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1 *166166* METHOD FOR JO NI NG LI QUI D- CRYS

POLYESTER RESI N COVPOSI TI ON PARTS AND JO NTED
MADE OF LI QUI D- CRYSTALLI NE POLYESTER RESI N ”mmmmm,m”mml
COVPCSI TI ON 5 Techni cal Fieid The present invention

relates to a method for jotning |iquid-crystalliné!'ss
pol yester resin conposition parts and a jointed
article made of liquid-crystalline polyester resin
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ground ernotroprc liquid-crystalline
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manuf acturing nol ded articles, especially, electronic

conmponents having thin and small parts such as fine

itch_connector. LCP al so has good nechanica

Tecgﬁéﬁéﬁtﬁé§lq ncl uding good rigidity as well as

excel l ent chem cal 20 resistant, and gas barrier

pr oper t iT&s aﬁéeéﬁﬁﬁbi%§VﬁP§h°ndi%%%%F%ﬁaﬁ“ﬁcéuﬂE%EWOd for

Due to those properties, LCPs are used not only for . .
joindngr actimi kg ppyasalainec| e RS S0 RS a RQ§ttion

of products including fibers and filns. Recently, )
par§ecoatdr yaf arinaedonastigbbdawrde t iad ed,iquwisltpestalline

or filme made of LCP is attracting attention of the
polykelsitiedl [ndidi |dotpositiohl pbpliherd by the joining method.

Background Art
Thermotfopic liquid-crystalline polyester resin
(hereinafter, called - as "liquid—erystalline polyester -
resin" or '"ch") is exhibits good flowability on molding
and exceilent thefmostability, and therefore, widely used
for manufacturing molded articles, especially, electroﬂic
components having thin and small parts such as fine pitch
connectof. LCP also has good mechanical. properties
including good rigidity as well as excellent chemieal
resistant, and gas barrier properties and exhibits high
dimensional accuracy. Due to those properties, LCPs are
used not only for manufacturing molded articles but also
for a variety of products including fibers and films.
Recently, secondary fabrication of mclded articles,

fibers or films made of LCP is attracting attention of the
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*000002* 2 arL. Anong the conventionally known
secondary fabrication nethods, joining nethods such
as bondi ng and wel ding have gotten a |ot of
attention. In particular, met hod wi dely used for
fabricating nultipurpose pldastics, i.e. nethods 5 for
wel ding resin parts, which utilizes frictional heat,
have been expected as candidate for fabricating

art ) OHEdD CUYSTALLLDE, POLYESH OF W LERLN PALSRaa FOWRYBL: cation

conv n ona

met}pﬁ)gu' digg_ tp?;: llﬁ'&eﬁ;lagﬁ%ygilt r cra]lgggral\ég(??ga gﬂﬁng have
t f LCP ht t .

gOtE%ﬁLgngPBnQF\é% gjﬂgghog gﬁgﬁﬁF %? t%e@eghopdyldely

usefi GHE b JE%ES%EM&%E%B%@%EE&?1?5% hs" Srigr metnoas

i mproved nmethods for 'weldin iquid-crystalline 1
forpaeledng: ¥esih ;iiaqﬂf%sha\‘!’éllﬁg’enub?‘%bt%%éd Eer‘Ftlonai; heat,

exanple., JP A H03-18483-0 discloses an inproved
haveetran f erpECtEss0abc Coprfddage off FlesitabHidat gh Liquid-

mel ting point such as |jquid- crystalline polyester
crysésilhinahpohvesme s pr pamidarily heating the

resin to a certain range of tenperatures and 20 then,

wel di ngHbheveesi n. thisi s wetlhda— daﬁtmﬂhnﬁﬁdluacqmﬁQﬂﬁk?nal

in the ultrasonic welding technique. Specifically,
liquhd-nmeykbdlliesi npedntes taxr beegigimt éc&%cre@qy@iy high

with nelting point of higher than 250C are preheated
melhyngmeamsnbf = éxtgr nals h2ab+Ag0EGui anenttherefore, LCPs
might not be welded by the conventional welding method, or
even if they could, the Jjoint portion of the obtained
welded pfoduct might be too weak to be practically used.
Some improved methods for ‘welding liquid-crystalline.
polyester resin parts have been proposed. For example, JP
A H03-184830 discloses an 'imptoved method for ultrasonic
welding of resin with high melting point such as liquid-
crystalline polyester resin, which- -comprises preliminarily
heating the resin to a certain range of temperatures and
then, welding the resin. This method can assure the
joining in the ultrasonic weldilng technique.

Speéificélly, in the method, resin parts to be

jointed such as LCP with melting point of higher than 250°C

ai‘e preheated by 'means 6f ar external heating equipment

such as air—-oven or by heating the support which can be
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25 such as air-oven or by heating the support which
can be 3 heated by neans of heating nediumor a
heati ng device and thereafter, ultrasonic welding is
carried out. Said nethod can assure the wel ding and
decrease deformation or faifure of the nolded
articles to be welded. 5 However, the nmethod is not
satisfactory in view of cost and efficiency because

heé@é&rﬁpaﬂﬁEEEp%ﬁ ﬂgékiﬁﬁaﬁkaguﬁtgﬁ'W@iﬁgafﬁﬂﬁiH@%ﬁﬁé and
r mal

exte eating device or internal support heating

_ i t. e t 1 h i ti : o
t heG R AR u%‘%#z?g&?{% vg?fggﬁg 9d J:$1Q4 RRACTI Csegll%emeth d

ecause ‘of enin rmation of the 10 we d
articles e to-hi.gh pre;heatin e [ Y
cargyR TR ER AR 00T Rc o e BrBRoRE PR B S T Lure

r.ovi d a nmethod for_jojning,lJjquid-crystalline
of 38#@é§§%484e%¥51C%%ﬁp5§i#FoW%&QF%s whi ch ensure
accuracy_of the joint and 15 can provide.a_jojnted. .
articl e BRYRYekcetPent™s o %?réﬁﬁih?at%ﬁg%ﬁt?rgbfé%tVlew
of the present invention_.is to provide a %ginted 1 _
of aFOSY e aR8de S5 1CEPNWer BEFAWE oP TrobBS pat ¢4t e LorPre
LCP are strongly jointed by the nmethod of the ,
hegtigt PERP. THE Pt cSRALLF AT K PHovE Heleat Ihdt Ay ice or

for 20 joining liquid-crystalline polyester resin

intedmpoki fRBROTFarten tekar aBiEReRAEd | MPRAPVERe MY | Rgthod

point of the liquid crystal.line polyester resin,
is winetpractbaehi hedabae Phe SOdiRsIsing GF  GRbRaeEl oy of the
the differential scanning calorineter is 190-250C and
we lded ah@iphessdaeetpohﬁg@dg@p—heating temperatures.
SUMMARY OF INVENTION |
An objéct of the present invention is to provide
a method for joining liquid-crystalline polyester resin
composition parts which ensuré accuracy of the joint and
can provide a jointed article with excellent joint strength.
Another object of the present invention.is to provide a
jointed article made of LCP whereih.two Oor more pérts'made
of LCP are strongly jointed by the method éf the invention.
The present invention provides a method {for
joining liquid-crystalline leyester‘ resin composition

parts, characterized in that the melting point of the

liquid crystaliiﬁé polyester resin, which is contained in

the composition, measured by the differential scanning
calorimeter is 190-250°C and that the parts are jointed by

means of welding.
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25 nmeans of welding. 4 The present invention also
provides a jointed article of liquid-crystalline
pol yester resin conposition obtainable by said
joining nmethod. "Jointed article nmade of
liquid-crystalline .5 polyéster resin conposition"
used herein refers to a product nade of liquid
crystalline polyester resin conposition and has

jointed portion fornme e methad of  thg.Rresent,inted
i nventio fE"EF§5F€F0r$§?éP&?ﬁglpgpygs?%foresfn Jointe
conposi tiqgn" .10 used i h r )t J.nventk on Lt

St LR o S i R e Lot A S
of, 0-100 parts. by. wei ght per 00 parts by wei ght of

obtedd 3k i c?%(%a:f?wlgnﬁoﬁ?g?? " resin. According to
the present. nmet hod, jainted 15 articl de ;
l'i qui d- cr%lt%if?(gne %Ilﬁ(;]ﬁ er BAES n O%onﬂ‘ s%%ng%\%’tc’ﬁallme
good accuracy and high joint strength can_be

politestiafed. FERIEF ERRRFPTLOR "OF BASE DRANNG Filjufers t° 2
depicts the scarf joint used in Exanples. 20 Figure 2 .

praghfsitet sTeRe shehr jldiidise§Tvis tidipites. POBRFRAILT resin
DESCRI PTI ON OF THE | NVENTI ON The liquid-crystalline

comml Siesien 2rdihasoheanhed Poyble® IGGWes QY stae FRERed of
pol yester resin conposition used in the present

the nvessénh isventigpecifically linmited and

“Ligquid-crystalline polyester resin composition”
used in the present invention may comprise fillers and/or
reinforcements in an amount of 0-100 parts by Weight per
100 parts by weight of the liquid-crystalline polyester

resin.

" According to the present method, a Jointed

"article made of liquid-crystalline polyester resin

coﬁposition with gococd accuracy and'high joint strength can
be provided. | |
BRIEF DESCRIPTION OF THE DRAWING

Figure 1 depicts'the scarf joint used in Examples.

