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The present invention relates to a nol ded product and, nore particularly,
to a resi product. BACKGROUND ART Products nolded froma resin

mat er i m\\\\ﬁﬁmﬁm‘“ have excellent electrical insulation properties and,
hence, ely used in the field of electric and el ectronic conponents.
However, eP®¥nts of electric and el ectronic conmponents nolded froma resin
material alone are liable to be electrostatically charged because of their
hi gh el ectri-cal insulation properties, thereby presenting such a problem
that el ectroni onents such aSEERIGY "é%a/‘%i rcuits may be danaged due
t o adhesy “\\“\\Wor electric dischar ie. Therefore, resin nolded products
for useiwﬁ& el d of senicd%%ﬁ%?oyoﬁtgpchﬂpgﬁﬂhtion are typically

i nparted with«fS|ight electrical conductivity by various nmethods. - One of
the sinplest nethods for inparting the electrical conductivity to a resin
nol ded product is to apply a sol yti ce active agent onto the
resin 1 03 June 2003 nol ded prgﬁt%@pgﬁﬁ?éégé%gance with this nethod,
however, a resin nol roduct .pro ed in,one siepn i s,subjected to the
application of the sgﬁg ceesg%'ﬁ\}gwaeg%n °%s6 t]j?iitgrsl’ |£(r’1 aa'ﬁggﬁgr %f%‘glfc o that
the step of a Vi h :f iV, e | Ut i i s, I Lred in
addition to tﬁ@hét@%r%f%ﬁol&éﬁ?%éé??é%?ﬁgng %?ﬁa#;iggﬁtﬁéPsﬂ?hé el ectrica
conductivity of the resin nolded product obtained through this nmethod is
susceptible to the anmbient humdity. That is, the resin nolded product is
likely to exhibit an intended | evgAcRERSURB! RR§al conductivity with its
surface being kept in a readily humdified state (under highly humd
conditions), but tengsoli@ctsihol@c@Xhibhlaard LON IStk EVEIgie®AELyri cal
conductivity with its surface being kept in a hardly. humdified state
(under dry comdiki ergkllMatceueictditt s Wds€Ea8LohVEragertiapphingd onto the
resin nol ded product by this nethod is often absorbed I nto the nol ded
product or reheued,t heeekidelly wWadsimothsofidbd s£dateétopitnanbe

el ectrical conductivity with time is inevitable. Therefore, it is difficult
for the resineikekctdednpodoaiponertat.ai Howlesreal e ctlrdncalt € antl e vttt f or a
long tine . In addition, the renoved surface active agent may cause

cont am nat i onand elsetitonaductmpodenitsempldddcfirom Ppricceiss material

alone are liable to be electrostatically charged because
of their high electrical insulation properties, thereby
presenting such a problem that electronic components
such as integrated circuits may be damaged due to
adhesion of dust or electric discharge. Therefore,
resin molded products for use in the field of
semiconductor device production are typically imparted
with a slight electrical conductivity by -various
methods.

One of the simplest methods for imparting the
electrical conductivity to a resin molded product is to

apply a solution of a surface active agent onto the resin



Instead of the aforesaid post-treatment of the 2 03 June 030W8e2893

nol ded product by the application of the surface active agent solution, an
attenpt has recently been made to initially inpart the electrical
conductivity to a resin nolded product per se. Mre specifically, a
conductivity inparting material is prelimnarily blended in a resin
material and the resulting resin nmaterial is nolded into a desired shape
for production of a conductive resin nolded product. Cenerally used as the
conduct i vi t y Mokstad prgdpeter i &h areozdanes gtith thybpme thadh howevsar,f ace
active agent and electrically conductive fillers such as of netal materials
and carbon mat Eepinsno gedpredugk ipfteduceddanensuttersi s sybifetedict i ve
agent is selected as the conductivity inparting material, the antistatic
agent gradualtoy thiegpRPéécatden At The it fare RetEing agendt spAatiedt n nol ded
product, so that much time is required before the resin nolded product
exhibits r arffefBefPrLaiteBndAR Rt fhe SteReofPREY bRY| th s¥ f5ice he

antistatic agent, differs depending on the type of the resin material to be
used, it is %é’c?éé’?a??ef‘?i% ‘é‘&’f°'é%§’hFFSBFEe8‘n’c'i‘%?%&Htth%ﬁ% resin

T SRS, Bl IF A Lt SR L
matert al FU e S AN ST AL C 808N n8ThER PRI A5 {4 e surface
) through this method is susceptible to the ambient
humidity. That is, the resin molded product is likely
to exhibit an intended level of electrical conductivity
with its surface being kept in a readily humidified state
(under highly humid conditions), but tends to fail to
exhibit a required level of electrical conductivity with
its surface being kept in a hardly humidified state
(under dry conditions). Moreover, the surface active
agent applied onto the resin molded product by this
method is often absorbed into the molded product or
removed therefrom by abrasion, so that'reduction in the
electrical conductivity with time is inevitable.
Therefore, it is difficult for the resin molded product
to retain the electrical conductivity for a long time.
In addition, the removed surface active agent may cause
contamination in a semiconductor device production
process.

Instead of the aforesaid post-treatment of the



3 03 June 2003 the resin nolded product is often rermvedno‘{}mﬁl%pggi on as
in the aforesaid solution application nethod, thereby possibly causing
contam nation in the sem conductor device production process. In the case
of the electrically conductive filler, on the other hand, the electrical
conductivity can inmedi ately be inparted to the resin nol ded product sinply
by bl ending a proper anount of the conductive filler in a resinmaterial.
Unlike the antistatic agent, there is no need to consider the conbination
bet ween the conductive filler and the resin_material (i.e., the conductive
filler has a ‘Wtdamaldsd mraducds pactheo2prlisatiansiof fheefrafare, so that
the conductive filler can npre easily and staply inpart_ the conductivity to
the resin noldf&d ¥ 896&¢ ?ﬂéﬁtfﬂﬁ'a‘?ﬁ/?&tﬁqpﬂz bgantecepcindemtuneffe, as a

resin nol ded product. contajnin tagl%el egt rically conductive filler, Japanese

Lai d- open Pat%&ht:Bubtd caX i HiP €530%9 A £ o SOLR TN I iU pr oduct
which is obtained b A Icgi n]_gﬁ resi n conpos,,ti onscont gi.ni 32 64 to 80 vol %
of a resin and 38" t% %e o‘? T -kl ECtri c%f?y R5hHA0EER Y<¢uBst ance, and
whi ch h ttal . [ ' Lyi | t f t

than 1. oo0v. R SRy LA EEL SRR C P a3t padad i RaddR, 7 ™

parti cul ate g Jidu P P&l £GhALEr £RNIURHOLKIUPARAL AP llesf MBI 4

material is molded into a desired shape for production
of a conductive resin molded product. Generally used
as the conductivity imparting material are antistatic
agents such as a surface active agent and electrically
conductive fillers such as of metal materials and carbon
materials.

Where an antistatic agent such as a surface active
agent is selected as the conductivity impartingmaterial,
the antistatic agent gradually migrates from the inside
to the surface of the resin molded product, so that much
time is required before the resinmolded product exhibits '
an eiectrical conductivity. Since the effectiveness of
the antistatic agent differs depending on the type of
the resin material to be used, it is necessary to select
a suitable antistatic agent for the resin material in
consideration of the gléss transition temperature and
crystallinity of the resin material and the
compatibility with the resin material. Further, the

antistatic agent which has migrated to the surface of



oxide or a carbon, or a mxture thereof and, since its speéﬁﬁmﬂe§9%®ity IS
supposed to be generally larger than 1, the resin nolded product is
supposed to contain at |east 20 w% of the electrically conductive
substance. Further, Japanese Lai d-open Patent Publication No. 62-1i 0917

di scl oses an electrically conductive conposite |inear body, i.e. a resin
nol ded product, in ' which a process enploying a high voltage of not nore
than , 10 kV is performed on a conposite |inear body obtained by disposing
a covering | ames ©ds b meBdbat ppgdaekyier often |deiRaie DAty {1od€i bwdy)
formed froma polymer (resin material) containing an electrically

conduct i ve substiancite aHoaealfict sbtaltiyncapglidthve otithstRode tdtetsi®g herein
is, for exanple, carbon black, and the anount of its use. is, for exanple,
20 to 200 W YpoddibIespeesing tbatamiglatticin tive (lod ysemicohdaveor t he
electrically conductive filler is generally nore expensive than the resin
mat eri al . Fordexiargl erodibhet poncpsocesdapan of pol ypropyl ene resin and
nodi fi ed pol yphenyl ene oxide resin, which are widely used for producing a
resin nol ded productin&he cppe of bipe e lyectoi gaehl k goadaclt OGO yéhtky,
respectively, at around the tine of filing the present application, whereas
the prices iren Heheoheerhandi nthapadesttydiqadh-annducehybby £abers and
carbon bl ack used as an s 03 ,June 200 electrically conductive substance
are appr oxi mektnsdpooly Viea/ kgpariedodor Fhe 0o Yemakdederpeductel y.
Therefore, since the resin nolded products disclosed in the above-nentioned
Publ i cati ons Sa¥hL it Plerdingge BFORST SMmoihte|etthe areydushduetive
filler mxed with a resin material, the resin nolded products will be
extrenmely expgenisise infobgill RS o dit}1kathepittetofiy agtnthbe
inparted. Particulagrly, where the resin | ded product needs to be inparted
with an el ectttess Wo%ﬂd%ﬁer ittcﬂ/ceﬁﬁbgﬁgbgget%o Lpapioq bptugen dhe

enhancenent of el ectromagneiic shieldability, for example, a gregat amount
of the condwﬁQQAP??*Y%rP%ﬁ%ﬁFdaﬁg %gae§%ﬁ£aﬂﬂ§qe %?riﬂfﬁialgﬁgo that the
cost of the resj nol ded duct _is_signifi ntly i.ncreased. ]I n,this case,
Che conducti votdhderE ePLPerChat ®as Wl ke Wil FESEReckMeb 1S

product may Qﬁﬁtngd'n&é %te]%iin”&é'@%ii%l%ﬁ"p%tjcﬁ‘ﬁt t%ié‘e %%&dgx%%‘jtxf?'ﬂeﬂe‘y oduct,

and is liable e releéase romthe€ resin no 0 ‘cause
contan nat i 0n.o MYHW Was 1 %nd el Py N1 ABLAR] RECAMAL S Yia3Pdd N the
above- nenti one apanese'féfds%pen éﬁt%ntagu I'i cation .t§3}§§gl cont ai ns
a | arge amount, Ofyddif GRIEMES ! ¥Lollibkenaln! SHO AL 1S i S S4ERRI!Y
influenced by the color of the conductive filler. Particularly, since the
resin ol ded productdiche @Bhtime, as a resin molded product

containing an electrically conductive filler, Japanese

Laid-open Patent Publication No. 63-53017 discloses a

resin molded product which is obtained by molding a resin

composition containing 64 to 80 vol% of a resin and 36

to 20 vol% of an electrically conductive substance, and

which has attained a desired resistance by applying a

voltage of not more than 1,000V. The electrically

conductive substance used herein is a particulate or

fibrous good electric conductor such as a metal, a metal



03 .June Q03 in the exanples of the Publication contains %?f%?%ﬁ?qgnnunt of

carbon fi ber or graphite powder as the conductive filler, the color is

i nherently black and it is extrenely difficult to freely inpart a desired
color to the resin nolded product itself. In the nmeantine, since the resin
nol ded product disclosed in Japanese Lai d-open Patent Publication No.

62- 110917 has a covering | ayer disposed on a core body for achieving a
color that harmnoni zes with anot her non-conductive fibers, the resin nol ded
product has a_t Iayer st ucture nade ?f thg bod nd t he, coverlng

| ayer, there8§l§govfd?nﬁa 2BrpPEx® BhE ?ﬁ%tlgﬁrePf ?2 b%f%c{ ¥f the

present inventign.taq enhange i he elect(i%gl conductlﬁ_txag eS|n nol ded

product and, SB%Ftllféﬁl% Yo% 8dbES e sur? e erreas]‘l St ancg of !H‘fé resin

nol ded produit EHh #gs%ﬁdﬁgiggd;E%é?q?gnléﬁcﬁgbé%ggt 399 Rndgctlve

filler to be ad e resirn roduit | s-anot het object of the

present [ nvepLLgn 5. ¢e@lde st Ll apfgypég LefglI Bl 0gn g, i o

el ectrical conéuct|V| Icularly a surface resi-stance hough t he

amount of the addedfﬂa%f' C3hbineaRdyaliv e ddd efcdite RIS I DI NG
i nparted with a col or. une 2003

No. 62- 110917 discloses an electrically conductive
composite linear body, i.e. a resin molded product, in
which a process employing a high voltage of not more than
10 kV is performed on a pomposite linear body obtained
by disposing a coveriAg layer of an insulating polymer
on a linear body (core body) formed from a polymer (resin
material) containing an electrically conductive
substance. The electrically conductive substance as
used herein is, for example, carbon black, and the amount
of its use.is, for example, 20 to 200 wt% with respect
to the weight of the polymer.

However, the electrically conductive filler is
generally more expenéive than the resin material. For
example, the prices in Japan of polypropylene resin and
modified polyphenylene oxide resin, which are widely
used for producing a resin molded product, are
approximately 100 yen/kg and 1,000 yen/kg, respectively,
at around the time of filing the present application,
whereas the prices in the same period in Japan of

pitch-based carbon fibers and carbon black used as an



ey
DI SCLOSURE OF TAE | NVENTI ON A resin nol ded product accor di n@p dunetd¥3pr esent
invention conprises a matrix "of a resin material and an electrically
conductive filler dispersed-in the matrix, wherein a content of the
electrically conductive filler is cower than 20 wt% and the resin nol ded
product has been subjected to a voltage application process enploying a
vol tage of not |lower than 20 kV and |l ower than a dielectric breakdown
voltage of the matrix. Here, the content of the electrically conductive
filler is, for exanple, not lower than 1.0 wt % and not higher than 16 w %
The el ectricallkyteardudlyi worddddteivassutsetaheeehbehapp doxrinexasp) e, a
collective filler electrical resistance of not nore than 105 (err)cm and
not | ess thaf,0002yearkgcrandiit®El et @@l | yenphdycriespeddilvesly s, for
exanple, fibrous. In this case, the electrically conductive filler has, for
exanpl e, an @hereferki bsindeatie¢ aresofn notldess prodact®. 802 clmsaddinot nore
than 15 E-em The electrically conductive filler has, for exanple, an
aver age resi thal abspectnendtiiomest Pudilil@ssidharedch awinhainnar darban 100, 000
in the resin nolded product. The resin nolded product according to the
present i nveampuntfeftdereboppricailyfoendnatpie, filéekoningdnuithi al
dispersed in the matrix together with the electrically conductive filler
In this case2 rhgip maggrigde Adv3 xrgwin rrebded evaductiovaiflil he s at
| east one of a fibrous carbon filler and a_fibrous ?rapthe filler.
Further, in ehtsergdy, expensdsia thawdy préestreduglegieiedlconprise a
masking material far masking a color of the electrically conductive filler,
the maski ng REPEPFARLVAEYHGaBi BpelmRyrtadt hePdRELFRLEE4E Y hEReFr: Bhehe
el ectrically conductive filler and the coloring material. The resin nol ded
product accoF@fhg Peldgd @ﬁ&ﬂ%ﬁtiqﬁﬁﬁﬁiQﬁl??pg%%?F§eﬂa§1§hsﬁF¥ace

resi stance of _.not |es .err) and n nore than 1012 err% . The

h 105
resin nDIdedebFﬁﬁﬁ&FaifEPﬁgﬁ&H&¥ Yi?ﬂﬂﬁﬁﬁ%ﬁ%evﬁlcﬁpﬁ Ched™etdrected to
th | t | icati [, oyi det. i ned | t
e Vo2 g gk Rkt L A B B Kl o o
resistance FQQQ?ﬁf%Zfﬁ;\ Q#@é %%&Inqéjg? Fﬁ%”&@ﬁ&h@@i@@ Fﬂgi%?lﬁﬁén{ﬁg‘)um of

t he conducti ve n ot her wor the reéesin nolde can

exhi Dt 2 Nl g0%ad &YYo Und L Gl SAMUNICLhi ARAPRELLCHEALRY 2 | over
t €

| evel of surtace resistance an those general l'y expect rom the anount

of the condu%;g%ﬁ .'t({hhhsa @%ﬁaﬂ&? st,e fggs{gerwﬂ@ﬁ&bfrinwaa&%ai.n | ded

product, in e content of t ectrically conductive filler is
reduced to tpg;3abeygeMeRhioRBAdLRRGSe FAN 1IN dt A & Ol n COTGLSRENdi Ng to

the color of a coloring

; amount in the resin mol@ed product may deteriorate
intrinsic properties of the resin molded product, and
is liable to be released from the resin molded product
to cause contamination.

Moreover, since the resin molded product

disclosed in the above-mentioned Japanese Laid-open
Patent Publication No. 63-53017 contains a large amount
of the conductive filler, its color tone is strongly

influenced by the color of the conductive filler.

Particularly, since the resin molded product disclosed



9 03 June 2003 material if the coloring material is dispQ?§B@??ﬂg%he
matrix. A resin nolded product according to another aspect of the present
invention conprises a matrix of a resin material and an electrically
conductive filler dispersed in the matrix, wherein a content of the
electrically conductive filler is lower than 20 wt % and the surface

resi stance of the resin nolded product after a heat treatnent in which the
resin nol ded product is heated up to a softening point of the resin
material and then cooled to a roomtenperature, is not |ess than 100 tines
as great as that before the h here, the.content of the

t, .t t {.
olectrical y ‘RotlScCrplmas & ithe OTRcAtIan” koptRdlidr & HAT9E 0 wt % and
not hi gher thanulqiwn96 The 5%?3&5@ rgsiséﬁﬂcgeofoaﬁe re§g Qplded pr oduct
after the reS§™?"Wo 3@dcﬁV%ﬁﬁ%t RS (1 LT 2R 5 ReVRELt 35 d4t%ent and t hen

to a vol tage appli6qL)op; pyacess, empl oyl ng, 3 ol iane of oty Lawet than 20

kV and | ower an a ctiri'¢ breakdown vVoltage o FiX,

typical l'y “dEs”ELErLQ$E¥¥é££¥Eéﬁl Neo gh&%{ %“8859?E9F8019§0¥9'tage

application process. resin nolded pro er conprrses,

exanpl e, a cql,064R9 QAL E ln%'rld%idsg%f&ﬁpcé N £ FREriX &9&%?&55%&»“ the
I'Ter. nol de

electrically conductive fi n this case, the resin product may

further conpyij$ee %Pe resin molded product disclosed in Japanese
Laid-open Patent Publication No. 62-110917 has a
covering layer disposed on a core body for achieving a
color that harmonizes with another non—conductive fibers,
the resin molded prbduct has a two-layer structure made
of the core body and the covering layer, thereby
providing a complex construction.

