBRAHSS: het &Rl e as™MegH2 e . tFRRS{of uhglt was

resistivity was asured_| ner,such that th

Saﬁﬁa§N§§dpP§§86 b%gatﬂeﬁﬁﬁwgagg rg§%ggaﬁduPh%¢£§§i”ﬁ§sting
|Sh; YT Yyl i I's of 10
"SRt Yubder cdfoguas, Tpasured AL, hnLeryal s o

: D Zze'0 € sanpl e used
for "eaSW%U”%hEQEn¥§§L£Ha Thickness Variation

The sample was dried at 100C for 1 hour, and the
thickness thereof was measured using a micrometer (Anritus,
Electronic micrometer). The thickness of the sample was
determined by conducting 50 measurements and averaging the
measured values other than the maximum and the minimum. The
thickness variation was determined according to a general
thickness variation equation, and was represented by %.

(5) Development performance

Each of the intermediate transfer belts manufactured
in the examples and comparative examples was applied to a
transfer unit and then connected to a color laser printer,
after which the same image was repeatedly transferred. The
state of the developed paper image was determined by
checking the number of defects. Upon 1000 developments, the
case where the number of defects was 10 or less was

indicated as “wery good”, the case where the number of

18



resistivity was 20 cm X 20 cm and 10 neasurenents
wer e conduct ed and averaged. (3) Mdul us The nodul us

woabostonsssy nt er medi ate transfer belt was neasur BAT/KR2007/006538
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according to ASTM D882 using a universal testing

machi ne, Moddel 1000, available fromlinstron. (4)

Thi ckness and Thi ckness Variation The sanple was dried

at HFREsf ayxckehedr ,10anthtd head hBeckpessekberesf MWaRcated as
nmeasured using a mcroneter (Anritus, Electronic

m Crgaelt’er the st hittkressheofniniersanpl defmsts exceeded 30
determ ned by conducting 50 neasurenents and aver agi ng

t houreassr &0 val dessotwher itdiannatidue asaXifaiint’ andhe hease where
m ni mum The thickness variation was detern ned
acadradimgbes afgerdeatst hkckedss Markhdt ivers edlifatdmoniess was
and was represented by % . (5) Devel opnent perfornance
Eaclndéfcathe iam el'nedi’at e andandicer chbegt gheaauf g upggoer of
in the exanples and conparative exanples was applied

t o defeckAseieeednd 140dPReRNSBTRIEE 88 1BoBY BT -l aser
printer, after which the sane i mage was repeatedly
transferred. The state of the devel oped paper inage

was determ ned by checki ng urber of defects. Upon
1000 devel opnents, the case ere the nunber of

defects was 10 or less was indicated as "very good",

D D [«
thg~case whaie.{ g nunhae of del ool S, eXpeedaislOl UL, ormen:
was 30 qredsessviwas Rezditcated éPa, Variation .
) ) (£m) o Performance
Ratio (Qcm) (%)

Ex.1 4,23 1.75 x 10° 3,65 65 3.5 Very Good
Ex.2 2.17 1.62 x 10° 3.7 63 3.5 Very Good

C.Ex.1 253.3 2.73 x 10° 3.5 71 7.9 Good

C.Ex.2 1527.3 2.55 x 10° 3.41 68 9.2 Fair

As 1is apparent from the results of measurement of the
properties, the intermediate transfer belts of the examples
manufactured through the manufacturing method of the
present invention had a surface resistivity ratio of 4.23
and 2.17, and thus, the difference in the surface
resistivity between the inner surface and the outer surface
thereof was very low, from which the filler could be
confirmed to be uniformly dispersed. Further, because the
thickness variation was 7% or less, the intermediate
transfer belt of the present invention had a relatively
uniform thickness and thus exhibited good development

performance.