Figure 2 depicts the shear joint used in Examples.
DETAILED DESCRIPTION OF THE IN’VENTiGN

The liquid-crystalline polyester resin contained
in the liquid-crystalline polyester resin composition used
in the present invention is not specifically limited and -

may be any polyestef resin whic¢h has melting point measured
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25 may be any polyester resin which has nelting point

neasured 5 by differential scanning cal orineter of

190- 250C, exhibits anisotropic nelt phase and is

called as thernotropic liquid-crystalline polyester

resin by those skilled in the art. 5 The ani sotropic

nmelt phase can be confirned by neans of conventiona

pol ari zed |ight systemusing orthogonal |ight

polacrizer..ln nore detail . the I 1 it ZeB:ts
byréﬁgé?gﬁ%tb%geFCﬁPP%ggeﬁalorlméﬁgg)5%(1 0 f%%L@, ééﬁlblts

atnmosphere mnay be serve
wWth Leitz's | arjizati on m cr.oscope., 1 - :
an G ir oLt s el Pl aBhBSEy ol gt PAHERD B  Fhgrmotropic
. point determ ned by differential scannin cal ori meter
llf%l«éaaays%l&%niséYfgﬁcr@%naeMoselyz%be%&se%f{lne he the

present invention nmay be sem -aromatic |iquid-
arferystal line. polyester resin or wholly aromatic liquid
15 crystalline polyester resin: In the present .
specifica?h@naW%ﬁPﬁﬂ%ﬁh%,me%ém?@%%ﬁmﬁgE fqupfirmed by
crystalline polyester resin" represents a , ,
megh$ ph&f c- apoHaRtéoneR whprehakagcdal i pHtFc myBtGRs v©Sing
in the nol ecul ar chain. Wiwolly aromatic
orthqapdadr yéohitl Ded 350l 3@t er IRedPFer sl@taddnt sthe Lepmphe on
20 which each recurring nononeric unit contributes at
th¢edstitohe acdmasteceuchadert oniheopeny mEindipkeshe nay be
Among those liquid-crystalline polyester resins,
cbehpirey withalied tlzi'guipd-lanist at 1dmenpot yesPRe - resi ns
are preferable because of their flane retardancy and
good A liquid-crystalline polyester resin whose

melting point determined by differential scanning
calorimeter is eéqual to or above 190°C and below 250°C used
in  the present invertion may bé semi-aromatic ligquid-

crystalline polyester resin or wholly_ aromatic Lliquid-

crystalline polyester resin. In the present specification
and claims, "semi-aromatic liquid cf}stalline polyester
resin® represents a aliphatic-aromatic LCP which has

aliphatic moieties in the molecular chain. Wholly aromatic
liquid-crystalline polyester resin represents a LCP in
which each recurring monomeric unit contributes at least
one aromatic nucleus to the polymer backbone.

Among those liguid-crystalline polyester_resins,
wholly aromatic liduid—crystalline polyester resins are

preferable because of their flame retardancy and good-

mechanical properties.
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25 mechani cal properties.. 6 Exanples of repeating
units used for preparing liquid-crystalline polyester
resins used in the present invention are aromatic
oxycar bonyl repeating units,6 aromati c di-carbonyl
repeating units, aromatic dioxy 5 repeating units,
aromati c oxy di-carbonyl repeating units and
al i phatic dioxy repeating units. The
l'i quid- stalline po r. resin. t ;
above dé%%??%%%sréﬁga%¥§%%%ﬁf#§ %§§E?nc ude gg%h:%?eparlng
. those giv L sot ropi p n se._do t,
ll%ﬂﬁé&]' @g%ﬁE§P?uéQ€$g?g?%%poggﬁﬁngrd% %grgéﬁntggd ?%gsent
rati o thereof, and sequence distribution,_ The lLiquid-_.
Fhtosi RENEPIIVE he TRPEEEARS units,
invention K are limted to thaose exhi bit anisotraqpic di
arqRa tiphasd ~BERAPIEs of SREAGHEYS wHirE sproﬁﬁﬂ?%qaf L1oxY
aromati c 15 oxycarbonyl repeating units are . .
reRpayHRGx PWditfoi caBeRAtlfm Ofr 8iyFeRPeRY ladigpeating units
o- hydr oxybenzoi ¢ acid, 6-hydroxy-2- naphthoic acid, 5
and tg/dipiR§t 2ondphrNorePeEd Y 33 hyEF oxy- 2- napht hoi c
acid, 4'-hydrox yphenyl-4-benzoic acid, 3'- ,
hydr oxyphefy| 1l ¥abedzergsheldine polyester resin composed
4' - hydr oxyphenyl - 3- benzoi ¢ 20 acid, and al kyl -,
of atkexgboor hid syeibedbsebeatdag devitmtmapsingbudef bgsh of
wel|l as ester form ng derivatives such as acyl
thosei vgliirees andsiodiragerd vailgVes phdsacybnfal these do not,
t hereof . Anobng t'he above, para-hydroxybenzoic acid and

deendiyfgoxyn 2-stapht hor £l acichpeeept efer althe inesermeawd  the

‘ratio ' thereof, and sequence distribution. The liquid-

crystalline polyester resins used in the present invention
are limited to those exhibit anisotropic melt phase.
Examples of monomers thch pfovide the aromatic
oxycarbonyl repeating units are p-hydroxybenzoic acid, m-
hydroxybenzoi¢ acid, o-hydroxybenzoic acid, 6-hydroxy-2-
naphthoic acid, S-hydroxy—Z—naphthoic. acid, 3-hydroxy-2-
néphthoic acid, 4‘éhydroxyphenYIFéhbenzoic acid, 3'-
hydroxyphenyl-4-benzoic acid, 4'4hydroxypheny1—3—benzoic
acid, and alkyl=,  alkoxy- or halogen—substituted
derivatives thereof as well as ester forming derivatives
such as acyl derivatives, ester derivatives and acy; halide
thereof. Among the above; éara~hydroxybénzoic acid and 6-
nhydroxy-2-naphthoic acid are preferablée in terms of "

controlling the properties and the melting point of the
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25 controlling the properties and the nelting point of
the 7 resulting |iquid-crystalline polyester resin.
Exanpl es of nonomers which provide the aromatic
di - carbonyl repeating units _are aromatic dicarboxylic
acids such as terephthalicacid, isophthalic acid,
2,6 5 napht hal ene di carboxylic acid, 1,6-naphthal ene
di carboxylic acid, 2, 7-naphthal ene dicarboxylic
acid, 1, 4-naphthal ene_.dicarhoxylic acid,.
resplfting; $58Bé yﬁ_Fkiﬁ*éﬁiF,lnSi 4y %‘afr%xiﬁp%e’hyl ) et her,
bi s( 3- car boxyphenyl ) et her, and %#ﬁé}-, aléoxylpr e
hal ogen- 8%BEPiLEGt &F JRPTFREFFed’ eBF o4 fe| S g2 HgmatLe
~ester formng derivatives such as ester derivatives, .
i 423 FPHAVE dECEREEEDS. TG 1 HERCLE L EpHARFYLIC acids
acid and 2, 6-naphthal ene di carboxylic acid are . L
sugh ef é¥sabl & §GEPRAE Of @6HGol | LFGREGRiCal 3c+d, 2,67
properties,.heat resistance, neltin oint and. )
naphot i hgnpr dpeatrbex vt ct e idesl 1§ TRpphthalene dicarboxylic
l'iquid-crystalline polyester resin. Exanples of
acimnoriers s-whpbhhpienededi berbesvaticc adidxy FepergPh§halene
units are aromatic diols such as hydroqui none,
dic®sooriyhic2, 6- didiydly oxyndpht haliemebak ybiphenyl, bis(4-
di hydr oxynapht hal ene, 1, 6-di hydroxynapht hal ene, 1,4 20
cafibdy dpnxygap kithalre né i s4, 34 cakidvyxiyoxgby phetyer, 3a84- alkyl-,
di hydr oxybi phenyl, 3, =4'-.di hydroxybi phenyl, 4, 4" -
aldbhydicaxybapbgsstsabhel tuard ad&yl vatabksxyhegeof as well
hal ogen- substituted derivatives as well as ester
asf Qarsfﬁébgh fderditaj | vesivdehvas asybhdess valsteas thedeaftives,
Anmong t he

acid halide thereol. Amony the above, terephthalic acid
and 2,6-naphthalene dicarboxylic acid- are preferable in
terms-of controlliing mechanical-properties,_héat resistance,
melting point and"--molding properties of the resulting
liquid-crystalline polyester resin.

Examples of monomers which provide t;he arcmatic

dioxy repeating units are aromatic diols such as

“hydroquinone, resorcin, 2,6-dihydroxynaphthalene, 2,7~
dihydroxynaphthalene, 1, 6-dihydroxynaphthalene, 1,4-
dihydroxynaphthalene, o 4,4'-dihydroxybiphenyl, 3,3'-
dihydroxybiphényl, " 3,;4'~dihydroxybiphenyl, 4,4"-

_dihydroxybiphen§1 ether, and élle—, alkoxy- or halogen-

substituted derivatives as well as ester forming
derivatives such as acyl derivatives thereof. Bmong the

above, hydroguinone  and 4,4'-dihydroxybiphenyl  are
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25 above, hydroqui none and 4; 4' =di hydr oxybi phenyl are

8 preferable in terns of the good reactivity during

the polynerization process and the good properties of

the resulting liquid-crystalline polyester resin.

