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fused phase may be made by observation of the sample mounted on the Leitz hot stage in a nitrogen
atmosphere at a magnification of 40 powers, using a polerizing microscope. The aforementioned polymers
are optically amsotroplc. That is, they permit transmission of light beam, when put between crossed
polarizers. If the sample Is optically anisotropic, the polanzed light wﬂl be transmltted, even whenitisin
55 stationary state.
Components of the polymers which form the amsoptropic fused phase as above-mentioned include:
- @ One or more of aromatic dicarboxylic acids and alicyclic dicarboxylic aclds;
@ One or more or aromatic diols, alicyclic diols and aliphatic diols, :
® One or more of aromatic hydrocarboxylic acids; - .
60 @ One or more or aromatic thiol-carboxylic acids;
® One or more of aromatic dithiols and aromatic thiol phenols and’
@ One or more of hydroxylamines and aromatic diamines.
And the polymers which form the anisotropic fused’ phasa are composed of combinations such as:
1)  Polyesters formed of @ and @;
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e : Mentioned as. ahcyclxc ‘diols . are: alicyclic diols. such’ as trans-1,4-cyclohexanediol, cis-1,4-cyclo-
hexanediol, trans-1,4-cyclohexanedimethanol, cis-1,4-cyclohaxanedimethanol, trans-1,3-cyclohexanediol,

40 cis-1,2-cyclohexanediol, traris-1,3-cyclohexanedimethanol, and alkyl, alkoxy! or halogen derivatives of the

L aforementioned allcvclic diols -such as trans-1 ,4-(1-meﬁ1yl)-cyclohexanediol and trans-1,4-(1-
NS chlorojcyclohexanediol. - - - .
S Mentioned as allphat:c chols are: straight-chain or branched aliphatlcdiolssuch as ethylene glycol, 1,3-

S propanediol, 1,4-butanediol and neopentyl glycol.

45 Mentioned as aromatic hydroxycarboxylic acids are: aromatic hydroxycarboxylic acids such as 4-
hydroxybenzoic acid, 3-hydroxybenzoie acid, 6-hydroxy-2-naphthmc acid and 8-hydroxy-1-naphthoic acid,
and alkyl, alkoxyl or halogen derivatives of the aromatic hydroxycarboxylic acids such as 3-methyi-4-
hydroxybenzoic acid, 3 5~dlmethyl-4-hydroxybsnzonc acid, 2,6-dimethyl-4-hydroxybenzoic acid, 3-
methoxy-4-hydroxybenzoi¢: geid, 3,5-dimethoxy-4-hydroxybenzoic acid, 6-hydroxy-5-methyl-2-naphthoic

so acid, 6-hydroxy-5-methoxy-2-naphthoic acid, 3-chloro-4-hydroxybenzoic acid, 2-chloro-4-hydroxybenzoic
acid, 2,3-dichloro-4-hydroxybanzoic: acid, .3,6-dichloro-4-hydroxybenzoic acid, 2,5-dichloro-4-hydroxy-
benzoic acid, 3-bromo-4-hydroxybenzoic acid, B-hydroxy-s-chlormz-naphthoic acid, 6-hydroxy-7-chioro-2-
naphthoic acid and 6é<hydroxy-5,7-dichloro-2-naphthoic acid. -

Mentioned as aromatic mercaptocarboxylic acids are; 4-mercaptobenzoic acid, 3-mercaptobenzoic
. g5 acid, 6-mercapto-2-naphthoic acid and 7-mercapto-2-naphthoic acid.
Mentioned as aromatic_dithiols are: benzene-1,4-dith|ol benzene~1,3-dith|ol, 2,6-naphthalenedithiol

.. - and 2,7-naphthalenadath|ol : :
B Mentioned as  aromatic mercaptophenols are 4~mercaptophenol 3-mercaptophenol, 6-
IR . mercaptophenol and 7—mercaptophenol
60 Mentioned as aromatic hydroxyamme and aromatic - dlamme are: 4-aminophenol, N-methyl-4-

aminophenol, 1,4-phenylsnediamins, N-methyl-‘lA—phenvlenadlamma, N,N’-dimethyi-1,4-phenylene-
diamine, 3-aminophenol; . 3-methyl-4-aminophenol, 2-chioro-4-aminophenol, 4-amino-1-naphthol, 4-
amino-4’-hydroxydiphenyl, 4-amino-4'-hydroxydiphenyl ether, 4-amino-4'-hydroxydiphenyimethane, 4-
amino-4'4'-hydroxydipheny!. sulfide, 4.4'-diaminopheny! - sulfide(thiodianiline), 4,4'-diaminophenyl
g5 suifone, 25—diam|notoluene, 44'-ethy|enediamlme, 44'-d|ammod|phenylethane. 44’-diammod|phenyl-
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and al kyl alkbxyl or hal ogen derivatives of the aronatlc hydroxycarboxyllcaiﬁi

aci ds such as 3-nethyl'-4- hydroxybenzoic acid,
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There are polynmers, of the aforerenti oned poly
respective conponents above-mentifoned, which eijther formthe anisotropic
fused phase or not, depknding on th pore it corrp05|t| on ratio in the
pol ynmer sand t he seqUence distri Wc\
to 5 this invention are restricted to those
whi ch formthe anisotropic fused phase _The polyesters of the
aforemmentioned 1), I'l) and II1) the pohyester am des of VIII)
aboveneg i oned bei ng pol yners mhlch"forl th -a:isotropic fused phase
appropriate for use aCOﬂI’dI ng t n Lo may be fornmed by a wde
variety of ester form ng process¢s whi perm t| T eacti ons: bet ween organic
10 nononer conpounds havi ng func ional'groups_japable of formng the
requiregp repetitive units by condensation. Su

organic nononers co ounds nay Include carboxyl grou , hydroxyl grou
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first by (3) Polyesters substantially comprlsmg the following repetltwe umts L 1L, Hi and IV: '
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" ‘polynmers, for exanple, by deter
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~facility in renoval of volatile matters (e.g., acetic acid or water) mhrch';fﬁf

.have been produced as by-product stage of the condensation.
" “Besides, the slurry condensati oré’ﬁeél?@g @é@r@i adopted for form ng wholly
~aromatic polyesters, whichare preferred accoggrng to this invention. By
. .th~8 nmethod, the solid product i-§ o t ai ned he state of 20 being '
-* suspended in heat exchange “medi upn - -t he} af orenmentioned fusion
acidol ysis process or dkurry poryr 5Tk Prpcess is enpl oyed, the
;gorganrcsnnnoner reacti on substanfes fror mhich t he mholly aromatic
uzpolyesters are derived may.be: su
(i -e.; as lower acyl esters) in which the hydroxyl groups of such nonomers’
- 'at the nornmal tenperature are esterified. Theslower ‘acyl groups should - - -
‘desiTabfy have 2-4 25 carbon ato". - rably_ acetic acid esters of the
reaction products frompueh. or gahi.cqoy [ e [
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3uen gas q(gh gl p R I ik g et glbgueR igythe oy

l’l

| such gaseousmmtmamésoa&r%emrﬁtraazl1d&o(woﬂmn ||Ia%fash-)oreﬁaﬂanh¥iﬂén‘a%ﬂaohﬁér%%s
' % T Had )unit@{ dhes# helyentora shbuld prefelublycattaih, \BBeaBmol%asd usitip W~ds 1ok Bf GRMET5a125
0..001~

- werght of

1% 3" %ﬁ% r2§'1; raﬁ%‘ﬁf t;qrei:wog‘;qy-dzw SR mlénmmwg:wrfgg ubitstiiahd
£ °% part pidne
the met ho ca ndd?uélﬁ' ity eawfaics aﬁﬁfﬂf&% g’é%w “e‘i?fﬁrﬁ

- subst anks abinpinations| Thedecwhally 26 n\bﬁa tpSlyébtrs y'n Q{eﬁh

--sol-uti-on Gpwetwlpm of 0.33@v%iwiicgeseraliv divesieii hgslmmseo . 2resesdnd by
~‘the ordinary"¥ E@Y%'ﬁ’sr?é?ﬁ‘ﬂﬁ'ﬂa"‘f&%mwsi“éé%/f° rrpRsdtive upits) e'br"bé"ldyV 'pref erabl y
whol I.y: aromati c pol ynmers shoul d be sol ubl e in pentafluorophenol to sone