It is anobject of the present invention to enhance
the electrical conductivity of a resin molded product
and, particularly, to reduce the surface resistance of
the resin molded product, while reducing the amoun@ of
an electrically conductive filler to be added to the
resin molded product.

It is another object of the present invention to
realize a resin molded product exhibiting a high
electrical conductivity, particularly a low surface
resistance, though the amount of the added electrically
conductive filler is reduced, and being imparted with

a color.



IRt
U~ aur~e ~uu, ~ for exanple, a masking nmaterial for masking®39tes 890%f ¢ he
electrically conductive filler, the masking material being dispersed in the
matri x together with the electrically conductive filler and the col oring.
material. The resin nolded product according to this aspect has a | ower
surface resistance and can exhibit a higher electrical conductivity than
ot her resin nolded products containing an equival ent anount of the
conductive filler. Further, the resin nolded product, in which the anount
of the added conductive filler is reduced to the .above-nentioned range,
can exhibit a color corre sy h@ﬁnﬂs oloring material if
the coloring material is ?ﬁ%perseé&?ﬁh$ﬁ%ﬁﬁa r|x.T§P$esin nol ded product
produci ng nmethod in,a j, t resent .inventiagn conprises the
steps of : preparing %g%%ﬁgﬂ%gdégl%?%gﬁcgoﬁég?%?%ﬁga.?eék?13ég%ﬁq%1 and an
electrically; tiv Llhl.er s R t .Of lectrically
conductive fi- ngHﬁéngg?hkglggslgﬁggé%ﬁgﬁgggl%%%@ﬁb?%?%ﬁ??gegﬁ%ﬁﬁfng
material int RLS %FQEnIBﬁ SRaRG: £ AP RRE W Vol t | ower
than 20 kV a%&%lcovfe?: tlh n a gluel ectrfc Fea d%/fim%wlgsv%? ;ig'g{éﬁl%%‘aﬁreﬂ?'esi n

mterial, touhaeedhl 4b BRI nbel fock PGBy Andlct {Fe B Cal 1Y
r I to or

conductive filler in the nolding material 1s se e, exanpl e, not 11

ur~ rune ~uujz hower Lhan 260, % a0 ARL ALONCMd Ay 18- Mdae T nol ding

material further conprises, for exanple, a coloring material. In this case,

the nol di ng pRLAr isabj@tddirdder mrwgéea@pnfé&mngﬂsééég for masking a
color of the electrically conductive filler. The production nethod of the

present inveahplbying Whivell tage edemytrilae Y AHa020 SRild Abder a ol ded
material containing an electrically conductive filler, can realize a resin

mol ded pr odughagxhdiel eag rd clh ghekdedealolittrje 6ORUGRAYELY. arHbRay ticul arly
a | ower surface resistance than other resin nolded products which are
produced t hr ahghcantenteptfi echal epeedudidadrl yreicmahatiitve tfid luae iaf, an

equi val ent anount of the conductive filler. Further, this nethod, in which
t he content @&brtarawphduchoveldwer drham 1t.ie windl dndgnoatieirghed r ithareduced to
be I ower than a predeterm ned anount, can inpart a color corresponding to a
col ori ng nat ébi #itdt.o The edsichricpddy wosdwettiivie tfid repd disngrsmd eri a
contains the coloring material. An apparatus according to the present

i nvention i shegeiprbesicifiny exaepile ndl deblpebivetf idok miedesd raeal

el ectrically conductive filler at a proportign of |less than 20 w % and
havi ng a sur f&€&stagrest akc8o8f nage Fg§§ fQan** Y5 ansl mptagd@ssotthadr e t han

1012 (err) , a onprises a voltage application section for applying a
voltaée O% 1@0Qp(fc£P The electrigallgpconductive filler is, %%ry J

example, fibrous. In this case, the electrically
conductive filler has, for example, an average fiber
diameter of not less than 0.002 gm and not more than
15 pm. The electrically conductive filler has, for
example, an average residual aspect ratio of not less
than 10 and not more than 100,000 in the resin molded
product. The resin molded product according to the
present invention further comprises, for example, a
coloring material dispersed in the matrix together with

the electrically conductive filler. 1In this case, the
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U, 3 June | ~UU3 not |ower than 20 kV and |ower than a dielectric breakdown
vol tage of a resin nolded product containing the electrically conductive
filler at a proportion of less than 20 w% to the resin nolded product;
and transport neans for transporting the resin nolded product toward the
vol tage application section. An apparatus according to anot her aspect of
the present invention is also for producing a resin nolded product .
containing an electrically conductive filler at a proportion of |ess than
20 wt % and having a surface resistance of not |ess than 105 (err) and not
nmore than 10k dctiricakbng conpuésese #nlebectisoda fasapping NGF aa vol t age of
not |ower than 20 kV and |lower than a dielectric breakdown voltage of a
resin nol ded fiiladured corthem nf hgléhearteat Fibably eanguciteveffiléer at a
proportion of less than 20 w% to the resin nolded product; and transport
means for tramepdrds hgid hehiescasapl ded pesducmoticlsar pridunet esdy ode with
the resin nol ded product being kept in an opposedly spaced relation with
respect to tHerdheat coterisrerenaskhegtmanspbal freanmsdlsigy aurdédr Her e,
the electrode is, for exanple, an electrode set conprising a plurality of
needl e el ect eddddhe laladlisicabby tbmdapparet @3 Lflem hathecomakies, for
exanpl e, a spacing adjusting device for adjusting a spacing 13 u3 rune
~uu. s bet weematties idl lebeioded hade rAedrigs ithenpa o d xpregkicher (Wi tthéheeant i ne,

the transport neans is, for exanple, capable of successively transporting a
nultiplicityeéﬁCtrlcally conductive filler and the coloring

material.

The resin molded product according to the present
invention typically has a surface resistance of not less
than 10° Q/00 and not more than 10'2 Q/0O.

The resinmolded product of the present invention,
which has been subjected to the voltage application
process employing a predetermined voltage, can exhibit
a higher electrical conductivity and particularly a
lower surface resistance than a resin molded product
containing an equivalent amount of the conductive filler.
In other words, the resin molded product can exhibit a
higher level of electrical conductivity and particularly
a lower level of surface resistance than those generally
expected from the amount of the conductive filler
contained therein. Further, the resin molded product,
in which the content of the electrically conductive
filler is reduced to the above-mentioned range, can

exhibit a color corresponding to the color of a coloring



_ ~ 03 June 2003
- resin nol ded products-toward the electrode. In the resin nolded product

produci ng apparatus according to the present invention, the resin nol ded
product is transported toward the voltage application section by the
transport neans, and the predeterm ned voltage is applied to the resin
nol ded product in the voltage application section. Therefore, the apparatus
can increase the electrical conductivity of the resin nolded product
containing only a little conductive filler of |less than a predeterm ned
anount as nentioned above, thereby producing a resin nolded product having
a surface resissieaancel off ndie | @skothag hobefénn) iandikple rad® imathe
1012(err). O her objects and effects of the present invention wll becone
apparent fromatheif.ol | owi ng detail ed description. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a schematic diagramillustrating the construction of a
vol t age applicati onAdeeisdia e lxted ptodedt f accprddogt iton asfotzhersi n nol ded
product of the present invention; 14 U~ June 1UU3

aspect of the present invention comprises a matrix of

a resin material and an electrically conductive filler

dispersed in the matrix, wherein a content of the

electrically conductive filler is lower than 20 wt%, and

the surface resistance of the resin molded product after

a heat treatment in which the resin molded product is

heated up to a softening point of the resin material and

then cooled to a room temperature, is not less than 100

times as great as that before the heat treatment. Here,

the content of the electrically conductive filler is,

for example, not lower than 1.0 wt% and not higher than

16 wt%¥. The surface resistance of the resin molded

product after the resin molded product is subjected to

the heat treatment and then to a voltage application

process employing a voltage of not lower than 20 kV and

lower than a dielectric breakdown voltage of the matrix,

is typically not more than 1/100 of the surface

resistance before the voltage application process.

The resin molded product further comprises, for
example, a coloring material dispersed in the matrix

together with the electrically conductive filler. 1In

this case, the resin molded product may further comprise,

10
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Fig. 2 is a diagramshowi ng the result of a thernogravinetric analysis
performed on one exenplary resin nolded product; - _ Fig. 3 is a diagram
showi ng the result of a 14a u~ rune ~uu~ thernogravinmetric anal ysis
performed on a disk obtained in Exanple 1; Fig. 4 is a diagramshow ng the
result of a thernogravinetric analysis perfornmed on a disk obtained in
Exanple 2; Fig. 5is a diagramshowng the result of a thernogravinetric
anal ysis performed on a disk obtained in Exanple 3; and Fig. 6 is a graph
showi ng rel ati onshi ps between

for example, a masking material for masking a color of

the electrically conductive filler, themaskingmaterial
being dispersed in the matrix together with the
electrically conductive filler and the coloring .
material.

The resin molded product according to this aspect
has a lower surface resistance and can exhibit a higher
electrical conductivity than other resinmolded products
containing an equivalent amount of the conductive filler.
Further, the resin molded product, in which the amount
of the added conductive filler is reduced to the
above-mentioned range, can exhibit a color corresponding
to the color of a coloring material if the coloring
material is dispersed in the matrix.

A resin molded produbt producing method in
accordance with the present invention comprises the
steps of: preparing amoldingmaterial comprisinga resin
material and an electrically conductive filler so that
a content of the electrically conductive filler is set
to be lower than 20 wt%; molding the molding material
into a predetermined shape; and applying a voltage of
not lower than 20 kV and lower than a dielectric breakdown
voltage of the resin material, to the molded material.
Here, the content of the electrically conductive filler

in the molding material is set to be, for example, not

11
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the content of fibers and the surface resistance of disks obtained in
Exanpl e 14 before and after a voltage application process. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON A resin nol ded product of the present
invention mainly conprises a matrix and an electrically conductive filler
di spersed in the matrix. The matrix is conposed of a resin material and
nol ded into a desired shape. The resin naterial to be herein used is not
particularly limted, but any of known thernoplastic resins and thernoset
resins may be used: Exanples of the thernoplastic resins include:

ol yst yr ene 1 4GMRE Sha o1 Jadroh <ot dret rniofRer “EhaRnaBr i oTEbECs such
as 15 molding material further comprises, for example, a
coloring material. 1In this case, the molding material
may further comprise a masking material for masking a
color of the electrically conductive filler.

The production method of the present invention,
in which a predetermined voltage is applied to a molded
material containing an electrically conductive filler,
can realize a resin molded product exhibiting a higher
electrical conductivity and particularly a lower surface
resistance than other resin molded products which are
produced through a conventional production method with
the use of an equivalent amount of the conductive filler.
Further, this method, in which the content of the
conductive filler in the molding material is reduced to
be lower than a predetermined amount, can impart a color
corresponding to a coloring material to the resin molded
product if the molding material contains the coloring
material.

An apparatus according to the present invention
is for producing a resin molded preoduct containing an
electrically conductive filler at a proportion of less
than 20 wt% and having a surface resistance of not less

than 10° Q /[0 and not more than 102 Q/{J, and comprises:

a voltage application section for applying a voltage of

12
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03 June 2003 acryl -but adi ene-styrene resins (ABS), polyphenyl ether resins,
pol yacetal resins, polycarbonate resins, polybutylene terephthalate resins,
pol yet hyl ene terephthalate res ins , nylon 6 and nylon 6 , 6 ; and ultra
engi neering plastics such as pol yether ether ketone resins, polyam de
resins, polyimde resins, polysulfone resins, 4-fluoroethyl ene-ethyl ene
copol yner resins, polyvinylidene fluoride resins,
4-fl uoroet hyl eneperfl uoroal kyl vinyl ether copol ynmer resins, polyether
i mde resins, polyether sulfone resins, polyphenylene sulfide resins,
nodi fi ed pol yphenyl ene .oxi resins ol yphenyl.ene ether resi and liquid
Crystalline Bt hovER G of AP 3halt ok et YRR pE AT e Sie R S ek RBnol
resins, epoxy resins, polyimgde resing and.unsaturated.pal yester resins.
The el ect 11 cXPTy bt Ve T 1 BFTAFE BF 22T PRE-ARARE RS [y i cal Iy
useful to i rt e I L t W e rical cond Lvity, and
is a netal ng !%Ieé:rt%ﬁac_%:lg%o%r?qﬁ‘fﬁglr?é %Ln@teaﬂaé%% éggéngﬁiog g?l #‘3%5 a
met al - coat ed dhor 88Nk E4 11 £ e TSAPABIGAN BoHNREIADNE ELLASRORE 3
graphite-coated inorganic filler, or a mxture of afy two or refillers

sel ect ed f 1 oLes ol ahspdal eheOkeblf MBI ALl bLbALCENELULEATI ] ers

conposed of silver, copper, Iron, num u~ ~urre wu3

stai nl ess stegle 3R dddb W Se: cEXPIR! 8scRiohhe carbon filler include
fillers conposed of carbon materials obtained by firing carbon precursors

such as pol yacryl onjphr hbgaﬁ%h@saebb%inﬁy@el ah88hB$. hayestapg Lhgnin,
carbon bl ack, acetyl ene bl ack, ketchen bl'ack and graphite. Exanples of the

net al - coat ed peGAHIC iflddAfidGldda s €kel pesatiednyesi Rebiihl R $ac&xanpl es
of the metal-coated inorganic filler include nickel-coated mca fillers,

si | ver - coat egpreldass: tohltaishiny 8A1d1LEEORE €4l Dy ashduddieres £inilekehtpl at ed
glass fillers and nickel -plated carbon fillers. Exanples of the

car bon- coat ed promaticd idf eledcthmie TAEIDON - Do itedh Podassswntacéanat e
fillers. Exanples of the graphite-coated inorganic filler include
gr aphi t ecoat e sficttagsicaimaft incmndies s ithaer 40° TAe (Af andsabd monduthane filler
may be in any one or nore of various fornms such as particulate form flake
form whi skel0fbdr@/ddd &nbr compidsms :bwn tdiedtorard Wereoippby oy 2
particularly limted. Exanples of the particul ate conductive filler
i ncl ude: sil verlyeasderf rnuppkewpowtean AP ckEl apdwdeweri tbanpewder and tin
oxi de powder as the netal filler; silver-coated glass beads as the
met al - coat ed diigdagdiiic bindaddown ¢ oddrassn ol ackepdidepldedapyednetp| ack
powder and ketchen bl ack powder as_ the carbon filler. Exanples of the flake
conductive 1contginjimue tlppelectrically conductive filler at a

proportion of less than 20 wt%, to the resin molded

product; and transport means for transporting the resin

molded product toward the electrode with the resinmolded

product being kept in an opposedly spaced relation with

respect to the electrode, wherein the transport means

is grounded.

Here, the electrode is, for example, an electrode
set comprising a plurality of needle electrodes. In

this case, the apparatus further comprises, for example,

a spacing adjusting device for adjusting a spacing

13
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filler include alum numflake and ni ckel -coated m ca flake. Exanples of the
whi sker conductive filler include carbon-coated potassiumtitanate whi sker
as the carbon-coated inorganic filler, and graphite whisker as the carbon
filler. Exanples of the fibrous conductive filler include: filanments and
short fibers of alum num copper, stainless steel and the |ike as the netal
filler; alumnumcoated glass fibers and nickel-plated glass fibers as the
netal -coated inorganic filler; nickelcoated resin fibers as the
nmet al -coated organic filler; and carbon fiberssuch
aspol yacrylonitril e-based_carbon fibers, isotropic pitch-based carbon
fibers, ani s®YHER fhechlpgbeadearpdihs fasin eq piogketed dar bon
fi bers, rayon-based carbon fibers and |ignin-based carbon fibers, and
graphite fibdite FeaHelMer e f1FIRFPOTRMERBEL AfcalidF iR S ve filler to
be used in the present inventiqn Rreferably as a collecgtive filler
el ectri cal ré§¥§¥§ﬁb8fofuﬁ8Fsﬁ6V§ YhEh2PFEOLT G AEL Giedd Hifahofo-2 L~
cm nore preferabl 0 re than 104 ~2 cm.and.not |ess than 10-2 ~ cm
because a smdil%er” ir}?glﬁﬁc{%rq TR e AT R bl P2 818G el ectri cal
conductivity, particularly a lLow spurface resistanc in a_resin nol ded
product. The tern1"gglﬁé%tfﬁﬁl?iT?g?egﬂ%ﬁ &?8§Ipf%§P§%3ﬁc3ppﬁ§P§Pﬁ nmeans
the electrical .St ance 8 03, J a |l ective bul k) of

I CJO%sdlél&qlo eﬁ{el ljx?reset?t i’ﬂx?eg?%n “Re erer?ojlraengosgc?