Exanpl es of nononers which $rovide the aromatic 5 oxy

di - carbonyl repeating units are hydroxy aromatic

di carboxylic acids such as 3-hydroxy-2, 7- naphthalene

di carQoxyl.ic acid, 4-hydroxy- |sophthallc aci d
prefep y+Ti s&pRiFal PE ath. IR al IGAS L G koxylughng  the

hal ogen- substltuted derivatives thereof as well as
polygeai 2Bdifhg PRP GRS vaidedhaicwopd aBACRRK AR | W, the

ester derivatives and acid halide thereof. Exanples
resyfl tamgo fere idhi ey pr oyl tee t pel HEFFRAL F€Sidi-oxy

repeating units are aliphatic di-ols such as ethyl ene

gl ycol , ExambIng anédiminone s hekanbdirslovigrl tegl appmatic

derivatives thereof. In addition, liquid-crystalline
oxypoldiestaxrbaomsl nsrhpeafidngn mnqﬂﬁulardlohydreﬁeatﬂnymatlc

unit can be obtained by reacting polyesters having
dicelrboadyvilphat | @cidlsoxy suepeat iasg uBrhysirolx ya® , 7-naphthalene

pol yet hyl ene terephthal ate or pol ybutyl ene
dickebephtitital atédyi t -hhérakovesapathbildcc20acid, 5S5-hydroxy-

oxycarboxylic acid, aromatic dicarboxylic acid,
isoph@miliic diz@idyr aeyld dealvgliyes, akBbryy-derdwat instogen~

or acid halide -thereof. Anong the above, pre:feared

sublslt‘llﬁud:é’c[ yabah khbte veRol yREEEHTT & NwHsed dN kBEer forming
pr esent invention are those

derivatives such as acyl derivatives, ester derivatives and
aéid halide thereof;

Examples of monomers which provide the aliphatic
dioxy repeating uriits are aliphatic diols -such as ethylene
glycol, 1, 4-butanediol, 1, 6-hexanediol, and-  acyl

derivatives thereof. In addiﬁion; ligquid-crystalline

polyester resins'having an aliphatic dioxy repeating unit

can be obtained by reacting polyesters Having the aliphatic
dioxy repeating unit such as polyethylene terephthalate or
polybutylene terephthalate with the above aromatic
oxycarboxylic acid; arémétic dicarbdxyiic' acid, aromatic

diol or acyl derivatives, ester dérivatives or acid halide

thereof.

Among the above, preferred llquld—crysLalllne
polyester resin used in the present invention are those

essentially consisting of the repeating units represented
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25 essentially consisting of the 'repeating units
represented 9 by the following fornmulae (1), (I11),
(1) and (1V) in view of their low nelting points
and good nechani cal properties: O-[T] P~ TIII -
-~DcTO[III] $r CAe€&[ I1V] O0s wherein: Arl
and Are each represents at |east one bivalent aromatic
group; and 10 p, g, r and s represent relative nol ar

[ . 9 f : i ' ' . .
by PERROCNS A ko 2L LPE, 9281 WL BARAE in i
f.ol l.ow f lae: 0.4, <p/q! 2.0 2 | . 15 | %
ot L0, LOUBLAEp0,teS B boBelnf B0t 12 ml- Me.
2] 0

52Qf gating units are shown bel ow. 10

—T—O0——An o—1— [T ]
| Jr
—1—C—An, cC—t+— [IV]
(O] o :
L 4 S
wWherein:

Ar; and'Arz each represents at least one bivalent aromatic
group; and

P, 4, r and s represent relative molar pr’oplortions (mol %)
of the repeating units in the liquid-crystalline polyester

resin and satisfy the following formulae:

2mol $ = r = 15 mol %
2 mol $< s £ 15 mol %.

Among the above, preferred combinations of-

- repeating units are shown below. .



35"-48 35-48 2--15 2-15 /0Q@r 35-48 3 5- 2-15 2-15 -0
/-0-cO~- /--0O21 /015 35--5 -4g Anpng the above, an
e especially preferred conbination of repeating units is
. as follows; 35-48 35--48 ég%S 11 2-15 5 wherein: the
: val ue under the unit repr nts nmol % anount of each
repeating unit in the liquid-crystalline polyester .
resin. The liquid-crystalline polyester resin used in
t he present invention may have am de- bonding or

t hi oester ondi ng_unl ess } he bondlng d not
4 n "he 0 Jegll'.il'eﬂprzg2457§;§?u tn
of gnoJe ' ., de m de in or th|oe

bondi ng a?% aromatic h d?oxyanlne ar ofiati c. dlan1ne
aronatlc an1nocarboxyllc aci d, nercapto aromatic
ylic agid, —di t |oI S _
t 8 ar gt | . The—ps an of /t hese
addi t i offaP® rmononers bas&d4bn t he tota amdunt of 2~15
nmononers 11 mhlch provide aromatic oxycarbonyl
re ting unt, 2t i g— di/- car bor repedt i ng it
3 1 di Oxyg— :!ﬁgng unl t5 ';.Ikﬁq gﬁ —allﬂ—ill}—*—
'-caerﬂyI repeatlng Bprriét and al i phatz=t6 di oxy 2~15
repeating unit is preferably no nore than 10 nol %

In d|t|on Ilo, al | Al Vas _r S|n sev _

S R L
bl endi mg~4s Rgus d- cryste nsqp yester z~w
resins

Among  the above,  an especially preferred

combination of rebeating units is as follows:
= /- "m0
35~48 2-~15
5 wherein: the value under the unit represents mol % amount
of each répeating unit in the liquid-crystalline polyester

resin. |

The liquidfcrystalline polyester resin used in
the present invention may have amide-nending or thioester
10 bonding unless the bonding does ngt impair the object of
the present invention. 'Exampleé of monomers which prdvide_
amide bonding or thioester bonding are aromatic
hydroxyamine, aromatic. diamine, aromatic aminocarboxylic
acid, mercapto—aromatic carboxylic acid, aromatic dithiol
15 and mercapto-aromatic -phenol. The proportion of these

additional monomers based on the total amount of monomers
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whose nelting points determined by differentia
scanning calorinmeter are within the range of

- 190=250C. 10 The method for preparing the
l'iquid-crystalline polyester resin used in the
present invention is not MRinmited and any met hod known
to the art can be enployed. For exanple, conventi.ona
pol ymeri zati on nmethod such as nolten acidolysis and

.slurr | yneri zat.i on _net hqds for_ 15 eparin _ s
Whigh | BESTRrC! BEgTos s tiY BNG. SHORG-L hECaBByE, aromatic
. described nononer conponents may be enpl oyed. TFe ,
d1-CRFPRRYLcFEREFsi N hethoty | §TpRETdCaltyPHE elCPERF1Rg Unit,
preparing the liquid-crystalline polyester resin used,
aropatifeopy edentairhPantl ditPaat itg sUhet hdld ehePRBRéFeFdOXY
are 20 heated to give nolten solution and then the

repgatifPonni§ isederedenad gl vao ther¢ nphapehOpBPYyner. The
final step of this mnmethod may be carried out under
vacuum in fadditiene Ilenmivddcuofstablipkatidleyester resin
by- products such as acetic acid or water. 25 The

used| umr ytpel ypeeseati omvwethboni snaghabact ehpzed dXaimed. by
that nononers are reacted in a heat-exchange fluid to

blegdimgsdiwa statmopel yineruidr¢hesfal hingé pEpesieon imresins
the heat-exchange liquid medium In either of the

whos®| trerl taidi globpding sretibodratnikde b siiffferential scanning
pol yneri zati on nmethod, the polynerizing nononer

calepfipenent arevwilke iim Hihe wenpd usediborpporce. as | ower
acyl ester, which can be obtained by esterifying the

hydr oxyfhe method for preparing the liquid-crystalline

polyester resin used in the present invention is not

limited and any method known to the art can be employed.

For example, "conven.tional polymerization method ‘such as
molten acidolysis”_and "slurry' polymerization methods for
preparing polyester to give ester bonding among the above
described monomer components may be\empieyed.

The molten acidolysis method is preferably used
for preparing the liquid—crystai-lirie polyester resin .used
in the present invention. In this methbd, the monomers are
heated to givé molten Solution and then the solution is
reacted to give the molten polymer. The final Step of this
method may be .carried out under "vacuum to facilitate
removal of the volafile by-products such as acetic acid or
wéter.

The slurry polymerization method is characterized
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group at roomtenperature. The ]Jower acy]. group nay
have preferably 2-5, nore preferably 2-'3 carbon
atonms. Acetic 10 esters are nost preferably used for
the reaction. The |l ower acyl esters of the nononers
may be those prepared befdrehand by acyl ating the
mononers i ndependently or nmay he those produced in
the reaction system by addi ng an acyl ati ng agent such
. as acetic 15 anhydride to the nononers upon preparing
In (HRAY | BEPameCPy stat | FREPGIYest ef. Nl trehanect fduid to
. hol ten, aci dol ysi s _net hod, or the__SIurrg pol yneri zati on
I1VFetHHO S aSEAEEl POLRBE bERusBE ifRThe T r 8BEPRBRLONF in the
desired. 20 Exanples of the cat-alysts include organic
heaipxchegigfountEi sdcReds Wi al kyl tin oxi de (ex. dibutyl
tin oxide) and diaryl tin oxide; organic titanium
conmpounds! stithes ofi ttie urmdioxi el dahybsisnyethod or the
trioxide, alkoxy titanium silicate and titanium
s lugitkox irdel yred idiad 4 ieonr mekhbidpe &het hp23 ymeml ziged t ofnomer
carboxylic acid such as potassium acetate; 13 salts
comgfoniamdrgand ) ki th (ele H2S504hiradd foaseous eaciaks lower acyl
catal ysts such as Lewis acid (ex.. BF3) and
estleal,ogenated cany dsegebtedne QY . e Wean By Dad althet hwdroxyl
used, the anmount of the 5 catalyst added to the
growgacdt onobas edmpe dtadaorl al TRENAEBNSS Byl peebepalay have
be 10-1000 ppm and nore preferably 20-200 PPM
preferably 2-5, more preferably 2-3 carbon atoms. Acetic

esters are most preferably used for the reaction.