5jdegree sorhe whol |y aromatic pol yester prefe | e used according to this
~ .invention general ly shoul d:have fi ght- averjfe nol ecul ar wei ghts of
r
or

-~ 2;°000-200, 000, preferpbly,_lo 00p- 50,R800~g ecially preferably,
, g@ efl wholly aromatic pol yester
“ani-de. SE uld generally have 40 | ecta ei-ghys of 5, 000-50, 000,

”*20 '000-25,000. On the other hand

prefera 10, 000~30, 000, *'or 15,000~17, 000, exanpl e. Measur enent of
such- nnlecular wei ght may- be made by gel perneation chromatography and
ot-her st andard measuri ng nethods ich do ngt ~invol ve solution formation of

: nrng Eig t@r. nal groups by way of
_______ My b asure

Al'ternatively, the
. , by applying the |ight
-_scatterrng 45 method in |ts ‘pent &f | uor ophenol olution. The aforenentioned
'“mhbfly polyesters and polyester am des, when dissolved at 60C in
wfpentafluorophenol at a concentration of 0. 1% by weight, will give intrinsic
. VisSgosit esmcé'!' Drpxyarvjfuniitfeﬂrgased By, ©gdrerat forroyla of g-o——AQ-@-)-J(QhGe df epprebigksy@valent S
ﬂ%? g§§f echeprepe ringha s o es ecr 1y preferred for use with the
method-of thrs R ﬁ’v% PTERTRLYF 2ot P'ﬂ“’ prox. 10 nol % or nore of
'frepetlt Ve units contalnlng naphthalgne part such as 6-hydroxy-2-napht hoic
cracid, 2, .6- di hydr oxynapht hal ene and 2)6-di §ar boxynapht hal ene. The preferable
fpolyester am des contain . repetrtrve+ﬁﬁﬁﬁschavrng 'the af orenentioned
.-;_naphthaleqwh

|nfrare&13pectroscopynon conpre

Kr’ siaxrﬁﬂes di\ggnt groups ‘having at least one benzene ring).
Thess polyesters contain.approx. 20~40 moi% of unit |, more than 10 mol% but less than 50 mol% of
.- .unitll, more than 5 mo{% but iess than 30 mol% of unit Il and more than 5 mol% but less than 30 mo!% of
" unit IV. They should preferab!y contain 20~30 mol% (e.g.. approx. 25 mol%) of unit §, 26~40 mol% {e.g.,
= s 0 approx. 35 mol%) of unit 1, 1526 mol% {e.g., approx. 20 mol%) of unit il and 16~25 mol% (e.g., approx.
. “go. 20 mol%) of unit IV. Besides; at least part of the hydrogen atoms bonded to the ring may, as the case be, be
. substituted by substituents selécted from the group consisting of alkyl groups having 1~4 carbon atoms,
‘alkoxyl groups having 1~4 carbon atoms, halogens, phenyl, substituted phenyls and their combinations.
In units Ill and IV, the divalent bonds which connect one unit to other units on both sides thereof within
o the main chain of the polymer arein symmetncal arrangement on one or more benzene rings (for example,
65 they are arranged at mutually para positions or at diagonal posltrons on the rings, when they exist on a

6

l'ied for thereaction in a nodified stateijﬁ

Le subjected to the reaction.” -



-fhydrogen ato

s _:,nstlng of 4- an1nopheno| .or. 1 4- phenylenedlan1ne Parti cul ar exanpl es
“.are’ given hereunder: (1) Polyesters substantially conprising the foll ow ng
grepetrtyve units | and 11 55 [err] 65 4 EP 0 206 600B1 These pol yesters
p,contaun"lo 90 nol % of unit " o8 uni:t 1l Under a node, the
'funlt ~10 exists up to the; annuﬁ% ?gggpggaknﬁWb preferably 70- 80 nol %
(e g.y apprraehthaléiﬁ rimo). we'@m  spostrieal unitsche maybe danhied frorth resordiriobandisephithhlic ar
n;snhYI ﬁ%ﬁﬂ“ﬁﬁ %ntrat Qn as 20-30 nol % And:at |east part of the

B ?ﬂ‘y?'&'"l." '8 ngs may be substituted, as the case may be,
’by: substsi tutents sel-ected’ froh1t'e group con
S 1-4 “¢arbon atoms, al koxyl s~ haV| g1-4 arbon t@ns hal ogens, phenyl,

.substi-tut ed phenyl s and their: C'Ioo- i (2) Pol yesters

substantlally conpri si ng:. the follomnn epetltlve units I, Il and I'l11: 20

L2 % of unit 1. They shoul d

L.preferably contai n 40-60- nnl@bof un|t l, 20-30 nol % of unit 11 and 20-30
ol % of - uranddéslrhbleﬂcarrlsd&ﬁryl uﬁi&Mseast part of the hydrogen atoms bonded to

sting of al kyl groups having

" the'rings may, as the case may be, ‘be substituted by any substituents

““substltuted phenyl s and their

fzselecteQ,fron1the group consj sti

! groups having 1-4 carbon
. atoms; al'koxyl groups having.1-4 ¢

, hal ogens, phenyl,
) Pol yesters substantlally
n, A1l and 1'V: 50 55 [err] 65

,mconpr|3|ng the foll ow ng repetl [
LB EP,0 206 600 Bl 10 RS R
N _\/, :

o Il Dioxyaryl unit represented by a generai formula —(-O—Ar—-O-}— (where Ar signifies a divalent group
.. having at least one benzene ring).. R :
ill Dicarboxyaryl unit repressnted by a general formula

a8 I
-(-C-—Ar'—c-i-

- (where Ar’ signifies a divalent group havlng at least one banzene nng) '
 These polyesters contain 10~80 mol% of unit1, 5~46% of unit ll, and. 5~45 mol% of unit Hl. They
S0 should preferably contain 10~40 mol% of unit |, 10~40.mol% of unit I, 10~40 mol% of unit Il and 10~40
Ao mol% of unit Il. Further praferably, such’ polyesters should contain 60~80 mol% of unit |, 10~20 mol% of
T o w0 unitll and 10~20 mol% of unit iil. Besides, at least part of hydrogen atoms bonded to the ring(s) may be
substituted, as appropriate, by ; substltuents selected from alkyl groups. ha\nng 1~4 carbon atoms, alkoxyl
.45 groups having 1~4 carbon atoms, halogens, phanyl substituted phany!s and their combinations.
) Preferably dioxvaryl unit i is: L

and desirable decarboxyaryl unit il isi __




_'-""'f.'[err] (where R represents’ rret hyl’-; chl.oro-,. bromo-group or ‘their
“ ‘conbi nations, which dre substituents for: the hydrogen atons on the benzene
I".'rrng Y+ They cantain 20~60 .nmpl*% of. - unit 1;5~8" rﬂ%of unit 11,5~35nm0l % of -

sSLdnitolE and 20~40 nol %of ‘unit 1V..These polyesters shoul d pref erably
~cintain-, 35~45 nol % of ~unit 1, ﬁﬁ@ W&?c%'?umt 15~25 nmol % of unit

Skl and: 25 3@ g%“ves/&f);mlb'éyshbéta\{tlalﬁﬁz%}')rgﬁﬂ féulaﬂhgfréb%mﬁ/blﬁh&sqt:ﬁlu aARhar

: .-}co‘rreentratlon units and IS substan i all'y equivalent to the m)l
-concentration of unit |V. Besides, Ieasb_ art .of ‘the hydrogen atons
~.-bonded. t the ring may as the cdse may be o] substltut ed by any
- substituents sel ected from.the droug Sy -of .al'kyl groups having 1-4
¢arbon-atons, hal ogens, phenyl Sl ¢d - pHenyls and their 25
““conbi nations. These whol [ y-aromdti ¢ i , when dissolved at [err] in
- pent af'l yprophenol at a concentration of O 3 w/v%vm 1l generally give their
ALNtrinsi c Vi g fdRnulat | east 2.0 di-/.g;. 2.0-10.0- di/g. (4)
Pol'yesters substantially conprising the foI I OWI ng repetitive units I, 11,
“lE-and 1V: 30 [err] Il Dioxyaryl: rQapre nted by a general, forrrula of
lerr] (where Ar tepresents dival ent rﬂt “having at .| east one benzene
ring). TR Di car boxyaryl units: represent e y a; general formula O 0 55 .