an el ectrically conductiv er- contarnedin a resin Bduct,  but

he el i ' ' ductive filler. Th
Col oot ve { FHERy gt Fralihas B ahal T Sl JEFeaaE BP R Rt iph g

manner. Fir st rhcal j ' 0 S ' as a
0.8-cm di anetsgrcatilhoslogj h-%gﬁag %ﬁcﬂwftﬁd%ﬁybgrtl%rtl%glrpgéﬁgtgﬁh&gﬁg end of
the through-RQligdR GlOSgHMdD @ GIHRPEre£1£Ghé PAEA %PSHucQ- IndtRk a

col l ective conductive filler is filled in the through-hole, and a copper
press rod is Jdis@idedppllieattien Bee¥gbnhol enbramoie ehlek gaéatth%r eof to
press the collective conductive filler with a pressure of 8 kgf/ cng,

t hereby fornigag amoredBditde fdild@iriadi nesidude Feasyr bRgthaskewamnt is
connected between the electrode and the press rod in this state to neasure
the el ectricalordsi Pravtie:©fcdita tolhgcéhYe aonduellievedrddetiwonpressed in
t he through-hole. The collective filler electrical resistance is determ ned
as a vol une rdgilshmepgel ésscthaba gredéitrgntiiednaducit ak mbativasdr ed

el ectrical resistance and the area of an end surface of the filler cylinder
(i. e. , 0. 4bovegnthelrphyherbdughiing X capin tmhédadapuningti haviugent to be
used for the neasurenent of the electrical resistance of the collective
conduct i ve fid Iser fiaseprefsdsabinceob ft hott fesswthem 19°afaftledntond® 03
June 2003 subtract a blank electrical resistance level , 1 . a . , an

el ectrical rasirs e |160/8] Qolltdai ned when the el ectrode is kept in direct
contact with the press rod, froma neasurenent. For exanple, a digital

mul tineter "R6552" 8thagyaekiestscand afifiectmyobetappsgeentThe col | ective
filler electrical resistance to be hereafter nentioned is the vol une

resi stance ofinventdsenbill diecrromprarebts fEpar thet &odilmeding this

manner .
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram illustrating the
construction of a voltage application device to be
employed for production of a resin molded product of the

present invention;
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The electrically conductive filler is preferably a fibrous f?ff%ﬂ%zuos
particularly an extrenely fine fibrous filler having an average fi ber

di aneter of not less than 0.002 um and not nore than 15 gum Use of such a
fibrous conductive filler can realize a desired electrical resistance,
particularly a small surface resistance, in a resin nolded product with a
smal l er anount of its use, and furthernore it is easier to freely inpart a
desired color, particularly a vivid color, to the resin nolded product with
the use of a later-nentioned coloring material. Here, if a super fine
fibrous conductive fgiderohayi g rage fiber _dianeter of not |ess than
0.002 ~cm and not nnrééth%n§§ gcﬁ?gggégb NQWING theikesebtiapart a vivid
color to the tR&tRo # . Wi.th the use of the | ater-nenti oned
coloring material, ??gé?ﬁﬁ?fﬁgﬂ?%ﬁyy%ﬁﬁgQ)r PR LrheM ¢ oHERIRABKY ng
material, everesint@elaendpebiaved.iller is a fibrous 20 . 03 June 2003
carbon filler or a fibrous graphit'e filler nmade of a black carbon material .
An exanple of a suparidine {i uGt filler havi an aver age

fi ber dianeter of abo&i O.OOZQiqgiﬁg??g %h§§2ﬂ9m$h?tﬁﬁ§Q$gd€5ﬁane of
Hyperion Co. , Ltd. ) which is a kind of fibrous carbon. If a fibrous
filler such as nentioned above is used as the electrically conductive
filler, the resin nolded product of the present invention is preferably
produced so that the average residual aspect ratio of the conductive filler
is not |ess than 10 and not nore than 100 , 000 , nore preferably not |ess
than 15 and not nore than 10,000. If the average residual aspect ratio
beconmes |l ess than 10 in the production process of the resin nolded product,
there is a fear that a desired electrical conductivity, particularly a
smal | surface resistance, cannot be attained unless the anpbunt of the added
conductive filler is increased. Conversely, it is generally difficult to
produce a resin nolded product having an average res idual aspect ratio of
t he conductive filler exceeding 100,000. The residual aspect ratio herein
means the aspect ratio (fiber length/fiber dianmeter) of the conductive
filler after the conductive filler is mxed with the above-nentioned resin
mat eri al

14a
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and the resin material is nolded, but not the aspect ratio 21 03 June
2003 of the conductive filler before the conductive filler is mxed wth
the resin nmaterial. Here, the residual aspect ratio can be determ ned, for
exanple, by thermally deconposing the resin material constituting the resin
nol ded product or dissolving the resin material in a solvent to separate
the conductive filler fromthe resin nol ded product and neasuring the
average |l ength and the average di aneter of typically several hundred fibers
in the conductive filler by nmeans of an optical mcroscope or a scanning
el ectron m cridspopryrahine bsia ans Ml p pedifaredd oiea stisske pbtiadwest | on may
further contain a coloring material dispersed in the matrix together with
t he above- nerth deltbhductive filler. The coloring material serves to
inmpart a desired color to the resin nolded product of the present
i nvention, so that FRE-kithdof2 theadr®rshgwiagethsl resuddt ofarricul arly
limted as long as it i s non-conductive. The col oring paterial nay be one
of a variety GPEIEAECDF Hhihadahe + H BRI et oRehtdisERRpiesdof
preferable organjc pignents to be used include azo-based pignents such as
napht hol red* 6%8%&%@% g&o-yelIOM/and condensed azo-r ed;
pht hal ocyani ne- based .pi gnents such as copper . pht hal ocyani ne ue and copper
pht hal ocyani ne gree%}g dohde B%FyQEEVFngggﬁeﬁ§§“&&cﬁggf

di ant hraqui nql,yl_red, _thiojndi go eri none orange, 22 .. 03 ne 2003
peryl ene scar AT HLATHERE SHR D b0 DoAY Rona YTk gREained

qui nopht hal o BW and. p ol e red. Exanples of preferable inorganic
pi gnents to gglégéi |ﬁ%?ﬁﬂégééide pi gnents such as zinc white, titanium

oxi de, red oxide, CS*%%{JE soé%ﬂgwgﬁgﬁtégg&%a i‘%?ag%i'sﬁligsglﬁgt%‘étafni de

pi gmrents such as ca mye admumre i cat ments such as

ultramarine; (G BBRRLA th M SHAA A% SoFHAHD £aLPARELE SNERRQSPhat e
pi gnents such as manganese violet_ These coloring materials are preferably

suitably sel et ded userkimsaStdehakbel Afnd mmals hi lydpaddh the resin
material to be utilized, and al so these coloring materials may be suitably
m xed for useplidSatibRChiey¥Eesa. desired color. |If the above-nentioned
coloring material is contained, the resin nolded product of the present
invention may further contain a masking material, which is dispersed in the
matri x together with the conductive filler and the coloring material, for
maski ng a col or of tEITITREIDESCRIPTEON OFec THES ANVENTION | al herein used
serves to prevent the color of the resin nolded product inparted by the
coloring material fmrRomebénngodbieecpeddayrtt b€ chleoprekenlte ingrddidbnve
filler, and to allow the resin nolded product to exhibit a vivid color of
t he col ori ng meitreky abmpTlis eves kiafyr imeed anh €lectxrically conductive
filler dispersed in the matrix.
The matrix is composed of a resin material and
molded into a desired shape. The resin material to be
herein used is not particularly limited, but any of known
thermoplastic resins and thermoset resins may be used.
Examples of the thermoplastic resins include:
general-purpose plastics such as polyethylene resins,

polypropylene resins, polystyrene resins and

polyacrylstyrene resins; engineering plastics such as
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"v 03 June 2003 preferably non-conductive and has a white partlu?:u?ate form

Specifically, titaniumoxide, mca, talc or calciumcarbonate is used, for
exanple. In the resin nolded product of the present invention, the content
of the above-nentioned conductive filler is set to be less than 20 wt %
preferably not less than 0.01 wt% and | ess than 20 wt % nore preferably not
less than 0 _ 1 wt% and not nore than 18 wt%, still nore preferably not

|l ess than 1.0 wt % and not nore than 16 W% If the content of the
conductive filler is not less than 20 % the costs of the resin nol ded
product w || derfi-¢gbhutadiénetbeyrehe eesdust (ABSHI, | pelyphgnbe &eheased from
the resin nol ded product to cause contam nation. Myreover, the color of the
resin nol ded groie}; pblyabetalr eeglins nfdalgncexbbyatberesliars ,of the
conductive filler, so that it will be difficult to set the resin nol ded
product to hgwelybueglerd tekrephthalespondisignsd 0 pbkyethgileak t he col oring
material even if the nmasking material is used. Further, if the conductive
filler is partémeplitibalabhereesing, feplonhatantenybehafi €al asdrehgta of the
resin nol ded product decreases’. On the other hand, if the conductive
filler is fiBngineehitngepilastdcdedushodsctpdly¢therectbebekadioped, and
there is a fear that the surface roughness of the resin nolded product wll
i ncrease to QTN Br Pod VAL A regd@ssnpelnihgide psingz RRAKSWbOSNGhe
contents of the coloring material and the masking material in the matrix
are not parti%ef¥nsy 1rElvegoeshyleae wEhlans |gorelyRes rRsddEor dance
with the chromaticity and brightness of the color to be inparted to the
resin nol ded %M{HYlPP%P@rggP?Flfjﬁe resitieht sﬁaﬁ%‘*“??ﬁ?éﬁﬁ?rl&e‘f fined so
as not to deteriograte various g{égperties of the resin nolded product to be

i nparted by RRFTETOHEFEL G NEbRITTGWRP LR het§3 0 s sRRA¥SER#Fy, the

content of the .ccPlorin mat er | al Ls preterably set to be nqt Iefs than 0. 1

W% and not  iOHER HerEha 5ol JechRsr BELFRRS, KeRinay BsBRIRAITE 2 we it

and not mare §han, . Ot of pLe ceiolt ofithe Tesin, polided argduct . The
y 0

content of the masking natefial TS prefer & ot “F83shan 0.1

wt % and not 9 r refer nat. ke wt % and not
nore than 5. ?W@%%’é%é%’g‘%? gﬁgtl e raglg %l%'fldéedé% %gggtlgnéere, si nce
titani um oxi st i er.| I Sskin ial can
serve as a pﬂ%’tlﬁgﬁ%ﬁti oér}%:“g{?% %/slt99 gﬁ%egbglrmmglsgteé;q:pro uctg%‘g%%géni ng a

arge amount e idi 3 UMEXI dBols Hedind | QI AXId 26023Rd daier | or at ed

under radiation of lig her ef Or e, titani'lumoxide 1s to be used as the
col oring mat &l Pfatd® PBEYLAGFRLESYs . the content thereof is

preferably as small as possible, and is preferably

The electrically conductive filler dispersed in
the matrix is typically useful to impart the resin molded
product with electrical conductivity, and is a metal
filler, a carbon filler, a metal-coated organic filler,
a metal-coated inorganic filler, a carbon-coated
inorganic filler or a graphite-coated inorganic filler,
or a mixture of any two or more fillers selected from
these fillers.

Examples of the metal filler include fillers

composed of silver, copper, nickel, iron, aluminum,
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25 03 June 2003 limted to be about 0. 1 to 2.0 wt % of the weight of the
resin nol ded product. The resin nolded product of the present invention has
been subjected to a voltage application process. This voltage application
process is performed on the matri x conposed of the above-nenti oned nol ded
resin material containing the conductive filler and optionally the coloring
mat eri al and the masking material. The voltage to be applied in this
process is typically set to be not |ower than 20 kV and | ower than a
di el ectric breakdown voltage of the matrjx of the resin nglded roduct,
~i.e., the reStRIESH Ateohdd FithG*RE nafreRPisi%erdr 48Ry CREPOFower t han
20 kV and not__hi.gher, than 50_kV, If the applied voltage is |ower than 20
kV, the el ectri r(ﬁﬂ%hﬂﬂ?V?%ﬁl% Stﬁ%mP8ggﬁ | FEF b At ok the present
invention may. not. be increased to aplevel ﬁreater t han that expected from
the content &P oMY | $REPO FRFERBE S % FeF U t34fe el ectri cal
conductivity _cgn be increase there w | e robleminits
epr oduct bi | FEYYACHRISTUS T8 FeRRas, b beR” iRt 2rdr  iaver Aed
di el ectric breakdown voltage of, the frix (resin Lal), . the resin
nol ded pr oduc%tlgrrr’ra{'ﬁ1 ’bcéaﬁ%'S g’)ﬁl.acllﬁ'ealcg\%le&e gﬁgc&'e@(&:ﬁ‘?g %lraecalﬁag\(}/n
vol t age, whi s :yni qu h_r-esi iLal n ngd.i arious
handbooks fo%quégﬁg%cegx%ﬁgﬁ%% Ofgghgyﬂ§£§gogogfgﬁégtgf%g%rgékgg%n vol t age
Levels I1sted i) e daibaokss G4 1YPIAALLY1EXRT CSEREnpled YRl knal M/ m
for 1-mthick products nolded fromresin materials, sp that the dielectric

breakdown vol3ga J@led Si A& 2D ¥i £ab Ul ket deN MO danseamth the
t hi ckness of the resin nolded product. The period for this process is not

particul arlygliicd trad1d0y, | $11vPicabh¥eabgibst tra 130y, GOQsaRANdS,

preferably about 5 to about 60 seconds. Even if the voltage is applied far
nore than 60QcsteenNdaadhe aliealy, alclkondsratait ylabst Ber1essnangl ded
product cannot be increased to higher than a certain |evel, and such

vol t age appl ndakiedn pla e caducbocafil Nexs, amxaxplasabifomhei || be given to
a production nethod for the resin nolded product in accordance with the
present i nverbirbon-faaadted timrgsiic nfil dieal incthedel ectnbageldoated

potassium titanate fillers. Examples of the
graphite—-coated inorganic filler include graphite-
coated potassium titanate fillers.

The aforesaid conductive filler may be in any one
or more of various forms such as particulate form, flake
form, whisker form and fibrous form, but the form thereof
is not particularly limited. Examples of the
particulate conductive filler include: silver powder,
copper powder, nickel powder, iron powder and tin oxide
powder as the metal filler; silver-coated glass beads
as the metal-coated inorganic filler; and carbon black
powder, acetylene black powder and ketchen black powder

as the carbon filler. Examples of the flake conductive
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conductive filler, and optionally the coloring material and93Héna®d ng
material are m xed together for preparation of a nolding naterial. The

m xi ng anmount of the electrically conductive filler in the nolding materi al
is set to be less than 20 W% preferably not I ess than 0.01 wm % and | ess
than 20 wt% nore preferably not less than 0.1 wt % and not nore than 18
w% still nore preferably not less than 1.0 wt % and not nore than 27 03
June 2003 16 wt% If the coloring material is to be used, the m xing anount
of the coloring material in the nolding nmaterial is set to be not |ess than
0.1 wt% and not nore than 5.0 wt% preferably not less than 0.2 wt % and not
nmore than 2. GvtPer Fliié¢hede hliukbiGuiBFliarg maiemiddkdis-dsathel usesh the

m xi ng amount of the masking material in the nolding material is set to be
not | ess tharfihke Wt ®:anth noé &POr ehé hahiiRewt pnpoueterablfiinelr | ess t han
0.2 wt% and not nore than 5.0 wt% The nethod of m xing the resin materi al
and t he conduatcMedd iddmrorn-comwted prattiacd iam ¥ ilthaiattedeh Foke eXxaphe, t he
conductive filler may be supplied by neans of any of various known feeders
and t he |i ke, cartbrot eraieed iridrddmei ¢ ddild gmt endagraph i tdivhitskex; ashe .
viscosity of the resin material may prelimnarily be adjusted as required

f or enhancengite gfankon diislpersi biBxamplofs tdfe thendubtroue Eohflective t he

nol ding material contains the coloring material and the masking nmaterial,
these may be fiildegr vindiude: fddiamendiseringl skonbl f dreouoifyahiunhntihe
electrically conductive filler by the aforenentioned nethod. In this case,

t he col ori ng 9RAREY als tadd kefs ahsRlmpdnther I ke asetbe spsraslefilherhe resin
material together with the electrically conductive filler so as to color
the nol di ng rekwEringmrecated| glagsr fFddpasdiang 2d ckedzplatedaRad the type
of the utilized coloring material. In turn, the resultant nolding materi al

i s nol ded i ntidtRexfes3s ebihenaptalscgated ingrgenic fdlhedr: f¥sklous form
for production of the resin nolded product. Any of various known nol di ng
met hods such SR HEEEH ﬁ&lb&rﬁg,asi‘Eﬁ‘%éﬂ?%—rﬁyacﬁ?fboiﬁ&ndﬁsfl%?ai?ng may be

e e T L S A
Gii1 2ed ool gt gl oy bar e etk Cobbe, oL q mcerial contai s
g eriafl, n e | a vivid col or
cor espond g 0E L LEENCRLBL S TR I RS R RARTY
based carbon fibers, rayon-based carbon fibers and
lignin-based carbon fibers, and graphite fibers as the
carbon filler.