The lower acyl esters of the monomers may be
those prepared beforehand by acylating the monomers
independently or may be those producea in- the reaction
system by adding an acylating agent such as acetic
anhydride to the monomers upon preparing the ligquid-
crystalline polyester.

.In either of the molten acidolysis method or the
slurry polymerization method, a catalyst may be used in the
reaction, if desired.

Examples of the catalysts include organic tin.

compounds such as dialkyl tin oxide (ex. dibutyl tin oxide)

.and diaryl tin oxide; organic titanium compounds such as

titanium dioxide, antimony trioxide, alkoxy titanium
silicate and titanium alkoxide; alkaline or alkaline earth

metal salt of carboxylic acid such as potassium acetate;
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According to the present invention, the nelting point

of the liquid-crystalline polyester resin determ ned

10 by differential scanning calorinmeter (DSC) by the

met hod as described below is equal to or above 190C

and bel ow 250C, preferabl $3200-245C and

especial ly-'210-'"'240C. The detail-ed nethod for o

determining nelting point of LCPis as follows: 15

The differential scannlng cal ori neter -Exstar 6000 .
saltSei RS | ABPFIREHS 13ES Cfitha, @é&ah) 8P h@aggﬁ*éls acid

pe of DSC device is used ‘The 'LCP_sanple to

catéiamtﬁedsugh heat dePatS t R icht & &8t 282 hi RS &ﬁ&ogenated

endotherm c peak (Tml) is recorded. Thereafter, LCP
hydsagphe (eg -k&i§tllat a 20 tenperature 20-50' C hi gher than

Tm for 10 mnutes. Then the sanple is cooled to

rooxt L Wevemer @&t ucatalysthe irsat @isefd, 20&eni maaignd of  the

t hen, heated again at the sanme-rate. Endotherm c peak
catﬁéyﬁaiadd@m fo nhhestrepdts oredmrstst @z thel tiohg lpgionomers

25 Preferably, the liquid-crystalline polyester 14
mayr egigf ersdul ¥ nbehed QrlesEht ppmny eanidomare t haefkogbly 20-200

viscosity of the same can be neasured in _
ppmrpent af | uorophenol. The log viscosity of the polyner

nmeasured at a concentration of 0.1 g/dl in

pent af | pyephenod ab G nByepepteriabianthieo®), 3thedied ting

or above, nore preferably 0.5-10 dl/g, nost preferably
p01%t8d¥/ﬁheTmiqﬁﬁbUdﬂyéﬂéﬂlxﬁé)@éﬁyégﬁer resin determined

l'iquid-crystalline .

by differential scanning calorlmeter (DSC) by the method as
described below is eQual to or abOVe 190°C and below 250°C,
preferably 200-245°C and especially’210-240°C.

The detailed method for detefmining'meltiné point
of LCP is as follows: |

The differential.scanning.calorimeter Exstar 6000

(Seiko InStIuments Inc., Chiba, Japan) or the same type of

DSC device is used. The LCP sample to be examined is

heated at the raté of 20°C/minute and endothermic peak
(Tml) 1is recorded. Thereafter, LCP sample is kept at a
temperature 20-50°C higher than Tml for 10 minutes. Then

the sample is cocled to room temperature at the rate of

20°C/minute and then, heated agéin at the same rate.

Endothermic peak found in the final step 1is recorded as

melting point.

Preferably, - the 'Liqdid—crfétailine polyester



10

15

20

25

pol yester resin used in the present invention neasured
wth capillary rheoneter may preferably be 1-1000
Pa.s, nore 10 preferably 5-300 Pa.s. The
quuid-crystalllne pol yest A resin may be obtai ned
fromthe polynerizing reacti‘on vessel in nolten phase
and processed to give pellets, flakes or powders. .The
l'i quid-crystalline polyester resin 15 conposition.

resgﬁe% é&tfﬁ QESS%Qt 6ﬁ%ﬂgéﬁgn9?¥ b%st@%%% f@&abﬁ%%051ty

m Xl ng one rmre rous l'ar or

of Eﬁ;blsé*l St +%F%89%§?§§s{ & rgregét%ﬁf‘ﬁ% IROLE e 1og
v1sé%>§r% u?l %Ielrtlheer 3 aiqut{ aﬁ &n:ﬁealxéﬁfé eg:gnt SconQeH%%alggﬁnu%ef 0.1.

m na

bon f d h I :
5/d a&éﬁ’”?&'ﬁ%@%ﬁiﬂ.%ax{ﬁ%% o hon e PR

physi cal properti’es ost 0
A1/ Bael PROVEr B ey 5 e B o8k prererany

reinforcenents. may include talc, m ca, graphite, 15
1-8wBlV&stonite, cal ci um carbonate, dol onite, cl ay, glass

fl ake, %]ass beads, barium sul fate'and titani um oxid

‘The fil 'ées BRHEORTr siiicnichenes e bélaaaéacwstt%me

l'iquid-crystalline polyester resin conposition used in
polyeskerpresam UsRnth dme roaRSaRBukRVERtHoROBesEIEEHyWith

wei ght, preferably 10-90 parts by wei ght 100 parts
Capb}l@§thrh@©metﬁé Uﬁ@ﬂldmﬂigﬁﬁQﬂli’n@epolyg§P@r Faspn. more

I.f the anount of
preferably 5-300 Pa.s.

The liquid-crystalline pdlyestér resin may be
obtained from the po;Ymerizing-reéction vessel in molten
phase and prqcessed to give pellets, flakes or.powders.

The liquid—érystalline polyester resin
composition used in the Iprésent -invention may be those

obtained by admixing one or more fibrous, lamellar or

-particulate filler and/or reinforcement with the liquid-

crystalline polyester resin.
Examples of fibrous fillers and/or reinforcements
may include glass fiber, silica-alumina £fiber, alumina

fiber, carbon fiber and aramid fiber. Among them, glass

fiber is preferably used because of its good balance of

physical propertiés and cost.
Examples of lamellar or particulate fillers

and/or reinforcements may include talc, mica, graphite,
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the fillers and/or reinforcenents is nore than 100
parts by weight, the noldability of the resulting.
liquid-crystalline 10 pol yester resin conposition
tends to be decreased or the exhausting of the
cylinder or die of the nnl&ﬁhg device tends to be
"increased and-further, strength of the joint of LCPs
tends to be decreased because of |ow content of.resin

i,n the 0|nted articles. 15 The |i guid- st al
wo LGSR TS r eFH-© %%ﬁpo%?fb8ﬂa§§éorgo%gmggx?he prépentglass
i.nventj on urther, be a xed wi.th.aone .or
fl%ﬁﬁﬂtQ%ﬁﬁfrga%éﬁYeﬁ%F %%n§8ﬂgkgﬁaﬁpﬁ G&%&Wﬁﬁm:ﬁgﬁde
conposi tion if desire For nol di n
| ubri canth %u%%#%%Fﬁlﬁ%Q?OEIFﬁﬁ cf@eE5Fdnmﬁgﬁﬁ%raddEd to
al i phatic ester, _ higher allphatlc am de, gher d i
theal#b‘ﬁ‘é%qiccéﬂ%a?ﬁ%%aﬁ Eé’l%yesﬁcﬁ%/ﬁ%k%n%m&%s tion used in
fl uorocarbon resin; colorant such as d%es an
theyRRIREE 1RFED DXRakE; afhaReRn ts Ofhid-ilAe PWS by weight,
absorbent; antistatic agent; and surface active agent
prefgr del ndh?xe. pabtdi By F8 Lol feantld Os BérF tes B gheroht of
ali phatic acid, higher aliphatic 16 ester, higher -
theal 1 phai e caystiaidtak mlyesteruoeséarbonlit fpe amount of
surfactant nay be added to the pellets of the Iiquid-
thecrfysl bt § nengpddyeseenfoesiemesrts hes Inoqe d-reatyst @0 | pasts by
pol yester resin conposition before subjecting the

weippit et shé holdbei mtgi od frhecessulsuinddti quied agenistalline
adhere to the outer surface of the pellet.

poRred e ablrg s ithecomgss 911 tboporenid of tot e |dgordased or the
exhausting of the cylinder or die of“the molding device
tends to be increased and- further, strength of the Jjoint of
LCPs tends to be decreased bécauSe.of low content of resin
in the jﬁinted articles. |

