SPECI FI CATION RESI N MOLDI NG MATERI AL TECHNI CAL FI ELD [ 0001] The present
.invention relates to a resin nolding material, and nore particularly, to a
resin nolding material which has a favorable nechanical strength, is
extrenely excellent in abrasion resistance, and is suitable for a sliding
unit material formed of a resin. BACKGROUND OF THE | NVENTI ON [ 0002] Al ong
with resent requirenents for reductions of size and weight of a sliding

unit, a phenolic resin nolding rial __containing a glass fiber as a main
filler is used in place of a ng?EECﬁﬁggAFgﬁN A phenolic resin nolding
material which contains a glass fiber as a filler, and in which a bl ending
anount of a glass fiber is REKMNIEEPINS MABHERIALent property as a materi al
replacing a netal material in ternms of a heat resistance, dinensional

st abi | iTycHMNOAL StIEDQt h. However, an abrasion resistance is prone to reduce
wWith increase in an addition amount of the glass fiber, which nmakes it
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t he abrasion resi stance. [0003 en a I's adde 0 as to Secure
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abrasion, sonetinmes resulting in increased surface irregularities and
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t he abrasion resistance of the phenolic resin nolding material containing a
gl ass fedstarscé headd lisesuikablexdopl e, s Padiand Jpoictumertte rli adi Solrases odn

i nvention of a

a resin.

BACKGROUND OF THE INVENTION

[0002] Along with resent requirements for reductions of size
and weight of a sliding unit, a phenolic resin molding material
containing a glass fiber as a main filler is used in place of a
metal material.

A phenolic resinmoldingmaterial which contains a glass fiber
as a filler, and in which a blending amount of a glass fiber is
increased has sufficient property as a material replacing a metal
material in terms of a heat resistance, dimensional stability, and
strength. However, an abrasion resistance is prone to reduce with
increase in an addition amount of the glass fiber, which makes it
difficult to apply the phenolic resin molding material to a case
requiring the abrasion resistance.

[0003] When a glass fiber is added so as to secure the strength

of a molded article, the surface of the molded article is abraded



resin pulley containing a novol ac phenolic resin as a base resin and
containing a glass fiber and glass bead as the main fillers. Patent

Docunent 2 discloses an invention of a phenolic resin nolding nateri al
containing an aramd fiber, a glass fiber, and a glass powder as the main
fillers. Patent Docunent 3 discloses an invention of a phenolic resin

nol ding material containing a glass fiber as the main filler and containing
an organic natural material and a |lubricant faqr inmproving the abrasion

resi st aR¥eaPFBB04F POUEGEF, IBReRALRIt HePmdiRe IS dib§pRreNsShed fBsi ko

nol ding materials each contain a glass fiber as the main filler, the

mat er i apbrhavennosometimhe rasestinedqui reserased surfhee inpeouwlagitias
abrasion resistance. Therefore, in order to inprove the abrasion resistance,
there hag beanciedvenredidnclitamieri al, which contains, in addition to
a mai n conmponent, various substances and further various |ubricative

subst ances (a jCt LRI a i ri i trol
the dynam c {1180 ontaSerFrorEse o enatshrradl te Mhrghd BAT b 4K

f . Patent Do t 4 t f bon_fi ber wh t
Str uct uF 851 SLARCE bIPSIHIRAT & FES4n NP OBy Borg LT 117 | RypaeayLass

However, the abrasion resistance is insufficient, despite that the
mechani €abest pénghle ifd lilggr-oved. Patent Docunent 5 di scl oses an i nprovenent
of an abrasion resistance by adding graphite, and Patent Document 6

di scl oses an roapeRsepes; Phtthe bbeamend I esistbosesbyn attvegt bbacks | gad.
However, the addition thereof has a disadvantage in that the nmechani cal
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Patent Document 2 discloses an invention of a phenolic resin molding
material containing an aramid fiber, a glass fiber, and a glass
powder as themain fillers. Patent Document 3discloses an invention
of a phenolic resin molding material containing a glass fiber as
the main filler and containing an organic natural material and a
lubricant for improving the abrasion resistance.
[0004] However, because the above-mentioned phenolic resin
molding materials each contain a glass fiber as the main filler,
thematerialshavenotmet the latest requirement of further improving
the abrasion resistance.

Therefore, in order to improve the abrasion resistance, there

has been invented a molding material, which contains, in addition
to a main component, various substances and further various

lubricative substances (a friction modifier and a solid lubricant)

in order to control the dynamic friction coefficient of the surface



Pat ent Docunent 7 discloses an invention of a phenolic resin nolding

mat eri al, which uses a glass fiber and wol | astonite as the nmain fillers and
contains an organic natural material and graphite. Patent Docunment 8

di scl oses an invention of a nolding material having an abrasion resistance
and contai ning calcined clay. Patent Docunent 9 discloses an invention of a
nol ding material having an abrasion resistance and contai ning a polyimde
powder and pul p gomders. Pat ent Docunent 10 di scl oses an invention of a

nol di ngPHater FRPORRRC kes SHBE&Fed by adding a fluororesin powder and a

pol yethyl ene powder to a thernosetting resin. Patent Docunent 11 discl oses
an 3 inventibateht dosheresiti  negicditiga vt £ &l cavhonifiiihey ghaphiarystathen a
| ubricative substance is added to a resin, the processablity and noldability
at the stpecohrpricdatbnddnsoidt®se [degl ¢aN duelyacsilpptngipeopride] of
the lubricative substance itself. Thus, the addition anount of the

| ubri cagilye,aubstiane® Qi@ ek di 89 an PRt ££ ii@sdﬁﬂdi@ﬁ@ddewp&%%veﬁatw the
addi ti on anount of the lubricative substance increases, close adhesion with
a resin_decrease mechanical . strength of the nolding material may

, d th
decreas%e?ﬁagbﬁﬁicﬁgggpg¥ﬁeﬁéf6P8F°Wﬁd0rder to inprove the abrasion

resi stance, a technology of reducing the addition amount of the lubricative
subst ance andP@f¢nki epElheHEnBnatFalPA§SaRNabrRSCTRICEs Sfarmde ak¥FE@N has
been demanded. Further, as a recent requirenent to a netal -replacenent resin
for slitésgstuants 9§ addionphjdagtitaydasidr Paktemachboesenet €.didalrddes an

i nprovenent in the abrasion resistance and cost reduction have been
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the addition thereof has a disadvantage in that the mechanical
strength is reduced.

As described above, the improvement of the abrasion resistance
isattempted, but it isextremelydifficulttomaintainahighabrasion
resistance without reducing the mechanical strength.

Patent Document 7 discloses an invention of a phenolic resin
molding material, which uses a glass fiber and wollastonite as the
main fillers and contains an organic natural material and graphite.

Patent Document 8 discloses an invention of amolding material
having an abrasion resistance and containing calcined clay. Patent
Document 9 discloses an invention of a molding material having an
abrasion resistance and containing a polyimide powder and pulp
powders.

Patent Document 10discloses an inventionof amoldingmaterial
which is obtained by adding a fluororesin powder and a polyethylene

powder to a thermosetting resin. Patent Document 11 discloses an



Pat ent Docunent 3: JP 10-53692 A Patent Document 4: JP 11-80501 A Patent
Docunent 5: JP 09-194685 A Patent Docunent 6: JP 2004-204031 A Patent
Docunent 7: JP 08-101446 A 4 Patent Docunent 8: JP 08-319399 A Patent
Docunment 9: JP 07-157633 A Patent Docunent 10: JP 2000-273321 A Patent
Docunent 11: JP 07-157633 A DI SCLOSURE OF THE | NVENTI ON [ 0006] The present

i nvention has been nade in view of the above-described viewoints, and ains
to provide a resin nDIdin% mat eri_al, which is inproved in abrasion

resi st ahBBePEd0Re8 fdae PPERCARCa TR IBOWTET eFefdr A0 F o] iRtk e -
materials, especially a glass fiber and the like, is reduced in the cost
whi | e mai nt aiWhey aa tubbiabtéveaechdritoricsst iengiddexhdtoolalabebiny, el is
extrenely excellent in the abrasion resistance. [0007] The inventors of the
presentproy¥essabN i eQnihAURS] d&xXt BISY i eeeal &b, o anskddudith dhadordteimes
above-descri bed objects can be achieved by incorporating a specific carbon

subst angec 8, 309AId £ 611 BRIARNG LY bRlneANth F 1 Ppve Bubbheatinor e

substance to a resin. T pr ésent” 1 nvention een acconpl 1 she ased on
rovides: 1. a.resin

such findings. [00Q8], That is . th resent.inventio
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substance, wherein the carbon substance conprises an adhesive carbon

subst aneatepial feslamibedi-ng material, conprising: a resin; a carbon 5

substance; and an inorgani c substance, wherein the carbon substance
Moreover, when theadditionamount of the lubricative substance

increases, close adhesionwith a resin decreases, and the mechanical
strength of the molding material may decrease in some cases.

Therefore, in order to improve the abrasion resistance, a
technology of reducing the addition amount of the lubricative
substance and efficiently demonstrating an abrasion resistance
effect has been demanded.

Further, as a recent requirement to a metal-replacement resin
forslidingunits of automobiles, industrial machines, etc., further
improvement in the abrasion resistance and cost reduction have been
desired.

[0005] Patent Document 1: JP 06-45200 B

Patent Document 2: JP 04-371807 A

Patent Document 3: JP 10-53692 A

Patent Document 4: JP 11-80501 A

Patent Document 5: JP 09-194685 A

Patent Document 6: JP 2004-204031 A

Patent Document 7: JP 08-101446 A



has a true specific gravity of 1.8 or nore. 3. a resin nolding material,
conprising: a resin; a carbon substance; and an inorgani c substance,
wherein the carbon substance has a hal f-power band width ratio (T1) / (T2)
of 17 or lower , wherein Ti is a half-power band width of a diffraction
peak of a surface (002) observed by an X-ray diffraction and T2 is a

hal f - power band w dth of a diffraction peak of a standard silicon surface

(111) observed under the sanme conditigns. 4. a resin nolding nmateri al
according to BAayeBReP8FURRBtaBovEE Pfere °8°PoP3, wherein a content of the
adhesi ve carbon substance is 1 .5 to 180 parts by nmass based on 100 parts
by mass of theatestnDosumantediinJRoPdrAa§ /@8BeAi al according to any one of
the above itenms 1 to 4, wherein a content of the inorganic substance is 33

to 350 parts bytemssDbasmenen1000Jparboobp7o8ss af the resin. 6. a resin
nol ding material according to any one of the above itens 1 to 5, wherein

the resin conp5%§§§ ﬁoEﬁﬁQHkianeﬁbn07z&ﬁ§6595hn mol di ng material according

to any one of the above i1tens 1 to 6, erein the inorganic substance is at
| east one kind selected fromsilica, glass, and wollastonite. 8. a resin
nmol ding material according to claim?7, wherein the silica conprises a
spherical silica. 9. a resin nolding material according to claim7, wherein

t he gl aB5SebrpPREeSFaTHEadYVENGEPN 6 10. a resin nolding material according

toclaim7, in which a content of wollastonite is 80 to 200 parts by nass
based oh0006] part sThy passent theenéson. hbk reareshadevidi ngewalodr itdle
according to anyone of the above itens 1 to 10, wherein the carbon

subst anggos-48s8r i BEM of elibBehts, 1dndaafiasl *oMRrdhvidid Bl edAln aeRIiHA g to
claim1l, wherein the carbon substance in the formof fiber conprises a
pitCh'Q§§€grial which is improved in abrasion resistance reduced due to
abrasion powder generated from inorganic materials, especially a
glass fiber and the like, is reduced in the cost while maintaining
a favorable mechanical strength and moldability, and is extremely
excellent in the abrasion resistance.
[0007] The inventors of the present invention continued
extensive research, and found that the above-described objects can
be achieved by incorporating a specific carbon substance, a specific
inorganic material, and further a lubricative substance to a resin.
The present invention has been accomplished based on such
findings.
[0008] That is the present invention provides:
1. a resin molding material, comprising: a resin; a carbon
substance; and an inorganic substance, wherein the carbon substance

comprises an adhesive carbon substance.