‘These pol yesH general foppyigihY: iwheppArdmiiosiss sslivflentgrioup havingatieast TanzendringoY % -
“but Ies s % g%tgh qu INH o - gespertiyehs 2pdR dgsismptes analiv gravp hawing A6y, of
1§53 J\r

uniy 11 an lv@.hé?- b S lwhers A ddAas iy ould
" prefer abI y cmhﬁdah/e&&-sB&tdm 104s .&t&;‘ ofuaﬁpsgtagss tiof" mmﬁﬁ%&%ﬁﬂe%ﬁ%ﬁﬁgml %

. (where Ar (wmrgm $ignifips ddivaiéregubu;gramnpsu&mumgenatne ks tivelan triescpaotexdne gthup).

( e\%g Qb% of @it MIﬁEWQFf atigsst patt jof tha Byddégenplofié Gorgled teeibprings may Ge sabistifited by

unit 11 | HRptitusnts g a@ p sxnsistiny ofglkvhoreyps having 14 carBers ptgs; alkexyl

| east” p& 19r° i&ﬁ g@% PRYMA R 8T BIENEIS nay, as the case be, be
“substituted by su st [ t nt S ect ed fromthe group consisting of alKkyl '

groups having 1-4 carbon atoms a og<y| gr 0L533.-haw ng 1-4 carbon atons,

hal ogens, phenyl, substituted phe y r{ conbinations. In units |11
‘and |V #he dival ent bonds which _ : to ot Her units on both
sides thereof within the main chaj n of &k - -'. are in synmetrical

arrangenent on one or nore benze rings (for. e'arrple they are arranged at -

mutual |y para positions or at .di agonal posi tiofs.on the ri ngs, when they

exi st oss ‘%n@prefe g&gg&h?ggbgl napht hal ene ri ng). However, such symmretri cal
units as nmay be derive rom resorcinol and [ sopht halic acid are al so

usable Preferably dioyyaryl unit II\| i S: (
NH—O— J or L NR"."f_.:.lNl!._

45 and further, desirable dioxyaryl unit IV should be:

.t

55 Furthermore, polymers forming the amsotropic melt phase of this invention may include polymers in
which part of one high molecular chain is composed of polymer segments- formmg the anisotropic melt
Pphase, while the remaining part is composed of segments of thermoplastlc rasms which do not form the

. anisotropic melt phase.
Mentioned as the fibers used according to this invention are the fotlawmg

60 Metal fibers used include fibers of mild steel, stainless steel, copper.and its alloys, bronze, aluminum
and its alloys and lead, while carbon fibers used are PAN base ftbers made from polyacrylonitrile as the
material and pitch base fibers. :

Available as usable glass fibers are, besides normal glass fi ber, giass ﬁbers coated with such metals as
nickel and copper, silane fiber, aluminosilicate -glass fiber, hollow ‘glass fiber and non-hollow fiber;
g5 inorganic fibers include various fibers such as of rockwool, z:rcoma, alumina slltca, potassium titanate,

\_/
';_;

8
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10-and desirabl e dicarboxyaryl unit IVis: 15 - . ‘[err] .20 (5)
Pol yesters substantially conprising the follow ng repetltlve units I, 11

and IIl1: 25 [er]r 30 11 Dioxyaryl unit represent ed by -a general formul a-
[err] (where Ar signifies a di va hayi ng -at - | east one benzene
ri ng) 1l Dicarboxyaryl unjt. reprpgg’e%é)gagygé general formula [err] (where

Ar -signi fbawmitamaes'iemca thidsugiurhina sifiep and bipss fusnacesiag; brdwhiskers psed ghe siliggn nitride
The<e pol y¥ %ﬂ??"' &an t‘?'“ﬂ? ‘?gk%?a%cd?agﬂ?ﬁ“f“ spilfate isiskesbafiym gitanat mbiskar. sifison
5

1, and 5- 5° J?c&"il rs ark eI UAlth 8 PRAT St pohAicaiha nd GmisRih O
uni t &1 OprbtolitResie Mler.UNI T 1, 40 nmol % of unit 11 and 10-40 nol % of wunit
LIl Furt her Que fitfers wsed mpludanshestnel waligstenits; esdmuﬂlldnatmtfﬂmen aﬁﬂlageambmiqsé fien$ t
1 10- 20 nmdoﬂéazsﬂ-rmmt Ilaree}:ad 10 20 nol %of unlt | I BeS| dt?es'i eagtts?ﬁlﬁa&

of hydr Ogeﬁ § ch Is di on a tit EEiElOi e
by substjt W.%:ge .%9.53 Yt\ﬁ éwﬁl% h' Rhn ) ahsy
45 groups tmsmé oAb dBed O3 @.qmsgw a?;?agtw I&Wtﬁ&%es

and their medsi Ffmathetsnﬁace Reahentadoblyappraazheamel beitakén dslusedsof chupling ag}ﬁtsahsﬂanes, _
desirabl e tiremsbmwatytg vmmlqw #rid| highgmolgauler fveiglty opanic ceppayndeyHd @Eidation treghment,

IPIO: y:zg%{ Vi f :Ebf;tf‘; iun?s kb b{‘ogr %}gﬁ:&%m@‘?o‘?aiwplght‘fl%lu‘&P.gEl?evlesghl'

di val ent gr OUiRe fBe¢ IeRGthdd th aaets R&Griad emaamy IdsE1GhaR 12 Hliny st &6 facilitate kneading.
trans-cycl ohe%alaﬁreg,rtqubncaﬁtb widnauda solfddubiisara likeemelybdening dieutide anddraouteeuhleh .

di val ent groe "#MM-*; twstaba@!tm% "tZé?@@ﬂm’uﬂiﬂy?rWW gssueh as %y
ethylen
i t\g.nds for po Iu:(?of:lky Vv‘mﬁ' %ﬁ%ﬁ@gﬁ Vines Ws and si |co 5, 8N Kémtcﬁgﬁm nﬁ Afs(s
N, ;:Irgamc '::olmpounds, of which particularly preferred are molybdenum dtsulftde. graphite and polytetra-
uoroethylene.

These lubricants are used in 1~50% by weight of the tutal welght ofthe product including the weight of
25 the resin, from 2 to 30% by weight being preferable,

The antistatic agent which is used as desired is effective for protectlon against fine injury on gears from
dust deposited from air. This end may be served either by agplying it on the surface or by incorporating
into the resin composition, the latter being preferred, taking account of ‘workability.

The antistatic agents may be classified into cationic, amonic, nonionic and amphoteric types.

30 Mentioned as antistatic agents of anionic type are:
Phosphoric acid ester type:
) RO O 0 oM
35 NI ' 7
. P—OM or RO— . - .
/7 N
RO . .' OM_'_'..
. 40 : o M=K, Na or (C,H.O),. :
N\, o oM RO(C;H40),. o
e’ RO(C.H,0),P or . P""OM.
- 45 \ S
oM RO(C,H.OL,
M=K, Na or (C,H40),,
50 : '
Sulfuric acid type:
RSO,M
ROSO,M M=KorNa
£ 55

Sulfuric acid ester tv_be:

RO{(C.H,0),S0;M
etc.