The electrically conductive filler to be used in
thepresentinventionpreferéblyhasamxﬂlectivefiller
electrical resistance of not more than 10° QQcm and not
less than 1072 Qcm, more preferably not more than 10* Q
cm and not less than 1072 Qcm, because a smaller amount
of its use can realize adesired electrical conductivity,
particularly a low surface resistance, in a resin molded

product. The term “collective filler electrical

resistance" herein means the electrical resistance of
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Then, the resultant resin nolded product is subj ected to tQQQWRﬂ%QQSe
application process . Wth the resin nolded product being grounded, an

el ectrode is positioned above the resin nol ded product, and an AC voltage
or a DC voltage is applied to the electrode. Wiere the AC voltage is
applied, a frequency of not higher than IMHz is likely to enhance an

el ectrical conductivity inproving effect and particularly a surface

resi stance reducing effect. On the other hand, where the DC voltage is
applied, the polarity of the voltage to be applied to the el ectrode may be

positive or nggabiyectRWk Radd fb@ﬁkﬂ%@_%?%&?@ﬂéé(ﬂyo $§&§ci:ng|€”e

likely to enhance the electrical conductivity inproving effect a

particularly ghe)ayr £8R€aiR8HSIANE G dLGNUL] rYdudt Ibdt soherRLi cal ly
illustrates the construction of one exenplary voltage application device to

be herein usedjebt®icad HeSif e MILACTHIUACESS fige APPREALHSvACCOr di ng
to the present invention. i In Fig. 1, the voltage application device 1

mai nly conpri ges1arVol fRE-SP€REE T 1SRG kAR cErididl ReblidaRsRId idevice 3
(i.e., transport_neans) for a resin nolded product M The vol t age :

application sgeteemnidediin YheOHYllskbimy wheeérodersesti oand and a hi gh
vol tage generator 6 connected to the el ectrode section 4. The el ectrode
section 4 hasedechousicadly dpemilatitmdsabdy hes tpaepaoetl dadicte hhs and an

el ectrode set 5a including a plurality of needle el ectrodes proj ecting
downward i n t@e8homsdiagneteihehmsgyinthdl «afoveedi tal khebeemmead by neans
of an elevator Sb so that a spacing between the resin nol ded product M and
a distal porttbarebft hand| ene¢ ragut ofeth8athsoadh—bstlablie clémed wisthction
devi ce connected to an ozone renover not shown is provided in the housing
5. The hi gh val cappegerdeattaodd.i sThenACOor> RC df gh wollagtiyener at or

havi ng an overcurrent preventing 30 03 June 2003
conductive filler is filled in the through-hole, and a

copper press rod is inserted into the through-hole from
the other end thereof to press the collective conductive
filler with a pressure of 20 kgf/cm?, thereby forming
an x-cm high filler cylinder. A measuring instrument
is connected between the electrode and the press rod in
this state to measure the electrical resistance of the
collective conductive filler compressed in the
through-hole. The collective filler electrical
resistance is determined as a volume resistance (Qcm)
by dividing the product of the measured electrical
resistance and the area of an end surface of the filler
cylinder (i.e., 0.4’mcm®) by the height (X cm). The
measuring instrument to be used for the measurement of
the electrical resistance of the collective conductive

filler is preferably of the type which is adapted to
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function, and incorporates a slidac or a thyristor regulatop3ﬂ6?e§QQQBting
a voltage level to be generated. On the other hand, the transport device 3
is adapted to successively supply a multiplicity of resin nolded products M
to a lower side of the electrode section 4, and is conprised of a belt
conveyor having an endl ess belt 7. The endless belt 7 is, for exanple, a
nmetal belt or an electrically conductive resin belt, and grounded

(earthed). The endless belt 7 is driven by a stepping notor 8 operative by
a predeternined degree per unit time so as to be noved in an arrow

direction inf 3 éerft Eh%l esd 01 3: u:pltsst%{llgglfgvé{anﬁpgrée% are each

st opped under t ect rode section a predeterm ned’ perro p| cally

about 1 to atéqtécéggp iee%%qssta%é %%ellyoa%%eﬁa eAPOKL e%éecoqge . The

operation timng st eppl ng not or I's variab y set in accordance with
the tinme requig qddor; f@ly@&assnegeb %@ttho%h%rciﬂeéé opoghespggi § ol ded

product M The stepping notor I's connected to the high voltage generator

6 of the vol tage anpldcat i %Lse&ralngrleZ w@l@legﬂtnﬁpiéﬁﬁeeeﬂi&wﬂol ler 9
i s adapted.t.o send an. electric signal (control signal) to the voltage

appl i cation $8ChiadAante3® @8 .1 0LA4t URlf Bdeup i1y ! t agfe gRNaratoryd for the
predeterm ned period when t he stepping notor 8 transports the resin nol ded

product M 31 £i10%J €N 20T ANGRs ittt £ald ode hee@a e ¥ meWisidhdde
vol tage application process is carried out on the resin nolded product M by

means of the iwkhageo bppéixadi oranleyice the hbschblly ¥6l4d agadgensanat or 6 of
the vo~.tage application section 2 is first actuated, and the slidac or the
thyristor reduldter destapeiméddihothés mbhanleavel of the voltage to be
generated, i.e., the voltage to be applied to the resin nolded product M
As nentioned befor eThehelgotragelily dendectheeefitlavtis puerfertariy?0 kV and
| ower than a dielectric breakdown voltage of the resin materi al

consti t uti ngat hebrewsnt inbl eled perrddumtl v 1 peef extbepedyt £inediktvars 20 kV
and not higher than 50 kV. The stepping notor 8 of the transport device 3

i s operated tfidlikembpying dn anexage ifciher ofiametier ofl et e wsudtan M pl aced
on the endless belt 7 successively to the |ower side of the el ectrode
section 4. Wiel® hé M énidhnadimele gltiude Mt s tUYsheforuel a Fiteuswer side
of the electrode section 4 by the operation of the stepping notor 8, the
control | er 9°§é¥ﬂi&c‘é‘ﬁ’%p%¥]a¥?’6ncéﬁnﬁﬁﬁéllizﬁ tahélerﬁ’dT?Q/o‘F %ﬁgrb‘éﬂer at or

Thus , the voltage of the predeterqr& ned h| E | ev fromifhe high voltage

generator 6 |r§sdpsdﬁ%qf'té’at‘ﬁé% %6l TBaL pridh ?cﬁ/lzf%%h‘f%"i'j“ﬁ dé t he

el ectrode section 4 by i ol SELL0UR S5, $Ra ed RRGRAEISEL LD NeE pori 00

and furthermore it is easier to freely impart a desired
color, particularly a vivid color, to the resin molded
product with the use of a later—-mentioned coloring
material. Here, if a super fine fibrous conductive
filler having an average fiber diameter of not less than
0.002 gm and not more than 2 yum is used, it is easier
to impart a vivid color to the resin molded product only
with the use of the later-mentioned coloring material,
i.e., without the use of a later-mentioned masking

material, even if the conductive filler is a fibrous
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32 03 June 2003 period of the stepping notor 8. Ozone gen@BatBY200% i ng
the voltage application is sucked out of the housing 5 by the air suction
devi ce, and processed by the ozone renover. Wen the stepping notor 8 is
subsequent |y operated, the resin nolded product M subjected to the voltage
application process is transported outside the electrode section 4 (to the
right in Fig. 1) by the endless belt 7, so that the next resin nol ded
product Mis in turn positioned under the electrode section 4. Thus, the
vol tage application device 1 perfornms the voltage application process
successively on the multiplicity of resin nolded products M In the voltage
appl i cation pradgdon fidles qr efeibeens gaepitcs padileg edevedn blecdi st al
portion of the electrode set 5a and the resin nolded product Mis properly
set in accord&ifEPm tHrteelabl t age application conditions, the |evel of the
voltage to be applied, the type and shape of the resin nolded product and
the type and anpunt 8f ekéreilectas GlgypPebniileei fébrpnsecondncaiived in t he
resi n nol ded product by adj usting the vertical position of the housing 5
by neans of t Hd1disdy #Roiinsh an\g¥eEage, Sibsfe ddrmetegood aborkpli-882t o t he
resin nol ded product in air, for exanple, the sgacing I's set in the range
of 20 to 100nmH# Mptef'dRanioR ( Fhsphradesnamgof fhy e (Go -thEtepacing i s

smal ler than 2 qvercyrrent |s_|jable to occur. Conversely, if the
spacing is gré%$g$lfﬁhﬁ’¥65H£1°%h%l%F?%§tC8F PRe vol tage application
process rmay be alnDs&flgs%ibrous filler such as mentioned above is
used as the electrically conductive filler, the resin
molded product of the present invention is preferably
produced so that the average residual aspect ratio of
the conductive filler is not less than 10 and not more
than 100,000, more preferably not less than 15 and not
more than 10,000. If the average residual aspect ratio
becomes less than 10 in the production process of the
resin molded product, there is a fear that a desired
electrical conductivity, particularly a small surface
resistance, cannot be attained unless the amount of the
added conductive filler is increased. Conversely, it
is generally difficult to produce a resin molded product
having an average residual aspect ratio of the conductive
filler exceeding 100,000. The residual aspect ratio
herein means the aspect ratio (fiber length/fiber

diameter) of the conductive filler after the conductive

filler is mixed with the above-mentioned resin material

and the resinmaterial is molded, but not the aspect ratio
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Al t hough the aforesaid voltage application device 1 include§3tyae 2003
multiplicity of needle electrodes as the el ectrode set 5a for the voltage
application to the resin nolded product M the el ectrode set 5a may be such
that a plurality of semicircular electrodes or a plurality of planar

el ectrodes are arranged therein. Further, where a single planar el ectrode
conformal to the shape (size) of the resin nolded product Mis provided

i nstead of the electrode set Sa, the voltage application process can be
achieved in the sane manner. In the aforesaid voltage application device 1,
the voltage is _applied to the resin nol de roduct Mfromthe el ectrode set
5a with the eﬂﬁlgg§ B@Pgu?§5§3n§idﬁéﬂh&§333g?tE?ﬁaf?Q@P9F1Yﬁefﬁ4é§ént

i nvention may, be enbadied w%%% such, an arranggnent that the resin nol ded
product Mis LFfafsp6rt 8d thn tife &R B L9Y - belSERn ERBaFfSdfustanar

| ectrod ' f. el ect ts, With I it f dl
ol ot r odes GoRRRBEEFHIGHY RATHGASFERITI dof SET BB P o eEedL
therewith. Th ehi h goltagg geng&ator(5§§%%he VO tgggiagpghcation device 1
may be consti u?8§p8ylggh|gﬁ 58I1§bgw3%3 RS2 Bl $8€g&f&r-8t or or
an Lpul se vohi98aIRNBHALAY o TN JeSi DLID! frd pLadich Ol.(he Present

. . n
i nventi on obtarne rough the aroresal r OCESS €X s a |dheﬁilevel of

el ectrical copdygLhyi M&%%%b‘%a‘-ré gl ééhéiu%t'i%ehi%%'fp mtscgfeef g%géﬁi cally

resi stance that can har attained wth the anpbunt™ o

conduct i ve fihbeaeadptahned deneliyy £oRaEed dddh i Nelndias hdehded

products containing the conductive till I sperse e matri x of the

resin materi asvekaget@fam&ewsoftﬂiﬁpi@iry R Hlogh PiRiidhle P iG PERSENT

invention can exhibit a surface résistance within the range of not |ess

than 105 ~ /Dcﬁ@dcmaua@ieetflﬁmé@l%y wedld Jf AnsUptacq1ReESH8R6QW thi N
the range of not |ess than 10-Z ~/ and not nore than 1013 ~ /D which is

general |y reqeirgdscAnhhagf ealedtafors aii éppdyeper devi ce producti on,
al t hough the content of the electrically conductive filler is limted to be

| ess than 20 wt % Miriee $fesdid medldey, prbdacod ¥ attie/ beriskehit! enbafedoaar bon
short fiber, for exanple, is used as the electrically conductive filler,
the resin nolmed frodust coartathbbéd laniagacd téehhl chingoet sed tiyn 6hea
surface resistance equivalent to that of a resin nol ded product containing
t he conducti veatiikerogrtheranmiblt ttheatleoveynsatépak dneiogidu qisineent
(typically about 3 to 5 W% . The electrical conductivity of a resin nol ded

filler. The coloring material serves to impart a

desired color to the resin molded product of the present

invention, so that the kind of the coloring material is

not particularly limited as long as it is non—-conductive.

The coloring material may be one of a variety of organic

pigments and inorganic pigments. Examples of

preferable ocrganic pigments to be used include azo-based

pigments such as naphthol red, condensed azo-yellow and

condensed azo-red; phthalocyanine-based pigments such

as copper phthalocyanine blue and copper phthalocyanine

green; and condensed polycyclic pigments such as

dianthraquinolyl red, thioindigo, perinone orange,
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35 03 June 2003 product generally increases with an incré%%%yqﬁgqpﬁe

probability of contact between pieces of the conductive filler. If the
content of the conductive filler is smaller, the probability is reduced,
making it nore difficult for the resin nolded product to exhibit the

el ectrical conductivity. Nevertheless, the resin nolded product of the
present invention exhibits a higher electrical conductivity than the
conventional resin nolded products as described above. This is supposedly
based on the followi ng ground. In the resin nol ded product conprising the
el ectrically conductive filler dispersed in the matrix of, the resin
material, a nBPEYPRPE fFagiedr SHIPACTHCESHIRFE" G daHAItEne present
whi ch are each i nstituted 2{ pi.eces of the conductive filler and a portion
of the matrix¥§ gg?n F-EPP, ?Pﬁi%ﬁﬁﬂﬁe*#ﬁﬁeﬂﬂéwﬁ¥ﬁF° nE&% he resin nol ded
product of thﬁ gre ent inventiaqn gss.been sqggected Eg tge ﬁolta%
application p B2 ?Stﬁg ﬁﬁ?'%fﬁ? TSI bt Wwee P YRS LbRd 8t PYe PF( er

pi eces of each cggack;or experienc

e ielectri reakdo .As a result,
el ectric currehf SW’b%Q%glgf“gn osflﬁcgllcli%isnzi %%Pteisﬁeri gr%) ?ite”du'ﬁroox (et

t her eby incregg&ngﬁigg eéggg&%gg%iéggdugég%%t%#ég?fgghr§g%£h ﬂﬁg_product.

For this reason, € résin no resent T nventron, though

contai ni ng, ¢ he, $¥RARS) IS A Uace ARG Uhcl LLURS by T educed

amount, exhibrts eve el ectrical” conductivity can hardly

be attained W;-wiéueg 8 ibrduced Qmmunts QIlE%&PﬁQé‘?t&%(EbBBBIt@- I n ot her

words, the resin nolded product exhibits a higher Ievel of electrical

conductivity phaRehhat sepeated 1M e A end ; ddndhgnegpdHeti ve filler.
Therefore, the resin nolded product can be provided at | ower costs than

other resin nplgmenRs0duehs atXdiiddiis e e ablihed £Cdd16REng
conductivity. . Wth such a unique effect, the resin nolded product of the
present invenhhde8réalsabirai prafedla@Qly isvdtably selected for use in

consideration of compatibility with the resin material

to be utilized, and also these coloring materials may

be suitably mixed for use so as to achieve a desired

color.

If the above-mentioned coloring material is
contained, the resin molded product of the present
invention may further contain a masking material, which
is disbersed in the matrix together with the conductive
filler and the coloring material, for masking a color
of the conductive filler. The masking material herein
used serves to prevent the color of the resin molded
product imparted by the coloring material from being
affected by the color of the conductive filler, and to

allow the resin molded product to exhibit a vivid color

of the coloring material. The masking material is
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resi stance | evel which the conventional resin nol ded produchJEB%?%R%nng
the conductive filler could hardly attain. Where carbon fibers are enpl oyed
as the conductive filler, for exanple, the resultant resin nolded product
mai ntains electrically insulating properties with a surface resistance on
t he order of about 1014 to 1015~/~ if the content of the conductive filler
isupto acertain level. Wth the content of the conductive filler being
greater than the certain | eveh, however, a slight increase in the
conductive filler content results in a remarkable increase in the
electrical copdegkirablly abnt-hendesivivladel Haodicihite gartiaulgrar kabl e
decrease ~in the surface resistance . Therefore, it is known to be very
difficult to @0ictust S8gecifBcdibg,28@Baniams w¥iabke, rebcat anadcobrt he resin
nol ded product at a level in the range of about 10S to about 101zi Z/ ~ which
is general ly refuinedciarbbhhatl dlsd usfedsenfi@onekishpledevi ce production. The
resin nol ded product of the present invention, even if containing an
el ectrically conductInethi¢l tesisunhldedcpriogmaft bef stivhi pheseniti able to
cause such a phenonenon, is allowed to have a-high | evel of electrical
conductivity shuphibp,sdie cagtehs ahbhetakdvetmentadoed sendluctévenithin a
range where the electrical conductivity noderately varies with the anount
of the conducfiidderils set hade Hesgohbant?¥iwtp | erefanadrlepnotslasgher than
that generally attained with that filler amunt. Therefore, it is
relatively eathang0a@} ust% and émera@éaﬂegPsv‘aﬁeem@r-etmefegahlwnn@*e‘d
product at a |level on the order of about 105 to 1Az or 10 -zto 1O
13 L~ / C7 . bPfigethfs ?eélﬁtﬁnﬁﬁid“%FdH%E? %ﬂa¥h%8pVE§en§t%ﬁ@eﬂPF6n i's
inparted with the electrical conductivit the addition of the

e P e i e b

el ectrical |y PER3GER &3 PPt &FSgs thaledi- ??ﬁa?%gfnthﬁpdéé pr oduct
con Do uoed B ke PPRLLERL o0 LRl et M ahe i BReT L O Ol
R A G S T I s
be high and further the conductive filler may be released
from the resin molded product to cause contamination.
Moreover, the color of the resin molded product will be
strongly influenced by the color of the conductive filler,
so that it will be difficult to set the resin molded
product to have a desired color corresponding to the
color of the coloring material even if the masking
material is used. Further, if the conductive filler is
particulate, there is a fear that the mechanical strength
of the resinmolded product decreases. On the other hand,
if the conductive filler is fibrous, the resin molded
product is liable to be warped, and there is a fear that

the surface roughness of the resin molded product will

increase to deteriorate the surface smoothness.

24



03 June 2003 coloring material as nentioned above, the i nt P14 ”03and t he
type of the resin nolded product can be distinguished by the color. For
exanple, a multiplicity of 1Ctray-types having different surface
resi stances are sonetines prepared in accordance with the purpose of
utilization. Since the color of the IC tray nade of the resin nol ded
product of the present invention can be varied for each type of the surface
resi stance, a needed IC tray can be easily distinguished from anong the
multiplicity of ICtray types on the basis of the color in the process of
producing el ectric aﬂ? eIec%roglc ¢onpanent;s. Further th ? ghnnlded

en

product of the pres i AVBRtT'6R 8an e recyc mat?ep dﬁn Cof a

simlar resin,olded Ruedusty Namely. p-}&hgrgeﬁ'o@ pabdad, prodyet of the

pr esent i nventon 1's crus esire shape agaln and a

vol tage appl | E%iﬁgdprﬁ&ﬁﬁxﬁa&%foﬁ% EFEN &%‘%ﬁhetd“incé’ggpghgﬂéep&f ously

described, it can be‘repro mlar resSin no rod haV|ng

a snal | Surfagﬁereﬁkamegeltk}e St e A8 .88 No DL R0 B1R4UR, i | TPar ted

with a colo
imparted to the resin molded product. Preferably, the

contents are typically defined so as not to deteriorate
various properties of the resin molded product to be
imparted by the resin material constituting the matrix.
Specifically, the content of the coloring material is
preferably set to be not less than 0.1 wt% and not more
than 5.0 wt%, more preferably not less than 0.2 wt% and
not more than 2.0 wt%, of the weight of the resin molded
product. The content of the masking material is
preferably set to be not less than 0.1 wt% and not more
than 10 wt%, more preferably not less than 0.2 wt% and
not more than 5.0 wt%, of the weight of the resin molded
product.