2. a resin molding material, comprising: a resin; a carbon



carbon fiber. 13. a resin nolding material according to claim1l or 12,
wherein an average fiber length of the carbon substance in the form of
fiber is 10 to 250 umin a stage after the carbon substance is kneaded with
aresin. 14. a resin nolding material according to anyone of the above
itens 1 to 13, further conprising a |ubricative substance. 15. a resin

nol ding material according to claim 14, wherein the lubricative substance
is at |least one kind selected froma polyet h?{ll ene resin, a nylon resin, a
f 1 uor or 88PALARAEG I NP Sy PPOPTRRAE-BRSER T Syi HeIsint e SPRLRBI Sibt #aEeri al
according to claim 15, wherein the lubricative substance conprises a

fl uor orbkssna tTuea spesiif inplatianvg tyatodt ilal8 aocaratieng to claim 16, wherein
the fluororesin conprises pol ytetrafluoroethylene. 18. a resin nolding

materi al accogdi ng Ak BRI g Wae calaVg coh@hE slitgt:0alfes VAP &1 dadbon
average particle diameter of the lubricative 7 substance is 2 to 110 am

19. a rEﬁthHHEQi;%&r%he{ﬁﬁ{ég%g@s@ﬂ&a%%ea”%%fe%.LIHECSQQB%S% %@%c%l to

18, wherelin a content of t ricative substance is parts by
mass based o 0 _parts. by mass_.of the resin. ES FOR _CARRYI NG QUIT
THE. | NVRRTIONLO0BR PR b e R HOF A S Wat bf KERT T LHeSreRa + | REHE 1on
relates to a resin nolding material containing a resin, a carbon substance,
and an Thot§anilkakareevar, band vidtherf 22 | dbffragtien Redktehce, SHHRRas a
feature that the carbon substance has adhesion to at |east one of the resin
and the (000 gainserved &y aln XHene daffeactibe sediTe el di hgl fapeweal barmybe
sinply referred to as "nolding material." There is no limtation on a resin
usabl e §9fthhef esidy M 8hPbon peak of a standard silicon surface (111)
observed under the same conditions.

4. aresinmolding material according to any one of the above
items 1 to 3, wherein a content of the adhesive carbon substance
is 1.5 to 180 parts by mass based on 100 parts by mass of the resin.

5. aresinmoldingmaterial according to any one of the above
items 1 to 4, wherein a content of the inorganic substance is 33
to 350 parts by mass based on 100 parts by mass of the resin.

6. aresinmoldingmaterial according to any one of the above
items 1 to 5, wherein the resin comprises a phenolic resin.

7. aresinmoldingmaterial according to any one of the above
items 1 to 6, wherein the inorganic substance is at least one kind
selected from silica, glass, and wollastonite.

8. a resin molding material according to claim 7, wherein
the silica comprises a spherical silica.

9. a resin molding material according to claim 7, wherein

the glass comprises a glass fiber.



material of the present invention as long as the resin can be nolded. As a
.thernoplastic resin, there are exenplified a polyethylene resin, a

pol ypropyl ene resin, a vinyl chloride resin, a vinylydene chloride resin, a
styrene resin, a vinyl acetate resin, a fluororesin, a

pol ytetrafl uoroet hyl ene, an acrylonitrile/butadi ene/styrene resin, an
acrylonitrile/styrene resin, an acrylic resin, a nmethacrylic resin,

pol yam de res a poI acet resin, a._polycar onate resi.n nylene
ether resin, gapol é?iéleggd&ng'gagﬁgﬁﬁg %%?95$%?? i 4/ ngJéﬁ€ﬁ§lene
sul fide resin, EOl ysul fonic resin, a polyethersulfonlc resin,
ponaryPa@%nF%§Fn0 %l%%t?%%h%rl%ﬁﬂ%ﬁ%ﬁ@@@epﬁé§ﬁnbyaﬂésé %@$?¢n@@é19%3|n
As a thernosetting resin, there are exenplified a phenolic resin, an epoxy
resin, pantbabynmasesbm,taeumeaimesin, an unsaturated polyester resin, and
an al kyd resin. The above-nentioned resins can be used in conbination of two

or nore nenbers. [H@E8linAfoldieshALediBheNWtdEdIRSHD ASy Bhefef trd somng the
above-nmentioned resins. As the phenolic resin used for the nolding material

of the 1Péz§§ef‘ttd HEN[HQ%e 13 ER%O%%EbBHe&%étﬁ af 8! 1k %ner eES?ﬂ'oP*ﬁrB) ie

resin may be used si‘ngly or in co nation t ereof I's no l'imtation

on the novol ac_phenolic res used jn res i_nventi.on , for
~exanple, a raﬁ%onﬁ%&@ﬁﬂ&megaFﬁglﬁﬂheﬁlﬁrdﬂp %0618 aF@s?% reln
mentioned. The novol ac phenolic resin can be syntheS|zed by reacting a
phenol twhehcdohoml sdhyldan¢ea ithdhs doamcefof ihar acompriasas ystoigimhrbagedxal i ¢
acid and in the presence of a salt of a Goup 2 elenent or a transition
el ement candoanfobgani ¢ nonocar boxylic acid such as formc acid or acetic
acid, or in the presence of a salt of a Goup 2 elenent and an inorganic
acid such as pori g addhn MEIPGY HMdtGerial according to claim 11 or 12,

wherein an average fiber length of the carbon substance in the form
of fiber is 10 to 250.unlin a stage after the carbon substance is
kneaded with a resin.

14. aresinmoldingmaterial according to anyone of the above
items 1 to 13, further comprising a lubricative substance.

15. a resin molding material according to claim 14, wherein
the lubricative substance is at least one kind selected from a
polyethylene resin, a nylon resin, a fluororesin, and a
polypropylene-based resin.

16. a resin molding material according to claim 15, wherein
the lubricative substance comprises a fluororesin.

17. a resin molding material according to claim 16, wherein
the fluororesin comprises polytetrafluoroethylene.

18. aresinmoldingmaterial according to any one of the above

itemsl4tol7,whereinénaverageparticlediameterofthelubricative



acid, or nitric acid. There is no limtation on the resol type phenolic
.resin used in the present invention, and a nethylol type and a di nethyl ene
ether type are nentioned. O those, it is preferred to use the 9

di et hyl ene ether type because a bal ance of curing property and therna
stability is favorable. The di nethyl ene ether resole type resin can be

synt hesi zed by reacting a phenol with formal dehyde in the presence of a
salt of a Goup 2 elenent or a transition el enment and an organic

nmonocar BYRYIERECECiIE LudtP ds & ok Mi-c acid or acetic acid, or in the presence
of a salt of a Goup 2 elenent or a transition elenent and an inorganic
acid such as Bb8ri ca &eisdn hybd bed maitied 1adi dccordingtta engmeing o Adhehabove

di mret hyl ene ether resole resin used in the present invention, a dinethylene
et her reselme Lasta hayiwigemse th netdopitens oft hae Jubupckbiaecoubenanot 28 to
70 mol % and a nunber average nol ecul ar weight of 400 to 1,000 is preferred

in terng of tguRENg,abkl bE/YmaEerﬁgfeHGBhngo@gb&i%tgfb NBas§SOE tyPerphenolic
resinis not limted, and is preferably 70C or hi gher because the
processability is excellent. Mre specifically, the resol type resinis
easily crushed and is easily mxed with another filler and the like. [0011]
When usinggthe novol ac t pﬁnﬁgenolic resin, it is generally preferred to

bl end, B&SA MREEOECR (&% PaetiH AVENEGMNni ne as a curing agent in a

proportion of 10 to 25 mass. The content thereof is nore preferably 12 to
18 mass¥WOWAén hexafieéhykenst mbildingemaseblieided ithea mpreyortt | omveft 1dn
mass% or higher, curing is sufficiently perfornmed. Wen 10
hexamet hyl gheketbagi Pesis mEUQIny mat BF 0ROr EbRDa0hing HBESHA Q) & AWEFbon
substance, and an inorganic material, and further a lubricative
substance, and has a feature that the carbon substance has adhesion
to at least one of the resin and the inorganic material.
Hereinafter, the resinmoldingmaterial may be simply referred
to as "molding material."
There is no limitation on a resin usable for the resin molding
material of the present invention as long as the resin can be molded.
As a thermoplastic resin, there are exemplified apolyethylene
resin, a polypropylene resin, a vinyl chloride resin, a vinylydene
chlorideresin, astyreneresin, avinyl acetateresin, a fluororesin,
a polytetrafluorcethylene, an acrylonitrile/butadiene/styrene
resin, an acrylonitrile/styrene resin, an acrylic resin, a
methacrylic resin, a polyamide resin, a polyacetal resin, a
polycarbonate resin, apolyphenylene ether resin, apolyester resin,

a cyclic polyolefin resin, a polyphenylene sulfide resin, a

polysulfonicresin, apolyether sulfonicresin, apolyarylate resin,



curing is sufficiently performed and al so no nol ding defect due to

. deconposed gas or the |ike does not occur. [00121 The carbon substance used
for the resin nolding material of the present invention has adhesion to at
| east either of the resin and the inorganic material. In general, the true
specific gravity of the carbon substance of the present invention is
preferably 1.8 or nDre nore preferably 1.8 to 2.5, and still nore
preferably 1.8 to 3. Wien the true specific rain falls under the
above- n@nPPéHéGheFaﬁ@leré(eltt%}q ERASidh k@ ALY ¢ y'¥bti ned and t he
adhesion is excellent. Thus, the resin nolding material containing the
carbon substaace theemertémngineabnastbereearetamemplkbie@verthmmiic

hal f - power band width ratio (T1)/(T2) of a half-power band width (Ti) of

t he dif teaehi ah ppakyofe i sHafRERam {92k s0h , tharearbosi subst e Of a tde
present invention observed by the X-ray diffraction to a hal f-power band

wi dt h (§8%¥8EtEQeregHBTr% %'%q@§dp &gt andard silicon surface (111)

observe he X-ray diffraction-un der the sane conditions is generally

ferably 17_or | hal f band wi.dth ratio (TL)/(T2
Caual (0 "or FReT RERTHE GBOY ] GABOSATTRS ot JOTIPRALEY BECHIRS

hi gh and cleavage is likely to occur, which results in that the abrasion
sur f aceorsmexsi Mempegst-ened. Moreover, since adhesive abrasion 11 powders
are likely to generate, the abrasion resi stance is i nproved. [0013]

Menti ong¢doas)}an adhksi gereathpnasphshande wesdnf drs tdrefarasidy amiy nighe
material of the present invention is a carbon material which adheres to and
renainsagavghﬁeﬁgﬁgﬁ@g @ksangl.ass plate in 0.1 mass% or hi gher based on the
total mass X of carbon material placed on the glass plate after the

fol Lowing br ogess. 3 alase: B! ALin NAA%E0 1L SRR RS o L1 6F e @

base at roomtenper

present invention, a novolac phenolic resin or a resol phenolic
resin may be used singly or in combination thereof.

