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[DESCRIPTION] [Invention Title] INTERMEDIATE TRANSFER BELT
AND METHOD OF MANUFACTURING THE SAME 5[Technical Field]
The present invention relates to an intermediate transfer belt for use in a
laser printer, a fax machine, or a copier, and a method of manufacturing
the same. [Background Art] 10Generally, an intermediate transfer belt for
a laser printer, a fax machine, or {pBpeRTHERIONhave excellent properties
of heat dissipation, water repellency, oil repellency, contamination
resistance, heat resistance, modulus, releasability from paper, antistatic
properties, 15and durability. Accordingly, in order to realize such an
interrplelg‘i%tﬁettrgn%s%elr_ t@(lat] thorough research int_o the_ use of a pol)_/i_mide
compound, which has many advantages, including high heat stability and
superior meghanical and electrical_ 20 properties, is being conducted.
However, thfgg%ﬁib%cﬁ}r% IS verﬁ%@#sglf%g to m%l%t‘l?re, ur%@sirabﬁ'/f HOD
redygiRgsRereliaRidtyrakelesifical insulating properties thereof over time,
and also, the compound is very difficult to process due to a high glass
transition temperature, and easily becomes electrically charged.

Further, the intermediate transfer belt is required to have volume resistivity
suitapi%@ﬁlq@ggjegigqg]ner. 5 If the transfer belt has volume resistivity
lower or higher than required, properties thereof, including antistatic
properties, tE%re\sfeEg 1perggrelgies imagin

OF

inve 1.F¥o@%ﬁg§és to an i1ntermediate

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

a copier, and a method of manufacturing the same.

[Background Art]

or

Generally, an intermediate transfer belt for a laser

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

properties of heat dissipation, 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 Dbelt, thorough research into the use of

a

polyimide compound, which has many advantages, including

high heat stability and superior mechanical and electrical

properties, 1is 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
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releasability, and contamination resistance, are deteriorated, whereby

critical defects, such as poor 10 images, may occur. When the
intermediate transfer belt 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 15 furthermore,

volyme tesistivityvaties depgnding op.the portion.thatis measyred,thils | anq
making it problematic to operate the intermediate transfer belt at the time

of realizing apdmage; Heacea canyentienalprocess for decreasing the
difference in the surface resistivity 20 includes antistatic coating or

polishing theuwméresurfacecor tutersedace of thesintdremedigtettransferequired
belt such that the surface resistivity is adjusted, but is disadvantageous
bechfs&3tis compiatedsspeéifically, additonatantistaticcyatihgrring toner.

25complicates the manufacturing process and in¢reases the

marlufabiting GO8t. Ghd As el Calkes TAyeF SEpafation BetdEH iy higher
antistatic coating layer and t It or scratching.-of the {i yer, . . .
advg%e y ;%%e%%wg%ﬁé ql%i(‘}t;g %?%%%%nag%l tgc;: é]égfréalizlg fi‘%l(lj{ﬁ'lg’l!gaTha(ehtlStath
intepggiate fransfer pelt fara laserprpier-aca fax maghinggor asoRiekties,
functions to transfer the toner, and thus should be manufactured to be
seamdess.sabi JAesgrdinglynwith thecgoalrofmanutacturing anstance, are
intermediate transfer belt that is seamless, there is a method of applying a
poly@ehierdcid aoigtion oheeinnercI0siefate gtvigersurfaceioha nssld proor
using a dispenser. However, this method suffers because the solution is
diffichit %6 Bnifdrmiy’&ppiy -on all surfaces of the mold, and should have

high viscosi‘%eFurth(%ré hle t&ernggli}la rréic %q_jggg%tiron i)se%?pli%d on tge large

w
T S
outer surface 6f the mold using a dispenser and extern heaf is

applied thersta the,evaparation of the solvant ig,ippassible, leading o surrace

high defect rates. In addition, with the goal of manufacturing an

integmediate transter belithatis seasless, thete isa 20rwash 1ub setheghtrol
employing fast rotation to conduct centrifugal molding. However, this

methbd is usabletomytwhencthe \@scosity oétisegolutiegistow. tMereaver, and
when the rotational axis of the tub is inclined, it is impossible to