The ligquid-crystalline polyester resin
cbmposition according to the present 'J'.n.ventioln may further
be admixed with one or more additives, which are
conventionally used for resin compositions,  if dééired-
For exaﬁple, molding 'lubricaht such. as higher aliphatic
acid, higher aliphatic ester, higher aliphatic amide,

higher aliphatic acdid metal Salt, polysiloxane and

fluorocarbon resin; colorant such as dyes and pigments;

antioxidant; thermal stabilizer; UV absorbent; antistatic
agent; and surface active agent- may be admixed. Molding

lubricants such as higher aliphatic acid, higher aliphatic
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crystalline polyester resin conposition used in the
- present invention is essentially consisting of
l'iquid-crystalline 10 pol yester resin in view of
.nol dabi lity and physical properties. The o
l'i quid-crystalline polyestetébresin conposition of the
present invention, however, may conprise one.or nore
addi tional resin conponent, which has a nelting point
deternmined by differential scanning calorineter of 15
es939p. 259ghaml B4PRRELEIR T Bnaetrdsi ﬁ%Bnﬁ&neﬁ%u%@&a‘—’bm‘
not inpair the object of the present invention. o
tyPRafprégcspnt: mavade t2@Aaf E£esithec aiporfdt ©F nep@déiquid-
thernopl astic resins such as pol yani de, polyester, .
crystgphéngl emeludsticie, resinet ber Kétoneliquid-crystalline
pol ycar bonat e, pol yphenyl ene et her and 20 denatured
podeebtati vesitthecenppspoipsulfofrere pubyechéngul flomepelliets
and pol yether imde and thernosetting resins such as
tophérol modding rapmess esisn artthipokhieni apent esdhertheto the
anount of the additional resin conponent is not
outéni tadfaandofayhle pddtlertni ned dependent on the -
intended 25 , property. Typically;'-such -additional .
resins neyefferadded tHe tedhe kiogpicdretitysdal lie liquid-
pol yester resin conposition in an anmount of 0-1.50
crPaths 1 bneWpiodes Hirefrr i YodbdOD- pant 8sbY inetybt present
per 100 parts by weight of the'liquid-crystall:ine '
inPehyesherid egkBen® ke i @yhgistyahaldd neigaoliMesk§istalline
resin conposition used in the present invention nmay
poggﬁgggél nedsiky agding;bil | &S, LI 01 LOPENT gn@Ndpnysical

resin _
properties. The 1liguid-crystalline ©polyester resin
composition of the present invention, however, ﬁay comprise
one or more additional resin componenﬁ, which has a melting
point determined by differential scanning calorimeter of
190-250°C, unless the additional resin component deces not
impair the object of the present'invention. Examples of
the additional resin components include thermoplastic -
resins such:ashﬁolyamide, polyester, polyphenylene sulfide,
poiyether ketone, poiybarbonéfe; polyphenylene ether and
denatured derivatfves. therébf, | polysulfone,

polyethersulfone and polyether imide and thermosetting

resins such as phenol resin, -epoXy resin and polyimide

resin. The amount of the additional resin. component is not
limited, and may be determined dependent on the intended

property; Typically;fSuch’additional resins may be added
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conmponents to the liquid-crystalline polyester resin
and nelt kneading the m xture using a kneadi ng
machi ne such as 10 Banbury m xer, kneader, single
screw extruder, twin screw_ _extruder or the |like. The
I'i qui d-crystalline polyestéf7resin conposition may be
processed in a conventional manner to give parts to
be joi ned together such. as nolded article, 15 film
sheet,. bonded text e an he |ike. Faor
to e dtiBH Fot T hig® iL%ﬁtPaivsﬁtﬁ&ﬁﬁS&&es‘fo JStion in an

| amof%eferaﬁc'} DS R BroY one LERE - pirFL fﬁ%' ”ed‘lro‘?&‘éo&r?d”‘gs o

i qui.d cryst al line polyester resin co ition
Wel&rhg viePBed O ExBApF8s ot et ahhg Get hBSs lﬂﬂ%&fg ystalline
enpl oyed for the present invention are uItrasonlc :

polysisdigiy, r4f Gh- frequency wel di ng, el ectronagnetic
i nduction . welding, inmpulse welding, vibration
wel di ng el spi nligwldregyseslThose | oi Pohye FERRods resin
(wel ding nethods) are 18 briefly described bel ow. .
congldstirzisomi used! dimgthé npreissntetodknler asali &e obtained
el ectrical energy is converted into mechanica
by vi brgtingn - efieddyrwhi chrenddfoesenterits ct kodal @eherat resin
the joint surface of the resin parts to be welded so

| comﬁuﬁemmgytmﬁnthe\mﬂauxﬂ{@g$$helllnangIyeﬁﬂ%mcyeSln and

wel di ng>
melt kneading the mixture using a kneading machlne such as

Banbury mixer, kneader, single screw extruder, twin screw
extruder or the like.

The liquid—crystalliﬁé polyester -~ resin
composition may be processed in a conventional manner to
give_parts-td be.joined'together such as molded article,

film, sheet, bonded textile éhd the like. For example,

_injection molding or extfuéion techniques may.preferabLy

used to give parts to be joined.

According to the present inventioﬁ,”_the pafts
made of - specific 1iquid'-¢rysbélline polyester —resin
composition are welded. Examplés of weldipg methods
suitably employed for the present invention are ultrasonic

welding, high-frequency welding, electromagnetic induction

-welding, impul se -Welding, vibration welding"and spin

welding.

Those Joining methods (welding methdds) are
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In this -nethod, dielectric heat is generated inside

the parts to be wel ded by neans of hi gh-frequency 10
radi ati on so that they can be wel ded toget her.

<El ectromagneti c i nduction welding> In this nethod,

metal or magnetic material 28hich is placed at the

joining portion of the parts to be welded is -

sel ectively heated- so that the parts are indirectly

15 heated and they-can= be wel ded together. <Inpulse

briget i AGSCTERChPE Y hod, the parts" are pressurized

by nmeans of a pressure pad and then, the nicke
<UlehpopBlGi MeLlda9d mounted at the top of the pressure

pad is heated 20 instantaneously to soften or nelt the |

parts sént Hetis hegthedn BEl WERURYLEoGeLREFICAY PPREFEY 1S

wel ding> in this nethod, both of the parts to be |
convgrted Imfopmecd@ninddr PibIaien opeesgYt MBH Gy 1nduces
~vibrated 25 horizontally to induce frictional heat at
fricheoneldihegt gt sths ateisb shatfadse Pharthe capsbe parts to
wel ded together. <Spin welding> In this nmethod, round
be whaged sol dodtpditey aram e adeddeddepgptreésure, the
articles are spun at a high 5 steed to induce
<HifhtEtreanahdyeate latichg>he parts are wel ded. Anong the

above j oi ni ng/ wel di ng nethods, -ultrasonic wel ding,

vi brati an wehdisngmethsgi,n dWaledigrdrdix heat 1is gcenerated
inside the parts to be welded by means of high-frequency
radiation so that they can be welded'togéther.
<Electromagnetic induction welding>

In this method, metal or magnetic material which
is placed at the joining portion of the parts to be welded
is selectively heated 'so that the parts are indirectly
heated and they can ‘be welded together.
<Impulse welding>

In this method, the parts’ are pressurized by
means of a pressure pad and then, the nickel chrome wire
band mounted at the top of the pressure pad is heated
instantaneously to soften or melt the parts so that'they_
can be welded together.
<Vibration weldiﬁg§.

In this method, both of the parts to be welded

are placed under pressure, one of them 1s vibrated

horizontally to induce frictional heat at the welding
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especially preferable for the present invention in
view of welding properties of |arge or conpl ex-shaped
articles. 10 In case ultrasonic welding, vibration

wel ding or spin welding iggenployed, parts are
preferably jointed in a mnner which provides scurf
joint or-shear joint. A scarf joint i's forned by
joining two nenbers having tapered, beveled, or

sur¢half ered rends i - apcad Snboget Rek. thigeftdes pl aner
contact between the tapered surfaces, those surfaces

<Sp§5ew%qkﬁ9g y heated and result in anple welding |
area. Accordingly, scarf joint can provide very high

j 0i ni ng .§{ r%ﬁg%h'métﬁggar + Qh Ak isshafc%rdreﬂomie@e' kPfsa are
first. part having protrusion and a 2-nd par
pla§%§r2 ngeg.egktyrég?nrlg ,el \écq'ﬁ]t g%&&fcqtgfyS%igg, é’@@x{e'a'% a -high

I'on~i s applriedt e edge o e first part

soffl i Sl RO BOTT ONPE ROA: SHCWErR T O ARRe

generation efficacy and.therefore, _str Ly :wel de

articl e “84iFbe ogf%i ned@®IHF add??%BﬁFQZ}:}%&é%@m ag%]g%gOds'

20 directi .of the, parts and t.he vibrating di I ;
ULtEESEREC P Bqual LOBRbbPE NG y O or T el oing is

wel di.ng surface andgjointed articles,wth_, . . £
espRIEL LY ghEatesahhg Lor- it EeSePEanBERGBOR Y. VW ©

In the joini:ng method of |iquid-crystalline olygfter :
we LGddith RIRRST £BnCpat BEIBF OFhEoPRdSamsHaRRSh 1 ok = +€5 -

certain parts are_jointed by neans.. of welding. That
is, In case ultrasonic "welding, vibration™ welding or

spin welding is employed, pérts are preferably jointed in a
manner which provides scurf joint or shear Jjoint.

A scarf joint i fbrmed by Jjoining two menbers

. having tapered, Dbeveled, or chamfered ends which ;ap

together: It. forms planer contact between the tapered
surfaces, those surfaces are uniformly heated and résult in
ample welding area. Accordingly, scarf joint can provide
very high joining strength.