60
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7.;.':.:120 car bon atons or aryl group). 1V General formul a [err] (wheré Ar' denotes .
- a-divalent group having at |east 1 benzene ring). These polyesters contain

10490 nmol % of unit 1, 5- 45 mol % of unit 5~45 mol % of unit 111, and 0-40
-.ol% of unit 1V. Besides, ‘hydr ogen at ons bonded to the
~rings may be substituted by subzﬁat %‘%8@& gﬁ,t ed fromanong a group _

" consi sting ofvientidngh ageationistypeate:ng 1- 4 carbon atons, al koxyl 25 groups,
-harbgens, Qlrtamydry arsmbniern salted phenyl s and thelr conbl nations. Preferable
~di.carboxyaryl Il unit is: 30

[err] 3% and preferable unift Il R shoulld be Terr] 46 and further, desirable
~ diroxyaryl unit IV should bg: 50|55 ." | Furthernore, polyners forming the
.‘anisotropic nelt phase of tjhi ﬁ_NJFIMﬁntI nayxu@qlgpdeeg,ol yners in which part
-~ of-one high nol ecul ar chal i s donposed of polyrrer segnents formng the
'_[ianrsotrapl c nelt phase;” whijle tpe rengining part is conposed of segnents of
_~thernopl astic resins which do not formthe ani sotropi c nmelt phase.

_'_:,'I\/Entl oned imiaioiise typdder s used according to this invention are the foll ow ng:

B0 Metal fibers used include fibers of mld steel, stainless steel,
“.copper and its afloys, [br onzeq glbum nut and- its alloys and lead, while
c-carbon fibers used are ﬁ"b ?bers de from polyacrylonitrile as the
" material and pitch basd Aval | ab] e_as usabl e glass fibers are,
 bési‘des nornmal gl ass filber, a'§"§'2f| berXcoat efi=fH ¥ suels- met al s as ni ckel
“-and .coppgr, silane fibar nosilicafe glass fiber, hollow glass fiber
:andsnon- hol | ow fi ber; 45 in ngﬁle Hf ek s I'nclude various fibers such as of
- rockwool , zirconia, al umina silica, potassiumtitanate, 8 EP 0 206 600

.'-_Bl%arl umAm:ﬂamieeypeS| i con carbide, alumina, sili ca and bl ast furnace
. siag; anpd whi skers used are silicon nitride whisker, silicon oxide nitride’
~whi sker; basi ¢ magnesi um sul f gte whi sker,_,barigm titanate whi sker, silicon
. ‘earbi de whi sker and boron.whi gker. Avail gble ag synthetic fibers are Aram d
~whi-ch is a fully aromatic pol anlde and no i.ch is a5 phenolic resin
“fiber. Ore fibers used includ ,n“%ﬁﬁla Ponite, etc., while natural
“.fibers &ailable are cellulos flbers and fl ax jyarns. Preferable fibers are
“carbon fibers, glass fibers, imorganic fers -dnd synthetic fibers,
:rpartlcularly favorable belng PAN and prCh base carbon fibers and in
-addition and potassium titanate. ﬂThe fi bers abovenenti oned may be

. _used sifyly or in conbi nat xoavmf angcm—t, @MH.OMD, EiBes, @nd t he

Mentioned as nomonic 1ype are:
Alkyl-ether, -ester type: -~

40 RO(CH.OIH

RCOO{C.H,0) H
Polyoxyethylene sorbitan este.r type:
CH, CHCOOR
. w0 ~ CHO(G,H,0) H CHO(C,H,0) H
' CHO(Ca-H 4())“H
.. & Alkyl-amine type: '
| GHOMH
60 ' RN
(CHOH

65
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-5sufface treatment of fibers.normally used for their mxing with
~thernoplastic resins will provide preferable results. For the surface
J treatnent, such approaches may be taken as used .of coupling agents of

SUSEI anes, titanates, etc., coati \é\gté%é @abae _.hl gh rrpl ecul ar wei ght

~or gani ¢ conpounds and OX|dat|on These fibers are

- utilized iNkvdewigatweof from 2 to 70% by wei ght of the total weight
_intfuding the wei ght of the resin, VaHu§§0) 10 to. 50 percent by weight
bei.ng preferred. The fiber length in the flbrous nmaterial is desirably |ess
than 12sm so as to facilitate kRE®MNing. As desired, the lubricants will

“i'nclude solid lubricant |ike nolybden +pbstf|de and graphite, which are

" avdil abl e as plate crystal, polyner Iu Tlcants |nclud|ng fl uor opol yners

stch as pots tra uoro vl ene,
tetrafl yorg, ?ﬁg& EPP %PB%ropylene copol yrer,

-polytrlchloro oroethylene and tetrafluoroethylene- per fl uoroal kyl vinyl -
ether copolyner, mneral oils and:sili ones and-oi |l lubricants which are
‘|l.ow nol ecul ar organi ¢ conpounds, of Leh 61cu|ar|y preferred are
- nnlybdeqynldlsulflde graphite and polyte Fa- quoroetherne These
*Iubrlcants are used in 1-50% by wei ghtrof the total weight of the product
i nchudi ng Algnewppeght of 25 the resin, from2 te 30% by wei ght being
preferable. The antistatic agent mhlch is used as desired is effective for
" protection a@¥HARLOPNR e i njury on gears from diust deposited fromair. This

. € nd may “be s a8 Antfstakib Sgontd ¥reBeY i tHAQindilbr MihnbNR o?&lll’al’ﬁﬁﬁ'mgﬁla&}f rdsing, DubA VidlvioN 9
rpé t he rasinfal e@BMPSEtt.) BB anlohie, Addichil ant GinfpEotricare desifble] akiwhich S@ORkIBdhic Of
abllltymm$ﬁepum¥m¢tatlc agents may be classified into cationic,

-ani-oni c, n§mT6ﬁrrE' l'rcrga'rﬁfwa%%r?&toﬁmgveigsmfthetotrl/wa!@h'eﬁf@agﬁgmslmwbawr'eht of

~agents & l[mﬁ'y n¥iRGast L@rexfﬁgd Pdubfes R ;gng‘?r% diath B8 des E?e&lst JEE :%i'c §HnksC
aci d-type: mapbe used. They incl licatieh bitohducie!cHatf mﬁdﬁ% oficéridu latter EP
0 206 600 Bing\irafetsble csable 26 alid R tiveyflBrsadre su £ howdey's asipotiet bfivahi bilofize,
[err] | m deeppéri elrgnimyp @nd nickel, and their flakes; carbon powder. Jike powder of carbon black and acetylene
o black and carbon microballoon; glass flakes coated with such metals as nickel, silver and copper, and such
' metal oxides of iron or tin, of which carbon powder is especially desirable.
These conductive fillers are used in 0.5 to 50% by weight of the total weight of the product including
the weight of the resin, etc., or preferably 2 to 30% by weight. - =
_ The polymer composntlons used according to this. invention wl'uch form the -anisotropic melt phase
35 may contain one or more of (D polymers which form dther anlsotroprc melt phase, @ thermoplastic resins
which do not form the anisotropic melt phass, @ thermiosetting resins, @ lower molecular organic
compounds and & i morgamc materiais. In these compositions; the polymers which form the anisotropic
melt phase and the remaining part are allowed to be either tharmodvnamtcally compatible or not.
_ The aforementioned @ thermoplastlc resins inchide: é.g., polyethylene, polypropylene, polybutylene,
" 40 polybutadlene, polyisoprene, polyvmvl acetate, polvvmyl chloride, polvvmylrdene chloride, polystyrene,
acrylic resins, ABS resin, AS resin, Bs resin, polyurethans,; silicone resins, polyacstal, polycarbonate, poly-
ethylene - terephthalate, polybutylene terephthalate, aromatic: polyesters, polyamides, polyacrylonitrile,
polyviny! alcohol, polyvinyl sther, polyether imids, polyamide imide, polyether ether imide, polyether ether
ketones, polyether sulfones, polysulfones; polyphenylane sulfidés and polyphenylene oxides.
45 And the aforementioned @ thermosettmg resins include:: e.g.; phenol resins, epoxy resins, melamine
resins, urea resins, unsaturated polysster resins and alkyd resins. . -

Then the aforementioned @ low molecular weight organic’ compounds include: e.g., materials which
are added to common thermoplastic resins and thermosstting resins, that is, molecular weight organic
compounds for use as plasticizers, stabilizers such as antioxidents and uitraviolet ray absorbers; flame

50 retardants, coloring agents such as dyes, pigments, stc., foaming agents, further, brldglng agents such as
divinyl base compounds, peroxides, vulcamzers, and. lubncants for improvement in fluidity and mold
release properties.