mariifaERFET ftermediate trafste? betti2shaving £ predoiRerineg on the

thickness. Meanwhile, when the
poréion. gkat 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 1is 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
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rotational axis of the tub is vertically positioned, there is a limitation in fast
rotation, undesirably resulting in some thickness variation. [Disclosure]
[Technical Problem] 5Accordingly, the present invention provides an
intermediate transfer belt, which is manufactured from a polyimide
compound and has a low difference in surface resistivity between the

inngrsurface apddhe gitersutface thereof thus,exhibiting improyed belt or

operating properties, and 10a method of manufacturing the same.

addiion the pigsest invastiooprovides alyitermediatedearsfertielbt ing  the
which is seamless and has a uniform thickness, and a method of
manpfatiuringthessarreafEeclonival Sehutiond5According to a first
embodiment ofthe present invention, there is provided a polyimide-based
intermediate fransferBEIEdikien i§ rotstibjecied to aeitbnkteaffageinter, a

treatment and has a surface resistivity ratio of outer surface resistivity to

innerSUrfAEE BRIV ina FARGE20011572-902. = e frefmeadite” "=
ranstel helyacenrdng g he fistmpodiment may have tigkness

variation of 7% or less, volume resistivity cm, and a

modulus of 3.0:2,0.GPA,,  «Aqeording to gsecondeempbadimentofthe;  an

present invention, there is a provided a method of manufacturing a

polyimidehasedtatetnadiate trangfet belhcompsisisgappiyng athere is a

polyamic acid solution on the outer surface of a
method of applying a polyamic acid solution on the inner
surface or outer surface of a mold using 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 is impossible, leading to high
defect rates.

In addition, with the goal of manufacturing an
intermediate transfer belt that is seamless, there 1is 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 is
impossible to manufacture an intermediate transfer belt

having a predetermined thickness. Meanwhile, when the

rotational axis of the tub is vertically positioned, there



5mold using rollers; and subjecting the applied polyamic acid solution to
heat treatment for imidization. In the second embodiment, a number
of the rollers may be two or more. In the second embodiment, the
polyamic acid solution 10may contain 0.5-20 wt% of an electrically
conductive filler based on the total amount of a solute. In the second

embadiment, the heat freptment for imidization may;be conductedatiiting in
60-450C. [Advantageous Effects] 15As described hereinbefore, the
presemdnyentiomaay peavide ashintermediate 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 20 of additional treatment, such as
antisfaiceeatingethus 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
seanffeghurerpAsRERBISMIM thickness thanks to the minimization of

thickness
Accordingly, the ©present invention provides an

intermediate transfer belt, which is manufactured from a
polyimide compound and has a low difference 1in surface
resistivity between the inner surface and the outer surface
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 wvariation of 7% or less,

volume resistivity of 10°~10* Qcm, and a modulus of 3.0~7.0

GPa.
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variation, and also provides a method of manufacturing the same.
[Description of Drawing] FIG. | is a schematic perspective view
illustrating a 5process of manufacturing an intermediate transfer belt
according to the present invention. * Description of the Reference
Numerals in the Drawing * I: 1st roller2: 2nd roller 3: mold4: polyamic acid

solution 10[@855%% o Hereinafter, a defailed;desgription willhe o cgent

given of the present invention. Useful for an intermediate transfer belt

of the\peesentripventiars polyimide-tesindsiobtainechby. L& dissalviagturing a
dianhydride, diamine, and an electrically conductive filler in a solvent, thus
preﬁ&h&%ﬁ?@yéﬁﬁ@@cid%ﬁ}@%ﬁ%ﬁ%ﬁ is thanapplied & e oufé‘PmPr ising
surface of 2 mold using a roller, followed heat tre%ment for imidiz

ion. ehthe &u?e?% {ifece (Féglsﬁ 8%8 el s atCGerreSsliléftl g ot a

of t%merﬁgeﬂa@te F@ﬂ%efsbe't’a‘NB'C@!?oﬁ@é@%&“ﬂﬁ@“a%&%%‘&d E?alyamlc
subsequent surface treatment, such as antistatic coatlng are measured
the sutfaceasesistivity tatiodaereof is:prefetalilyin thedization.
In the second embodiment, a number of the rollers may
be two or more.
In the second embodiment, the polyamic acid solution
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 60~450°C.