There is no limitation on the novolac phenolic resin used in
the present invention, and, for example, a random novolac resin
and a high-orthonovolac resin are mentioned.

The novolac phenolic resin can be synthesized by reacting a
phenol with formaldehyde in the presence of an acid catalyst such
as oxalic acid and in the presence of a salt of a Group 2 element
or a transition element and an organic monocarboxylic acid such
as formic acid or acetic acid, or in the presence of a salt of a
Group 2 element and an inorganicacid suchasboricacid, hydrochloric
acid, or nitric acid.

There is no limifation on the resol type phenolic resin used
in the present invention, and a methylol type and a dimethylene

ether type are mentioned. O0f those, it is preferred to use the



(25C); a carbon substance which has been weighed to 10 to 30 ng is placed
.on the center portion of the surface of the plate to which 1load is applied,
t he carbon substance is continuously noved back and forth 100 tines over
the length of 4 cm respectively, while applying a load of 2 to 3 kgf/cn®
(0.196 to 0.294 MPa); and then a cotton gauze cloth is noved back and forth
10 times on the glass plate under a load of 10 g (98 mN) to thereby

t hor oughl| ve the carbon substance gg%ch renalns i.n the form of

parti cl%l%‘ﬁt}tl}’n eng pFREE L¥PENRCGRHSE B anfRe ORI VE CHIRGT Sutdince
may have adhesion to a resin and/or an inorganic material. The carbon

subst antkevihd thsbahet ésyt bsahdvpeakiles on the surface of the plate is
preferably 1 mass% or higher, and nore preferably 2 nass% or higher. [0014]

The adhesi ve Tig¢ hdimstiDgl @ne ee tiyr bee sES 1Syl ne Him idan GARyRATHeE 2d t wo
or nore nenbers. Moreover, even in the case of a m xture of the adhesive

carbon 1,12 sybsiggce ;?r&'@n@l RPN R ONSS ¥ i SRy ﬁnlﬁuct}% et O JTQLA 1Of

such a mxture nay be conbi ned insofar as the m xture has adhe5|on In the
case of ﬁiure C ntq]nln a_conbination of gg i nds__of carbon
s

subst ant (‘?%p pre erT e oO]édj us‘?r?rhseltjp?%p Sﬁtofarfcheagdﬁ)gﬁ &7 Car bon

substances to 1.5 to 180 parts by mass based on 100 parts by weight of the
resin, FOPederaxylia adkd & AfefOTHE agiBoATsBB8EARCRCIE L Hidt (he of

two or nore nenbers and the type of each carbon material is not known, the
mass ofpresendo®nofudbssahteothaciretpwd adhmshmnoprapémﬁmsbﬁio@nb%dMenﬁf IS
indefinite. Thus, it is necessary to find a suitable addition anmount by

changi nghd hen afhglh £ §2R1 @aNBEDNE . stleWeyer bovhienathe, Rydtrdcd1Bas cadkasi oy t he
mechani cal strength and t he abrasion resistance effect can be developed by

addi ng .an appropyjate anount

As the dimethylene ether resole resin used in the present
invention, a dimethylene ether resole resin having a dimethylene
ether group ina content of 20 to 70mol% and a number averagemolecular
weight of 400 to 1,000 is preferred in terms of curing ability.

The softening point of the resol type phenolic resin is not
limited, and is preferably 70°C or higher because the processability
is excellent.

More specifically, the resol type resin is easily crushed and

is easily mixed with another filler and the like.
[0011] When using the novolac type phenolic resin, it is
generally preferred to blend, to a phenolic resin, hexamethylene
tetramine as a curing egent in a proportion of 10 to 25 mass%. The
content thereof is more preferably 12 to 18 mass%.

When hexamethylenetetramine is blended in a proportion of 10

mass% or higher, euring is sufficiently performed. When
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of the mixture. [0015] The above-nentioned adhesive carbon substance becones
. abrasion powders by abrasion, and adheres to the surface(s) of at |east
either of an resin and/or an inorganic material which is/are abraded to
formirregularities, and stuck thereto by friction, thereby flattening the
abrasion surface. Mire specifically, the adhesive carbon substance produces
abr asi on powders by abrasion, and sinultaneously coats the abrasion surface
to thereby flatten the surface. Mreover, with the lubricity of carbon,

abr asi oneganebbylesrtesrpadnec § Refepyi It @ FEPILtiegue BRidthass P rilfwelbr asi on
surface. 13 [0016] It is preferred that the adhesive carbon substance to

be usedctininghésr esiffiipikdtiy petréoiraldofanidha lisre sentmd lridery idafedie due t he
formof fiber in order to maintain a good bal ance of total of the

nmechani €gl gstbepgthdagdst Be abeagi®e ERSisSHARCRcAT .described above, the
carbon substance is generally used in the range of 1.5 to 180 parts by nmass

based ofd09)Part s e Ma3Bon Lyl e EOLILTE A SBE LA IRLDN AL AG TS ARSI on

resi stance of a nolde art e range 1s prefera paf}s by
mass, and nore ref erabl .to 50 parts hy ss. . The bl endi ng anount. of the
Car bon SLbERanRECPERE SRYENTHER BogyETHERLPENGE Aingeash MighSrchani
strength and a high abrasion resistance can be naintained. Mre

speci fiee$1y, anfehhehenpreatiagratetaelthereof is 1.5 parts by mass or

nore, the abrasion resistance effect can be sufficiently denonstrated. Wen
the bl endi ng Bigiemic riad ,18Repanies spey iFasSgpEvi EgSHf the d@ehemistds tHieNngt h

can be remarkably inproved to thereby readily obtain a favorabl e nol ded
articl e ¢ {818 88N {APERUSRATPBRTERELAYCE, § AANRSILYE £EFOYLIEdILy
1.8 to 2.5, and still more preferably 1.8 to 2.3.

When the true specific gravity falls under the above-mentioned
range, a lubrication effect is readily obtained and the adhesion
isexcellent. Thus, theresinmoldingmaterial containingthecarbon
substance is excellent in abrasion resistance.

Moreover, the half-power band width ratio (T1)/(T2) of a
half-power band width (T1l) of the diffraction peak of a surface
(002) of the carbon substance of the present invention observed
by the X-ray diffraction to a half-power band width (T2) of the
diffraction peak of a standard silicon surface (111) observed by
the X-ray diffraction under the same conditions is dgenerally
preferably 17 or lowef.

When the half-power band width ratio (T1)/(T2) is equal to
or lower than the above-mentioned value, crystallinity becomes high

and cleavage is likely'to occur, which results in that the abrasion

surface is easily flattened. Moreover, since adhesive abrasion
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used for the phenolic resin nolding material of the present invention,
.pitch-based carbon fiber is preferred so as to maintain a high abrasion
resi stance. Exanpl es of the pitch-based carbon fiber include
petrol eum based, coal - based, synthetic-based, and |iquefied coal-based
carbon fibers. The pitch-based carbon fiber is produced 14 by spinning a
pitch, as a raw material, which is produced as a by-product during
petroleumrefining, rendering the resultant infusible, and carbonizing or
gr aphi t POVAGTEIRE S ddKPLAC dEnersbec ths ahrgRéPndRE 135 HoDeS 48 1eRkqVedhe
pitch-based carbon fiber is mainly forned of carbon hexagonal net pl anes,
and an i(861Bdpi c piMehtbased xariboadhebéve ¢aripam tsuhdtarice psefdefoedthea
which the net planes irregularly gather. As an exanple of such pitch-based

carbon f&Beh mdIrdieE g tek i a aparher gpdséet fHinken taQPos at £aRboMar 035) and
the like are nentioned. Hereinafter, the fiber-like carbon substance is

referr - sirve r fiiker, o .S Si M/l T r roon
fiber. E002e R Ry B e e P o e T TR Sl & et DT "adhbsi ve
carbon substances be subjected to oxjdation ireat t, | asma treat.nment,

ur facelt P bt ReRe oF CaF Mot E P ERety oot T okt h MESE Bh iy A i S b
pol ycar bonat e- based resin, a nylon-based resin, an urethane resin, a silane
coupl i nglagedton hejgbmes @ledeprfher tHirehirl lervéng proreshe avgbapsimtatsd t he

i nprovenent in the processability and adhesion to a resin. [0019] In order
to facihatvahe hbeipredutbiraniet tike flimledi ng amblaerd alt afodrhe gmpesesture
invention and mai ntain the nmechanical strength, the average fiber |ength of

carbon S.izbediﬁ;ié' BaPBbAI Hbs FREGE 1 FhitE MSsAbdon Mihdd0d i1 ¥ efemabl y 20
to 200 /gym and nore preferably 30 to 130 /imin a stage after the carbon
fibers ig'%laced on the center portion of the surface of the plate to which
load is applied; the carbon substance is continuously moved back
and forth 100 times over the length of 4 cm, respectively, while
applying a load of 2 to 3 kgf/cm® (0.196 to 0.294 MPa); and then
a cotton gauze cloth is moved back and forth 10 times on the glass
plate under a load of 10 g (98 mN) to thereby thoroughly remove
the carbon substance which remains in the form of particle on the
surface of the glass plate.
The adhesive carbon substance may have adhesion to a resin
and/or an inorganic material.
The carbon substancewhich adheres to andremains on the surface
of the plate is preferably 1 mass®% or higher, and more preferably
2 mass% or higher.
[0014] The adhesive carbon substance may be used singly or in
combination of two or more members.