A shear joint is formed by welding a first part
having protrusion and a 2ad part having a dent to receive

the protrusion, whetein vibration is applied to the edge of

the first part and the tapered portion of the 2nd part. In

the shear joint, the Jjoining portion is heated with high

heat generation :efficacy and ‘therefore, erongly welded .

article can be obtained. In addition, since contacting
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the parts to be wel ded are conposed of
liquid-crystalline polyester resin conposition
containing |iquid-crystalline 10 polyester resin whose
melting point is above or equal to 190C and bel ow
250C deternined by differeAfial scanning calorineter.
According to the nethod of the present invention, the
joining surfaces of the parts are easily nolten and

e A rﬁ% d nbes d?%er Sﬁmogﬁ%%fﬂ%&lg%& Foffp become
=Yg et dBon hREEh et plis Edndutyecs

abrlcatlon of _nol ded artlcles such as thqgse. havi.n
ePAUREGAF 28 GET PSR 0 R Ca Horobt SiAggness

e% u3|n%, uid-crystalline polyester resins having
canhe ePPEALRRBIdabi | ity. For exanple, it is possible to
manufacture small cross flow fan with thin wall wused_
for indéBr &§§ prmPindRyai meEbadi tidher LbAViRecriyREaByine
wel ding small parts with thin wall by neans of the
polyeatent re2dn ppamasarti2l pareovierthaceoedeny tovengion,
present invention, it is easy to seal filnms or bonded
certexnipaguauhrhed@&mﬁgduhy ngapsssbl el dipgeducthéngis,
or the like with good air- tightness or chem ca
ther peirdtsanoe. b8 Wl drdsanté cowentiedn 9% Linuhercrystalline
described in reference to the follow ng Exanpl es.
pol¥gahpke resin composition containing liquid-crystalline
polyester resin whose melting point is above or equal to
190°C and below 250°C determined by differential scanning
calorimeter. ‘ACCofding to the method of the present
invention, the Jjeining surfaces of the parts are easily.
molten and.  therefore, a Jjointed article of liquid-
crystalline polyester resin coﬁposition with sufficient
joint strength can be manufactured.

In addition, the joining method of the present
invention facilitates secondary fabrication of molded
articles such as those having thin wall or are fine parts,
which can be obtained by using liquid-crystalline polyester
resins having excellent moldability. | For example, it is
possible to manufacture small cross flow fan with thin wall
used for indoor equipment of air conditioner or the like by

wélding small rarts with thin wall by means of the present

invention.
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In the exanples, foll ow ng abbreviations are used.
<Mononers consisting of the liquid-crystalline :
pol yester 10 resin> BON6: 6-hydroxy-2-naphthoic acid
POB: para- hydroxybenzoic acid HQ hydroqui none BP:
4, 4' - di hydr oxybi phenyl 15 4FPA: terephthalic acid

| PA: isophthali.c acid Synthesis Exanple 1 Synthesis
of LCP-1 20 BONG' POB, HQ and TPA were fed in a

reaction container equi d, wt LLAL NG w8 icR, it
with to e""‘-o‘ﬁ’e‘f’eraﬁﬁggggggng\gns%}grggtg % Fati o shown
., intable 1 sp that the.total nQ t it
5 (RSY THon® ROt ader i SeHRECD. DS 0 (67 B Ramte e
~ total anmount of the nonqners) and 25 etic.anhydride _.. _
is 1pE95iPdRd Ol RTIY ERe 156t aPTanbifit g@‘e(r‘?ﬁaﬁ@s)géf’gi air
_hydroxy groups of the nononers were added to the :
tiggmeinarr 9pRNAETRLuFESHES2P6Pyneri zed under the
foll owi n condition. Table 1 Synthe%isL anpl.e 1 iped in
mononer Fhe | NG POBTIONIEAR Gisge LIS FIRE 6F°SHE O
41 43 8 8
reference to the following Examples.

Example
In the examples, following abbreviations are used.

<Monomers consisting® of  the liquid-crystalline polyester
resin>

BON6: 6-hydroxy-2-naphthoic acid

POB: para-hydroxybenzoic acid

HQ: hydroquinohe

BP: 4,4'-dihydroxybiphenyl

TPA: terephthalic acid

IPA: isophthalic acid

Synthesis Example 1

Synthesis of LCP-I

BON6,. POB, HQ and TPA were fed in a reaction

container equipped with an agitating device with torque-

meter and a condenser in the ra%io shown in table 1.so that

the total monomer amount was 5 mol. Then potassium acetate
0.05 g (67 mol ppm to the total amount of the monomers) and’

‘acetic anhydride 1.025 fold moles to the total améunt_
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5 Under the nitrogen atnosphere, the m xture was
heated fromroomtenperature to 1,500C over 1 hour and
kept - at 150C for 30 minutes, then rapidly heated to
210Cwith distilling out e by-product acetic acid
and kept at the tenperatu for 30 mnutes. Then the
m xture was heated to 10 335C over 3 hours and the .
pressure was reduced to 20 nmmHg over 30 m nutes. Wen

(mo %86 tonq%ydy%%'T%EJ&F@rSgeEﬁEnheﬁgmerseW@netJHBed to the

Iyner|2|ng § was term nated. The resulting

resin-was v, e a thed tdylowin
R G S R ;
oxi mately theoretical anount of acetic aC|d was
con%ﬁgﬁi Y-ed out. The nelting point of the resulting
I|qU|d crystalline polyester resin determ ned by DSC
Ta bisc. 20 Synthesi s Exanple 2 Synthesis of LCP-I

Syﬂ%giéﬂgjﬁ%Qﬁiﬂ@rf fe@nbiled HRAGLI ON contai ner

equTr PP tm—an dlgdgllﬂ aevi c th torquet reher
_a_g.d_z g N@nr\nnrlnncn g i Q‘L{Qﬂ 9

G _that ﬁthnfnl nou e ount—A ol Tha

uuuuuuuuuuu t+he—+at+6 gyomﬁ—+u t—ab %72 SO
il

T T oot 2 ~ TuT . LA >3
molpck askfdim acetate 0G5 g (67 nbb_ppm tothel Potal

amunt g, JDNORRYLS) n@ﬁQoé‘é@l ' th@@ﬁuéféde e 11rﬂ.%:ure was
fold noles to the total anount (noles) 5 of hydroxy

heQE@ pf¥&$ LhgnmeRanRrS W e addedoro bRer comawneand kept

ynmerizing réaction was perfornmed by' the
atfféboﬁnggrcgﬁdﬂidﬂEes, then rapidly heated to 210°C w1th
distilling out the by-product acetic acid and kgpt at the
temperature for 30 minutes. Then the mixture was heated to
335°C over 3 hours and the pressure was reduced to 20 mmHg
over 30 minutes. When the tordue became the'predetermined
level, the polymerizing reaction was terminated. The
resulting resiﬁ'was removed frOm the container and crushed
by .crusher to give pellets of LCP. As a result,
approximately theoretical amount of acetic acid was
distillea out. |

The melting point of the resulting liquid-

crystalline polyester resin determined by DSC was 218°C

_ Synthesis Example 2

Synthesis of LCP-II

POB and BON6 were fed in a reaction container

equipped with an agitating device with torque-meter and a
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Tabl e 2 Synthesis Exanple 2: nononmer ratio POE BONG
g 504.2 254.0 nol %73 27 Under the nitrogen

at nosphere, the m xture mas 10 heated from room
tenperature to 150C over | Shour and kept at 150C for
30 mnutes, then rapidly heated to 210C with
distilling out the by-product acetic acid and kept at
the tenperature for 30 minutes. Then.the mixture was

_conﬁ%%%%@‘éh éﬁ@CiQE§61%ﬂEWHslﬁn€abms QVQ§§UtEaﬂﬁ&he total

ced 15 over. 30 m nutes. Wen the
mon%%{ 1&%&%”9 5965 Hﬁ@geterfﬁgﬁdpokﬁﬁgﬁunﬁhﬁcetate 0. 05_g

yner|2|ng reaction was term-nated. The resEIt|ng
(o7 ST P 4 TRHBS, (LPIL! DA ek A Sruhls Dtetic
S AR saitrtesimotes)

e resul t|ng
quj d- crystalllne ester | tR?Cth
Yosswe $xo " TR e eS|s e, Ry the
POB BP, TPA a IPA.mere fed i,n a reag r h
g d it IRt AL g “HAA S R TR ST e BS’ the
and a condenser in the ratio shown in table 3 so that
Lol gt FORRHoYRR - anount was 5 nol . Then pot assi um

" acetate
Table 2
Synthesis Example 2: monomer ratio
POB BONG6
g 504.2 254.0
mol % 73 27

Under the nitrbgen atmosphere, the mixture was

heated ftom room temperature to 150°C over 1 hour and kept

‘at 150°C for 30 minutes, then rapidly heated to 210°C with

distillinéﬂpﬁt"the-by;product aceticl;cié and kept at the.
temperature for 30 minutes. Then thé mixture was heated to
325°C over 3 hours and the Préssure:was reduced to 20 mmHg
over 30 minutes. ‘When the-torque.became the-predetérgined
level, the _polymerizing. reaction was terminated. Ihe
rééulting resin was reﬁoVéd-ffom the container and crushed

by crusher to give pellets of LCP. As a result,

- approximately theoretical amount of acetic acid was

distilled out.