[advantageous 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 i1s seamless and has a

uniform thickness thanks to the minimization of thickness
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range of 10-2-102.The surface resistivity ratio may be calculated by

Equation 1 below: Equation | Surfaceresistivityratio =|outersurface

Sresistivity / inner surface resistivityl . When the surface resistivity

ratio exceeds 102, it is difficult to control the resistivity of an intended

region of the intermediate transfer belt, and volume resistivity 10 varies,
and.thys the belt is difficylt to pperateat the timeofrealizing Ar-inage. O e
the other hand, when the surface resistivity ratio is less than 10/2, the
outerasigrface of the belt has low resistivity to applied voltage, and

developing fillers, such as toner, are not well fused 15thereon. In the
intermediate transfer belt satisfying the surface resistivity ratio in the
aforementioned range, not only monomers for polyimide resin constituting

the iftsswslipteisangier hedwbig hlso the electrically 20 conductive filler,
greatly affecting electrical conductivity, are uniformly dispersed. Thus,

when applieghtg a printerora copiar; anjatermediatedransfer belt mayating a
realize good development performance. Useful for the preparation

of tiwe-pobsmide fesina2betde taprovidesthe intereredidietransferdrelter belt
having the aforementioned surface resistivity ratio, the diamine is not
parfAaGHitited dsBngERSRIS typieamiFused to prepare polyimide

resin, gngeexam% eisotrQe(r) 0&@% e#ﬁé-&ggdﬁpilin% ECS)DlA%? the | rawing *

?Crl S mea .
para-phenylene diamine (p ), meta-phenylene diamine (m
para-methylenediaming o 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 Dbelt 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 inner
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
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5(pMDA), and meta-methylene diamine (mMMDA). The dianhydride is

not particularly limited as long as it is typically used to prepare a polyimide
resin, and examples thereof include 1,2,4,5-benzene tetracarboxylic
dianhydride (pyromellitic acid dianhydride, PMDA), 3,3,4,4- 10

benzophenone tetracarboxylic dianhydride (BTDA), 3,3,4,4- biphenyl
tetracarboxylie dianhydide (BRDA), ande4,4; oxydiphihalic.djanhydride oy e
When the polyimide resin is prepared, the diamine and the dianhydride
may:bedised e guivaten motar aneunts: 15 The solvent may be

selected from among highly polar aprotic solvents, such as
N,N-dimethyittratamidel (DMF), dimethylacetamide (DMAc), and
N-methylpyrrolidinone (NMP). Further, the electrically conductive

filler, which fiunctions to centralthe velume resisgvity of the 20iermediaie face
transfer belt, is added when the polyamic acid solution is prepared. As the
electrically conductive filler, one or a mixture of two or more selected from
ameiRf KetjeniblacK, acaglerblaerefuinatebiaék ot eonductive or
semi-conductive powder, including metal such as aluminum 25or nickel,

metal oxide such as tin oxide, or potassium titanate, or conductive

polymers, such as polyaniline or polyacetylene, may be used in an

amount of 0535 Vit BRYELPGH tHE TOaF Atfidunht of aiSolfte SR GTddlo 1t 1S
a“aéﬂ_9%?%%‘1@'3%”%%1%’{‘9?%%&" : %ﬁ% .2 metal iller mii#t%%d?d region
f0.1-5 wt t

additionally contained in an amount o % based on 5the fota

ameunt ha sohitermedidhe methadfdispersing dhe elestrigally resistivity
conductive filler is not particularly limited, and the use of an ultrasonic
homegemzer, endbliigeffitient dispersion, @&Lpreferaile. tkOUseelriatthe at the
present invention, a dispersion stabilizer is a po%@er dispersant,

exampigs therestindfuthity poly-NIGft forfaniids, goljiREvingnd, when the
a.ceé%r?Paecé’o'}l'e'\é'i’é’%ﬁ&’j}’fm"d%ke ana O'VI%'s"é:]”y{ﬁQRm'i‘&‘am- the outer
dispersant may be variously use diepen Ing on the type of !
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 1is
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15dispersion solution. The reaction for the preparation of the

polyamic acid solution to obtain the polyimide resin is 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

inteymedigte fransferelt. 1 1,3 iL.the preseptinvention, tWa oL Mare. 11, ysed
rollers are used to manufacture the intermediate transfer belt having 25t%e
aforemeptiepedsurace resigtvitydatia,In Bis regasehoa deseritionis include
given in greater detail with reference to the appended drawing. FIG.