Further the aforementioned () inorganic compounds mclucle matenals which are added to common
thermoplastic resins and thermosetting resins, such -as kaolin, baked clay, talc, Canada mica, mica,

s vermiculite, calcium silicate, feldspar powder, acid clay, pagodite clay, sericite, sillimanite, bentonite, glass
flake, glass powder, glass beads, slate powder and silicates like silane; carbonates such as calcium.
_ carbonates, white iead, barium carbonate, magnesium carbonaté and dolomite; sulfates such as baryta
powder, biank fixe, precipitate caicium sulfate and calcined plaster, hydroxides like hydrated alumina;
oxides like alumina, antimony oxide, magnasia, tltamum oxlcle. zinc whlte, amorphous silica, flint quartz,
6o Silica sand, white carban and diatomaceous earth. -

Besides organic compounds, woody powders lrke wood flour, coconut flour, nut flour and pulp
powder, may be added.

Suitable methods, of moldrng gears accordmg to. thls mventlon lnelude the molding methods used
with ordinary thermoplasﬂc resms for example mjectlon moldmg or axtrusmn molding press-forming,

65 stampmg or cutting. .




- of conduc

___-[:_err] Anmi deami ne type: 25 [err] Menti.oned as 'hOn'i' 'oh'r'c type are: :
- Al kyl -ether, -ester type: [err] Polyoxyet hyI ene. sorbitan ester type: 45
"0s[err] 55 Alkyl-anine type: [er]r 65 10 .~ EP-0206 600 Bl Al kyl -ani de -

--t.ype: 5 etc “Mentioned as anphoteric
type are: 10 Betain type:. [err]EESGA@%%§9&' R’ [err] 20 These antistatic

agents are Uneetharddtetidties 6the gears oBTAIMBE hire A6ry Eiudh mﬂ.ie)scddhﬁ RHEAbiAGH df@he qatei dthe Dut
i "vi ew ofime bfemaiding. THus wihér ingldings gear usirye resini an(shomnisotmpe wheroneltepaprasiuetc
are desi r baying high strepgth@hthe fsat g the tegthapd F@a*@%‘mnmf p %vi‘%@r@wn is@btaingg if the gate

iy e L A e S A

sﬂéumséﬁx&
-of troubl anesras tliehkuﬂgerftﬁr@musdeeign Bormies thd @ite b2 ttvdg ap mé mamt Trae B inlag beyiaad ia

may be us@dnelmwoomﬂ indast, ghepdatecan na e pésitippertialtheiaxial esotat.i ng and mi xi ng-in
the | atter bei ng preferable. Usable as the .

7
conduct VEM PLE? a{%ﬁ esﬁhbﬁp tn@.te% 5% PR ] bl o wllofBi s
copper a#o ical SHahigth agﬁre taﬂeeﬁaheaaaa i
car bon bl snﬁ?em h ey Beindmbidéd; kindthéimeidedgpars peerintiaikd uﬁﬂm;n amn&bra&es
coat ed wi their usablé temereratuse renge) Ank b geasa dbjained avith toemieein cormppeindsifertgears have high
15 teeth root strength to provide high load bearing capacity and give very, small molding shrinkage, so that
only small errors are involved with these gears, in_single pitch,- neighboring piteh, accumulating pitch,
normal pitch, etc., and therefore, their use is effective not'merely as ordinary spur gears or cyclindrical
gears but as such gears as helical gears, double helicsl gears, straight bevel gears, spiral bevel gears, zerol
bevel gears, crossed helical gears, hypoid gears, worm gears and multithread worm gears, stc., in which
W, 20 their mtermeshmg pitch circle is not on the same plane as the dlrec‘non in whlch the force is transmltted or
g their pitch helix is not parallel to the axial direction of the cylinder.
W These gears are usable in such varied fields as alectroriic, electﬂc parts, automblle parts and sundries,
b etc. Especially, they are suitable for uses in electronic. and electnc fields ‘'such as electronic copying
machines, etc., which are subjected to strict envxronmental usmg oondmons, or in automobile field like
25 wiper gears, :

.[Preferred Embodiments] .
The present invention will become more apparent from the following descnptlon taken in connection
with its preferred embodiments: _ : S
30

Exampla 1 o :

After extrusion and kneading of 80 parts of resin A and 20 parts of PAN base carbon fiber, a test piece
was formed, using Nissei injection molder FS—75NIl. The molding conditions were such that the
35 temperature of the cylinder part was held at 290°C, the nozzle st 300°C, and the mold 80°C, and the injection

pressure was set at 29.4 MPa (300 kg/cm?), with the test piece bsing in the shaps of a spur gear having a

pitch circle diameter of 60 mm and a module of 1.0 mm, The test piece thus molded was leit standing for 24

hours. in a thermostatic chamber held at 23°C .with 50% - hum;dlty and measurements were taken -

respectively of teeth root strength, coefficient of linear axpanmom “specific wear rate and thermal
40 deformation temperature. The teeth root strength wes. reasured on'a torsion tester manufactured by

Shimazu by applying torque on the spur gear side, with the worm of the worm gear fixed. The coefficient of

linear expansion was calculated from the readings taken' of the testh tip diameter as the temperature was

N~ varied between 80°C and 150°C. The specific wear was. measured _using the Suzuki’'s wear tester. The
o measurement of the thermal deformation temperature was taken as usuai 1 82 MPa or {18.6 kgf/lcm®) with a
© 45 test piece prepared under the similar conditions, Lo S
50
55
60
&5
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-fhetal oxi des of iron or tin, of whi ch carbon pomder i s espeC|aIIy
desirable. These conductive fillers are used in"0.5to 50% by wei ght of the
- total weight of the product |nclud|ng the wei ght. of the resin, etc., or

~_preferably 2 to 30% by wei ght .- r'.F"«:aﬁyposmlons used accor di ng to
this |nvent|on whi ch form'the an| sotroplc phase 35 may contain one or
_.more of [er r(ls“mﬁqmt|7 y¥rTiou meesurements tof !eaﬁlom azend Fempdrativia Exampisdoin €

3ns whi were % e yithdest pi cesmw
resins, ['err] ?"?"’srrgrgz& B 3%{m‘§ &@% T%Pvf]fﬂ"ﬂ‘eswggmcwra'umg

- mat eri alas In these Conposi t [ ons t he- poI yrrers-(Whl ch formthe anisotropic
: -melt phase and the r | ni ng par 180wed t-oyte either

-t her nodynani cafl § -8 i §8-e/0r0 e af of end(fDi )ortdd A < ¢ @ @-nopl astic
~resins include: e.g. ol yet hyl ene, polypropylen‘,-polybutyl e, 40

- pol ybut adli ene, polylsoprene ponV|nyI acet at-e,. pol yvinyl chloride,

pol yvi nyl i dene chibi 87 2p@lzﬂs]t ﬁrenb acryl ic resins, ABS resin, AS resin,
'Bs resin, polyurethane, silicone resins, polyacetal,- pol ycar bonat e, poly-