The melting point of the resulting liquid-

crystalline polyester resin determined by DSC was 280°C.
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0.05 g (67 nol ppmto the total anount of nononers)
and acetic anhydride of 1.025 fold noles to the.total

amount  (nol es) of hydroxy groups of nononers were.
added to the 10 contai ner pol'ymeri zing reaction
was performed by the followng condition. Table 3
Synt hesi s Exanple 3: nononer ratio POB BP TPA 1 PA Lg
414.4 186.2 83..1 83.1 cool %60 20 1.0 10 15 Under
Synkm%51§ﬂﬁﬂgﬁ?¥begnnsphere the m xture was heated

fromroomt erature.to 150C over' 1 hour and kept

C utes, then rapidly heated to 210C . |
syrik A0 fut t he by product acetic acid and

kept at egakur Le Th t he
ep 1%%2, h:?g{rgdrr? Z%n &é& rﬂré‘ Sfed N8R tHe reaction

n1xture over hours and the
essure was_reduced to _20 u -
rfeorrqﬁgufﬁg@g%e hpraélde%l maﬁe}li‘%rlcg%é Q tweﬁh V\ESEque
oly zin eaction term.nat ed tgn
me ee%.w%as ERRTF 1 O ERE. églh Sk ch‘gaﬁ%ﬁé (oo that
by crusher ive | ets aqf a res
th%ﬂﬁﬂ?ﬁ&rﬁﬂ%ﬁﬁe?héﬁ?gP|cyﬁsagb ofegEé?l%og%%%lum acetate
distilled out. The neltlng of the resultin ) and
0.9% qgi d-°75 BPYsPET | he P eg?t? r &9 et 8F e By °

DSC was 330C. Exanpl es 1 2
acetic anhydride of 1.025 fold moles to the total amount

(moles) of hydroxy groups of monomers we:e_added to the

container and polymerizing reaction was performed by the

. following condition.

Table 3

Synthesis Example 3: monomer ratio

POB BP - | TPA | IPA
g 414 .4 1186.2 83.1 83.1
mol % 60 20 10 10

Under the nitrogen atmosphere, the nixture was

heated from room - temperature to 150°C over' 1 hour and kept

at 150°C for. 30 minutes, then rapidly heated to 210°C with

"distilling out. the by-product acetic acid aﬁd_kept.at the

temperature for 30 minutes. Then the mixture was heated to

350°C over 3 hours and the pressure was reduced to 20 mmHg

over 30 minutes. When the torque became the predetermined

level, the polymerizing reaction was terminated. The

resulting resin was removed from the container and crushed
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A ass -fiber (FT 562;-ASAH FI BER GLASS Co., Tokyo,
Japan) (B) or carbon fiber- (HTA-C 6-S, TOHO TENAX Co.
Tokyo, 10 Japan) (C) in an amount shown in table 4
and 100 parts by wei ght of Ilquid-crystalline
pol yester resin, LCP-I (ﬁo were m xed by Hensche
m xer and was' extruded by Tw n- Screw Extruder (TEX "
30a, The Japan Steel Wrks, LTD-, Tokyo, - Japan) with
by cetheﬁa& t gpperatyr e &&f—é@g tQ i wespel | etg, 15, Of rteeealt,
l'iquid-crystalllne polyester resin conposition.
pel r ri oAt 13 f our d
app%é?%égt%gylm%ﬁ%éﬁﬁ?ﬁéﬁglng mac |ne:§ 188 i 1 ﬁ%&ﬂg

o gl pRnashi, Japan) with cylinder tenperature of
dlséﬁékfd' the tenperature of 70C to give parts having

the sha 20 i.t.ab] e carf. j Qi.nt sho in_figure _
1 and tﬁﬁfE saéllit a%& o7 sﬁear jOIQCne shr %l?ggu:rilqum
e _resulting nolded parts were Y o
cryfte LT EReaPPI VAL R, " redrt R TAT IR E Rt dufs Sa0°c.
(BRANSON 950M Enerson Japan, .Ltd.) under conditions
as folloms 25 The joint strength of the resulting
E a* #nteg rtlcle was eval uated as breaking force at
XanNRhSPI Fﬁge 5 misec in vertical direction to the
j ointed surface by u5|n | nst ron Corporation #5567.
The reSRES 188w En 2 kﬂ%ﬁ&ﬁl5FL§f%r%%%%§ccﬁehdFﬁ§yor
condition> Vibration: 20 KHz

-Japan) (B) or carbon fiber (HTA-C6-S, TOHO TENAX Co. Tokyo,

Japan) (C) in an amount shown in' table 4 and 100 parts by
weight of 1liquid-crystalline polyester resin, LCP-I (A)
were mixed by Herschel mixer and was’ extruded by Twin-Screw
Extruder (TEX 30x, The Japan Steel Works, LTD., Tokyo,
Japan) with .cylinder temperature of 235°C_ to give pellets
of the liquid:—ciyst:alline polyesterlresin composition. The

resulting pclléts were dried ‘at 130°C for 4 hours and

- molded by injection molding machine(x-100iA, FANUC LTD,

Yamanashi, Japan) with cylinder .temp.erature of 240°C and
die temperature of 70°C to give parts having the shape
suitable for scarf Jjoint shown in figure 1 and that
suitable for shear.joint shown in figure 2.

The resulting mélded parts were welded to give
jointed articles by means 'bfl ultrasonic welder (BRANSON
950M, Emerson Japan, Ltd.) under conditions as follows.

The Jjoint strength of the resulting Jjointed
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Horn: conical horn, TIN 3/4 inched dianeter Wlding
time: 80 inset 10 Holding Tinme: 0.5- sec Conparative
Exanples 1 and 2 Ajointed article was prepared by
the same- procedure as excg%le 1 except that LCP-I
was used instead 15 of L and that .injection'
nmol di ng condition with cylinder tenperature of- 300C
and die tenperature of 70C was enployed The

artf?ﬁ%“%‘a‘ oL af1. ] 4 i éérﬁﬁ?ggﬂcﬁﬁﬁs £6¥dd & Oy oY ! I}%te of

roce ure as exa 1S S O\Nn I N
t 4 20 t 3
5 nif A alhagentey 6%1&20‘5%§9?Eﬁén§are?: bRB e dairi s '%éa?rst by
xcept that"LCP-111 was ? |ns ead of_% g .
usueﬁatlf}%w.%%ramn 55T on e nreSPLEers o8hown in

L nﬁerature of 350C and die tenperature of 70C was 27
tabifpfoyed- The eval uation of joint strength was carried
out by the sane procedure as exanple 1. The result is
shown in table 4. 5 Table 4 A: Liquid-crystalline
ol yester resin B: dass fiber (ASAH FIBER
<Ulerasgngs. Welgingsmonditignbon fiber (TOHO TENAX Co,
HTA- C6- S) D Melting point of liquid-crystalline
Vibpatyest erOr &zn

Horn: conical horn, TIN, 3/4 inched diameter
Welding time: 80 msec

Holding Time: 0.5 sec

Comparative Examples 1 and 2

A jointédf.aftidlé ~was prepared by the same
procedure as ekﬁmple 1 except that LCP-II was used instead'
of LCP-T and that'iniection'moIding condition with cylindexr
temperature of 300°C and die .temperature of 70°C was
employed. The evaluation of joint sfrength was carried out
by the same procedure as example 1. The result is shown in

table 4.

Comparative-Examples 3 and 4

A jointed- article was lprepared by the same
procedure as example 1 except that“LCP—IIi was used instead
of LCP-I and that injection molding§éondition with.cylinder

temperature of 350°C and die temperature of 70°C was



E: Joint strength of scarf joint F: Joint strength of
shear joint ABCDEF (weight parts) (weight parts)
(O (N (N) (resin/ we-.Li ht parts) Exanple 1 L100/
42.8 0 218 330 355 Example@72 LCP-1 / 100 .0 42.8 218
340 370 Conparative LCP-11/ 42.8 0 280 290 245
Exanple 1 100 Conparative LCP-11/ 0 42. 8 280 295 270

npl e 2 :100 Conparative LCP-111/. Exa e 3 100 4
emmloa@csi 205T DR VEhnpataR | 96 1€PeT| FF r@“gg swééocﬁfﬁlf oout

nple 4 100 LLOYD WSE 28_CLAIMS
bYJQﬂQNﬁEP?|Eﬁﬁ%e%V9%t%FI?ﬁ%mBBFyésttherggFﬂE% %8 S8bwn in
conposi tion parts, characterized in that the nelting
taljdt it of the liquid crystalline polyester resin
measured by 5 differential scanning calorineter is
190-250C., the resin consisting essentially of the
repeating units represented by the follow ng fornul ae

Takglg 4 (11), (I111) and (IM: / 1 \ ¢
A: Ligquid- crystalllne pclyester resin
B: Glass fiber (ASAHI FIBER GLASS Co., FT 562)
C: Carbon fiber (TOHO TENAX Co, HTA-C6-S)
D: Melting point of liquid-crystalline polyester resin
E: Joint strength of scarf joint ' _
F: Joint strength of shear joint
A B - C D | E F
) (weight parts) | (weight parts) | (°C) (N) | (N)
(resin/ _ .
weight parts) . _
 Example 1 Yy 42.8 0 218 | 330 |355
Example 2 s .0 42.8 218 | 340 |370
Comparative LCB-I1/ _ -
Y . 0 280 | 290 | 245
Example 1 100 42.8
Comparative LCP-II/
: 0 42 .8 280 | 295 | 270
Example 2 100 .
Comparative LCP-III/ . 330 265 195
Example 3 100 42.8 0
Comparative LCP-III/ ‘ - =
- .8 330 { 21 200
Example 4 100 _O_ 42 >
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of[ll P10 _O0OC4OAi O[IIl'] r 4-CA2CIIV]
OO0 15 S wherein: Arl and Are each represents at

| east one bivalent aromatic group; and 20 p, g, r and
s represent relative nolar proportions (nmol %9 of the
repeating units in the liquidscrystalline polyester
resin and satisfy the follow ng fornul ae: LLOYD W SE
29 0.4 <p/lg <2.02 ml %r <15 mol % 2 nmol %-S s
< 15 nol % and that the parts are jointed by nmeans of
Gl IMhg. 5 2. The nethod according to claim1l, wherein
said liquid- crystalline polyester resin consists of