1 is% schempticperspective (Gt illustratiag the pydeess ofdnanufecturipgDA) ,
the intermediate transfer belt according to the present invention. 5In the

preSEHANTERHGH A PolydriEaBRl sollfiidY is appfied dictHerdahs  diamine

surf?cbngof a mold 3 ust.ing roﬂﬁrsll, 2, %nd is then I%J/L%%(\ected to heat
trea %en‘ﬁdr imidiZation, rt[heere‘{)yer%gnufl’:‘{’lcntqfi%rllﬁg nin ér'mediate transfer

bett. 10The fgllers 1. 2./ psated paalel ta he mold 3, pnd e olers.L.) ong

2 and the mold 3 are rotated in a state in which they are éngaged wit
eachdther. is typically used to prepare a polyimide resin, and

examples thereof include 1,2,4,5-benzene tetracarboxylic
dianhydride (pyromellitic acid dianhydride, PMDA), 3,3,4,4-
benzophenone tetracarboxylic dianhydride (BTDA), 3,3,4,4-
biphenyl tetracarboxylic dianhydride (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 1is 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
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Specifically, when the first roller 1 is rotated in a clockwise direction, the
second roller 2 is rotated in a 15 counterclockwise direction and the mold
3 is rotated in a clockwise direction. At this time, the first roller | is brought
into contact with the polyamic acid solution 4. So, while the first roller I is
rotated, the polyamic acid solution 4 is applied on the first roller I, and the
20 applied selutiond isseaysntially applied,prthe second roller 25 whish a5
is rotated in a’state of being brought into contact with the first roller I.
Subsequestly sheiselttion 4 isappliediern the eutessustacenfthednaldidsired
which is rotated in a state of being brought into contact with the 25second
rollerlzdnrthissway;dhe polyaricy acid Ssluton, is applathon thelimotd Bay be
through a plurality of rollers I, 2, thereby adjusting the amount and
thic oP e pBlyariic atitPSoliforrthadROEpplictt Thelpolyathic dged on
solution 4 is applied such that an intermediate transfer belt formed on the
mol§ thtr%ltﬁﬁ S Hatertt i§ 91%)9}280 5m thick. The thickness variation
s preferably 26 pelessaln e passabers tha hidnese xRN conductive
exceeds 7%, the polyamic acid solution 4 is imidized, and then the
thicknessvariationmefthe-filnt is-incseased ] undesisablysgdeterioratingsthe of an
development performance of the 10intermediate transfer belt. If the
rollerstr 23l the rblec3 aie aot paradiellioeachidthetahe sehfippirsisn, is
intensively applied toward the wider sides of the gaps between the first
rollét% &ﬁge[fgecond roller 2 and between the second roller 2 and the
15 mold 3., r§§ggl_ng gLQjcona&:&erab&ggg&pformg&p@g%gn th§k”§§§spersion
and also, it is difficult to efficiently rotate the rollers and the mold with each
othert Jhuis; itds verysimportapd fotihe rolierscand e mold tahellesatethereof
parallel to each other. 20In the case where the rotation speed and the
rotatioftifAé st thearbilets Vi ghd et 3sare ROLAdNstEd the acetamide,
polyamic acid solution 4 is jntensively applied between the first roller | and
the SBG8RA TSRS, &Hd T AT hof e dBpHecton 18 Mg ahe D, 17
the thickness, 2ovariationmay pedncreased. $o4it sboyid,be potedthat o e ¢
the rotation speed and the rotation time can be adjusted. In

dispersion solution.

The reaction for the preparation of the polyamic acid

solution to obtain the polyimide resin is conducted at

0~60°C for 0.5~12 hours.