Moreover, even in the case of amixture of the adhesive carbon
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are kneaded wth a resin. Wien the average fiber length of carbon fibers in
.a nolding material is 10 j umor nore, the nmechanical strength is inproved,
and when the average fiber length of carbon fibers in a nolding naterial is
250 umor lower, nmolding of the nolding material is facilitated. [0020] The
average fiber length of carbon fibers in the present invention refers to

t he peak position of a fiber Iength distribution which is obtained by, for
exanpleﬁPng Ivent e. aceton di sso] ves resin, so that

an anou ead N @S s g EF‘FEPIH nas ?3?8' of"® %rt 39& (LRI ed)
is 10 nass; |nner5|ng the nolding material for 24 to 48 hours to thereby

di ssol v@ BIXKEYFA MayrPe €RELIRG: R@Soday Banttheo e X oyl ade pien e;
randomy measuring the lengths of all the carbon fibers in a frame of 1 mm
squar e usi ng Innile cscopelf andikherer epesbingnghe pombédatéosoofhiwo dihe
nunber of neasurenments becones 100 or nore. The average fiber dianeter of

the carhepef kbahs b¥ wsidldy siod@ardesim ipr @éeb@EE)érZeao 40 AijdBt afek nore
preferably 8 to 18 p M [0021] As the inorganic naterla used in the resin

ol di ng. gBLec gl oF he RARSETLo! YPLLORu stLACa: Dhasss woligStonile.

orit ear apatirte, zirconra um na, ay, m ca

zeollte alunlnlun1HydrOX|g %ngylunLh droxid cal ci um, carbonat e,

bari um QY Faf8, PRagreSPurlHoPats chel RentihSn @S 16 hE&h 8 Tk gani ¢
materials can be used as a m xture of two or nore nenbers. In general, it
is preferred Ihathe heaseorkere ctiateaiken rubsisante nis he m@rﬁg@r@foﬁfit‘d@) 350
parts by mass based on 100 parts by nmass of the resin. The range is nore
pr ef er adt yndite tmendl Ppanidsthy twss,ofrGH ichlrbon material is not known,

the mass of a carbon substance which shows adhesion property by
only itself is indefinite. Thus, it is necessary to find a suitable
addition amount by changing the addition amount. However, when the
mixture has adhesion, the mechanical strength and the abrasion
resistance effect can be developed by adding an appropriate amount
of the mixture.

[0015] The above-mentioned adhesive carbon substance becomes
abrasion powders by abrasion, and adheres to the surface(s) of at
least either of an resin and/or an inorganic material which is/are
abraded to form irregularities, and stuck thereto by friction,
thereby flattening the abrasion surface.

More specifically, the adhesive carbon substance produces
abrasion powders by abfasion, and simultaneously coats the abrasion
surface to thereby flatten the surface.

Moreover, with the lubricity of carbon, abrasion can be

controlled to thereby reduce irregularities of the abrasion surface.
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nore preferably 100 to 230 parts by mass. \Wen the bl endi ng anobunt of the
.inorganic material is 33 parts by mass or nore, the nechanical strength is
i ncreased, and when the addition anmobunt of the inorganic material is 230
parts by nass or |lower, the abrasion resistance is inproved. The bl ending
anount needs to be adjusted in accordance with the hardness of the
inorganic material to be used. In the case of the inorganic material having

hi gh hardness, the_nechanical strength is likely to increase. However, the
bl endi n§004fbunt of Isukh REF TeTheshriite tkter P epA¥RPeaaBRON t FigP 8 BRRSE oFP
resistance is likely to decrease. [0022] As the formof inorganic materials,
a powdebe msgdafnr thefirkein eoddingr eatertiadned. tAe tdre fertm iofvémvrgrani ¢
materials, an inorganic naterial in the formof a spherical particle is

preferred imtther fbharn AIFibear §and €de Madehbahtbint Heydcd Badtinal bhfidide
particle fromthe viewpoints of the abrasion resistance and the fluidity of

a_nol di gg gﬁgeﬁ%ehanﬂasﬂa\g%&@a%mawdc'tgediam%%ronofre%qﬂgfarﬁ%. particles Is

17 preferably 50 pmor [ower, Ich facilitates conpact dispersion wth a
car bon substapce and/ or resin. The average particle dianeter of spherical
particles i sa&)r%esfﬁje %&a%k??lv‘i() Y1 407 anPBFIGe ﬁosreg%}ee?ae]rola%llgsel% to
35 ] um \Wen the average particle dianeter is 50 pmor |ower, the

di mensi b e éﬁig}?e@fpémge*ﬁoﬂe&fbm@nﬁm maghRasehemBPisPeAtSrREimgShce

effect is increased. [0023] Mreover, an inorganic material in the form of
fiber of ghreetesirdf poderhe neewpaiint thd abhre stenhaes tataste enfga mafded

nol ding material. More specifically, when the nolding nmaterial contains an
i norganygt{&ber, the nmechanical strength of the nolded article to

The range is preferably 3 to 100 parts by mass, and more
preferably 5 to 50 parts by mass.

The blending amount of the carbon substance is within the
above-mentioned range, a highmechanical strength andahigh abrasion
resistance can be maintained.

More specifically, when the blending amount thereof is 1.5
parts by mass or more, the abrasion resistance effect can be
sufficiently demonstrated. When the blending amount is 180 parts
by mass or less, the mechanical strength can be remarkably improved
to thereby readily obtain a favorable molded article.

[0017] As a fibrous carbon substance (adhesive carbon fiber)
usedforthephenolicrésinmoldingmaterialofthepresentinvention,
pitch-basedcarbon fiberispreferredsoastomaintainahighabrasion
resistance. Examples of the pitch-based carbon fiber include
petroleum-based, coal-based, synthetic-based, and liquefied

coal-based carbon fibers. The pitch-based carbon fiber is produced
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be obtained is inproved. The average fiber diameter of an inorganic fiber is
.not limted, and is usually 5to 50 gm preferably 6 to 40 gm and nore
preferably 6 to 30 gm By the use of fibers whose dianeters are in the
range of the average fiber dianeter, the processability in a stage of
formng the fiber into a nolding material can be inproved. The average
fiber length of fibers is not particularly limted, and is usually 10 to
500 gm  preferably 20 to 200 gm and nore preferabl 30 to 130 j umin a

st age aPYeFPERBIAI& LI kittidRdrati PATET L8y nWhgg He REEBICY] 17T s2 whose
| engths fall in the range of the 18 average fi ber Iength, t he

pr ocesshpirbirpgugitd divt dabi petyodeumhereftimimaf fendengnuhdhenorgzml taht ber
into a nolding material and the strength of a nolded article can be

i nprovedn 18084k, | dind & apbeindraied; & orgridph irtesd imgrehdi mgsubt £t alt Df SO hec
present invention to contain at |east one kind selected fromsilica, glass,

and wol 5931:19%}1%@ (ap{ghg PoerIdE 1442 S5) as an inorganic material. As

silica, a sp erlca 'ica is nore preferred fromthe V|evvp0|nt of the
bal ance of e r shi_n t he size crushed md rd etc. As
gl ass, a gl a?gg?l Bt S tfll DS % r &P hE %\%r ade W%Hgfyd 8%@?@ nge o R
flbeI’SIS not limted, and is usually 6 to 15 um By the use of gl ass

fibers WA%3EORRBeredi RABNESs PR ath %Slﬁttr%ibéﬂd?dtﬂ@%ﬁﬁér%@qm biekber

di aneter, the processability in a stage of formng the glass fiber into a
nmol di ngi srmamﬁiajulcaaﬂ}bpréﬁproeddn Whiclatbeagd 11 ome s Liemgon lafr 1l @estshé ber s
is not particularly limted. It is preferred to use chopped strand gl ass
fibers whose As an example of such pitch-based carbon fiber, products of
Japan graphite fiber corporation (XN-100-03S) and the like are
menfioned.
Hereinafter, the fiber-like carbon substance is referred to
as adhesive carbon fiber or is simply referred to as carbon fiber.
[0018] Moreover, it is preferred that the above-mentioned
adhesive carbon substances be subjected to oxidation treatment,
plasma treatment, surface treatments using an epoxy-based resin,
a polyamide-based resin, a polycarbonate-based resin, a nylon-based
resin, anurethaneresin, asilanecouplingagent, atitanatecoupling
agent, etc., from the viewpoint of the improvement in the
processability and adhesion to a resin.
[0019] In order to facilitate the production of the molding
material of the present invention and maintain the mechanical
strength, the averageifiber length of carbon fibers in a molding

material is usually 10 to 500 pum, preferably 20 to 200 pm, and

more preferably 30 to 130 um in a stage after the carbon fibers
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average fiber lengths are usually 1 to 6 mm preferably 1 to 5 nm and nore
.preferably 1 to 4 nm before kneadi ng. By the use of glass fibers whose

|l engths fall in the range of the average fiber |ength, the average fi ber

| ength of glass fibers when the glass fibers are kneaded with a resin is
usually 10 to 500 gm preferably 20 to 200 um and nore preferably 30 to
130 19 gm The processability and the noldability at the tine of formng

the glass fiber into.a, nolding mterial and the strength of a nol ded
articleaESn5< Fﬁa 8&3& g

B&2rfpr . Y 66251 -wol | astonite is blended in an ampunt of nore
preferably 100 to 200 parts by mass based on 100 parts by nmass of the
resin. [0026fhencihe mvemdp i gstlanahaed chsbonof§hare matemalding e
conpactly di spersed on the abrasion surface of a nolded article, abrasion

powder smgesetat edsf 1omuan adhesteye ad baurrsthisdainast dsngth kied yid@rawed orm y
adhere to at least either of the resin and the inorganic material which are

exposedaf@ WhHenabhaskeB radel #a@erThehigthhe fARATRN Hodey genemdrdifg om
t he adhesi ve carbon substance uniformy coats thoroughly the abrasion
i si on owger is

surface_apd the .lubrjkcity of the carbon, cont d in the abr p
oxhi bt tBACEE gy bby 20 Re At S I ee MBS art e b i dearctal
Therefore,,Ln ogdar to increase the abrasion resistance effect, the
bl endi ng@pt+bpbPEEBN of the inorganic material and the adhesive carbon
substance is in the range of 0.19 < a <_ 233 when a value obtained by
di vi di n§00Relpart biheayerefget htb¢ndegartihco fuabioal fibased ohhe¥gsants by
mass of the resin by the part by nass of the adhesive carbon substance
based ofn¥&Atpantrs flerdrasstind peh& pesihion ® foeffiiRed dsngah dibBte jpuiasd i on
thereof is preferably 0.6 < a <_ 83, and nore preferably 1.8 <_ a <_ 46.
Wien t hgn yah ugs 3dth iined BY, abo¥ & 1B 1 ONedididRP8: sbeeAPr&@sk 0N acetone,
which dissolves a resin, so that an amount of a crushed molding
material in a state of B stage (semi-cured) is 10 mass®; immersing
the molding material for 24 to 48 hours to thereby dissolve a resin
part; casting the resultant to a uniform glass plate; randomly
measuring the lengths of all the carbon fibers in a frame of 1 mm
square using a microscope; and then repeating the procedure so that
the number of measurements becomes 100 or more.
The average fiber diameter of the carbon fibers is usually
5 to 30 um, preferably 7 to 20 um, and more preferably 8 to 18
pum.
[0021] As the inorganic material used in the resin molding
material of the preseﬁt invention, silica, glass, wollastonite,
fluorite, pearl, apatite, zirconia, mullite, alumina, clay, mica,

talc, zeolite, aluminium hydroxide, magnesium hydroxide, calcium

carbonate, barium sulfate, magnesium borate, etc., are mentioned.
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20 resistance is sufficient. Mre specifically, when the value a is 0.19 or
.nore, the anmount of the carbon substance is appropriate. Therefore, the
abrasion resistance effect is excellent and al so the nechanical strength
is inproved. When the value a is 233 or |ower, the amount of the carbon
substance contained in abrasion powder is appropriate. Therefore, the
abrasi on powder easily coat uniformy the abrasion surface and the

or o1 iRk 1RErGaRbRNLEcSULLCLERDY dermal LakAde WACCR0 ol BE bLast on

resistance effect "I's 1 ncrease a case where on y the
adhesive ¢ rbon substance is added or a case where only the inorganic

mat eri al"*"8€T8dded, in a case where both the adhesive carbon substance and
the inorganic material are added, even when the anount of the adhesive
carbon subst ahtedenebal adiibdissprefiersed tinaexthengr haghc aprberbal be
resi stance effect is obtained and the nechanical strength (e.g., Charpy

i npact asednghhtaedrbneeuodl 3t ten@I) gaxrth ¢y duesd basedynergiGtpares f ect
resulting fromthe addition of both the substances. Also in a case where
only thgyaflhesi ¥¢ eaebersswhstance is added and the inorganic material is
not added an effect of inproving the abrasion resistance is obtained.