- ethyl ene terephthal a pol ybuty gpht hal at e ~ar omati ¢ pol yesters,
~pol yamni ggs, pogyaatgy.’.h col 2 -p | al whmc-‘y\o'onyl et her,
.pol yether imde 2 - de i m de, polVyether ether M de pol yet her et her

ket ones, polyether sulfones, polysulfones, polyphenylene sul fi des and
“pol yphenyl ene oxi des 043 2 0 /Ad) the aforenentioned [err] thernpsetting
~resins ipclude: e.g., phenol resins, epoxy resins, ‘fmelamne resins, urea
‘resi,ns, unsaturated pol yester resj s Ikyd resi ns. :Then t he
"'_aforenentloned# y EPO/C organl c conpounds include: e.g.,
3--I”Yasl)"'é/l‘l als whic d co er m)pl astic resins and thernosetting
-resins, that is, nol ecul ar wei -ght orgam c corrpounds for use as
~pl astici #ers, st ab,|,l ch as antioxidant's-and ultraviolet ray
absorbers; flame 50 ret ar ants, coloring agents such as dyes, pignents,
“etc., foanm ng agents, further, br| dgi ng agents such as divinyl base
corrpounds per oxi des, Coers; aneRfulricants. fef i nprovement in
fl-ui d|ty7°and mDd r-6 roper/t’i-e -Ifahe/-.t.me ADoFetoent i oned [err]
“i'norganic conpounds i ncl ude nateri al S 1 to common
" thernoplastic resins_and thernosetting resins, such as kaolin, baked cl ay,
tale, Canada mica,=nl & 55 velnbculite, cal éiumsilicate, feldspar powder,
. aci. d cl #, pagodl te clay, sericite, sill i mani.te, bentonite, gl ass fl ake,
~glass powd BFf mtgma@,tga%iaweths%af éhemwgrmemtmeﬂ 9ping R Eand Pjeee depqrigerbhereunder:

.car bonat es n as cal ci um carbonat es, white | ead,. bari.um carbonat e,

- maghesi um car1 6’(}5’3&3 grﬁg*%ioﬁ/baﬁdicfaé& Qﬁoﬁdrlﬁhy@églh%f AbBoRPMHShtholtlagil 966

- fixe, - preecpgrstbyividighfibfasdpmhailél deid tafd a9uChatis b eight b m&ﬁaes:oxybuﬁéx@wdﬂemabgekm a
hydr at ed alreamon &esse)aquieped| vmthea stlrnqmnnagerantet wbﬂyntba( digehargeravhecmi ahis midtae wasn
ox de, zin °° Eﬁ aco"?em g{the Esssb"ifh joaravaly stiypd foga

o ol A
“1i'%e wood ¥ BHBeurdIRSIAIH ro lQIU’FessemJﬁsr BRirR @EBEd to BN POR.1 15

- Sui:t abl e nedrited $ater, apf itsoontknh sﬁmatahismnﬂemgrﬁamdtphswm foveheuron i ncl ude t he

ol di ng et hdie Pehwaer thys obtaine dtohehd ration|0EQ 1% &y welahtandipayp an intrinsic
“injection WEPHM ﬂs'ﬁrasé‘}&a%’%qiﬁﬁeﬁﬂ?ﬁ'@f“ﬁlrg q?‘.!orm ng, 65 stanping or

-cutt I NY.50 [Resin B}

N 1081 parts by weight of 4-acetoiyhenzoic’ acld 489 parts by welght of 2 B-dlacetoxynaphthalene and

332 parts by weight of terephthalic acid were charged in a reaction vessel equipped with a stirrer, nitrogen

inlet tube and discharge tube and this mixture was heated to 250°C in'a nitrogen current. It was vigorously

Ce stirred for 2 hours at 250°C and, then, for 2.5 hours at 280°C, while iettmg acetic acid flow out of the reaction

CET 65 chamber. Then the temperature was further raissd.to 320°C and after stopping the introduction of nitrogen,

o the pressure Inside the reaction vessel was gradually reduced, the’ pressure being dropped to 26.6 Pa (0.2
- mmHg) 30 minutes later and its content was stirred for 1.5'hours at this temperature and pressure.

The polymer thus obtamed was found to be at 2 concentration of 0.1% by weight and had an intrinsic

viscosity of 2.5, as measured in pentaﬂuorophanol at 60"C .

{Resin C] '

1261 parts by weight of 4~acetoxybenzo:c acad and 691 parts by weight of 6-acetoxy-2-naphthoic acid
were charged into a reaction vessel equipped with a stirrer, nitrogen Inlet tube and discharge tube and this
mixture was heated to 250°C under a nitrogen current. it was vigorously stirred for 3 hours at 250°C and,

. 65 then,for 2 hours at 280°C, while letting acetic acid flow out of the reaction vessel. Then its temperature was

- 80
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N SSGI A nj EC I on ITD

QIII'f"‘EP 0 206 600 B1 The char act eri stlcs ‘of- the gears. _obt ai ned are very nuch
. i.nfl uenced by the posrtron of the gate at the tinme of mpolding. Thus when

._'j'_rmldr ng a gear using a resin which shows ani sotropy when nolten, a product

- havi:ng high strength at the. rootﬁg{1 t€§ btaﬁt Eaand smal | coefflcr ent of
“Liiear expansion is obt ai-néd £ 408 osi tioned at the axi al
“ceqter. Thiaisedto 3&0°€tmdedﬁbl@aaphag &etremdmiorcofpmgén. B pREYUNE iksiieftiSredtfion Rkl washow

-5 CEni sotr alntEruchty 5{]3 ﬁ"e H’??F‘S’% l"gd t9/13i3/Pg (0. TremHgh 28 siimitesdatos wes, thes, | N
¢-ach| evi ng ha risti ears. . The

- wor:d- axi gl vr&g'givg\‘l‘éil e@éjretd I@Be ?'ﬁor Pfiatacﬁnceptdaq Of%qééeqywlgggawgla‘fe deTis

~axial center as its desi‘gn; permts -at the trrre of setting up the nold.

- Thus it melitegieDh Iaced |n the nei ghberhood, if,:in fact, the gate can not be

- pOsi.ti oned, t"“(2 ol ghg-asptoxy:yngp .__P'ee'é'd (390 mdﬂe by wv'ehttqfeﬁ etoksacbhemiltadenzaals:ove

- desecri ng, ?Zqﬁ% %ﬁg’ rrjr%jrg%é 31 y dlsc a argqﬂ e rqg%tag
“.conpounds ‘hfarmt@eafo% A sﬁ@eldf r:F FX?&T Etogz oﬁlﬁ
‘heat: and tTren Ita.kelﬂt&faﬂfrﬁwias ﬁﬂh&ﬂds&hemmg aH@Eﬂer%{m rth @éifen \8F Gitko

ol ded, ankfessure lmedw regdign sreqsdrwastreducud atmnhezamp&auanﬂtr@wad @2 Pat(b,er r

“Lusable t n'ﬁ@ﬁ'.ﬁt‘[ "‘ﬂ gﬁg?@ﬁ%@ﬁﬁhﬁdﬂwemhe@mmd pressure. conpounds
di

Cfor. gear s SRRV, ?f'yrgter egsé%gﬁi APPSO & Bivgisht 294 hevsea intringic
~~capaci:ty and ltghdfﬁi berioYadthaR ke nHQKt%c ag%ﬂts}%ﬂﬁss@gtlexs W: errors
~are_involved with these gears-In. single pitch, nel oring pit

~accunul atr‘?t’gbfglﬂbefh nor mal - pltch etc and therefore their use is

. efifecti ¥ noﬁ Pely as or(ﬂ?a i) Gest K e—Nyclindrical gears but as
R T

sugh. gear sg|&s fibér Teal gear §1ad @KS@'_E S straight bevel gears,

spiTal’ bevedmgears, zerol - y G6ia Kageht OSGR K Potliufieaha, hypold gears,
~wor-m gear Melyhdemnm disdiﬁﬁeeadmmlgiaarmanlﬁaam K, Ro ch 20 therr internmeshing
.piitch ci*f %“a?tg'“ﬁot on the"lﬂd?rbvi 1emqee@spthe direction in which the force
s transmi g‘&f ‘or their pi f"'t? 92” '?Pﬁ r al I eI ‘to the axial direction
Cof ‘the cylAnslglc agditese geang 9# . d fields as

el ectroni comel ectric partsmaaus IplaStics, uk ago,aﬂ ?un ries, etc. Especially,
~they areo diBTt abl e for uses mademtm;praeﬁcs,mumdckebmt ric fi eI ds such as

¢l gct roni MIpyi ng nachi ne@ad%b\tPOIVDmcerﬁﬁah’bnsubj ect ed to st rict

"'..em“ ronnenta Bldive %APQ% rodl (& 25 o DEl pJears.
[oreterrconpiidb g e e G e et e
_ ,fromthesfteéds\nhmgstquse:rrptron ta ‘en 1 N connecti on W t t