The polyamic acid solution thus prepared is applied
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
the aforementioned surface resistivity ratio. In this

regard, a description 1s given in greater detail with
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consideration thereof, the rotation speed of the rollers 1, 2 and the mold 3
is set to 50-200 rpm, and the rotation time is set to 1-4 hours. The mold 3
may be formed of alumina, stainless steel, 5 or Teflon, and the size
thereof is not particularly limited, but has a length of 200-300 mm and an
inner diameter of 100-150 mm. The polyamic acid solution 4, which is

applied on.the mold 3, is éﬁg&ﬁ&%@%ﬂ%&% e heat treatment and is then

10 separated from the mold 3, thus manufacturing the polyimide-based
intermediate transfer belt.aThestepuise: heattspatmertemay be condustedit ing
using an IR heater, an electrical furnace, or a hot air oven, and includes
prethebakinged $0-100C o Iirhaniynenidve thecsolvedtiand tsansfer belt
moisture from the surface of the belt and then final post-curing at

3502400C Bt héating Pater 6F2110C Peehtintle to completely remove the

solvent and moisture from the surface and the inside of the belt such that.
imidization progréSsedt therdby completing’a Solidfitied iy, 2o So-ution

Alternatlyely, after the pre-baking is copglicied, the, belt may-be separajed 1 o

from the mold, turned inside out, fitted on a mold having a smaller size,

andiposteured, s negessarkn  subiBdheLasewheredhe intesmediate  for
transfer belt is 25manufactured through the above method, the rotation of

the mold i3 foriadjustinge treothiclaresSaoftihreiinte rme diatec tramdfertoeltisans fer
minimized, thereby decreasing the thickness variation and reducing the
difféi@hke in surface resistivity between the outer surface and the inner

surface of the intermediate transfer belt, 5In a state in which the palyamic
addsohMoE%F ro ?ers E, 3 are located parallel to‘%ﬁé 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 is 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
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applied on the mold 3 is molded and subsequent surface treatment, such
as antistatic coating, is not conducted, the surface resistivity ratio of the
outer surface resistivity to the inner surface resistivity is in the 10 range of
1052-102, and also, the thickness variation is 7% or less, thus realizing an
intermediate transfer belt exhibiting superior insulating properties and

development parformange cAltgough the prefgrred gmpodimentsofthe or  pe

present 15 invention have been disclosed for illustrative purposes in
conjpicligniwiths the drawing doserskilletsindpp artwill appeecipdehati c acid
various modifications, additions and substitutions are possible, without
depadting from the Spiribobthiesmvention. 203he atermediatecttansfer beknsfer
thus obtained has volume resistivity of 1051012 - Qcm, which is classified

as @fedidiprmfithsie rédistivity Ve, rBEGIGRD iRdtinterArediatttramsfép~200

belt for use in a laser printer, a fax machine, or a copier, which has
imppaved aftistatie @ Sprapefties anck priatability andissemiaeoRductiver less.
The transfer belt of the present invention has a modulus of 3.0-7.0 GPa,

andpreferably3:2-50 GRa. When the medulus is-loyy he interediates,  the
transfer belt may be mechanically deformed upon extended use. On the
otherdhanehiwhem thel mashilus isshigh4theiintermediatestiansfendelti®©ien the
5stiff and difficult to mold. [Mode for Invention] A better
undebstakafgpofiheisresent infention niay he bbtaimed daergh thadesirably
following examples, which are set forth to illustrate, but are not to be

conEff i ¥ the I6limit of fhe préQsRt Aetion. <BSRAPIBARS ~ of  the

intermediate transfer belt.

If the rollers 1, 2 and the mold 3 are not parallel
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. 1In

11
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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 15 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

dispergionssqlytion was,eacted at oomfemperature, us,prapalingd ers 1,

polyamic acid solution containing electrically 20conductive filler. The
viscosignaf theesouinn easikd50gpoiseatZBQR00 rihereaftertthe rotation
polyamic acid solution was applied on the outer surface of a cylindrical
mol8@eshéwhsh FI1G. 174 hopieshaked at 80C to primarily remove the

solvent and 5moisrt%lé{e from the surface of thg

belt, and finally post- 14
oured at 350ES T NaatingTXest SC T Infute SRRl e (RE=el"

solvgnt apdangjsture,frgm the.surface and,ihe dnside of the belt, %&Pcicularly
chis

manufacturing a polyimide- based intermediate transfer belt whi
seamiless and Seantains electricallyganductivefilter3 The thickaess ofitheinner
belt thus manufactured was 65 m.

diameter of 100~150 mm.