Ho I :
Nor e spec 1 o Py EAioh SR Te Fhe s %%52375@@%&?%%?% o Ras L8 A

i norganic naterlal used toget her, fol |l owi ng advantages are

obt ai ne’BorBeEaﬁgérFEéyl 1@5 3r9atpé‘rr|t<§| %Ys Ma¥expensi ve conpared with the

pi t ch- based carbon fiber, whlch is one of the adhesive carbon substances,
the product i dihemsthechhebdingdmeenwothole inowgenig material is 33 parts

by mass or more, the mechanical strength is increased, and when
the addition amount of the inorganic material is 230 parts by mass
or lower, the abrasion resistance is improved.

The blending amount needs to be adjusted in accordance with
the hardness of the inorganic material to be used.

In the case of the inorganic material having high hardness,
themechanical strengthislikelytoincrease. However, theblending
amount of such an inorganic material increases, the abrasion
resistance is likely to decrease.

[0022] As the form of inorganic materials, a powder, a grain,
a fiber, etc., are mentioned.

As the form of ihorganic materials, an inorganic material in
the formof a spherical particle ispreferredrather thanan inorganic
material in the form of an infinite particle from the viewpoints
of the abrasion resistance and the fluidity of a molding material.

The average particle diameter of spherical particles is
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t he mechani cal strength. [0028] Reasons why an extrenely high abrasion
.resistance effect and a favorable nechanical strength are achi eved when the
adhesive carbon substance and the inorganic naterial are used together are
estimated as follows. Mdre specifically, frictional abrasion at an early
stage further facilitates the generation of abrasion powder of the adhesive
carbon substance derived fromthe inorganic naterial contained in a nolding

mat eri al_, %hen ghe br asi on omder erlv n1the adhesi ve carbon .
subst anB&S4GREP th8 Fbr %W%%' :nge BrArRY (R T nor gk et son
mat eri al , ratlon f abrasi on powder of the inorganic material 1is
suppres%’é % qeataél%[r]?]gt?risqsdr?'remstance Therefore, when

t he |norgan|c naterlal contributes to the generat]on of abrasi on powder of
t he adhesive Ehebovesadskaidd clie daameielryo st wicabpraditdr lasdiserran
abrasion resistance effect appears, i.e., the abrasion surface is coated

w th thpradbesbi§ 10atbordosybs} aase, sthelimergapreravhpliyalsi songs ghar ply
worn away fromthen on. Thus, the inorganic material then contributes to

22 nalntalnln@hgﬂetﬂscgégkﬁﬁh ?SEETSEQ-dY%ﬁEtESS gcgot% Stregg%ﬁ Qﬁk

strength, it 1I's considered ecause t c ani ca

adheS|vglﬁa£Qon su té}(giedvﬁ efsbéogﬁethe han&%ﬁ streng} (glon
nol di ng materi a ecredases I'hcrease in Fﬁe content’o A Ve

carbon substance. Thus, by the conbi ned use of the |norgan|c material and
the adRe8i§EARERLEM LEGHsEa&nd@ TR Content of the adhesive carbon
subst ance can be reduced while nmaintaining a high abrasion resistance
ef fect. [TR@Bef ore, Mofavvenbl enntohughniht matenprh is i afowd dh fidbemwl di ng
mat eri al .

is preferred from the viewpoint of the mechanical strength of a

molding material.

More specifically, when the molding material contains an
inorganic fiber, the mechanical strength of the molded article to
be obtained is improved.

The average fiberdiameter of an inorganic fiber isnot limited,
and isusually 5 to 50 pm, preferably 6 to 40 um, and more preferably
6 to 30 um.

By the use of fibers whose diameters are in the range of the
average fiber diameter, the processability in a stage of forming
the fiber into a molding material can be improved.

The average fiber lengthof fibers isnot particularly limited,
and is usually 10 to 500 pum, preferably 20 to 200 pgm, and more
preferably 30 to 130 j;m in a stage after the fibers are kneaded
with a resin.

By the use of fibers whose lengths fall in the range of the
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[0029] In the nolding material of the present invention, it 1is preferred to
.conbine silica and glass as the inorganic material rather than using silica
or glass singly fromthe viewpoint of a balance of the abrasion resistance,
fluidity, and nmechanical strength of the nolding material. In particular,

t he conbi nation of a spherical silica and a glass fiber is preferred. By
combining a glass fiber, the strength of the nolding material can be

 ner eased.. 003011 e case where onl . yol§ Asy onid . and. g he, adhesi ve.

carbon £UBSFancE EFE a el n ers ing material - of

the present inventiqgn, the abrasion effect of the nDId d article, to be
obt ai ne§1P€ Aifg OTRING: FeenaddRHAEHC st ﬁ%ﬁﬁﬂﬁl G2 B long fakerteentnd jn

such a case, it is preferred to add a filler in the formof fiber as a
reinforthﬁgstrﬁegthN@ﬁtBom&idﬁﬂ:ﬁﬁﬂiQiawﬂaﬂ(hQﬂﬂmpﬁdt%d-are: i nor gani c
fibers, such as the above-nentioned glass fiber, known rockwool, a ceramc
fiber, @aobpuon fibelt Bs Pidarredrivirdehfd besinandldhngl mateaibiber;the
organic fibers such as a split pulp, a powder pulp, a crushed cloth, and

aromat i g-pebyarayde fihet canfRiflatl 1885+ RlLkiBY saéLQéd”chélfQBmasIPi@é orcing
fiber, he mechani cal strength of the nolded article to be obtalned i's

i nproved n the pre i_nvent i ferred to add a ass flber as
2 TelniOFEPRG FBFOIe AESA Bed MRS S HBRATT Tha d U (i1 & A

used in the present invention is a substance haV|ng a property of reducing
the dynddtertfietion coefficient of a particulate granular substance. As
the lubricative substance, there is exenplified at |east one kind of resin
sel ected fromka polyethyleermphagsiagl ashylom issinre preferred from the

viewpoint of the balance of ease of crushing, the size of crushed
powder, hardness, etc.

As glass, a glass fiber is preferred.

The average fiber diameter of glass fibers is not limited,
and is usually 6 to 15 um.

By the use of glass fibers whose fiber diameters fall in the
range of the average fiber diameter, the processability in a stage
of forming the glass fiber into a molding material can be improved.

The average fiber length of glass fibers is not particularly
limited. It is prefer‘red to use chopped strand glass fibers whose
average fiber lengths are usually 1 to 6 mm, preferably 1 to 5 mm,
and more preferably 1 to 4 mm before kneading.

By the use of glass fibers whose lengths fall in the range
of the average fiber length, the average fiber length of glass fibers
when the glass fibers are kneaded with a resin is usually 10 to

500 pm, preferably 20 to 200 pgm, and more preferably 30 to 130
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a fluororesin, and a pol ypropyl ene-based resin. Specifically, for exanple,
.a low density polyethylene resin, a mddle density polyethylene resin, a
hi gh density polyethylene resin, a nylon 6 resin, a nylon 66 resin,

pol ytetrafl uoroet hyl ene (PTFE: pol ytetrafl uoroethylene resin), a trifluoro
chlorinated ethylene resin, a tetrafluoroethyl ene hexafl uoropropyl ene
resin, a propylene single polyner, apropyl ene-ethyl ene copol yner,

andm xt ures ereof 24 are.nenti d. When the_ |ubricative substance such
2"n pofis nylEngepesFaaBiy 1T ShEMEs mol88prdg sl BE e iR R0 SEPERA ene
resin is used as _,a resip in the resin noldjn erial of the present

| nvent | DRS © 1708 &LPETon HRGImPA R AEMALS Dot MUK EBrT L e S8 (e As
the lubricative substance, a fluororesin is preferred and

pol yt eteatiabeoeehybenémpgoiede preferred. The particul ate granule form
refers to a formin which the above-nentioned |ubricative substance is
physi ca[b§28f ushed watlassSohot 886G bbhendadsiphaneamdinet afenege qrarfid rediel y

di aneter of particulate granules of the |lubricative substance is usually 2

to 110 yom + YMedy tﬁ‘@r@é’%)lagtﬁas%arbtajs%'cﬁogﬂ APBL BLrtS ByUnMEOTo R AdGin.
handling thereof is facilitated and when the average particle dianeter is

110 um r, t ol dabi | ity and..the appear e of a nmol.ded _.article are
favor abf@‘?ﬁﬁ’g avepg%een ptgr}? i%efregocﬁ asn%t%sgcral}cgeoparl}aqare]cﬁjaeollﬁl 3633 agtr%rla‘_’l(r\;ld

nore preferably 40 tq9. 100 y m In_general, the bl endi ng anpunt of the

| ubri cad¥ §&BmsSttancel sPerpraft AbPy2RE 35 1P SHTfaceso by RHasded ditd cle,

preferably 1 to 25 parts by mass, and still nore preferably 3 to 17 parts
by massalhuaetonnpowderpagesebptadssrofn the adbsisi veWrernrbome shiberiginug drount
thereof is 0.2 parts by mass or nore,
likely to uniformly adhere to at least either of the resin and the
inorganic material which are exposed to the abrasion surface.
Thus, the abrasion powder generated from the adhesive carbon
substance uniformly coats thoroughly the abrasion surface and the
lubricityof thecarboncontainedinthe abrasionpowder isexhibited,
whereby the abrasion resistance effect can be increased.
Therefore, inorderto increase theabrasionresistanceeffect,
the blending proportion of the inorganic material and the adhesive
carbon substance is in the range of 0.19 £ @ < 233 when a value
obtained by dividing the part by mass of the inorganic material
based on 100 parts by mass of the resin by the part by mass of the
adhesive carbon substance based on 100 parts by mass of the resin
is defined as "a".
The proportion thereof is preferably 0.6 < a £ 83, and more

preferably 1.8 < a < 46.