Here, since titanium oxide used as the coloring
material or the masking material can serve as a
photooxidation catalyst, a resin molded product
containing a large amount of titanium oxide is liable
to be oxidized and deteriorated under radiation of light.
Therefore, if titanium oxide is to be used as the coloring
material or the masking material, the content thereof

is preferably as small as possible, and is preferably
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the coloring material, a color simlar to that can be ' refPRdvR&24R ¢ he
repr oduced resin nolded product. In contrast, a conventional resin nol ded
product havi ng been subjected to a voltage application process, 39 03
June 2003 particularly the resin nolded product disclosed in Japanese
Lai d- open Patent Publication No.62-110917, can hardly be reproduced into a
simlar resin nolded product by recycling because it has a two-1|ayer
structure--including a core body and a covering |ayer as nentioned before.
The aforesaid voltage application device 1 for use in the production of the

resin nol ded pypgdel 06 Kderyesants idyentd eracan ahéowgﬁgﬁiegff Phe
processing an existing resin nolded. product conposed of resin material

contai ni ng anprglegthbeaklypeeaduati ve filler in an anmount of | ess than 20
wt% In other words, the aForesaid vol t age application process for the

exi sting resin nol deghdraduct m¥i HBdt peodser At the ypLiage ARRLAEALAHON
device 1 can be adapted for enhancenment of the electrical conductivity of

the existing i&siBeshl dadjpeeddCico lan Wdlitag@Seppl DeaLxbht pRYJersi.n nol ded
product is transported by the transport device 3, and is subjected-to the

vol t age appl i Tlat $ ovo ptagesappll ithe iakp pasates 401 § agerformed onnathd ower
than 20 kV and | ower than the dielectric breakdown voltage of the resin
mat eri al constatuoixngompesedsolf rhledabaweduait igned emabdgdnaetkslioner t han
20 kV and not higher than 50 kV, in the electrode section 4 of the voltage
application sextevial coktainigsuthe ddwedwxt svée g Irlest andwipeibd®dl 1y 03 June
2003 product is inparted with a higher electrical conductivity,

particul arly th¢ oselosinfavetesdiadt amck, the masking material.

The voltage to be applied in this process is
typically set to be not lower than 20 kV and lower than
adielectric breakdown voltage of thematrix of the resin
molded product, i.e., the resin material constituting
the matrix, preferably not lower than 20 kV and not higher
than 50 kV. If the applied voltage is lower than 20 kV,
the electrical conductivity of the resin molded product
of the present inventionlnaf not be increased to a level
greater than that expected from the content of the
conductive filler. Further, even if the electrical
conductivity can be increased, there will be a problem
in its reproducibility. Conversely, if the voltage is
not lower than the dielectric breakdown voltage of the
matrix (resin material), the resin molded product may
be broken. The level of the dielectric breakdown
voltage, which is unique to each resin material, can be

found in various handbooks for reference. The
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t han before the process. The resin nol ded product of the pr%% uqezquentlon

has substantially the sane exterior appearance as the other resin nol ded
products . Therefore, it is difficult to distinguish the resin nolded
products according to the present invention fromthe other resin nol ded-
products on the basis of their appearance, but the distinction fromthe

ot her resin nolded products nay be nade in the follow ng manner. (Method 1)
A thernogravinmetric analysis is performed on a resin nolded product whose
surface resistance has been ' prelimnarily neasured, for determ nation of

the amount and.type of. an elecfrically conducti er. contained in the
resin nol ded 8R8§§8Frﬂq %ﬁﬁﬁﬂh 39 ?¥8¥?|EéFt? dedmdd s ve filler
determ ned on s of the,result of the ~thernogr.avi ric analysis is
less than 20 &eaﬁ& ?‘F a2, FYRLGET LY FRRCASSR Thet rid r SFolIdl EPBavet
prelimnarily. ne

with the annuﬁfmo g %Eﬁé%%??J%?f%?#%gr%%}aggqg;Fg LR Igﬁégﬁ?ﬁgze?hat
genera!ly att hnGQAelectfidlb é&éJQﬁ_&éfzégélfeggbdgg Bre eraﬂf@the one

according to resent invention
calculated in accordance with the thickness of the resin

molded product.

The period for this process is not particularly
limited, but is typically about 1 to about 600 seconds,
preferably about 5 to about 60 seconds. Even if the
voltage is\applied for more than 600 seconds, the
electrical conductivity of the resin molded product
cannot be increased to higher than a certain level, and
such voltage application is uneconomical.

Next, an explanation will be given to a production
method for the resin molded product in accordance with
the present invention.

First, the resin material, the electrically
conductive filler, and optionally the coloring material
and the masking material are mixed together for
preparation of a molding material. The mixing amount
of the electrically conductive filler in the molding
material is set to be less than 20 wt%, preferably not
less than 0.01 wt% and less than 20 wt%, more preferably

not less than 0.1 wt% and not more than 18 wt%, still

more preferably not less than 1.0 wt% and not more than
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For the thernogravinetric analysis on the resin nol ded prod&@t@“?ﬁ@o?esin
nol ded product is heated fromthe roomtenperature up to 1,00 0 C at a
tenperature increase rate of about 10~ Cnmn, and a change in the wei ght of
the resin nolded product during the heating is determ ned. Were the resin
matri x | eaves no carbon residue after the heating, the heating of the resin
nol ded product for the thernogravinetric analysis nmay be carried out in an
inert gas such as nitrogen. Fig. 2 shows the result of the

t hernogravi nmetric analysis performed on a resin nolded product which
conprises a polysuLfone.resin I I cay bo sji.due _after_the
heating) , 15?§ﬂ@#6f chbgﬁgfFéé@gigﬁdﬁ%ﬁﬁafﬁfgflg %%nb%oH338Vi$@% nor gani c
subst ance af‘deQEng SHLLAEE JECEhSL @:Bq.%rqfn%l' maéeg%4'93ir~12tflé.~m' 15%8’ the
non- conductive inorganic substance 1s a mxture of severa |nas 0 _

| nor gani csubshapgesahnel Ullng.d bbahbtm b dendizofl. APl R TRt el al
Nunerical values shown 1 n percent 1n Fig. 2 each represeﬁ% a wel g

reduction durifg,aspgry Leephif! BS54 PAsROLAL n. Ebg , wei ght
reduction of Eﬁ.ﬁ@bfs 0 séB@%d ?naa ange et ween éBQSE F§‘78§a58§f and

virtually agrggseWidn e amUNt Fafr G CaDeRl hBSKS nEPRERERGD 1i At he
resin nol ded product. The residue at $00~Cis about 15% which virtually

agrees with tpe pavEREAOf thBemiRingORMBEntY & P4 he YiaskingemZthrial NOr ganic
substance contained in the resin nolded product. The result of the

t her mogr avi mei i ehanmb ¥&isgshavsrihat ikheetesbnpaohded1gsgdeahnsybiected to
the anal ysis contains about 15 W % of a carbonaceous conductive filler and

about 15 wt % @f%aan@meonabics i tiean oY Gavl £ SHdBE AABRY Aovelghk trducti on of
29. 5% observed in a range between 549. 5 to 637.6 ~ Cis attributed to
carboni zati on0o2 whe& pabysaolf moeer adian corstwesting the matrix of the resin
nol ded product, and it is easily understood that the weight reduction is
not attributed to tHehe andichopd idfemsixing hehe anslsith i matéribhérahdcahse t he
conbustion speed is much higher than the conbusti on speeds of the carbon
fibers and ottendgatbvraféddscodduacatvedritieularelémtilreds| efori cal |y
conductive filler contained in the.resin nolded product is netal -based, a
wei ght i ncr easvamplle ., behesaardugt bve fiio lea deay be sbppid esbhstumekne filler.
Therefore, if such a weight increase is observed in the thernogravinetric
anal ysi s, thecf edihoforaretops dawn §gppssaedrpdcehr dilde aandial endsad

conductive filler. This nmethod may he carried out, by enpl oyi ng ESCA
with the resin material. At this timeé, the ¥iscosity

of the resin material may preliminarily be adjusted as
required for enhancement of the dispersibility of the
conductive filler.

If the molding material contains the coloring
material and the masking material, these may be mixed
with the resin material simultaneously with the
electrically conductive filler by the aforementioned
method. In this case, the coloring material and the
masking material are dispersed in the resin material
together with the electrically conductive filler so as

to color the molding material to a color corresponding
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(el ectron spectroscopy for chem cal analysis) or EPVA (eIec??&HP?ﬁQH@e

m croanal yzer) instead of the thernogravinetric anal ysisfor determ nation
of the type 43 03 June 2003 and ampunt of the electrically conductive
filler contained in the resin nolded product. (Method 2) A resin nol ded
product is heated to not |ower than the softening point of a resin material
constituting the resin nolded product and then cooled to the room
tenperature, and the surface resistance of the resultant resin nol ded
product is measured. The resin nol ded product of the present invention or
the resin nol ded product processed through the processing nethod of the
present inveftPi dheetibs af £hi ghetliapdacelrEdngt Baderdfder the heat
treatnent than before the heat treatnment because dielectrically broken
portions therein ar&Pridtiveltd§ BysHhLansdrotdsng mafer by ésﬂ%i‘il?‘iical ly,
the resin nol ded gr duct %f t he present,inveniion ically_has a surface
resi stance hitghker sbeedrshaRe: 8 s dft BrPLake héé%‘%m Fedt Pt Han before
the heat treatnment.. On the other h resin _nol ded ,prodycts not subjected
o the vol t g8 BplPEaPFOuREdons SEIAheKESERE PaLRenBPAtHCh: oty o
according to the present invention do not.have any dielectri ]y broken
por ¢ ons ando ESRLTTS Fhey el 4P B a4 S Ra M BreSaREemet AL ar nent
e o face iEILalante SRl A LBt Y1 8enk"HEF2BE enbliByel! N 0! ded

product of t nedpresént Monven

Here, if the molding material contains the coloring
material, the resin molded product obtained here
exhibits a color corresponding to the utilized coloring
material. Particularly, if the molding material
contains the masking material, the resin molded product
exhibits a vivid color corresponding to the uvtilized
coloringmaterial because the masking material masks the
color of the electrically conductive filler effectively.
Then, the resultant resin molded product is

subjected to the voltage application process. With the
resin molded product being grounded, an electrode is
positioned above the resin molded product, and an AC
voltage or a DC voltage is dpplied to the electrode.
Where the AC voltage is applied, a frequency of not higher
than 1MHz is likely to enhance an electrical conductivity
improving effect and particularly a surface resistance
reducing effect. On the other hand, where the DC voltage
is applied, the polarity of the voltage to be applied

to the electrode may be positive or negative, but a
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when being subj ected to the aforesaid heat treatnent and 493 Junp 2003 ne
1UU3 then to the voltage application process under the conditions

previ ously described, can exhibit a surface resistance which is not nore
than 1/100 of the surface resistance before the voltage application
process. (Method 3) In the case where the resin nol ded product has a col or
ot her than bl ack-based ones, the resin nolded product may possibly be a
resin nol ded product of the present invention if the col or appears
substantially uniformy over an entire cross section of the resin nol ded

product and tﬁ‘@s§ﬁﬂ1@%]¥@§%§&§r}&&ré henRaly £8 SMrdtde @nkaline-£fjahput 105
to 10i2 ~ /D or 10-2 to 1013 S2 /D . Meanwhile, a resin nolded product

cont ai ni Ng Nogoh8eEtiPARY2AmMrYvaing L ONaLRQUSaeeNEHTLIYG fdld er such as
used in the present invention, exhibits a black color in its entirety and

therefore, evearfhctheebkesitindel AUy drEOptains a coloring material
it cannot exhibit a color corresponding to the coloring material. Also, in

the case where the qi®r isSschpaatedadnky ianuvatddacecportion of the resin
nol ded product (for exanple, in the case of the-aforenentioned resin nol ded

product di scl esestiracdapanesenka xempeir PaicdiiadulppltatatioNode62410917)
a uniformcol or cannot appear over an entire cross section of the resin
nol ded producte ¥ékhbodind) uded, l.ie.Jure ¥ddbBn Anokded pwbdadtproduct is
sufficiently rinsed with acetone or water, and the | evels of surface
resi stance bepvoeecasingfappandtons aesonglimetediympedsanthinvention.
| In Fig. 1, the voltage application device 1 mainly
comprises a voltage application section 2, and a
transport device 3 (i.e., transport means) for a resin
molded product M.
The voltage application section 2 mainly
comprises an electrode section 4 and a high voltage
generator 6 connected to the electrode section 4. The
electrode section 4 has a housing 5 opening toward the
transport device 3, and an electrode set 5a including
a plurality of needle electrodes projecting downward in
the housing 5. The housing 5 can vertically be moved
by means of an elevator 5b so that a spacing between the
resin molded product M and a distal portion of the
electrode set Sa is adjustable. An air suction device
connected to an ozone remover not shown is provided in
the housing 5.

The high voltage generator 6 is an AC or DC high

voltage generator having an overcurrent preventing
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each other. - In the case of the resin nol ded product of t%%mﬁpéggﬁt

i nvention, the surface resistance hardly changes before and after the
rinsing. In the case of the other resin nolded product, particularly those
treated with a surface active agent for inpartation of the electrical
conductivity, the surface resistance is remarkably increased after the
rinsing. Therefore, whether or not a given resin nolded product is the one
according to the present invention can be judged by neasuring the surface
resi stance thereof before and after the rinsing thereof . The present

i nvention wl | naf i i.n g r_det aj of
exanpl es ther%% §£§ gryégéyﬁgﬁ???%FgE%%Eéht%%ﬁ d% %ﬁo%tk%ygéﬁgg%available

under’ the tf afleaeo0lec PYRGELIY g 99 LoD 13N e PRYOBE Gene K £hd_havi ng

an average f I aneter o , U an aver age aspect r (0] and a

collective filler elcgpt{ﬂézlac}gﬁgf_si’\}zggggetgg Q30 spIME R Pl &Paf efl; as an

electrically conductive fi ) xt, the aforesaid fibers, a yellow
col oring mat efaahtéQved | A& 481ted 1§ NG, & RaEe 411 EPLY 6o e Tramyg6  u-
rune ~uU3 Toyo %gseh Co., Ltd.), ti%anﬂﬂ%?gxide (é@%iiabl% under fhe trade

name of " CR6Qnof QAP AMINANO et si okl the &1 888kbAg J@teidal ., and
talc (avail able under the trade nanme of "#1000" from Fuji Talc Co., Ltd.)

were suppl i edsj i aspebupbesyliese HDxede £6618y6oaVALL2RGCangRI1dNe trade
nane of "NORYL PP0534" from Japan Ceneral Electric Co., Ltd.) as a resin

mat eri al by meens 70f Fhkeefdlesanskt 7eils | s ewxddmgler, preessdtbart of
pellets (nolding material) of the resin material containing the fibers, the
col ori ng mat est adn aricedthel cmkky rpmbiceriv . rddien hed g andporduroiedf t he
fibers was set to be 6.0 wt% based in the pellets . The m xing proportions
of the col ori tepnehed) al ,Thé tend les Xhalkt dhdi g adciwen opet stegeindg 0 w %
0.2 % and 3.0 wt% respectively. The pellets exhibited a yell ow col or

owi ng to the moterisngpenativelby Ierede terninedaldqiee tiegnunbtdeidié nt o a
yel I ow di sk having a dianeter of 50 mm and a thickness of 3 mMmat a resin

t enper at ure o¥o 29D tndpeamoxyespin apnperev dkrectson wnthign 1nj &€ on
pressure of 1,200 kg/cn?2 by neans of a PROVAT inj ection nolding nmachi ne of
Sumi t omp Jukik@FiKoE9bded. brodugtsi ¥y beis@ iU RAT Eed eaTH ﬁéFged product .
A pair of electrodes were forned froma silver paste on a surface of the
resul ting di sktoRRdumded Fhasd adgddafestion f‘f)’ro? PrRelefieqm

deternlnedl%%eriod (typically about 1 to about 600 seconds,

preferably about 5 to about 60 seconds). The operation
timing of the stepping motor 8 is variably set in
accordance with the time required for the voltage
application process on the resin molded product M.
The stepping motor 8 is connected to the high
voltage generator 6 of the voltage application section
2 via a controller 9. The controller 9 is adapted to
send an electric signal (control signal) to the voltage
application section 2 so as to actuate the high voltage
generator 6 for the predetermined period when the

stepping motor 8 transports the resin molded product M
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47 v~ curie ~uu,s measuring an electrical resistance bet wd8nupgg003

el ectrodes. As a result, the surface resistance was 4 X 1015 S~ /~ . The
surface resistance to be hereafter nmentioned is the resistance determ ned
in this manner. The average residual aspect ratio of the

pol yacrylonitril e-based carbon fibers in the disk was 28.6. The average
resi dual aspect ratio was determ ned by dissolving the disk in nethyl ene
chloride for separation of polyacrylonitrile-based carbon short fibers and
measuring the average |l ength and the average dianeter of 400 f fibers anong
the separated f fibers by an optical mcroscope. Subsequently, the obtained
di sk was pl acEien ﬁh‘ar%ﬁﬂﬁéaoﬂﬁaﬁé,c'%?dl #h el ectrode set conprising a
multiplicity of needl e el ectrodes was positioned above the disk. The plate
was spaced 40 mm apdhens &he Helbpgst rBRbisat I WY PERSEShéScFREFEBAe set

was not in direct contact with the disk. A DC voltage of 30,000V was
applied to t R erS&thedeitr nadded PREWM ol kY ReHET &4 therrltadeseconds.