The polyamic acid solution 4, which is applied on the
mold 3, 1is subjected to stepwise heat treatment and is then
separated from the mold 3, thus manufacturing 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 50~100°C to primarily remove the solvent and

moisture from the surface of the belt and then final post-

curing at 350~400°C at a heating rate of 2~10°C 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
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<Example 2> A polyamic acid solution was prepared, applied on the 10
mold, and then pre-baked, in the same manner as 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

15intermedigte trapsier belt, The fhickness of thebeltthus manufactured e

was 63 m. <Comparative Example 1> While nitrogen was introduced into

a four-neekdlasky20 equippedwnith cemechagicahstinier: @ekefle in surface
condenser, and a nitrogen inlet, 3.36 g of Ketjen black was added to 1007

g ofrBNisand dispérsedagsing lam ultrasonisthdraogenizeér tafteriwmhich k18 face
g of BPDA and 80 g of ODA were added thereto and dispersed using an
ultr&orii€hohdGerIZer-attfe Poafspersioprddiution was reacted at room

temperature, thus pr(%paring a povl%amg: a&d solution containingg 1t 4
electrically EBnductiieiffer. "The " (id&dsi y of the Solitiorr was 1840 Bo%elon

at 240.,1 1 oq ThEeAMEL 1S polyamic.acid Solufionwas %?@qﬂ@ﬁ@g surface

inner surface of a cylinder having an inner diameter of 5120 mm and a
lengthof 220 mm, satatedsat 1200ipra foc20min.itregted yndesithe-same-ted,

conditions as Example 1 to remove the solvent, and post-cured, thus
manufactusng e pelyimideilsased intermediate trarfsferthelt. Thetthickness face
of the belt thus manufactured was 71 m.
resistivity to the inner surface resistivity is in the
range of 1OQ~102, and also, the thickness wvariation is 7%
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 wvarious 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 1in 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



10

15

20

25

10 <Comparative Example 2> A polyamic acid solution was prepared
as in Comparative Example 1, loaded into a cylindrical Teflon mold having
a double structure comprising an outer cylinder 15 and an inner cylinder,
and pre-baked at 800 to primarily remove the solvent and moisture from
the surface of the belt, after which the inner cylinder was removed from

the quieneuinder. 3 .7, Eh%@ﬁeéﬁﬁ‘a{s%g@‘?‘é@i@% was condyctghal  ynen

3500 20at a heating rate of 50 per minute, thus manufacturing a
polyimidenbased integneaediate ttarsfenhbeltmEbe dhicknessefthe heltthusay be
manufactured was 68 m. The properties of the intermediate

tranfstigelis a5 mariifacired iR erERfPIES Andscomparative exbifple§and,

were evaluated through the fallowing methods. The results are shown in .
Taol T beiBi. T Suce Rebsivity Ratd " Cotage Wax o1t DLt is

contipueusly, appliegto the sample,and measurement was conducted

using a resistivity meter

[Mode for Invention]

A Dbetter understanding of the present invention may
be obtained through the following examples, which are set
forth to illustrate, but 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 23°C.