When the value a is in the above-mentioned range, the abrasion
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t he abrasion effect is obtained and when the bl ending anount thereof 25 is
.35 parts by mass or lower, the noldability is favorable. Wen the particle
di aneter of the lubricative substance increases, there is a tendency that it
is difficult to maintain an excellent dispersibility due to the slipping
properties of the particle surfaces. [0032] The nolding material of the

pr esent invention contains the adhesive carbon substance and the inorganic
mat eri al . %refore, en hoth of them are conbined for use, the abrasion
sur f aceTRSSSTEREE ArfeSU 9N%ping properties, therefore, an extrenely
hi gh abrasion resistance effect is obtained and the nmechanical strength
(e.g., CharpyMonpapeast ferat hy antiebetink vg lsterengt )19 srimghe, éhenamoten t he
| ubricative substance i s not added. However, when the |ubricative substance
is furtbérthddedrbber sibsthheecabsasppnoptesatsat anTieer Sfoeapr kiadl 3b i owed
due to the synergistic effect of the adhesive carbon substance, inorganic

mat eri al e 5286 ankubbirgaldty 8 SuhtaAncet MIEE o HRC S e SY NSE B S§E K
effect is obtained by adding a small amount of the |ubricative substance,

it is p935| Fgobg suppress increase in the cost while maintaining favorable
mechani cal reng nol dability, and processability. [0033] The abrasion
resi stance effect of the lubricative substance is estimated to be as

follows as an"BfRetheoVabrBndt +Rige> P ner s{Hehi st MWt of & GRIFRRTve
carbon fiber and the inorganic material. 26 In the present invention, anong

t he abr asbshaporderst gemed diredbrbyiabrsidat, iseampbyopheatbr ashiorr gbwwder

derived fromthe adhesive carbon substance adheres to the abrasion surface

and funghé s 851 oRPAREAON ca@Si1St 806€ WoRtdAEly the abrasion surface and
the lubricity of the carbon is sufficiently demonstrated, whereby
the abrasion resistance effect is increased.
[0027] Compared with a case where only the adhesive carbon
substance is added or a case where only the inorganic material is
added, in a case where both the adhesive carbon substance and the
inorganic material are added, even when the amount of the adhesive
carbon substance to be added is reduced, an extremely high abrasion
resistance effect is obtained and the mechanical strength (e.g.,
Charpy impact strength and flexural strength) is high due to a
synergistic effect resulting from the addition of both the
substances.

Also in a case where only the adhesive carbon substance is

added and the inorganicmaterial is not added, an effect of improving
the abrasion resistance is obtained. However, a large amount of

adhesive carbon substance needs to be added.

More specifically, when both the adhesive carbon substance
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When the lubricative substance, even in a slight amount, uniformy exists
.in the abrasion resistance coating part, the slipping of the abrasion

resi stance coating itself is inproved and the abrasion resistance effect is
i nproved. In general, when the lubricative substance is added to the

mol ding material, the abrasion resistance is inproved. However, because the
nol dability, processability, and nechanical strength decrease, there is a
probl em that the additiqn anount of the |lubricative substance is |imted.

By the 2BfbitEy 4BRTEP LRe BHeETIe Chporsedbdeasddiend the THotyaHie
material, even when the addition amunt of the lubricative substance in the
i nvent i advestageki ghie abtained.he abrasion resistance is remarkably

i ncreased, and the increase in the cost due to the addition of the

| ubri cative spbsiaaseetigan e gaducad twhiiilad igainéapshbgve doawpdbddevith
mechani cal strength, noldability, and processability. [0034] The resin

mol di ngt HBL ST ¢ 8h-BhsbHecPFESENEihdWERH U i BnaddEt{RD 1ghd hey&pangnt
descri bed above, may contain an additive conventionally used in a range

wi t hout _j Lring t obj “of th resent invention: .stearates such as
cal o unt SPRarareY. iBReBrEAhcTyoly Geelt S3%he RS IR S Ry &

rel ease agent such as carnauba wax; pol yfunctional phenol conpounds such as
cat echothanBechpBphRdhoF tASngkPfonat es such as p-tol uene sul fonate and

p- phenol sul f onat e; carboxyl acids such as benzoic acid, salicylic acid,
oxal i c 8¢088]and adigrzomsivly are¢at rewepy &igh sucds asn tebaktanteldffect
acetyl acetonate, alumnium (111) acetylacetonate, and zirconium (1V)

acetyl aged an#aeori@ial mexheas caucht BSn§eh ErNaekiideed wRBAI th@HdRsive
magnesi um oxi de, and iron oxide; curing assistants such as cal cium

6on| bt disohnc graty hoipicecgse.and, BbEABSORIOIL: 9
estimated as follows.

More specifically, frictional abrasion at an early stage
further facilitates the generationof abrasion powder of the adhesive
carbon substance derived from the inorganic material contained in
a molding material.

When the abrasion powder derived from the adhesive carbon
substance adheres to the abrasion surface containing the inorganic
material, the generationof abrasionpowder of the inorganicmaterial
is suppressed to theréby demonstrate an abrasion resistance.

Therefore, when the inorganic material contributes to the
generation of abrasion powder of the adhesive carbon substance at
an early stage of abrasion and then an abrasion resistance effect
appears, i.e., the abrasion surface is coated with the adhesive

carbon substance, the inorganic material is not sharply worn away

from then on. Thus, the inorganic material then contributes to
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carbon bl ack, nol ybdenum red, and phthal ocyani ne blue; a lubricity
.inmparting agent such as nol ybdenum bi sul fide; and el astonmers such as a

pol yester resin, a polyurethane resin, a polyam de resin, polybutadiene, a
st yrene- but adi ene-styrene copol yner, a polyvinyl acetate resin, and
styrene-isoprene resin. [0035] As a nethod of producing the resin nolding
material of the present invention, a usual nethod is adopted. Mre
specifically, various additives such as a resin, a curing agent, a carbon
substaﬂ@%}néﬁlﬂhéggéhﬁcmﬁﬁhéﬂPQB} atrgpgitbati ve substance, another
inorganic material, a reinforcing fiber, a nold release agent, a curing
assi stant, ariligh piegpentt ao ehaddedhamindal wiideorgthy, it XedcobideretehEtxt ur e
was kneaded under heating by using kneaders singly such as a heating roll,

a Co- knea@eflise Ofh@ mdxd:Bah Bba BXt Heleft RTo OVt GRIHY B USaHRn &ubddarrid

another mxer. 28 Then, the resultant was pelletized by crusher or a

gr anul 0: .t eb bt ai I €S| i terjpa .Q0361
Fbrein2#€%$%ftﬁ§ E?géeﬁﬁ%ih%én%%ﬁég%{%ggéﬁggﬁtﬁgrgﬁ%pég%ggégrhg%ﬁgg%gibed
with reference to exanpl es and conparative. exanples of the present

i nvent i FETBRATEF sWﬁS?‘ ITAREAPS ot} hERBX SRPILERT MY sthe n@d8aPe Nt ARt Hbds of
t he adhesion, true specific gravity, Raman spectroscopy spectrum and X-ray
di ffractilstaficehe carbon substance used in the present invention are
descri bed bel ow. Moreover, nethods of nmeasuring the fiber length, flexural
strength, flexuwsl bpdilcdsomChaepyusapact tisé riangt dan 5¢ inth thgr B asidrheanear,
and noldability of nolded articles of test sanples which were obtained by

mol di ng wadd prs PREELAY SIRLRERleS ang NBLRedR Ol evad ugahegiylgle c%tei”b%%f on

surfaces of the test sanples after a sliding abrasion test w

descri betk s TS d'28a if BON-LARRT 1989, SitP) £¢185a %A 'S AIDES) 2264632481 N-

effect. Therefore, a favorable mechanical strength is obtained in
a molding material.
[0029] In the molding material of the present invention, it
is preferred to combine silica and glass as the inorganic material
rather than using silica or glass singly from the viewpoint of a
balance of the abrasion resistance, fluidity, and mechanical
strength of the molding material.
In particular, the combination of a spherical silica and a
glass fiber is preferred.
Bycombiningaglass fiber, the strengthof themoldingmaterial
can be increased.
[0030] In the case where only wollastonite and the adhesive
carbon substance are added as themain fillersof themoldingmaterial
of the present invention, the abrasion effect of the molded article

to be obtained is high, but the mechanical strength may be
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I njection nolding and press nolding were perforned at a die tenperature of
180C and a curing time of 1 mnute. [00371 (Adhesion test of carbon
substance) The adhesi on of the carbon substance of the invention was

determ ned as follows: a glass plate having no irregularities was fixed to
a base at roomtenperature (25C) ; a carbon substance which had been

wei ghed to 10 to 30 ng was placed on the center portion 29 of the surface
of the ?I gtg 9 which | oad was applied; the carbon substance was noved back
and forth°>1 6 FlﬁEg over the length of 4 cm respectively, while applying a
| oad of 3 kgf/cnR2 (0.294 MPa), ; . and then a cotton gauze_cloth was noved
back and fort F19U¢R ne<Ca%fy tlﬁ'e 15 2Eeinrded trdefdal bh418F 10 5}1%91:80%‘% to

thereby thoroughly renove the carbon substance which remained in the form
of parto€l éiben theaswefiadeorcfinohd igjeass pl ate. Then, it was judged that the
carbon substance which adhered to and remai ned on the surface of a gl ass

plate in a progetibnadads Guthnassdhrofodd Oerf idfert Beet olimbrgamss idr<Lar bon
mat eri al placed on the glass plate had adhesion, and the carbon substance

havi ng Lhen ORI hﬁBv@f—mle?i‘ﬁ’?LBnteﬁaElgsé fﬂ?éxstyoﬂh%%ﬁ?o%g%é'lon c(True

specific gravity rue specificC graV| ty was neasured by a %ut ano
substlt tion meE)hod 1 R 7222 lg smzh Cg Egrty rrr? sure tbhod of a
or aphi t P8ty FhPErPR %%1 8o hht Bt RatiridE BRRGHY i patt fLuntBB30) T ray
di ffraction) Powder X-ra |ffract|on measur enent was perfor med usin
X-ray de¥IrrietioRany SURPNTS araRUfAcvWhRd BbHORIGEIRI IonRi eaushed £ ot ,A
carbon substance was forrred into a powder, and was filled in a recess part
of a sammpdleahohdelcf ppigdramigqearftibetro bemkeltatl, fitent, herteby obtain a
measur enent sanpl e. The neasurenent sanple was
By adding such a reinforcing fiber, the mechanical strength
of the molded article to be obtained is improved.
In the present invention, it is preferred to add a glass fiber
as a reinforcing fiber as described above.
[0031] The lubricative substance used in the present invention
is a substance having a property of reducing the dynamic friction
coefficient of a particulate granular substance.
As the lubricative substance, there is exemplified at least
one kind of resin selected from a polyethylene resin, a nylon resin,
a fluororesin, and a polypropylene-based resin. Specifically, for
example, a low density polyethylene resin, a middle density
polyethylene resin, a high density polyethylene resin, a nylon 6
resin, a nylon 66 resin, polytetrafluorocethylene (PTFE:
polytetrafluoroethylene resin), a trifluoro chlorinated ethylene

resin, a tetrafluoroethylene hexafluoropropylene resin, a propylene

singlepolymer, apropylene-ethylene copolymer, andmixtures thereof
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measured by using Cu-Ku ray as an X-ray source and adjusting the 30 output
to 40 kv and 20 mA. A standard silicon (SRvb40c) was neasured under the
sanme conditions. [0040] (Fiber length) Wth respect to the fiber length, the
peak position of a fiber Ilength distribution was obtained. The fiber Iength
distribution was obtained by: adding acetone so that an anount of a crushed
nolding nmaterial in a state of B stage was 10 nmass; i nmersing the nol di ng
material for 24 to 48 hours to thereby dissolve a resin part; casting the
resul t ah¥etBeBEUANEBrm gl ass plate; nmeasuring the lengths of all the carbon
fibers in a frame of 1 nm square around at random wusing a m croscope; and

t hen repeati Mhendhy dobddcatdyet hubstarcemidle@asod prebvelrleybene dssciane 100
or nore. [0041] (Bending elasticity and Bending strength) A test sanple (4
M i n taieknes sredh ma M udrdinesiand o380 anpdliyprbpnyehy pesdices @sedral ng to
JI'S K 6911 was neasured by Tensilon nmanufactured by Shimadzu Corporati on.