The di sk subjected to.the volta appl i cation process in this nner (resin
oot ot cduABLEe B i t8oLrE S, alBR Bl Ao At P eE DEGi St ance.
of 1 X 1012 S~ /D ,..which S ch lower.th that, before the voltage

appi i cation e 8O CORRARBTSF a5t oS H AR d ot "R GE e TER APt ar the
vol ege 40 % BIRGOSR AREAL 00N ASE0R U i S A p R R €

t her nogr avi r’rﬁlg%cl&pgi ygksﬁﬂ@svggégﬁgnﬁq) ?ye' %‘B%ﬁ%ﬁﬁa t hlle;ermgr&vi metric

anal yzer ava |'e" under the tra ane o from Séi Ko 1 nst rument

Co. ( Ltd. in& %eggng?f,%ggﬁr@é e Eein R‘%ﬁ%%v?,f ?r%d%@ 585.%5 m/mn,

terrperatu_reincreaerate of Cmn at an air ate of _
and numeri calpfl 459 & WL 1), RAECEST thfe _cg-be?s@%qbeileg%easr&u@wé si dual

wei ght ratio. The result of the thernogravinetric analysis shows that the

fibers were caRiReRVidhd RROEhhANa Ui Sl e Yol Brd BRadif ks o WA EH
virtually agreed with the m xing proportion of the fibers used for the

production ofott hendli Sksih maddiihdnconle itestiig StResrbbBah Aaohereombustible
resi due was present at 5.3 wt% which is supposed to be derived fromthe
maski ng nmat ergrddudt M)eprekerably not lower than 20 kV and not higher
than 50 kV.
The stepping motor 8 of the transport device 3
is operated to transport themultiplicity of resin molded
products M placed on the endless belt 7 successively to
the lower side of the electrode section4. Whenone resin
molded product M is transported to the lower side of the
electrode section 4 by the operation of the stepping
motor 8, the controller 9 sends an operation command to
the high voltage generator 6. Thus, the voltage of the
predetermined high level from the high voltage generator
6 is applied to the resin molded product M located under

the electrode section 4 by the electrode set 5a for the

predetermined period, i.e., during the quiescent
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Exanmpl e 2 Polyacrylonitrile-based carbon short fibers (at~éPP%ﬁF308%der t he
trade nane of "PYROFIL" from M tsubishi Rayon Co., Ltd.) having an average
fi ber dianmeter of 7 ~.cm an average aspect ratio of 857 and a collective
filler electrical resistance of 0.06 cm a yellow coloring materi al
(avail abl e under the trade 49 03 ,tune 2003 nane of "CH116" from Toyo
Kasei Co., Ltd.), titanium oxide (available under the trade nane of "CR60"
from lshi hara Sangyo Co., Ltd.) as a masking nmaterial, and m ca (avail able
under the trade nane of "Kuraray M ca 200HK" from Kuraray Co., Ltd.), were

m xed wth a pol ypropyl ene resin (avail abl e under the trade nane of
"NOVATEC BC3®e¥ishriaphn PbeDRhBEh BRLOr §1 ¢ 03°ong denddteh&&ingd in

substantially the sanme manner, as jn Exanple 1 for preparation of pellets .
The i xing prdfoMIldR L at%llqu)ggnv\;a%r%ﬁk% PEE 50“8 "&F% Oruis’t"’rﬁE{::l%pel | et s.

The m xi ng proportions of the coloring material, titaniumoxide and m ca
were set to B GHE A% TIFIRE6IRNIG50 GhG; PFEEESER BYy then@Za et s
exhibited a vivid yellow color owwng to the coloring material. A disk was
produced frohS¥e % us obtai ned pellets through substantially the sanme

mol'di ng process as |n Ex le. 1. The disk exhibited, a vivi el | ow col or.
The aver age residuahﬂggpgg%I%ﬁ%QP%Rgt%%Eﬁglga%Py SHFFﬁ eggﬁ'sed car bon

o er m neq | oEazledl Mnd'% otn tno THEATNELARE o B0 LU o AUPT, TR 0 WS

determned in's e sane manher as in except that hot

decal in was %Q%ﬁ]tgg%lgl@a“&’ﬁdu gaicifscr(@éééi%é’ iél%&é&f‘obzg%%dr(gua fdlchace

resi stance of t obt al ne was neasure nd after the

vol tage appliQdt bR sedBidiNg €083 tRe0Gaht e :S%dif)i Qs £e the

vol tage application process were set to be substantially the same as in

Exanpl e 1 exegpi)ddifthait AC Vel t 98t 0£hd0nKk¥t W sapPbededl e caicface
resi stance of the disk before the voltage application process was 2 .

1014 ~ /D, waekean thenspbbaes oned windkae the e dirddafse@it itdie 410l t age

application process showed a reduced value of 3. 3 X 105
Thus, the voltage application device 1 performs the
voltage application process successively on the
multiplicity of resin molded products M.

In the voltage application process, it is

preferred that the spacing between the distal portion
of the electrode set S5a and the resin molded product M
is properly set in accordance with the voltage
application conditions, the level of the voltage to be
applied, the type and shape of the resin molded product
and the type and amount of the electrically conductive
filler contained in the resin molded product by adjusting
the vertical position of the housing S5 by means of the
elevator 5b. Where a voltage of 30,000V is applied to

the resin molded product in air, for example, the spacing

is set in the range of 20 to 100mm, preferably 30 to 50mm.

33



/D . The color of the disk did not change even after the voP3 dgee 2003
application process. Further, a thernogravicnetric analysis was perforned
on the di sk before the voltage application process. The result is shown in
Fig. 4. The thernogravinetric analysis was .performed by neans of a

t her nogravi netric anal yzer avail abl e under the trade nane of "TG DTA32"
fromSei ko I nstrunent Co., Ltd, in a nmeasurenent tenperature range of 20 to
1,000rC at a tenperature increase rate of 10~C/mn at an air flow rate of
200.0 m/mn, and nunerical values shown in percent in Fig. 4 each
represent a residual weight ratio._ The result of the thernogravinetric

anal ysis in Eifgthe SRRET%ats t$R2+1BEr SR8 & OFBht QYRIFHF br dPorti on of
4.9 W% in tHe g)isk and it is understgod that. this vjrtuallgy agrees with
the m xing profSra bR BFPhe fEPRYSFASLY 1 HF T FRUHRY iloh I5PAYRF disk. in
addition, the,res sh t hat non: co tible residue was present at
290 61 O 03" ShRE b it GRPERE & ThE b er S e i ViR PSSR maoki ng
material or the like. Aglel ow di sk was produced in substantially the sane
manner as i n“&¥aks & 2%k el that the m xing proportions of the fibers and

. : g S :
the coloring mat erlgi8 o[lehcq__%rég%% troeSGa.iO wt /iéé‘gelaog‘i"&é iespecti vely,
and titani um oxide and moea were nott used. The a eraS resSiaual aspect

ggt '30 Z}‘: . tet‘etciﬁgr'i%%ciyir&)@i&&ééet‘}?é"‘ﬁl%citci%ﬁ?&éﬁ%ré nbllfleSeh BB MiSk vas

as the electrode set 5a for the voltage application to
the resin molded product M, the electrode set 5a may be
such that a plurality of semicircular electrodes or a
plurality of planar electrodes are arranged therein.
Further, where a single planar electrode conformal to
the shape (size) of the resinmolded product M is provided
instead of the electrode set 5a, the voltage application
process can be achieved in the same manner.

In the aforesaid voltage application device 1,
the voltage is applied to the resin molded product M from
the electrode set 5a with the endless belt 7 being
grounded. Alternatively, the present invention may be
embodied with such an arrangement that the resin molded
product M is transported on the endless belt 7 between
a pair of planar electrodes or a pair of electrode sets
with a plurality of needle electrodes connected to the
high voltage generator 6 in non-contact therewith.

The high voltage generator 6 of the voltage

application device 1 may be constituted by a high voltage
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surface resistance of the disk was neasured, a voltage appqsi‘é elzcgrqapr ocess

was performed on the di sk under substantlally the sanme conditions as in
Exanpl e 2. The surface resistance of the disk before the voltage
application process was 8 X 1013 ~ /O, ~~ whereas the surface resistance
of the disk after the voltage application process showed a reduced val ue of
4 X 10S S~ /D . The color of the disk did not change even after the voltage
application process. Further, a thernogravinetric analysis was perforned on
the di sk before the voltage application process in substantially the sanme
_manner as in ExbswlgeRerdberresubh impshoen viol thige deneltetgrsult of the
thernogravinetric analysis in Fig. 5 shows that the f fibers were contai ned
in a proportion of @he tesifonalderd pr2pdudi3oftune PREGRd skhyeandont is
understood that this virtually agrees with the m xi ng proportion of the
fibers used fadrtaineditbdosahobhefafidreshigkprioresddexhbhitsrehigbekt shows
that a non-conbustible residue was present at 0.5 wt% which is supposed to
be derived frigHehpf ielecteberhi aeadpatind ty sipd pardthidbewl car bon short
fibers (available under. the trade name of "Xylus GCA03J431" from Osaka Gas
Co. , Ltd.) H&Wely Vel fhgerrfase HﬁéhﬁFéPcﬁ’f that.gan hordder e aspect

rati o of 250 and a coll ect Iveflllerrﬂ)‘lef’ﬁ resi stance of 6080 i~cm a
green col ori bRt Re él’lltg’a'v‘alelaa‘ﬁ‘?‘é“ﬁ t FF&J&CR&H%( gendngiives rom

Dai ni chi Sei , Ltd ti t i um oxi de (avail abl er the trade nane
of " CRB0O" ﬁ]ﬁgerﬁ h‘éﬂ'ht%"a% reH‘d C?mégrgdnﬁ' rerqeaﬂm and nica

" (avai |l abl e u de_nane of."Kura QHK" m Kuraray Co. ,

Ltd.), were nr'ﬂée e‘ﬁtf’r il y‘b%'éﬁ?lf‘%ﬁggo&ﬁéeCpé@luﬁ&(lé’\?al & under the

trade: nare ofa/ NORVILRASHS oA 3P0 SLELAL UL O obhely) 2 2
resin nmaterial” 1™n S St an aI € Ssane manner as |n 5]’

preparati on gl el | ehs. H%anma&' pranacti 9p e He CO*{eiﬁvé@’ﬁ‘Eféﬁt to be

1&vvt%|nthep e emX|ngpoport|ons ori ngmateri

titani um oxi %%r@esihm% uerh etr%sti%t]an%é’w«%‘thji t%%?rﬂﬁl:f ¥O0ndt % 53

03 June 2003 respectively e pellets exhibited a green color omng to the

col oring mat ard< thé‘ncﬂ(ﬁkﬁ\ﬁ'@ &ﬁ@@kwdofé(tmazmsomg?l:qbbﬁuaﬁ@@r?sééet S
t hrough substantially the sane nol ding process as in Exanple 1. The disk

exhibited a HRELEGHQY PR thd hLakgé 06 ENGoRBIL@LIsalthabha ca¥engge
resi dual aspect ratio of the pitch-based carbon short fibers in the disk

was 18. 8. Thdlaygpaags keskditdin aepet/Mairhe chabs denerailngdrédquspddt antial |y
the sane manner as in Exanple 1. The surface resistance of the disk Was

measur ed bef dre tard fhifdlrl dhesanl ¢egduappti davier prodessiwm ch was
performed in substantially the same manner as in Exanple 1. The surface
resi stances efltthgh sthdefansemndo iif tike é&hectolitadd yapplnduattiive process
were 3 x |0io /~and 5 X 108 ~/~, respectively. The color of the disk did
not change evidd lat ers thienModd age beplesat tbanp26cets. More
specifically, if a polyacrylonitrile-based carbon short
fiber, for example, is used as the electrically
conductive filler, the resin molded product can exhibit
an electrical conductivity or a surface resistance
equivalent to that of a resin molded product containing
the conductive filler in an amount greater by several

weight percent (typically about 3 to 5 wt%).

The electrical conductivity of a resin molded
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Exanmples 5 to 12 Pol yacrylonitrile-based carbon short fiber®3 %’ﬁ?&ppébl e
under the trade nanme of "PYROFIL" from M tsubishi Rayon Co., Ltd.) having
an average fiber dianmeter of 7 a m an average aspect ratio of 857 and a
collective filler electrical resistance of 0.06 L2 cm a red coloring
nf'aterial (available under the trade nane of "CB328" from Toyo Kasei Co.,
Ltd.), titanium 54 03 June 2003 oxide (avail able under the trade nane of
"CR60" from Ishihara Sangyo Co., Ltd.) as a masking material, and talc
(avail abl e under the trade nane of "#1000" fromFuj i Talc Co. , Ltd. ) ,
were m xed wiptodugol ggnepyl bneineseaséavaiilchblam lindareddwe inm atiee nanme of
"NOVATEC BC3B" from Japan Polychem Co., Ltd.) as a resin material in

subst anti al | yprdimbzbhiet yreafhepngegcitnb&Ekueaphepletes qff dbar abndncdafiveever al
types of pellets. The fibers were contained in the pellets in different
proportions dsilshronn iTf Tdie eanterie of xilhg pengurtives fafl liehe icol ori ng
material, titaniumoxide and talc were set to be 1.0 W% 0.2 wt% and 3.0
W % respectismaller n ehenpoebaErbhptesis redugedn glaking el hrieeioeed from
the' thus obtai ned pellets through substantially the same nol ding process as
in Exanpl e 19idfdqhet sko¥ dehe reas bp aretded Hareducthete arhibiddthehen, the
di sks thus obtained were subj ected to the voltage application process
under condi t SHRCESLShb PR GhbYEEY; HNRVeRkhelefacethesiFssdices t her eof
wer e neasured. The conditions for the voltage applicatjon process shown in

Table 1 are BHATLRTREPGK oL ERemResRLANY AhgRR P tFPdgherThe di sk
Dhe ol or | ng SHAE Hia L RPGHSELEI6F Bhannbhee FRRSERAaNal G ihe VoLt age
2P o101 BRSO3 SPBRed HONIL! L YL o ot o
Cpacen apart e g RSP SabPERUT CLRCERETRE SR BRUBEH 221 Y, e

ARy X R T R
dispersed in the matrix of the resin material, a
multiplicity of or an infinite numbér of capacitors are
present which are each constituted by pieces of the
conductive filler and a portion of the matrix (resin
material) present therebetween. Since the resin molded
product of the present invention has been subjected to
.the voltage application process, the matrix portion
between the conductive filler pieces of each capacitor
experiences dielectric breakdqwn. As a result,
electric current flow paths are formed in the resin
molded product, thereby increasing the electrical
conductivity of the resin molded product.

For this reason, the resin molded product of the

present invention, though containing the expensive
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A pair of electrode sets each conprising a nultiplicity cﬁoaﬂﬂnFﬁggPly
extendi ng needl e el ectrodes were vertically spaced apart by 35 mm and the
| ower el ectrode set was grounded. A disk was placed on the | ower el ectrode
set, and a DC voltage of -30kV was applied between the el ectrode sets for
30 seconds. Conditions C. A pair of electrode sets each conprising a
multiplicity of vertically extending needle el ectrodes were vertically
spaced apart by 30 mm and the | ower el ectrode set was grounded. Several
hol I ow cylindrical supports were vertically placed on the | ower el ectrode

set, and a dishawesiber £ ZonbaliY aPkag8de@hddith SURRAIHI ts W iyHdie di sk
being thus horizontally positioned between the pair of electrode sets, a DC

vol tage of +3Qk¥1Vag anpldtad At vweaddei ¢l egtuptensehas harad) peconds. 56
03 June 2003 Conditions D. A pair of electrode sets each conprising a

mul tiplicityaetayaet «althy se¢hendiregiuirel|snRimcigoddse Wilwativeal |y
spaced apart by 30 mm and the | ower el ectrode set was grounded. Several

hol | ow cyl i ndiltaek.suppostienewe rdart ithal Inegilmaeddsd tgwodwyer el ectrode
set, and a disk was horizontally placed on the supports . Wth the disk
bei ng t hus hexhibital & higgdset ileved bét@beottheapaisndicelecty adarmsets, a DC
vol tage of -50kV was applied between the el ectrode sets for 3Q seconds. 57
03 June 2003thablexpgestdd domur €bestamtent @ fExhaptatdwe v eridddretri.on

Therefore, the resin molded product can be provided at

lower costs than other resin molded products exhibiting

-a comparable electrical conductivity.

With such a unique effect, the resin molded

product of the present invention canattainanelectrical

resistance level which the conventional resin molded

products containing the conductive filler could hardly

attain. Where carbon fibers are employed as the

conductive filler, for example, the resultant resin

molded product maintains electrically insulating

properties with a surface resistance on the order of

about 10 to 10°Q /0 if the content of the conductive.

filler is up to a certain level. With the content of

the conductive filler being greatér than the certain

level, however, a slight increas_e in the conductive

filler content results in a remarkable increase in the

electrical conductivity of the resin molded product

(i.e., a remarkable decrease in the surface resistance}.

Therefore, it is known to be very difficult to adjust
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of fibers tw~1Voltage application conditionsBefore voItagQ3Jun62003
applicationAfter voltage application53 i A~ 10sl. 7X1063. 1s

-10f 4. 9XLO~~T3.i CLOS3. t Xl f |1 ~83. T5A. OX101~4. 3XLCs. 94. 4C8. OX10~~9. 6X10103. 1D
10i 59 .9 X L0~=113. 75D4. OX10~~L. 7X10~124.4D8 .0 X 10il ess than LO~ Wth
respect to the disk obtained after the voltage application process in
Exanple 2, the surface resistance thereof after a heat treatnent was

exam ned. Here, a heating-cooling.cycie including the steps of heating the
disk at a tenperature shown in Table 2 Eor 30 m nutes and then cooling the

IR TR T R ot e T R E R
(Ul LS o PR IAE Aundd o UEEL BTSRRI LAROEPIEY WIS (1
is generally required in the field of semiconductor
device production. The resin molded product of the
present invention, even if containing an electrically
conductive filler such as carbon fibers which is liable
to cause such a phenomenon, is allowed to have a high
level of electrical conductivity simply by setting the
amount of the conductive filler within a range where the
electrical conduct;vity moderately varies with the
amount of the conductive filler, and the conductivity
level thereof is higher-than that generally attained with
that filler amount. Therefore, it is relatively easy
to adjust the surface resistance of the resin molded
product at a level on the order of about 10° to 10?Q
/00 or 1072 to 10%0Q/0.