Thereafter, the polyamic acid solution was applied on

the outer surface of a cylindrical mold as shown in FIG. 1,

pre-baked at 80°C to primarily remove the solvent and

moisture from the surface of the belt, and finally post-
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5(HIRESTA UP), available from Mitsubishi Chemical.The voltage applied

to the sample was 100 V. The surface resistivity was measured in a

manner such that the sample was placed on a substrate formed of a

fluorinated polymer having high insulating properties, and the inner

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
useduTha size ofthe’ arnple aseacfor neasurihg thefsuddee pesistivitpute  to
was 20 cm x 20 cm, and 10 measurements were conducted on the
correspophdingl surfagevib ahd averaged. Ehel abtdinednaliesweree surface
substituted into Equation 1 below, thus calculating the surface resistivity

ratic: Egddtfont 1 SWfacre SRR avifratio=1 bt ite R RIRC2Ove Sistivity P e ide—

surface Jesistity | (2) volume Resiofivty ., Voltage was continyoysly. g
appliea to the sample and measurement was conducted using a resistivity

meter (HIRESTAIUR) ravaitahle fropyitsphishi Chemical. Agsugh; Zathe s of
voltage applied to the sample was 100 V. The volume resistivity was
measured in a manner such that the samgplg was placed on a metal

0

subkttate Arld HE o lle FESISIIT tHEtEoP Wal measured at intervals of

10 sec using a ring probe. The size of the sample used for measuring the
volume

<Example 2>

A polyamic acid solution was prepared, applied on the
mold, and then pre-baked, in the same manner as 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 um.

<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
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resistivity was 20 cm X 20 cm, and 10 measurements were 5conducted
and averaged. (3) Modulus The modulus of the intermediate transfer
belt was measured according to ASTM D882 using a universal testing
machine, Model 1000, available from Instron. 10(4) Thickness and
Thickness Variation The sample was dried at 100C for 1 hour, and the

thickness, thereof was raeasurgd.using a pigrometer (Anritus, flestionics 1540
micrometer). The thickness of the sample was determined by conducting

50 measurements and averaging the 15 measured values other than the
maximum and the minimum. The thickness variation was determined

according td agErdrafthickies OPaiiatititeGGaton it Wels répreseieded on

by %h 5).Develo meﬁnt erformance Eagh ofﬁhe intermediate trand%fer ‘ c
belt§ Mantfacturdd” 2055 the e?(aﬁ%’ﬁég and coa%bggatﬁ/% é)?élﬁﬁlesl\f‘/rgg e ©

applied tq,a trapsfer unit,and then capnegted to.a.golar lasen prpter,after., 20
which the same image was repeatedly transferred. The state of the

developed paper dnagendes determinaebyehetkingthe niknberatple 1 to
defects. Upon 1000 developments, the 25case where the number of
defé@BWas 10'6r 1693 ViriEindieafed RS Veri iRRd", Hhe taseihere the 1ng 2
number of defects exceeded 10 but was 30 or less was indicated as_. .

qobi 1B LIS AGRG (e FUTBAY Bt defebid lededenl 40 but Was Bbig oS
less was indicated as "fair", the case where the number of defects
exceédédSbdtwasuDMenidssayased was 71 [m.

<Comparative Example 2>

A polyamic acid solution was prepared as in
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 80[] 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 350[]
at a heating rate of 5[] per minute, thus manufacturing a

polyimide-based intermediate transfer belt. The thickness

of the belt thus manufactured was 68 [m.

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

evaluated through the following methods. The results are

16



Sindicated as "poor", and the case where the number of defects exceeded
100 was indicated as "very poor". TABLE 1 Surface Resistivity Ratio
Volume Resistivity (nom) Modulus (GPa) Thick. (pm) Thick.

shown in Table 1 below.

(1) Surface Resistivity Ratio

Voltage was continuously applied to the sample and
measurement was conducted using a resistivity meter
(HIRESTA UP), available from Mitsubishi Chemical. The
voltage applied to the sample was 100 V. The surface
resistivity was measured in a manner such that the sample
was placed on a substrate formed of a fluorinated polymer
having high insulating properties, and the inner surface
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
and averaged. The obtained wvalues were substituted into
Equation 1 below, thus calculating the surface resistivity
ratio.

Equation 1

Surface resistivity ratio = | outer surface

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,
the voltage applied to the sample was 100 V. The volume

resistivity was measured in a manner such that the sample

17



Variation (%) Development Performance Ex.1 4.23 1.75x109 3.65 65 3.5
Very Good Ex.2 2.17 1.62x109 3.7

was placed on a metal substrate, and the volume resistivity
thereof was measured at intervals of 10 sec using a ring

probe. The size of the sample used for measuring the volume

resistivity was 20 cm X 20 cm, and 10 measurements were

conducted and averaged.