The neasu t:copditi f ol - 1Span +6lis : : Head
Speed 3 EETERL 1RPERC) HOR A RS dang Rkl al RAN i pReent MhvERGN S

accor di to JIS K 691éK s freasured % a gh rpy. _i.mpact testing machine
manuf actUPEG by FOKYCREKE OSEP SORH. “PRDASE00ST ST G PSR g pr oper t y)
A sanpl e capabl e of _being subjected to continuous injection 31 nolding was
eval uat ed and®Y&ist dHPEYCOTANG aukakpreenst fdapapresigr ipr iR etbea to
continuous injection nolding was eval uated and denoted by X [0044]
(Kneadipgl ptepratyfioroethylene is more preferred.
The particulate granule form refers to a form in which the
above-mentioned lubricative substance is physically crushed and
is formed into a sphere.
The average particle diameter of particulate granules of the
lubricative substance is usually 2 to 110 um.
When the averageparticlediameteris2 pmormore, thehandling
thereof is facilitated and when the average particle diameter is
110 um or lower, the moldability and the appearance of a molded
article are favorable.

The average particle diameter is preferably 2 to 130 um, and

more preferably 40 to 100 um.

In general, the blending amount of the lubricative substance
is preferably 0.2 to 35 parts by mass, more preferably 1 to 25 parts
by mass, and still more preferably 3 to 17 parts by mass based on
100 parts by mass of the resin.

When the blending amount thereof is 0.2 parts by mass or more,

the abrasion effect is obtained and when the blending amount thereof
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When a sanpl e was kneaded using a heating roller, a sanple capable of being
kneaded was eval uated and denoted by 0 and a sanple not capable of being
kneaded was eval uated and denoted by X. [0045] (Sliding abrasion wear) A
cylindrical abrasion ring (a rotor, fornmed of stainless steel, 18 mmin
dianmeter, 10 mmin width, specific gravity of 7.86) was disposed in such a
manner that a test sanple (stator) was in line-contact with the abrasion
ring at . two_symetrjcal places _on per portion of the abrgsion ring and

an uyp
a | oad % 3°kB2hES BYUTRSY OZpprred 't Fgh@ e Ridntact! Haraeer rotor was
rotated at 60 rpmfor 10 hours, and then a value _obtained by dividing the
abraded mass Whenr éher ot ihke sdapsetey afhetkpedibird cgtaviet yswWistameg eri al
for each of the rotor and the stator was cal cul ated. [0046] (Abrasion
surfaceistatapeshetabrasiien astchaee ogf thiae dttatier dffifdrcudl ts|tidlintgi ratha &xsi on
test was observed under a scanning electron mcroscope for evaluation.

[0047] Jghle-d1 sbovs asthess 0pi t e8¢ diesWd $hef s¢apBORgSYPShapcess oB82ne CJ
rorn (0 x 4a CW(d o Aro)d (1 zra~4 44 sa 0) 4 Fl 4 Uv OON a)

4~ 1o %glr{:,?clg‘ Riraces.

[0032] The molding material of the present invention contains
the adhesive carbon substance and the inorganicmaterial. Therefore,
when both of them are combined for use, the abrasion surface has
smoothness and slipping properties, therefore, an extremely high
abrasion resistance effect is obtained and the mechanical strength
(e.g., Charpy impact strength and bending strength) is high, even
when the lubricative substance is not added. However, when the
lubricative substance is further added thereto, the abrasion
resistance is remarkably improved due to the synergistic effect
of the adhesive carbon substance, inorganic material, and
lubricative substance.

Moreover, becausé the synergisticeffect isobtained by adding
asmall amount of the lubricative substance, itispossible tosuppress
increase in the cost whilemaintaining favorablemechanical strength,
moldability, and processability.

[0033] The abrasion resistance effect of the lubricative
substance is estimated to be as follows as an effect of promoting
the synergistic effect.of the adhesive carbon fiber and the inorganic

material.
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In the present invention, among the abrasion powders generated
by abrasion, mainly the abrasion powder derived from the adhesive
carbon substance adheres to the abrasion surface and functions as
abrasion resistance coating.

When the lubricative substance, even in a slight amount,
uniformly exists in the abrasion resistance coating part, the
slipping of the abrasion resistance coating itself is improved and
the abrasion resistance effect is improved.

In general, when the lubricative substance is added to the
molding material, the abrasion resistance is improved. However,
because the moldability, processability, and mechanical strength
decrease, there is a problem that the addition amount of the
lubricative substance is limited.

By the combined use of the adhesive carbon substance and the
inorganicmaterial, even when the addition amount of the lubricative
substance inthe inventionisaslight amount, theabrasionresistance
is remarkably increased, and the increase in the cost due to the
addition of the 1lubricative substance can be reduced while
maintaining a favorable mechanical strength, moldability, and
processability.

[0034] The resin molding material of the present invention,
in addition to the component described above, may contain an additive
conventionally used in a range without impairing the object of the

present invention: stearates such as calcium stearate, magnesium
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Exanples 1 to 13 and Conparative Exanples 1 to 11

stearate, and magnesium stearate: a mold release agent such as
carnauba wax; polyfunctional phenol compounds such as catechol and
bisphenol A; sulfonates such as p-toluene sulfonate and
p-phenolsulfonate; carboxyl acids such as benzoic acid, salicylic
acid, oxalic acid, and adipic acid; metal complexes such as cobalt
(IT) acetylacetonate, aluminium (III) acetylacetonate, and
zirconium (IV) acetylacetonate; metal oxides such as calcium oxide,
cobalt oxide, magnesium oxide, and iron oxide; curing assistants
such as calcium hydroxide, imidazole, diazabicyclo undecene, and
phenylphosphonic acid; pigments such as titanium oxide, red oxide,
carbon black, molybdenum red, and phthalocyanine blue; a lubricity
imparting agent such as molybdenum bisulfide; and elastomers such
as a polyester resin, a polyurethane resin, a polyamide resin,
polybutadiene, a styrene-butadiene-styrene copolymer, a polyvinyl
acetate resin, and styrene-isoprene resin.

[0035] As a method of producing the resin molding material of
the present invention, a usual method is adopted.

More specifically, various additives such as a resin, a curing
agent, a carbon substance, an inorganic material, a lubricative
substance, another inorganic material, a reinforcing fiber, a mold
release agent, a curing assistant, and a pigment are added, and
uniformly mixed. Then, the mixture was kneaded under heating by
using kneaders singly such as a heating roll, a co-kneader, or a

biaxial extruder or by a combined use of a roll and another mixer.
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Raw materials shown in Table 2 were used and the raw materials were bl ended
i n bl ending proportions shown in Tables 3 and 4. The m xtures were kneaded
under heating to obtain nolding materials. However, in Exanple 13,
conponent s except carbon fiber were blended, and kneaded under heati ng.
Then, the m xtures was crushed, and carbon fiber was m xed thereto using a
m xer to obtain a nolding naterial. Next, each nolding material was

injectigon-molded to forma test sanple,,and the nolded article of each test
sanpl ¢ BASHS UBRE AL 180t HE SRSV RIoGad BdBUSPEAL o STBBVRIOT | rFo
Exanple 13, the nolding material was press-nolded to forma test sanple,
and t hetereled abtpéneaoreshe Peddingnpréeridd -eval uated. The used carbon

fi ber was subjected to the adhesion test again. The results were shown in
Tables 3 and 4. 34 )n ZnE 0 Q roUW xax '0ON4a Cl10EUx O0Oaa rt
0041 "1 rq4 UP4fo-14ua) Ild240Q.CaC0a NEI1W0I UU 44 Ua
N UE Gdéavpies 144 s~ -H UOOOMOZ7 4-3W0r0~U aS" NOr4l n U
4) rou) z x X hwlIll ri

[0036] Hereinafter, the present invention will be further
specifically described with reference to examples and comparative
examples of the present invention, but isnot limited to the examples.

First, measurement methods of the adhesion, true specific
gravity, Raman spectroscopy spectrum, and X-ray diffraction of the
carbon substance used in the present invention are described below.

Moreover, methods of measuring the fiber length, flexural
strength, flexural modulus, Charpy impact strength, slidingabrasion
wear, and moldability of molded articles of test samples which were
obtained by molding various molding materials and methods of
evaluating the abrasion surfaces of the test samples after a sliding
abrasion test will be described.

The used carbon fiber was subjected to the adhesion test again.

Injection molding and press molding were performed at a die
temperature of 180°C and a curing time of 1 minute.
[0037] (Adhesion test of carbon substance)

The adhesion of the carbon substance of the invention was
determined as follows: a glass plate having no irregularities was
fixed to a base at room temperature (25°C); a carbon substance which

had been weighed to 10 to 30 mg was placed on the center portion
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;CLI g]vu%t-tééé lj!uléfallc%»%%fa:ﬁoﬂlja%%ﬁowg gaqéoad was Lgppim'eé: the NiDpddt 4 -
substance was moved back and forth 100 times over the length of
4 cm, respectively, while applying a load of 3 kgf/cm? (0.294 MPa) ;
and then a cotton gauze cloth was moved back and forth 10 times
on the glass plate under a load of 10 g (98 mN) to thereby thoroughly
remove the carbon substance which remained in the form of particle
on the surface of the glass plate. Then, it was judged that the
carbon substance which adhered to and remained on the surface of
a glass plate in a proportion of 0.1 mass% or higher of the total
mass X of carbon material placed on the glass plate had adhesion,
and the carbon substance having the proportion of lower than 0.1
mass?% had no adhesion.

[0038] (True specific gravity)

The true specific gravity was measured by a butanol
substitution method (JIS R 7222, physical property measurement
method of a graphite raw material) employing a specific gravity
bottle.

[0039] (X—ray diffraction)

Powder X-ray diffraction measurement was performed using an
X-raydiffractometer (RINT, manufacturedbyRigaku Denki Co., Ltd.).

A carbon substance was formed into a powder, and was filled
in a recess part of a sample holder formed of quartz to be flat,

to thereby obtain a measurement sample. The measurement sample was

measured by using Cu-Ka ray as an X-ray source and adjusting the
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outputtozu)kvandZOIML A standard silicon (SRM640c) was measured
under the same conditions.
[0040] (Fiber length)

With respect to the fiber length, the peak position of a fiber
length distribution was obtained. The fiber length distribution
was obtainedby: adding acetone so that an amount of a crushedmolding
material in a state of B stage was 10 mass%; immersing the molding
material for 24 to 48 hours to thereby dissolve a resin part; casting
the resultant to a uniform glass plate; measuring the lengths of
all the carbon fibers in a frame of 1 mm square around at random
using a microscope; and then repeating the procedure so that the
number of measurements became 100 or more.