However, the intermediate transfer belts of the
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"good", the case where the nunber of defects exceeded
30 but was 50 or less was indicated as "fair", the
woceeas®7sdier e t he nunber of defects exceeded S5OPOTKR2BS/006538
100 or less was indicated as "poor", and the case
where the nunber of defects exceeded 100 was i ndi cated
as "very poor". TABLE 1 Surface Vol une Resistivity
Resicgibbay bt yvd/bebdns esGRad) aRatirba¢dérgsiEcilvidy28atio JE£ 107
5103. Ex. 22171 . 62 x Iff 3. 7 Cex. 1 253.3 2
br3 xndr€f, 3 @k, huEL27.n .dEffenentc€T 3n. 4£hk A surface
is apparent fromthe results of neasurenent of the
pr opertiesity Neetiveeer rbdi apeet rawsiasme lpapdt shef ourr surface
exanpl es manufactured through the nmanufacturing nethod
of thiesepf ewent larprantdnen thad thi ekngsic &arésisen vexgeeded 7%,
ratio of 4.23 and 2.17, and thus, the difference in
5 theesutfhee FeddefenirrytedtIReH PReNE NPt YHd&Ee and
the outer surface thereof was very low, fromwhich the
filler could be confirnmed to be uniformy dispersed.
Further, because the

20



thi ckness variation was 7% or |ess, the internedi ate
transfer belt of the present invention had a

worelsarsséel y uni form thi ckness and thus exhi bi PET/KRIGII/006538
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devel opment perfornmance. However, the internediate
transfer belts of theconparative exanples had a

surface resistivity ratio of 102 or nore, and thus,

the difference in the surfapgames]stivity between the

i nner surface and the outer surface thereof was | arge,

and [thgif hilckness variation exceeded 7% resulting in
deteriorated devel opnent performance. [ CLAIMS] [Caiml

] A pol yiam gie-has eld-based mnedtatrecd iramers feranzéletr, baflitgh which
is not subjected to additional surface treatnent and

hasi sa reur fsabgeresd sto vadgitriatiad cluréater tseatfrecg and has a
resistivity to inner surface resistivity in a range of
1CRRefaRs aesopdingcy orEquath)noat@el @wf@mammt}wty to
Surface resistivity ratio = louter surface resistivity

| iimmer surface resistiwityy in qcy%%Gﬁlgf]lﬁhélo accordlng
internedi ate transfer belt according to claim1 ,

whitéh EREStEAR ckiRéd$9Wari ati on of 7% or less. [Caim3

] The intermedi ate transfer belt according to claiml
Equation 1

Surface resistivity ratio = | outer surface

resistivity / inner surface resistivity|.

[Claim 2]
The intermediate transfer belt according to claim 1,

which has thickness variation of 7% or less.

[claim 3]

The intermediate transfer belt according to claim 1,

which has volume resistivity of 10°~10% Qcm.

[Claim 4]

The intermediate transfer belt according to claim 1,

which has a modulus of 3.0~7.0 GPa.

[claim 5]

A method of manufacturing a polyimide-based

intermediate transfer belt, comprising:
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whi ch has volunme resistivity of L0O5~1012 Wm [Claim4
] The internediate transfer belt according to claim1l

WO 2008078857 has a nmodul us of 3.0-7.0 GPa. [ ai NnPET/KRA007/006538
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nmet hod of manufacturing a polyim de-based internediate
transfer belt, conprising:applying a polyamc acid

sol ution on an outer surface of a nold using rollers;

and subj eppilpgng he mpplared poligiand tutdcind osokbut Pakert gsurface
heat treatnment for imdization. [Claimb] The nethod

accdr di ngldousirg mo3 lerpheaed n a nunber of the rollers

is two or nore. [Caim7 ] The nethod according to

clai m 5 suRiefking tie pePlarfcratyanisolagitofotehtel i heat
0.5-35 wt% of an electrically conductive filler based

on t&epsTaNt afpuitmisi zatsefute. [Caim8 ] The nethod
according to claim5 , wherein the heat treatnent for

imdization is conducted at 50~400 C .
[Claim 6]

The method according to claim 5, wherein a number of

the rollers is two or more.

[ciaim 7]
The method according to claim 5, wherein the polyamic
acid solution contains 0.5~35 wt$ of an electrically

conductive filler based on a total amount of a solute.

[claim 8]

The method according to claim 5, wherein the heat

treatment for imidization is conducted at 50~400T.