~ enbodi nment s: T'?O"eﬂlta T@kﬁ 1Ahough 4 siearly Sndinatezthal thengsadéant oﬂ{tm\S(af his ihndentidn &r€Si N
A and-20 §:v§9" 2k n "‘ﬁE F‘H\‘R?ﬁ'ﬂ"'t‘r"b’@?"h rogt gtesngth, ﬁP@%ﬂVﬁﬁnqawmionﬂsmmlgc

| g é'P?t]""mFFP@'aHB?dl ng conditions were such that the
357 tem%m%s&fptlﬁmtmrbm .part was held at [err] the nozzle at [err]
‘and “t:he nol dFia(JGsaalmthtshmvimgmeaﬁsitmﬁomemweawyaad set at 29.4 MPa (300

~legn])s vvrth '?ésltemplsmngjéep@itwm«tfh@% eateé. a spur gear having a pitch
- .cifrcle dig u s °ea;f i I sf pgent] Fhectest (piese wes ded
ey’ ef s &t, ,Q{u 5ﬁd %‘é W“‘“ﬁ@‘ﬂ"ﬁf mtw th
50%-hum dlmepstaminlm&&maem&ﬂiﬁeﬁ vvere en respactively o teeth T oer

.str-ength, coEdbles8prditindiéatd thewaftact oéngpusincm In tsgae tblks dlso/eriter gate? ideftilied e 48|
40 def or n’%f'i“ H°9tf\9 e gerier o4 shiqvendn Fis. r1oand “spmtmg@ﬁ'sm@esmmiwpmom at
_torsr ons,,t esterr cﬁﬁfflgd by _
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“the
j'__"_'-._varl ous. nmeasur enent s .of Exarrpl es from 2 to: 12 -and Conparative Exanples from
1 through 13 were simlarly- made’ W th test pieces respectively prepared. -

3Qgearf|xed The coeffi ci

The neasur
kKen as. usual
snnllar condi ti ons.

t

1.82 MPa -or.
50.° 5560 65 12

ent. - of

-The . speC|

ene‘

%ﬁe therna

qeasured
HOHmUontamaaUHevms
:8.6 [err]) mnth a.-45:t-est’ pi ece prepared under
"EP-0 206600 Bl Subsequently -

hlnazu by appl ying torque on. the spur gear . S|de mnth t he moran the worm
1inear expanS|on was cal cul ated fromthe
- readi ngs taken of the t-eeth- tlp dlaneter as the tenperature was varied
~“hbet'ween 80C and [err].
“Lwear tester.

usi ng the Suzuki'

'fThe polymers A B, C and D whlch forntthe ani sotropi ¢ fused phase havet he
. e60/20/10/10 20 25 [err] 35
thods of t hev.af ore- nentloned resins A B, Cand D

~ fofl.owing. structural
" Definite manufacturing:
-are descri bed hereunder
-gaC|d 460 parts by weid
owel ght of
“were charged in a react
- tubgé and a discharge ty
“-pi'tT.ogen current.

stirred for
- while. letting acetic agi
~tenperature was furthen -
fflntroductlon of nitrog

*'an
_?The pol yner thus obt ai ied was
“wei:ght .and have an int
_pent afl uor ophenol
" 4<acet oxybenzoi ¢ acid,
- 332.parts by wei ght of

-equipped with a stir ',_nltrc n |nIeF tTbe &hd-
-'nlxture was heated te [erTT 1 H HILIUgcn uu..UT
ol @R E T e e
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i sophthalic
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The ¢
atime peri

Lo

~Al 1081 parTs o
~acetoxy 2- naphth

s194gpar }ss By weg
sel Rqui-pped wi tth

duced t he pressure
“its content was sti

e|ng r
rred at

outl, of Ehelrea
‘to Terr: nd - aft

opped it 0133 P§ (
tmstmmmaune

at [(

It E

LﬂSI

%'9 Bt

ound 10 DE at b*—(.
|@CQ,S|ty of 5.0,
[E@é&n 1881 mar
tt& By weighk of 2.
g%lus acikd qereuct

a stirrer,
“fhis menevmsheMedto[erﬂ
of the. reaction vgssel
5 hours at..260C and
ijon- vessel

melght of 4- acetoxyben20|c
of-¢c acid, 166 40 parts by
ht of . 1, 4- dlacetoxybenzene

‘nitrogen inlet

in a

t hen,
3 hours at [err]
Then t he

‘was,
. then,

er 'stopping the

he . pﬁessuremlnsmde the reaction vessel
0.1 nmmHg) 15 minutes later,
and pressure for

was

1 hour.

ohcentration of 0.1% by
4s neasured in

t

s by wei ght of

6- di acet oxynapht hal ene and

arged in a reaction vessel

P

.-t_ﬁééténatie.sﬁéffs_bv:wéifs“*-’-' :

" Notes: Thé umbers in =
- 'GF: Glass fiber < -

-dirscharge tube and this
It ‘was vigorously

“CpF: Carbon fiber {pitch base) -~~~ .~ ..~ |
T he,same des_ignations apply-in the following tables.

CF: Carbon fiber (PAN base) .. .
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stirred for 2 hours at [err] and, _ : . _
letting acetic acid flow out of the reaction .55 chanber.
raised to [err]"®

tenperature was fu
i ntroduction of ni
gradual |y reduced,
m nutes | ater
- aRd pressure.

rther
trogen,

t he pressur@%
and its content was stlrred for
The pol ymer thus obtained was found.to be at- a concentration

then, for 2.5 hours at [
and after..stoppin
t he pressure ESI de the reaction

f to 26.6 Pa (

1.:5 hour s at

err] while

Then t he

g the
vessel was

0.2 rmHg) 30

this tenperature

of 0.1% by weight and had an intrinsic viscosity ‘of *2.5, as measured in

pent af | uor opher nol

at [err

]. 60 [Resin-C] 1261 parts by we

-4-acet oxybenzoic acid and 691 parts by welght'of 6- acet oxy

|ght of
2-naphthoic acid

-were charged into areaction vessel equipped. w : r, nitrogen inlet
tube and di scharge tube, arfd this nixture was heated to [erf] under a
_nitrogen current. \ngorously st| rred.for 3. hours:at|{ 250C and, 65
then, for 2 hours atg Eeftp] whi§ e i B ac&tlcf—acuﬁfltﬁv ut of the
reacti on vessel . Thﬁ\alﬁs terrperature was 13" EP (5" 206600 Bl raised to
[err] and after stpppPdyg tlhe introduction. of nltrogen the| pressure inside
t he reacti on vesse}—was—griaduatly- feﬂuf‘eﬂ, t-hus—t-he—pressul € bei ng dropped
to 13.3 Pa (0.1 mng) 20_mi nutes | ater It Was then stlﬂted for 1 hour at
this tenperature ap re§sureoTh;e @Ol wrer ctshus°obtéu ned:was found to be at
a concentration of 0 %_Qy weixghty and Rave an IQ'[I‘I qsl c | viscosity of
5.4, .as nmeasured ih pgit gfl uorcvphren@d Resen 16%2 pamtb by wei ght of
6- acet oxy- 2- napht hpi ¢ ackd, 290 parts- % we°|'jghtr-of I ace°f’o><yacet ani | i de,
249 parts by weight of terlephthalic acid and 0.4 .parts by fweight of sodium
agetate were chargpd into |a reaction 10 vessel equipped wth a stirrer,
nitrogen inlet tubp.and di harge tube and it hi s..,mxt,urewvas heated to [err]
in a nitrogen currer.ggggs or&erg msqn gceeousiay sErreﬂ or 1 hour at
[err] and, thep, fpl!g-.én_ r& at 300G Ten xts: kenpedatuxe{was further
raised to [er]§ anjga'Etgeﬁ ofhi ry theH nt r@ducﬂl on%f rFtfogen, the
pressure insid@ the reactijonn vessel, was reduced, thus 'the tenperature
bei ng dropped 50 2pT 6 Pa (P2 gy S0 rrmutesHater—t~was, then, stirred
for 30 m nute.ssat his tenf@rature and pressure. - 15 The pol ymer thus
obt ai ned was 4gund o, Hpgak + a gongcentration of 0 1% by wei ght and have an-
intrinsic vi §:5s| ty HB B9 Eag ST e% in @ent gfl U(g opmmgl It should be
noted that tMedfibkls, ﬁ%br cants and antistatic agents efc used are as
foll ows: Car boﬁ fibpers; 20t PAN base: o made by Toho Besuron K
K C6-N Pitch bgse: made by ROrena - KagaKu C§106S d ass
fiber; made by Psahi Fiber dass K. K., &€ 47 T§srrp;- |
made by Clsuka Kagiku Yaguhi n K. K, Potassi umtlta te.
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.;Nblybdenuntdlsulflde

. Wl |l astonite; .
“by. Superior Gaphito Co. PTFE;
Fl uon L169 Antistatic agent

EA POM _

K.,
El ectrostri pper
- MBO 30 PBT;

‘meeke by Polyplastlcs,
“‘pone-dried by anealing at [err] for
‘water at [err] for 5 hours,
This was 35 used as .the test piece.