Since the resin molded product of the present
invention is imparted with the electrical conductivity
by the addition of the electrically conductive filler
as described above, the resin molded product can be used
in various application fields in which prevention of
electrostatic charge and dust adhesion i's required, fox
example, for jigs, IC trays, carriers in semiconductor
device production. In this case, since the resin molded

product can be imparted with various colors by the
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58 03 June 2003 treatnent was approxi mately the sane as Q%gfm%%¥§re t he

heat treatnment, showi ng no great change in the surface resistance. However,
it will be understood that, after the disk was subj ected to a heat
treatment at 175rC which is a softening point of the resin used in Exanple
2, the surface resistance rose greatly to a | evel observed before the

vol tage application process. Table 2 Surface resistanceBefore heatBefore
vol t age application2. 6X1014treat nent After voltage

appl i cation3. 3X105952. 5X105j 11S1. 9X10512s2. ox10o5sal1301. 9X105a~ 135 2 . 2 X

105+~ 145 2'%%ﬁgﬁﬁngﬁEﬁ%eri%fxaQQQEQ%Eéned above, the intended use

'

and the type of the resin molded product can be
distinguished by the col“or‘ . For example, amultiplicity
of IC- tray types having different surface resistances
are sometimes prepared in accordance with the purpose
of utilization. Since the color of the IC tray made of
the resin molded product of the present invention can
be varied for each type of the surface resistance, a
needed IC tray can be easily distinguished from among'
the multiplicity of IC tray types on the basis of the
color in the process of producing electric and electronic
components.

Further, the resin molded product of the present
invention can be recycled for reproduction of a similar
resin molded product. Namely, when the resin molded
product of the present invention is crushed and molded
into a desired shape again and a voltage application
process is performed under the conditions previously
described, it can be reproduced inte a similar resin
molded product having a small surface resistance. Here,
if the resin molded product is imparted with a color by
the coloring material, a color similar to that can be
reflected on the reproduced resin molded product. In
contrast, a conventional resin molded product having

been subjected to a voltage application process,
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165 1.5X1051751 . 0 X 1014 59 03 June 2003 Exanpl e 14 Di §RsUReRBO%r oduced
in substantially the same manner as in Exanple 2 using only the

pol ypropyl ene resin and the fibers used in Exanple 2. Here, six types of

di sks were produced in which the content of the fibers was respectively set
tobe 5w% 6 W% 7 w% 8 wt% 9 wt%and 10 wt % The surface resistance
of each di sk was neasured, and the results are shown in Fig. 6. Next, a

vol tage application process sinmlar to the one in Exanple 2 was perforned
on each of the disks in which the content of the fibers had been
respectively set to be 5w %, 6 W%, 7 wt%and 8 wt%, and thereafter
the surface rEsiticinbarinethef reaainnwaddedd prjsuigtesiisclesed shown in Fig.
6. Pellets were prepared in substantially the same nanner as in Exanple 1
except that tFepanedefapdopoen Ratent PBubd f¢afekan Noheb 2ol B89 hg. wameri al and
titani um oxi de were changed to 20 wt% 3.0 wt%and 1. 0 wt% respectively,
in Exanpl e 1 hakfllyy bevkepbedured {nhaid abnélagdees inaqdark brosk céf
"Kuraray M ca 200HK" from Kuraray Co., Ltd. ) was utilized instead of talc.
A di sk was prdUesysHagiResaesal Iy hpe eaf¥ord@year ALt5Yrt&Eeple 1 with -
the use of these pellets. The rceisul tant di sk exhibited a dark gray col or

wi t hout ref | AFIHART @hEoLS BPI¥iaRfie? @PVeing IRy 0 ES BEREAPRSIat eri al
added to thedgﬁéens. Further, the disk already showed a surface resistance
of 2.0 X 102 T&ren before the voltage application process. Comnar~~tive

Examlp a 2 _ - The aforesaid voltage application devicé 1 for

use in the production of the resin molded product of the
present invention can also be used for processing an
existing resin molded product composed of a resin
material containing an electrically conductive filler
in an amount of less than 20 wt%. In other words, the
aforesaid voltage application process for the existing
resin molded product with the use of the voltage
application device 1 can be adapted for enhancement of
the electrical conduct'i-vity of the existing resin molded
product. In this case, the existing resin molded
product is transported by the transport device 3, and
is subjected to the voltage application process at the
aforesaid voltage, i.e., not lower than 20 kV and lower
than the dielectric breakdown voltage of the resin
material constituting the resin molded product,
preferably not lower than 20 kV and not higher than 50
kV, in the electrode section 4 of the voltage application

section 2. As a result, the existing resin molded

40



Pell ets were prepared by m xing 67 wt% of the polypropylengsﬁgg?%o%%ed in

Exanple 2, 20 w % of carbon bl ack (avail abl e under the trade nane of

"Ket chen Bl ack EC' from Akzo Co., Ltd.), 3.0 wt% of a red coloring nateri al
(avai |l abl e under the trade nane of "CB328" from Toyo Kasei Co., Ltd.), 5.0
wt % of titanium oxide (available under the trade nane of "CR60" from

| shi hara Sangyo Co. , Ltd. ) and 5.0 % of talc (avail able under the trade
nane of "#A000" fromFuj i Talc Co. , Ltd. ) in substantially the sane
manner as in Exanple 1. A disk waS produced in substantially the sane
manner as in Exanple 1 with the use of these pellets . The resultant disk
was bl ack w PreduCtefiSedfipatted idhead dridhier eleetvi¢ay materi al .
Further, the disk already showed a surface resistance of 4 ~2/C~ even

bef ore the vEPRdYetayiitivoaProfisndasdy. 2 HAeF edufiage@nisdmnrs. be
enbodi ed in any other ways wi thout departing fromthe spirit or principal
feat ures thetBah. bekerer dhe PURCeS8anpl es described above are nerely
illustrative of the jnvention but not tune 2003 |imtative of the

same in any aspect stheHsS dEppddsd ng%ﬂ‘}é%?fzgﬁ RreRAt dey Lkt

s UV B R e
Caventi on. - 63thepF A AL MBS SRIFRSEE. | rdderdhs fud H SRS [ 0. 4
" Lhe matri 50 URaFEhahiah; PR 8,8 REVGRET RS RO Bk dudd o 1) P 5

lover than 20, wt 5, .a0d I}.‘ﬁvre%%‘%n@r%%j %{Meg]alsegﬁ?qmgf&)é cted to a

vol t age appllcatPon process enploying a voltage of not |ower than 20 kV and
| 'ower than apgbﬂ{x@‘l:_y bh Qﬁ%alb%%% of their appearance, but the

distinction from the other resin molded products may be
.made in the following manner.
(Method 1)
A thermogravimetric analysis is performed on a
resin molded product whose surface resistance has been
- preliminarily measured, for determination of the amount
and type of an electrically conductive filler contained
in the resin molded product. If the amount of the
electrically conductive filler determined on the basis
of the result of the thermogravimetric analysis is less
than 20 wt% and the surface resistance of the resin molt.ied
product preiiminarily measured is at a level which cannot
generally be attained with the amount of the conductive
filler (i.e., .at a lower level than that generally
attained), it is judged that the resin molded product

is the one according to the present invention.
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_ _ 03 June 2003
voltage of the matrix. 2. A resin nolded product as set forth in claim1,

wherein the content of the electrically conductive filler is not |ower than
1.0 wt~ and not higher than 16 wt~s . 3(Amended). A resin nolded product as
set forth in claiml , wherein the electrically conductive f filler has a
collective filler electrical resistance of not nore than 105 6~ cm and not
|l ess than 10-2 ~ cm 4. A resin nolded product as set forth in claiml,
wherein the electrically conductive filler is fibrous. 5. A resin nolded
product as set forth in claim4, wherein the electrically conductive filler
has an average fi ber_ di of not less than 0.002. . a mand not mare than

15 am 63 03 Jungofb%g%g%LeKW9§¥QW+Wﬁﬁfﬁfl?ﬁ?ﬁﬂﬁ%sa%nsﬁﬁefﬁﬁ?hnin cl ai m
Catto of ot TG BSOS b d i £ e hIR 1800086 75 BeFEefrt N ded |
G Sper sed i n i A | SRR ESFRFe Py tond I i B B RRRAEEFOECT | 1| er
Conduct tve {inaedde Hete 8e °Bhatt 1 "t FoRiRs ehgn ATES EHGESE | brous

graonite 11118, oG8l N BLAGH: BRUEL BB ROl I Sy urther

conpri sing a maskl ng eri‘a a coloro e

conduct i ve fijd alroblie JIRPKi G JFR €Ak BEhNYa i RO SE0e LM Nen AL | X

together with the elecirically conductive and e coloring material.

10 A Tesin TICADLUEE 8RoSREabINGN thet ildling WoE Chpbagea qurface

res!stance of not | ess than ;05 1Z /D apd not nor e han 1 : 11. A
resin mol ded pRyIQAUE tp XU E SEHS tRe "BAE Fo8a@ i@ JTBIRI 1A § 5 3R, an

electrically conductive filler dispersed in the matrix, whérein a content
of the el ect i yLaldpr et i Y8 8 inert gas such as nitrogen.

Fig. 2 shows the result of the thermogravimetric
analysis performed on a resin molded product which
comprises a polysulfone resin (which leaves carbon
residue after the heating), 15 wt% of carbon fibers and
15 wt% of a non-conductive inorganic substance and has
a surface resistance of 1.4 X 103 Q/[. Here, the
non-conductive inorganic substance is a mixture of
several kinds of inorganic substances including titanium
oxide used as the masking material. Numerical values
shown in percent in Fig. 2 each represent a weight
reduction during a period between inflection points. 1In
Fig. 2, a weight reduction of 14.4% is observed in a range
between 637.6 to 763.5C, and virtually agrees with the
amount of the carbon fibers contained in the resin molded

product. The residue at 800°C is about 15%, which

virtually agrees with the amount of the non-conductive
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03 June 2003 filler is lower than 20 wt% and the surface resistance of the
resin nol ded product after a heat treatnent in which the resin nol ded
product is heated up to a softening.point of the resin material and then
cooled to a roomtenperature, is not less than 100 tinmes as great as that
before the heat treatnent. 12. A resin nolded product as set forth in claim
11, wherein the content of the electrically conductive filler is not |ower
than 1.0 wt % and not higher than 16 wt% 13. A resin nolded product as set
forth in claim1l, wherein the surface resistance of the resin nol ded '
product after the resin nolded product is subjected to the heat treatnent
and then to alvetgagyecappbitanfrencpnsedsedemy dhiengres vminabdedf not | ower
than 20 kV and |l ower than a dielectric breakdown voltage of the matrix, is
not nore tharP¥9dwot of Rhfe resurldcefr Ebesthasnopspyimetizd o/ onpdysis
application process. 14. A resin nolded product as set forth in claim 13,
further conpritewy Bhab| B¢ ngesdbelpPifed ot isvhircrd rix toget her
with the electrically conductive filler. 15 A resin nolded product as set
forth in claidpalysigreprtatpdprbeihgla madkioty aadiioanasenusmski ng a
color of the electrigally, conductive filler, the masking 65 a3 June 2003
materi al bei iPHTEPEER %H%é%@ﬁ%%‘i it ofi ennPRECOPERCELYS |y

conductive fi)Jler and the coloring
inorganic substance.

A weight reduction of 29.5% observed in a range
between 549.5 to 637.6 " C is attributed to carbonization
of the polysulfone resin constituting the matrix of the
resin molded product, and it is easily understood that
the weight reduction is not attributed to the carbon
fibers of the conductive filler because the combustion
speed is much higher than the combustion speeds of the
carbon fibers and other carbonaceous conductive fillers.

Where the electrically conductive filler
contained in the resin molded product is metal-based,
a weight increase will be observed due to oxidation of
the conductive filler. Therefore, if such a weight
increase is observed in the thermogravimetric analysis,
the resin molded product supposedly contains a
metal-based conductive filler.

This method may be carried out by employving ESCA
(electron spectroscopy for chemical anglysis) or EPMA
{(electron probe microanalyzer) instead of the

thermogravimetric analysis fordetermination of the type
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03 June 2003
material. 16. A resin nolded product producing nethod conprising the steps
of : preparing a nolding material conprising a resin material and an
el ectrically conductive filler so that a content of the electrically
conductive filler is set to be lower than 20 wt% nol di ng the nol di ng
material into a predeterm ned shape; and applying a voltage of not |ower
than 20 kV and |l ower than a dielectric breakdown voltage of the resin
material, to the nolded naterial. 17. A resin nol ded~product producing
met hod as set forth in claim 16, wherein the content of the electrically

conductive fil in the Id|n material. is set to be n ower than 1 0
wt % and not tﬁrtfﬁé?m‘?‘ff% 9 V\P‘% g}§Ctj5{1,C@sHl,¥ rﬁﬂrﬁfé‘hcﬁ%%ugf‘ BP&duci ng met hod

as set forth in clai wher ei n_t he .nol terlal further conprises a
col ori ng mat 1952 lné%£fn ?ﬁsfﬁsﬁﬁlﬁg&dﬁngU%% toduci ng nethod as set

forth in clai erein the nolding materi al further conprises a
maski ng naterﬁ%%gFﬁ?wahsking a color of the 66

A resin molded product is heated to not lower than
the softening point of a resin material constituting the
resin molded product and then cooled to the room
temperature, and the surface resistance of the resultant

. resin molded product is measured. The resin molded
product of the present invention or the resin molded
product processed through the processing method of the
present invention exhibits a higher surface resistance
after the heat treatment than befo-re the heat treatment
because dielectrically broken portions therein are
recovered byN the heat treatment. More specifically, the
resin molded product of the present invention typically
has a surface resistance higher by 100 or more times after
the heat treatment than before the heat treatment. On
the other hand, resin molded products not subjected to
the voltage application process unlike the resin molded
products according to the present invention do not have
any dielectrically broken portions and, even if they are
subjected to the aforesaid heat treatment, the surface
resistance thereof will hardly be increased.

The resin molded product of the present invention,

when being subjected to the aforesaid heat treatment and
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03 June 2003 electrically conductive filler. 20 (Arended) . An apparatus
for producing a resin nolded product containing an electrically conductive
filler at a proportion of |less than 20 wt % and having a surface resistance
of not less than 105 L~/~ and not nore than 1012 ~2 /D ( the apparatus
conprising: a voltage application section for applying a voltage of not
| ower than 20 kV and | ower than a dielectric breakdown voltage of a resin
nol ded product containing the electrically conductive filler at a
proportion of less than 20 w% to the resin nolded product; and transport
means for transporting the resin nolded product toward the voltage
appl i cation <&t o Bhe (vekhaes) aPPARCEHINa R TS pidriei Bd®a res in
nol ded product containing an electrjcally conductive fi]Jler at a proportion
of |ess than %‘Cgﬂt‘%% psls ?%Fc%flt?%‘gi Fh &P ho? peEEadfan 105

~/~ and not nore than 1012 SZ /D , the apparatuys,.conprising: an el ectrode
for applying &35 ¥y d"f]h TH RS e %Li{ﬂtp({mﬁléerthtenéﬁrfadieel ectric

br eakdown vol t age ,of a resin no| ded duct cont.aining the electrical
conductive fiiSErHE Fo %F?i%ﬁengﬁgggetﬁﬁﬁkﬁ?%ﬁ%q tRFReSPesin nDYded

gggguct; and &&Qﬂﬁﬁfrg)neans for transporting the resin nol ded 67 03 June

In the case where the resin molded product has
a color other than black-based ones, the resin molded
product may possibly be a resin molded product of the
present invention if the color appears substantially
uniformly over an entire cross section of the resin
molded product and the surface resistance thereof is
within a range of about 10° to 10 Q/0 or 1072 to 103
Q/0. Meanwhile, a resin molded product containing not
less than 20 wt% of a carbonaceous conductive filler such
as used in the present invention, exhibits a black color
in its entirety and therefore, even if the resin molded
product contains a coloring material, it cannot exhibit
a color corresponding to the coloring material. Also,
in the case where the color is imparted only on a surface
portion of the resin molded product (for example, in the
case of the aforementioned resin molded product
disclosed in Japanese Laid-open Patent Publication No.
62-110917) , a uniform color canl:lot appear over an entire
cross section of the resin molded product.

{(Method 4)
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U3 June 2003
product toward the electrode wth the resin nolded product being kept in an
opposedly spaced relation with respect to the el ectrode, wherein the
transport neans is grounded. 22(Amended). An apparatus as set forth in
claim 21, wherein the electrode is an el ectrode set conprising a plurality
of needl e el ectrodes. 23(Anended). An apparatus as set forth in claim 22,
further conprising a spacing adjusting device for adjusting a spacing
bet ween the el ectrode and the resin nolded product. 24( Anended). An
apparatus as set forth in claim2l, wherein the transport neans is capable
of successively transporting a_nul t| plicity of resin nolded products toward
the el ectrode. 68 . A AeHinnaRdadapredust A sufficiently rinsed

. Aa. AGNE. A2. Aa, AS, . A. A(. AR A; . Aa. A; . A9. A2, AaY. A(. AN. A; . Aal . A A E. A

. Aa. A AE. AN2. K- Th AFeEBNAFOK NAGE AafﬁhztlmEl%"ﬂFrﬁ R BUTARERU. A Aa. A;

. Aa. A. ANE. AS9. A~, A(E. AN. AL, Aa. AY. A. A
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supplied into a polyphenylene oxide resin (available
under the trade name of “NORYL PP0534" from Japan General
Electric Co., Ltd.) as a resin material by means of a
feeder, and mixed therewith for preparation of pellets
(molding material) of the resin material containing the
fibers, the coloring material and the masking material.
The mixing proportion of the fibers was set to be 6.0
wt% based in the pellets. The mixing proportions of the
coloring material, titanium oxide and talc were set to
be 1.0 wt%, 0.2 wt% and 3.0 wt%, respectively. The
pellets exhibited a yellow color owing to the coloring
material.