(3) Modulus

The modulus of the intermediate transfer belt was
measured according to ASTM D882 using a universal testing
machine, Model 1000, available from Instron.

(4) Thickness and Thickness Variation

The sample was dried at 100°C 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

FEach 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 “very good”, the case where the number of

18
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63 3.5 Very Good C.Ex.1 253.3 2.73x109 3.5 71 7.9 Good C.Ex.2 1527.3
2.55x109 3.41 68

defects exceeded 10 but was 30 or less was indicated as
“good”, the case where the number of defects exceeded 30

but was 50 or less was indicated as “fair”, the case where

the number of defects exceeded 50 but was 100 or less was
and the case where the number of

indicated as “poor”,

defects exceeded 100 was indicated as “very poor”.

TABLE 1
£ Volume : Thick.
Sl,'lr ace . Modulus | Thick. e Development
Resistivity Resistivity Variation
. (Gpa) (pm) . 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 1s 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 1low, from which the filler could be

confirmed to be uniformly dispersed. Further, because the

thickness wvariation 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

19



9.2 Fair 10 As is 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 15 and 2.17, and thus, the difference in the surface
resistivity between the inner surface and the outer surface thereof was
very.low, framswhich.the filler could be copfirmed fo beunifary r v io of 102
dispersed. Further, because the thickness variation was 7% or less, the
integnediate-20 transter bekwf the presentinvestiendad airelatively surface
uniform thickness and thus exhibited good development performance.
Howevers they intermediate trafsferibelesr ofsthef compardtivéexaniptes surface
had a surface resistivity ratio of 102 or more, and thus, the difference in

the Sffage re¥RavitPbefiveénthe itneristirtdeesand te Bt suifacerded 75,

thereof as. large agd the thickne%s garia ion excgeded %, Sresulting in
resg\% &I&%g 111 ete 101?ate ev i)évme PEY orr‘i\ancg .
deteriorate velopment performance. Im polyimidé-based
intermediate transfer belt, which is not subjected to additional surface
treatment, comprises 5 electrically conductive filler and has a surface
resistivity ratio of outer surface resistivity to inner surface resistivity in a

range of 10-2-102, according to Equation 1 below:
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Equation 1 10Surfaceresistivityratio= |outersurface resistivity / inner

surface resistivity | . [Claim 2] The intermediate transfer belt

according to claim 1, which has thickness variation of 7% or less.

15[Claim 3] The intermediate transfer belt according to claim 1, which

has volume resistivity of 1051022 cichcrACish 4] The

intermediate transfer belt according to claim 1, 20which has a modulus of
3.0-7,0 GPa. [Glaim 5] A method of manufacturing a polyimide-based
interr’r@cﬂ&f@ trdnsfer belt, comprising: applying a polyamic acid

solution on an outer surface of a mold using rollers; and subjecting

the applied polypahid BERPsolater to heatrreatment for mRifAtioRs1t, which

is not subjected to additional surface treatment, comprises
electrically conductive filler and has a surface
resistivity ratio of outer surface resistivity to inner
surface resistivity in a range of 1072~10%, according to

Equation 1 below:

Equation 1

Surface resistivity ratio = | outer surface

resistivity / inner surface resistivity|.

[cilaim 2]

The intermediate transfer belt according to claim 1,

which has thickness wvariation 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.

[ciaim 5]

A method of manufacturing a polyimide-based

intermediate transfer belt, comprising:
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5 [Claim 6] The method according to claim 5, wherein a number of
the rollers is two or more. 10[Claim 7] The method according to claim
5, wherein the polyamic acid solution contains 0.5-35 wt% of an

electrically con ucltive fglergfserg.%n a togﬂl gﬁ%%nto%f a I§olulge.o % Claig& rface
8] The The fgccoralngyﬁ) tjﬂaim%l, wherein the heat freatment for

imidization,is eondycted.a815Q:400C g
subjecting the applied polyamic acid solution to heat

treatment for imidization.

[claim 6]

The method according to claim 5, wherein a number of

the rollers is two or more.

(Claim 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 50~400°C.
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