- wei ght.

6

nade by "Ni hon Nbrlbuden K K
‘made by Intewpaoe Corp- C?aphlte _

e o 20B¥ll

“made by Pol ypl astics,
6 Nyl-on In: Cowparatlve Exanpl-e. 7,
1 hour- and-after. belng
showed a water absorbi-ng capaci
The results of

Pomder

. made by Dai kin Kogyo K.-
Kao ‘Sekken K. K.,
by - Polyptastlcs
‘Duraneck 2000 Nyl on;
t he product was

25 _
made

Duracon

i mrersed in hot
ty of 1.3% by
Tables 1 through

4 clearly indicate that the dear- conp03|t|ons of this invention are

~significantly sy
--goefficient of

;ﬁsketch showi ng t
- showi ng the posi
~conposition of t

perior
i

'tloﬂﬁof“theGCemter

jof anti.static. agent

o otner. COHpOSIIIOHb lll teeth—Toot
Xpansi ons, ~specific wear. as wel |
40,,Br i ef sgriptjon of ‘the, Dravmr
Gage, aBdFig 22
f the 4 point gates. Tahle 5° shoms t
The test plece

N IRWEP-G L |

strength,

in thernal

gs: Fig. 1is a
is a sketch

he effect on the
was conti nuously

~noved by a work

r 5 nours—TTra IUUIII frav1g un.y S+

| dust which was

ccontrolled to 43 consggnt uenperaturetand hunldluy ‘and, {hen, after |eaving
it for 2 hours, |itd 4¥dth r®ote st rengeh wags @asugecé bhe sinilar manner.
- Tables 6 and 7 indg g t hexefstect xof xgat e« pasi tiwon. xln khese tabl es al so,
- "genter gate" iden®i Ees t He gt e Beifig pg:,slgonqgl gt ¢tenter g, as
- shown in Fig. 1} and “4 point- gates” §|gnrf|e3 gaIeS"belngkpositioned at
-t he~f our points jesb; ﬁ<and <50 55 60 65 14 __EP 0 206 600 Bl [err] :
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clainmed in négﬁéecedl ng cl ai char act erized in that {the fibroys material
Is sed ected . c 5He O £l bets, ¢ on flib gl dss fibers,
I norganic fi bers,p?és?nt hech) fipers aﬁﬁt m ne¢r al gg,p fi er‘?i§< 1.0 A inet hod as
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30 Comp. ) "
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Claims
45

1. A method for molding a gear wheel by introducing a resin composition into a mold, characterized in
that the composition comprises (a) 30 to 98% by weight of a melt-processabie polymer which is capable of
forming an anlsotroprc phase in the molten state and (b} 2 to 70% by weight of a fibrous material, and in
that the composition is mtroduced into the mold through a gate located at or near to the axial center

50 thereof.

2. A method as claimed in claim 1, characterized in that the poiymer is a thermotropic liquid crystal
polymer.
3. A method as claimed in any preceding claim, characterized in that the fibrous material is se!ected
from one or more of metal fibers, carbon fibers, giass fibers, i morgamr- fibers, synthetic fibers and mineral

55 fibers.

4. A method as claimed in any preceding claim, characterized in that the fibrous material is surface-
treated prior to its addition into the composition.
5. A method as claimed in any preceding claim, characterrzed in that the proportion of fibrous material
in the composition is 10 to 50% by weight.

60

length of less than 12 mm.
7. A method as claimed in any preceding clarm characterized in that the composition additionally
contains 1 to 50% by weight of a lubricant,
8. A method as claimed in claim 7, characterized in that the lubricant content in the composition is 2 to

65 30% by

weight.

20

8. A method as claimed in any preceding claim, characterized in that the fibrous material has a fibre
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; Claim
= 45 s

1. A method for moldlng & gear wheel by introducmg a résin oompositron mto a mold charactenzed in
that the composition comprises (a) 30 to 98% by weight of a melt-processabie polymer which is capable of
forming an amsotroplc phase in the molten state and {b) 2 to 70% by.weight of a fibfous material, and in
that the composition is introduced into the mold through a gate located at or near to the axial center
50 thereof.

2. A method as clalmed in claim 1, characterized in that the po%ymer isa thermotroprc hqmd crysta!
polymer.
3. A methad as claimed in any preceding claim, characterrzed in that the fibrous material is selected
from one or more of metal fibers, carbon fibers, glass fibers, inorgamc fibers, synthetrc fibers and mineral °
s6 fibers.
4. A method as claimed in any preceding claim,. characterized m that the fibrous material is surface-
treated prior to its addition into the composition. ‘
5. A method as claimed in any preceding claim, charactenzad in that the proportron of ﬂbrous matenal
in the composition is 10 to 50% by weight.
&0 6. A method as claimed in any preceding claim, characterrzed in that the ﬁbrous materral has a fibre
length of less than 12 mm.-
7. A method as claimed in any preceding clalm. charaatenzad m that tha composrtion addit:onally
contains 1 to 50% by weight of a lubricant. :
8. A method as claimed in claim 7, characterized in that the. iubncant cmtent in ths composmon is 2 to
65 30% by weight. S
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ST 2. Un procédé tel que revendiqué dans la revendtcat:on % caractérlsé en ee que le polymére est un
- Z’:-’ polymére thermotrope & cristaux liquides. _

3. Un procédé tel que revendiqué dans I'une quelconque das revendications précédentes, caractérisé
en ce que la matidre fibreuse est choisie parmi une ou plusieurs de fibres métalliques, fibres de carbone,
fibres de verre, fibres inorganiques, fibres synthétiques et fibres minérales.

4. Un procédé tel que revendiqué dans ["'une quelconque des revendications précédentes, caractérisé
. en ce que la matiére fibreuse est traitée en surface avant son addition & la composition.

50 5. Un procédé tel que revendiqué dans F'une quelconque des revendications précédentes, caractérisé
_en ce que la proportion de matiére fibreuse dans la composition est de 10 & 60% en poids.
6. Un procédé tel que revendiqué dans I'une quelconque des revendications précédentes, caractérisé
en ce que la longueur des fibres de la matiére fibreuse est inférieurs 3 12 mm.
7. Un procédé tel que revendiqué dans I'une quelconque des revendications précédentes, caractérisé
- g5 en ce que la composition contient, de plus, 1 3 50% en poids d'un lubrifiant.
8. Un procédé tel que revendiqué dans la revendication 7, caractérisé en ce que la proportion de
lubrifiant dans la composition est de 2 & 30% en poids.
: 9. Un procéds tel que revendiqué dans I'une qusiconque des revendications précédentes, caractérisé
en ce que la composition contient, de plus, 0,1 & 5% en poids d'un agent antistatique.
60 10. Un procéds tel que revendiqué dans l'une queicongue des revendications précédentes, caractérisé
en ce que la compositmn oontlent de plus, 0,5 & 50% en poids d'une charge conductrice.
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