The pellets were injection-molded into a yellow

disk having a diameter of 50 mm and a thickness of 3 mm
at a resin temperature of 240C and at a mold temperature
of 60C with an injection pressure of 1,200 kg/cm® by
means of a PROMAT injection molding machine of Sumitomo
Jukikai Kogyo Co., Ltd. for production of a resin molded
product. A pair of electrodes were formed from a silver

paste on a surface of the resulting disk, and the surface

resistance (Q/0) of the disk was determined by
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measuring an electrical resistance between the
electrodes. As a result, the surface resistance was 4
X 10 Q/00. The surface resistance to be hereafter
mentioned is the resistance determined in this manner.
The average residual aspect ratio of the
polyvacrylonitrile—based carbon fibers in the disk was
28.6. The average residual aspect ratio was determined
by dissolving the disk in methylene chloride for
separation of polyacrylonitrile—-based carbon short
fibers and measuring the average length and the average
diameter of 400 fibers among the separated fibers by an
optical microscope.
Subsequently, the obtained disk was placed on a
grounded plate, and an electrode set comprising a
multiplicity of needle electrodes was positioned above
the disk. The plate was spaced 40 mm apart from the
electrode set, so that the electrode set was not indirect
contact with the disk. A DC voltage of 30,000V was
applied to the electrode set as having a positive
polarity for ten seconds. The disk subjected to the
voltageapplicationprocessinthismanner(resinnmlded
product according to the present invention) had a surface
resistance of 1 X 10 Q/0, which was much lower than

that before the voltage application process. The color

of the disk did not change even after the voltage
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application process.
Further, a thermogravimetric analysis was
performed on the disk. The result is shown in Fig. 3.
The thermogravimetric analysis was performed by means
of a thermogravimetric analyzer available under the
trade name of “TG/DTA32" from Seiko Instrument Co., Ltd.
in a measurement temperature range of 20 to 1,000C at
a temperature increase rate of 10C/min at an air flow
rate of 200.0 ml/min, and numerical values shown in
percent in Fig. 3 each represent a residual weight ratio.
The result of the thermogravimetric analysis shows that
the fibers were contained in a proportion of 5.8 wt% in
the disk, which virtually agreed with the mixing
proportion of the fibers used for the production of the
disk. In addition, the result shows that a non-
combustible residue was present at 5.3 wt%, which is
supposed to be derived from the masking material or the
like.
Example 2
Polyacrylonitrile—-based carbon short fibers
(available under the trade name of “PYROFIL" from
Mitsubishi Rayon Co., Ltd.) having an average fiber
diameter of 7 pgm, an average aspect ratio of 857 and

a collective filler electrical resistance of 0.06 £

cm, ayellowcoloringmaterial (available under the trade
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oxide (available under the trade name of "CR60" from
Ishihara Sangyo Co., Ltd.) as a masking material, and
mica (available under the trade name of "“Kuraray Mica
200HK" from Kuraray Co., Ltd.), were mixed with a
polypropylene resin (available under the trade name of
"NOVATEC BC3B" from Japan Polychem Co., Ltd.) as a resin
material in substantially the same manner as in Example
1 for preparation of pellets. The mixing proportion of
the fibers was set to be 5.0 wt% in “the pellets. The
mixing proportions of the coloring material, titanium
oxide and mica were set to be 0.6 wt%, 0.2 wt% and 1.0
wt%, respectively. The pellets exhibited a vivid yellow
color owing to the coloring material.

A disk was produced from the thus obtained pellets

through substantially the same molding process as in
Example 1. Thedisk exhibitedavividyellowcolor. The
average residual aspect ratio of the
polyacrylonitrile-based carbon short fibers in the disk
was 51.1. The average residual aspect ratio was
determined in substantially the same manner as in Example
1 except that hot decalin was used as the solvent for
dissolving the disk.

The surface resistance of the thus obtained disk

was measured before and after the voltage application
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process. The conditions for the voltage application

process were set to be substantially the same as in

Example 1 except that an AC voltage of 30 kV was applied.

. The surface resistance of the disk before the voltage
application process was 2.6 X 10 Q/0, whereas the
surface resistance of the disk after the voltage
application process showed a reduced value of 3.3 X 10°
Q/00. The color of the disk did not change even after
the voltage application process.

Further, a thermogravimetric analysis was
performed on the disk before the voltage application
process. The result is shown in Fig. 4. The
thermogravimetric analysis was performed by means of a
thermogravimetric analyzer available under the trade
name of "TG/DTA32" from Seiko Instrument Co., Ltd. in
a measurement temperature range of 20 to 1,000C at a
temperature increase rate of 10C/min at an air flow rate
of 200.0 ml/min, and numerical values shown in percent
in Fig. 4 each represent a residual weight ratio. The
result of the thermogravimetric analysis in Fig. 4 shows
that the fibers were contained in a proportion of 4.9
wt% in the disk, and it is understood that this virtually
agrees with the mixing proportion of the fibers used for

the production of the disk. 1In addition, the result

shows that a non-combustible residue was present at 2.1
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wt%, which is supposed to be derived from the masking
material or the like.
Example 3

A yellow disk was produced in substantially the
same manner as in Example 2 except that the mixing
proportions of the fibers and the coloring material were
changed to 6.0 wt% and 1.0 wt%, respectively, and
titanium oxide and mica were not used. The average
residual aspect ratio of the polyacrylonitrile-based
carbon short fibers in the disk was 52.3. After the
surface resistance of the disk was measured, a voltage
application process was performed on the disk under
substantially the same conditions as in Example 2. The
surface resistance of the disk before the voltage
application process was 8 X 10 Q/0,  whereas the
surface resistance of the disk after the voltage
application process showed a reduced value of 4 X 10°
Q/00. The color of the disk did not change even after
the voltage application process.

Further, a thermogravimetric analysis was
performed on the disk before the voltage application
process in substantially the same manner as in Example
2. The result is shown in Fig. 5. The result of the
thermogravimetric analysis in Fig. 5 shows that the

fibers were contained in a proportion of 6.1 wt% in the
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with the mixing proportion of the fibers used for the
production of the disk. In addition, the result shows
that a non-combustible residue was present at 0.5 wt%,
which is supposed to be derived from impurities contained
in the disk.
Example 4

Pitch~-based carbon short fibers (available under
the trade name of "Xylus GCA03J431" from Osaka Gas Co.,
Ltd.) having an average fiber diameter of 12 pgm, an
average aspect ratio of 250 and a collective filler
electrical resistance of 6080 Qcm, a green coloring
material (available under the trade name of "NO41" from
Dainichi Seika Co., Ltd.), titanium oxide (available
under the trade name of "CR60" from Ishihara Sangyo Co.,
Ltd.) as a masking material, and mica (available under
the trade name of "Kuraray Mica 200HK" from Kuraray Co.,
Ltd.), were mixed with a polyphenylene oxide resin
(available under the trade name of "“"NORYL PP0534" from
Japan General Electric Co., Ltd.) as a resin material
in substantially the same manner as in Example 1 for
preparation of pellets. The mixing proportion of the
fibers was set to be 16 wt% in the pellets. The mixing
proportions of the coloringmaterial, titanium oxide and

mica were set to be 1.0 wt%, 1.0 wt% and 5.0 wt%,
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respectively. The pellets exhibited a green color owing
to the coloring material.
A disk was produced from the thus obtained pellets
through substantially the same molding process as in
Examéle 1. The disk exhibited a-green color owing to
the coloring material. The average residual aspect
ratio of the pitch-based carbon short fibers in the disk
was 18.8. The average residual aspect ratio was
determined in substantially the same manner as in Example
1. The surface resistance of the disk was measured
before and after the voltage application process which
was performed in substantially the same manner as in
Example 1. The surface resistances of the disk before
and after the voltage application process were 3 X 10
Q/00 and 5 X 10%® Q/[], respectively. The color of the
disk did not change even after the voltage application
process.
s_5 2
Polyacrylonitrile-based carbon short fibers
{(available under the trade name of "PYROFIL" from
Mitsubishi Rayon Co., Ltd.) having an average fiber
diameter of 7 um, an average aspect ratio of 857 and
a collective filler electrical resistance of 0.06

cm, a red coloring nfaterial (available under the trade

name of "CB328" from Toyo Kasei Co., Ltd.), titanium
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oxide (available under the trade name of “CR60" from
Ishihara Sangyo Co., Ltd.) as a masking material, and
talc (available under the trade name of “#1000" from Fuji
Talc Co., Ltd.), were mixed with a polypropylene resin
(available under the trade name of "NOVATEC BC3B" f?om
Japan Polychem Co., Ltd.) as a resin material in
substantially the same manner as in Example 1 for
preparation of several types of pellets. The fibers
were contained in the pellets in different proportions
as shown in Table 1. The mixing proportions of the
coloring material, titanium oxide and talc were set to
be 1.0 wt%, 0.2 wt% and 3.0 wt%, respectively, in each
of Examples 5 to 12.

Disks were produced from the thus obtained
pellets through substantially the same molding process
as in Example 1, and the surface resistances thereof were
measured. Then, the disks thus obtained were subjected
to the voltage application process under conditions as
shown in Table 1, and the surface resistances thereof
were measured. The conditions for the voltage
application process shown in Table 1 are detailed below,
and the results are shown in Table 1. The disk obtained
in each of Examples 5 to 12 exhibited a vivid red color
owing to the coloring materidl, and the color did not

change even after the voltage application process.
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| Conditions A :

A pair of electrode sets each comprising a
multiplicity of vertically ggtending needle electrqdes_
were vertically spaced apart by 35 mm, and the lower
electrode set was grounded. A disk was placed on the
lower electrode set, and a DC voltage of +30kV was applied
between the electrode sets for 30 seconds.

Conditions B

A pair of electrode sets each comprising a
multiplicity of vertically extending needle electrodes
were vertically spaced apart by 35 mm, and the lower
electrode set was grounded. A disk was placed on the
lower electrode set, and a DCvoltage of ~30kV was applied
between the electrode sets for 30 seconds.

Conditions C

A pair of electrode sets each comprising a
multiplicity of vertically extending needle electrodes
were vertically spaced apart by 30 mm, and the lower
electrode set was grounded. Several hollow cylindrical
supports were vertically placed on the lower electrode
set, and a disk was horizontally placed on the supports.
With the disk being thus horizontally positioned between
the pair of electrode sets, a DC voltage of +50kV was

applied between the electrode sets for 30 seconds.
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Conditions D :

A pair of electrode sets each comprising a

multiplicity of vertically extending needle electrodes

were vertically spaced apart by 30 mm, and the lower

electrode set was grounded. Several hollow cylindrical

supports were vertically placed on the lower electrode

set, and a disk was horizontally placed on the supports.

With the disk being thus horizontally positioned between

the pair of electrode sets, a DC voltage of -50kV was

applied between the electrode sets for 3(Q seconds.
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Surface resistance (Q/(1)
Examole Mixingproportion | Voltage application { gefore After
e of fibers (wt¥) conditions voltage voltage
applicatioa }application
s 3.1 A - 10% - 1.7X%X10¢
6 3.1 8 - 10" 4.9x10"
7 3.1 Cc 10 3.4%x10¢
8 3.75 ’ C 4«.ax10* 4.3Xx14%
g 4.4 c g.ax1ao"? 9.6%X10*
10 3.1 D Lo 9.9 x10"%
11 3.75 D 4.0x10% 1.7X10°
12 4.4 D g8.ax10" less than 10
' Example 13

With respect to the disk obtained after the
voltage application process in Example 2, the surface
resistance thereof after a heat treatment was examined.
Here, a heating-cooling cycle including the steps of
heating the disk at a temperature shown in Table 2 for
30 minutes and then cooling the disk to a room temperature
in 10 minutes, was performed four times for each
temperature, and thereafter the surface resistance was
measured. The results are shown in Table 2. If the heat
treatment temperature was within the range 0of£ 95 to 165C,

the surface resistance of the disk after the heat
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treatment was approximately the same as that before the

heat treatment, showing no great change in the surface
resistance. However, it will be understood that, after
the disk was subjected to a he_at treatment at 175°C which
is a-softeningfpoint of the resin used in Example 2, the
surface resistance rose greatly to a level observed

before the voltage application process.

Table 2
Surface resistance
(Q/00)
Before heat | Before voltage application 2.6X10"
treatment
After voltage application 3.3X10°
95 2.5X10°
§ 115 1.9X10°
o 125 2.0X10°
o
- 130 1.9X10°
“
o 5
% 135 2.2X10
3
145 2.9X10°
o
o
D 155 2.4X10°
pi
i 165 1.5%X10°
175 1L.0X10
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Example 14
Disks were produced in substantially the same
manner as in Example 2 using only the polypropylene resin
_ and the fibers used in Example 2. Here, six types of
disks were produced in which the content of the fibers
was respectively set to be 5 wt%, 6 wt%, 7 wt%, 8 wt%,
9 wt% and 10 wt%. The surfacé resistance of each disk
was measured, and the results are shown in Fig. 6.
Next, a voltage application process similar to
the one in Exaﬁple 2 was performed on each of the disks
in which the content of the fibers had been respectively
set to be 5 wt%, 6 wt%, 7 wt% and 8 wt%, and thereafter
the surface resistance thereof was measuredl The
results are shown in Fig. 6.
Comparative Example 1
Pellets were prepared in substantially the same
manner as in Example 1 except that the mixing proportions
of the fibers, the coloring material and titanium oxide
were changed to 20 wt%, 3.0 wt% and 1.0 wt%, respectively,
in Example 1 and 5.0 wt% of mica (available under the
trade name of “Kuraray Mica 200HK" from Kuraray Co.,
Ltd.) was utilized instead of talc. A disk was produced
in substantially the same manner as in Example 1 with

the use of these pellets. The resultant disk exhibited

a dark gray color without reflection of the color of the
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coloring material added to the pellets. Further, the
disk already showed a surface resistance of 2.0 X 102
Q /[0 even before the voltage application process.
Comparative Example 2

Pellets were prepared by mixing 67 wt% of the
polypropylene resin used in Example 2, 20 wt% of carbon
black (available under the trade name of "Ketchen Black
EC" from Akzo Co., Ltd.), 3.0 wt$% of a red coloring
material {(available under the trade name of "CB328" from
Toyo Kasei Co., Ltd.), 5.0 wt% of titanium oxide
(available under the trade name of "CR60" from Ishihara
Sangyo Co., Ltd.) and 5.0 wt% of talc (available under
the trade name of "#1000* from Fuji Talc Ceo., Ltd.) in
substantially the same manner as in Example 1. A disk
was produced in substantially the same manner as in
Example 1 with the use of these pellets. The resultant
disk was black without reflection of the color of the
coloring material. Further, the disk already showed a
surface resistance of 4 /0[] even before the voltage

application process.

The present invention may be embodied in any othex
ways without departing from the spirit or principal
features thereof. Therefore, the examples described

above are merely illustrative of the invention but not
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limitative of the same in any aspects. The scope of the
invention is defined by the following claims and in no
way limited by the description herein set forth.

Further, any alterations and modifications made within
the range of equivaients of the claims are intended to

fall within the scope of the invention.
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CLAIMS

1. A resin molded product comprising:

a matrix of a resin material; and

an elecFrically qonductivg filler dispersed in
the matrix,

wherein a content of the electrically conductive
filler is lower than 20 wt%, and

the resin molded product has been subjected to
a voltage application process employing a voltage of not
lower than 20 kV and lower than a dielectric breakdown
voltage of the matrix.
2. A resin molded product as set forth in claim 1,
wherein the content of the electrically conductive
filler is not lower than 1.0 wt% and not higher than 16
wt%.
3 (Amended). A resin molded product as set forth in
claim 1, wherein the electrically conductive filler has
a collective filler electrical resistance of not more
than 10° Qcm and not less than 107 Qcm.
4. A resin molded product as set forth in claim 1,
wherein the electrically conductive filler is fibrous.
5. A resin molded product as set forth in claim 4,
wherein the electrically conductive filler has an
average fiber diameter of not less than 0.002 gm and

not more than 15 ygm.
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6. A resin molded product as set forth in claim 5,
wherein the electrically conductive filler has an
average residual aspect ratio of not less than 10 and
not more than 100,000:
7. A resin molded product as set forth in claim 1,
further comprising a coloring material dispersed in the
matrix together with the electrically conductive filler.
8. A resin molded product as set forth in claim 7,
wherein the electrically conductive filler is at least
one of a fibrous carbon filler and a fibrous graphite
filler.
9. A resin molded product as set forth in claim 8,
further comprising amaskingmaterial for masking a color
of the electrically conductive filler, the masking
material being dispersed in the matrix together with the
electrically conductive filler and the coloring
material.
10. A resin molded product as set forth in claim 1,
which has a surface resistance of not less than 10° Q
/0 and not more than 10 Q/01.
11. A resin molded product comprising:

a matrix of a resin material; and

an electrically conductive filler dispersed in
the matrix,

wherein a content of the electrically conductive
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is not more than 1/100 of the surface resistance before

the voltage applicétion process.

14. A resin molded product as set forth in claim 13,

further comprising a coloring material dispersed in the

matrix together with the electrically conductive filler.

15. A resin molded product as set forth in claim 14,

further comprising amaskingmaterial for masking a color

of the electrically conductive filler, the masking
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molding themolding material into a predetermined
shape; and
applying a voltage of not lower than 20 kV and
lower than a dielectric breakdown voltage of the resin
material, to the molded material.
17. A resin moldea'éroduct producing method as set
forth in claim 16, wherein the content of the
electrically conductive filler in the molding material
is set to be not lower than 1.0 wt% and not higher than
16 wt%.
18. A resin molded product producing method as set
forth in claim 16, wherein the molding material further
coqprises a coloring material.
19. A resin molded product producing method as set

forth in claim 18, wherein the molding material further

comprises a masking material for masking a color of the
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electrically conductive filler.

20 (Amended) . An apparatus for producing a resin molded
product containing an electrically conductive filler at
a proportion of less than 20 wt% and having a surface
resistance of not less than 10° Q/[0 and not more than
10" Q/0, the apparatus comprising:

a voltage application section for applying a
voltage of not lower than 20 kV and lower than a
dielectric breakdown voltage of a resin molded product
containing the electrically conductive filler at a
proportion of less than 20 wt%, to the resin molded
product; and

transport means for transporting the resin molded

product toward the voltage application section.
21 (Amended) . An apparatus for producing a resin molded
product containing an electrically conductive filler at
a proportion of less than 20 wt% and having a surface
resistance of not less than 10° Q/00 and not more than
10** Q/(], the apparatus comprising:

an electrode for applying a voltage of not lower
than 20 kV and lower than a dielectric breakdown voltage
of a resin molded product containing the electrically
conductive filler at a proportion of less than 20 wt%,
to the resin molded product; and

transport means for transporting the resin molded
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product toward the electrode with the resin molded
product being kept in an opposedly spaced relation with
respect to the electrode,

wherein the transport means is gpounded.
22(Amended): An apparatus as set forth in claim 21,
wherein the electrode is an electrode set comprising a
plurality of needle electrodes.
23 (Amended) . An apparatus as set forth in claim 22,
further comprising a spacing adjusting device for
adjusting a spacing between the electrode and the resin
molded product.
24 (Amended) . An apparatus as set forth in claim 21,
wherein the transport means is capable of successively
transporting a multiplicity of resin molded products

toward the electrode.
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