[0041] (Bending elasticity and Bending strength)

A test sample (4 mm in thickness, 10 mm in width, and 80 mm
in length) produced according to JIS K 6911 was measured by Tensilon
manufactured by Shimadzu Corporation.

The measurement conditions were as follows: Span distance:
64 mm and Head speed: 2 mm/min.

[0042] (Charpy impact strength)

A test sample produced according to JIS K 6911 was measured
by a Charpy impact testingmachinemanufacturedby TOKYOKOKI SEIZOSHO
LTD.

[0043] (Injection-molding property)

A sample capable of being subjected to continuous injection
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molding was evaluated and denoted by O and a sample not capable

of being subjected to continuous injection molding was evaluated
and denoted by X
[0044] (Kneading property)

When a sample was kneaded using a heating roller, a sample
capable of being kneaded was evaluated and denoted by O and a sample
not capable of being kneaded was evaluated and denoted by X.
[0045] (Sliding abrasion wear)

Acylindrical abrasionring (arotor, formedof stainless steel,
18 mm in diameter, 10 mm in width, specific gravity of 7.86) was
disposed in such a manner that a test sample (stator) was in
line-contact with the abrasion ring at two symmetrical places on
an upper portion of the abrasion ring and a load of 3 kg was equally
applied to the two contact parts.

The rotor was rotated at 60 rpm for 10 hours, and then a value
obtained by dividing the abraded mass the rotor and the stator by
the specific gravity of a material for each of the rotor and the
stator was calculated.

[0046] (Abrasion surface state)

The abrasion surface of the stator after a sliding abrasion
test was observed under a scanning electron microscope for
evaluation.

[0047] Table 1 shows adhesion test results of carbon substances.
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[0049] Examples 1 to 13 and Comparative Examples 1 to 11

Raw materials shown in Table 2 were used and the raw materials
were blended in blending proportions shown in Tables 3 and 4. The
mixtures were kneaded under heating to obtain molding materials.

However, in Example 13, components except carbon fiber were
blended, and kneaded under heating. Then, themixtureswas crushed,
and carbon fiber was mixed thereto using a mixer to obtain a molding
material.

Next, each molding material was injection-molded to form a
test sample, and themolded article of each test sample was subjected
to the above-described evaluations.

However, in Example 13, the molding material was press-molded
to form a test sample, and the molded article of the test sample
was evaluated.

The used carbon fiber was subjected to the adhesion test again.

The results were shown in Tables 3 and 4.
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cl ear fron1TabIes 3 and 4, Exanples 1 to 13 are excellent in the abrasi
resi st apgeeadeadnparidee \ﬁkxnﬁmmane@tlls\r@n@aﬁrpc@@parfsé vighCorparaiphyeh
carbon substances having no adhesion were used (The true specific gravi
and t heEkampiwsdt lor étdral 13 in which carbon substances having no adhesion

were used (The true specific gravity and the half-width ratio
(T1)/(T2) of the X-ray diffraction peak were outside the range
specified in this application) and Comparative Examples 5 to 12
in which no carbon substance was contained.

In examples, injection-molding property is excellent, except
for Example 13 in which the carbon fiber length after kneading is
long.

Examples 1 to 3 containing wollastonite are excellent in the
abrasion resistance as compared with other examples, and, among
examples, Example 1 containing the lubricative substance is most
excellent in the abrasion resistance.

[0054] As is clear from the above, in the present invention,
it is clear that the mechanical strength and the abrasion effect
are improved due to the synergistic effect of wollastonite and the
adhesive carbon substance and, by adding a slight amount of the
lubricative substance, the abrasion resistance effect is further

improved.

INDUSTRIAL APPLICABILITY
[0055] As described above, it is revealed that the resinmolding

material of the present invention is remarkably excellent in the
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(T1)/(T2) of the X-ray diffraction peak were outside the range specified in
this application) and Conparative Exanples 5 to 12 in which no carbon
substance was contained. In exanples, injection-nolding property is
excel l ent, except for Exanple 13 in which the carbon fiber length after
kneading is long. Exanples 1 to 3 containing wollastonite are-excellent in
the abrasion resistance as conpared with ot her exanples, and, anong
exanpl es, Exanple 1 containing the |ubricative substance is nost excellent
in the abrasien F@§F§Féﬁ§€.WEgDBHF MBPRITENBaFn e rpaciaRiapbvet FeRIERLY
present invention, it is clear that the nmechanical strength and the

abr asi onieftfiectf carexispenved fditkee adhehéveymmattgirssilos edfieetthef inmtdastoni t e
and the adhesive carbon substance and, by adding a slight anpunt of the

| ubri cahhversybst ange futrtcabras Qlibrasattianrc sudffteaicd sid W thegin j nproved.
| NDUSTRI AL APPLI CABI LI TY [ 00551 As descri bed above, it is revealed that the

resin ol di ngyopBLEELAl ;s Of; d BeyRESRENtnEBUAIL 10 Jo JreHREh ARy excehgnt 1 n
the 39 abrasion resistance wi thout inpairing the neéhanlcal strength by
virtue of co-existence.of the.adhesive carb suybst ance the.inorganic

Tt er | al TP ERESPUPYRERTERE PUSTIGRE FRoUs Canddint & el Hithdbver . it s
reveal ed that the abrasion resistance can be inproved by adding a slight
amount of | ubFuebheye BEbSteReel lerhmeehanhprb eieenyentlsedtanined by
strength is obtained by using a glass fiber and the |like together as a

rei nf oresiggfaberass Oliebdo 3wt thpr dpdet tegethbe aesa renl thmgi mptfErbet . of
the present invention is suitable as a sliding unit material forned of a
resin. 40 Due to such properties, the resin molding material of the

present invention is suitable as a sliding unit material formed

of a resin.

40



CLAIMS 1. Aresin nolding material, conprising: a resin; a carbon
substance; and an inorganic substance, wherein (i) the carbon
substance is in a formof fiber, (ii) the carbon substance includes
an adhesi ve carbon substance, (iii)the carbon substance has a true
specific gravity of 1.8 or nore, and (iv) the carbon substance has a
hal f-peak width ratio (T1)/(T2) of 17 or lower , wherein Tl is a
hal f -peak width of a diffraction peakmoisa surface (002) observed by
an X-ray diffraction and T2 is a half-peak width of a diffraction
peak ofia &t amdaid shbidomy suatfeadel(l1ld¢Pmpbseiwed wndeestihe samearbon
conditions. 2. Aresin nolding material according to claim1, wherein
a contBRESEANGHe Afthedl e xgoBds substanee. iwharsinog 180 parts by

nmass based on 100 parts mass of the resin. 3. A resin nolding
materi af * 9&#%??(ﬁéﬁ%ﬁ§fcﬁrl§,1Rh8r§Pﬁma9fc%ﬁﬁ%%¢ of the

accotdi
i b Cq ' : based 100 b
orIant £1 P UK ANBDP Hhdrdntel BATLALDY N ERne PARC L b a) S i

0
mass of the resin. si n no mat eri a
of claieidh it daryhier ohbsidiod Bsbd §OUPLLSEReE, PIENGLLGLEGS LR 196 By
resin nolding material according to any one o c%alns 1to "4,
wher ei nmdhe, 14101 gani ¢ substance is at | east one kind selected from
silica, glass, and wollastonite. 41 6. A resin nolding nateri al
accordi higvt oclod atawison weebstantdehasi ki taldoppaksasdahsphericcalT1) / (T2)
silica. 7. Aresin nolding material according to claimb5, wherein the
gl ass cohpti 88 @Wfirass Wisgerdin 81 Asrashalfobedagriditierdfala aticoimiotg on
to clmln%% w@erein g content of wollastonite is 80 to 200 parts by
mass basey™ ont 1005UpaREE by ArasEPERTVRE P¥sPR. X-ray diffraction and T2

is a half-peak width of a diffraction peak of a standard silicon

surface {111} observed under the same conditions.

2. A resin molding material according to claim 1, wherein a
content of the adhesive carbon substance is 1.5 to 180 parts by

mass based on 100 parts by mass of the resin.

3. A resin molding material according to claim 1 or 2, wherein a
content of the inorganic substance is 33 to 350 parts by mass

based on 100 parts by mass of the resin.

4, A resin molding material according to any one of claims 1 to

3, wherein the resgin comprises a phenolic resin.

5. A resin molding material according to any one of claims 1 to
4, wherein the inorganic substance is at least one kind selected

from silica, glass, and wollastonite.
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9. Aresin nolding material according to claim1, wherein the carbon
substance in the formof fiber conprises a pitch-based carbon fiber.
10. Aresin nolding material according to claiml or 9, wherein an
average fiber length of the carbon substance in the formof fiber is
10 to 250 pmin a stage after the carbon substance is kneaded with a
resin. 11. A resin nolding material according to any one of clains 1
to 10, further conprising a |ubricative substance. 12. A resin

nol ding material according to claim 11, wherein the |lubricative

subst ante Ps3%ﬂsmba§@1@#E§kFﬂ§e§é@écﬁ€G0FﬁéﬁgatOpd#V@Uhyﬁene&Eégnn the

nyl on res a fluororesin, and a pQIyproperne based resin. 42 13.
A resin h%%%ﬁrﬁf?ﬁﬁ%ﬁ?%ﬂa'é%ﬁ?ﬁQhQi} £d1¢F&m 12, wherein the

| ubricative substance conprises a fluororesin. 14. A resin nolding
material according to claim 13, wherein the fluororesin conprises

p0|ytetfafhUQ&QQ&PY$£iE&n%§maée£?éi”a@BBQBQHg”ﬁ&PréfQ1fc§°r%5%9e38 the

any one of clains 11 to wherel n an average part e di anet e
the | ubgigsd i v@npsUsd anel dss Ziter110 pm 16. A resin nol di ng
mat erial according to any one of clains 11 to 15, wherein a content
of the lubricative substance is 0.2 to 35 parts by mass based on 100
parts bg mass of the resin. 43
A resin molding material according to claim 5, wherein a
content of wollastonite is 80 to 200 parts by mass based on 100

parts by mass of the resin.

9. A resin molding material according to claim 1, wherein the
carbon substance in the form of fiber comprises a pitch-based

carbon fiber.

10. A resin molding material according to claim 1 or 9, wherein

an average fiber length of the carbon substance in the form of
fiber is 10 to 250 um in a stage after the carbon substance is

kneaded with a resin.

11. A resin meclding material according te any one of claims 1 to

10, further comprising a lubricative substance.

12, A resin molding material according to claim 11, wherein the
lubricative substance is at least one kind selected from a
polyethylene resin, a nylon resin, a fluororesin, and a

polypropylene-based resin.
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13. A resin molding material according to claim 12, wherein the

lubricative substance comprises a fluororesin.

14. A resin molding material according to claim 13, wherein the

fluororesin comprises polytetrafluorcethylene.

i5. A resin molding material according tc any one of claims 11 to
14, wherein an average particle diameter of the lubricative

substance is 2 to 110 um.

16. A resin molding material according to any one of claims 11 to
15, wherein a content of the lubricative substance ig 0.2 to 35

parts by mass based on 100 parts by mass of the resin.
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