LLOYD WISE

i.he frol Imeimgl rpeatjoinimgtsliquwidosrystalline polyester

resin composition parts, characterized in that the melting

point of the liquid crystalline polyester resin measured by

differential scanning calorimeter is 190-250°C., the resin

consisting essentially of the repeating units represented

by the following formulae (I), (II), (III) and (IV):

Lot .

o Ary 0] [T]
i lr
C Arz C [ IV]
L O O
ls
wherein:

Ar; and Ar, each represents at least one bivalent aromatic

group; and

p, 9, r and s represent relative molar proportions (mol

o°

)

of the repeating units in the liquid-crystalline polyester

resin and satisfy the following formulae:
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35 - 48 10 35 - 48 -cO 0O/ 2-15 -0 - 15 2-15
wherein: the val ue bel ow the repeating unit
represents nol % of each unit in the
l'iquid-crystalline polyester resin. 20 3. The net hod
according to claim1, whereindsaid welding is

sel ected fromthe group consisting of ultrasonic
wel di ng, LLOYD WSE 30 vibration welding,

hi gh-frequency wel di ng, el ectromagnetic induction
e & g isrpll e wel ding and spin welding. 4. The

nmet hod according to claim1, wherein said welding is
2ldsaspniEc ek diiegmovti Brati on wel ding or spin wel ding
5 and said liquid-crystalline polyester resin

Zaposs £i gn Panssmaneswel ded to forma joint sel ected
fromscarf joint and shear joint. 5. The nethod
AECOfh oLk 1§ Bt o dre Wnet et &d tihe héaus dof cogsdahyi ne
pol yester resin conposition conprises a filler 10
and/ of & ehoaf REEEABRL riANngN tamuRlinof1,0- i ok t saby 1iquid-
wei ght per 100 parts by weight of the

tiguigdrcrystabbipespolyestsin consists of the following

LLOYD WISE

repeating units:

-/

35~48

oo/

35~48

_w@_w_ / |

2~15

wherein:
the value below the repeating unit represents mol % of each
unit in the liquid-crystalline polyester resin.

3. The method according to claim 1, wherein said welding

is selected from the group consisting of ultrasonic welding,
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resin. 6. The nethod according to claim5, wherein the

filler and/or reinforcenent is at | east one sel ected LLOYD WISE

fromthe 15 group consisting of glass fiber,
silica-alumna fiber, alumna fiber, carbon fiber,

aramd fiber, talc, mca, graphite, wollastonite,

cal ci um carbonate, dolomte, clay, glass flake, glass
beads, barium sulfate and titanium oxide. 7. The

met hod according to claim6, wherein said filler 20

gablret ipai nfedrdtieneent highgf aesguénder we8diAgj oiedtestt romagnetic
article made of |iquid-crystalline polyester resin
c¢orposibnome lvhingh iispoltsa weddiyg ainali Bgin gqwildting.
crystalline polyester resin conposition parts by neans

éf.  wehdi ng,t hwhereaiaqo tdieng esd nctonsi 3§ swassedhi alaliyl efelding
the 25 repeating units represented by the foll ow ng

fier miltaegdric LuOYDiNGSE viddrddilgn ¢éLé)ingnd | ¥in Melding
I\ C op _0C-0-0540Ai1 O[] r CAe

eénpl Vkai@ Ols8quid-crystalline polyester resin composition
parts are welded to form a joint selected from scarf joint
and shear joint.

5. The method according to claim 1, wherein the liquid-
crystalline polyester resin composition comprises a filler
and/or reinforcement in an amount of 0-100 parts by weight
per 100 parts by weight of the liquid-crystalline polyester
resin.

6. The method according to claim 5, wherein the filler
and/or reinforcement 1is at least one selected from the
group consisting of glass fiber, silica-alumina fiber,
alumina fiber, carbon fiber, aramid fiber, talc, mica,
graphite, wollastonite, calcium carbonate, dolomite, clay,
glass flake, glass beads, barium sulfate and titanium oxide.
7. The method according to claim 6, wherein said filler
and/or reinforcement is glass fiber.

8. A jointed article made of liquid-crystalline polyester
resin composition, which is obtained by joining liquid-
crystalline polyester resin composition parts by means of

welding, wherein the resin consists essentially of the

repeating units represented by the following formulae (I),
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10 wherein: Arl and Are each represents at |east one
bi val ent aromatic group; and p, g, r and s represent
relative nolar proportions (nmol %9 15 of the LLOYD WISE
repeating units in the liquid-crystalline polyester
resin and satisfy the follow3ig fornulae: 0.4 < p/q <
2.0 2 mol %r 15 mol % 2 nmol %< s 5 nol % 20 and
the nelting point of the resin nmeasured by
differential scanning calorineter is 190-250C. 9. The
jointetIBYYi@he &t¢brding to claim8, wherein said
LLOYD WSE 32 jointed article is made of parts which
are selected from the group consisting of nol ded
il m _sheet and bonded textile. 10. The
NE aecocding to claim8, wherein said 5
pdl yester nesin consists of the
g unifits: -o co- / 35 - 48 10 35-48
p

\ [11]
q

—1T—O0—An O—1— [IIT ]
i Jr
C Arp C [ IV]
0] 0]
| Js
wherein:

Ar, and Ar, each represents at least one bivalent aromatic

group; and

oo

p, g, r and s represent relative molar proportions (mol %)
of the repeating units in the liquid-crystalline polyester

resin and satisfy the following formulae:

e

and the melting point of the resin measured by differential
scanning calorimeter is 190-250°C.

9. The jointed article according to claim 8, wherein said
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-0 - 2-15 15 wherein: the value below the repeating
unit represents nol % of each wunit in the LLOY
liquid-crystalline polyester resin. 11. The jointed D wise
article according to claim8, wherein said 20 welding

Is selected fromthe group carsisting of ultrasonic

wel di ng, vibration wel ding, high-frequency wel di ng,

LLOYD WSE 33 el ectromagnetic induction wel ding,

i mpul se wel ding and spin welding. 12. The jointed

aointeé@ actdcdengi ¢ omgtiai mE8, pashsr evhishi drenedeliegted from
ultrasonic wel ding, vibration welding or spin 5

wed digrgugndcsas st igai dfcrysidedi rectpallyest €i lmesigheet and
conposition parts are welded to forma joint selected

booded scaxtijeoi nt and shear joint. 13. The jointed

article according to claim8, wherein the

10qui Therystatédnerpotyestecor@shg €6nMpOsiki 8N wherein said
conprises a 10 filler and/or reinforcenment in an
apund-ofyHr 1001 part spbyyaet &@ht parsikP0 P ds  of  the
wei ght of the liquid-crystalline polyester resin. 14.
fbe1bwingedegeti che agcesding to claimi13, wherein the
filler and/or reinforcenent is at |east one sel ected

from 15 the group consisting of glass fiber,

silica-alum na fiber

O/

35~48

o/

35~ 48

O/

2~15

_O_O_ﬂ_

2~15

wherein:

the value below the repeating unit represents mol % of each
unit in the liquid-crystalline polyester resin.

11. The jointed article according to claim 8, wherein said

welding is selected from the group consisting of ultrasonic

welding, vibration welding, high-frequency welding,
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alum na fiber, carbon fiber, aramd fiber, talc, mca,

graphite, wollastonite, calcium carbonate, dolomte, LLOYD WISE

clay, glass flake, glass beads, bariumsulfate and

titani umoxide. 15. The nethod according to claim 14,
wherein said filler 20 and/o33reinforcenent is glass
fiber. 16. A nmethod for manufacturing a jointed

article, which conprises: providing parts made of

liquid crystalline polyester resin conposition .
ebapErenagnELgai dndrgstanl Wweddpobyedtpulsesivgldifig and spin
whi ch consists essentially of the repeating units
weOYDNYW SE 34 represented by the followi ng formnul ae

(ry, (), (rrr)y and (1V) : /I V' coH P50\ /
LE.1]Thd @oAnte@ pkklifler acCohréng fol ¥laith B,1&h8rein said
wher ei n:

welding is ultrasonic welding, vibration welding or spin
welding and said liquid-crystalline polyester resin
composition parts are welded to form a joint selected from
scarf joint and shear joint.

13. The jointed article according to claim 8, wherein the
liquid-crystalline polyester resin composition comprises a
filler and/or reinforcement in an amount of 0-100 parts by
weight per 100 parts by weight of the liquid-crystalline
polyester resin.

14. The jointed article according to claim 13, wherein the
filler and/or reinforcement is at least one selected from
the group consisting of glass fiber, silica-alumina fiber,
alumina fiber, carbon fiber, aramid fiber, talc, mica,
graphite, wollastonite, calcium carbonate, dolomite, clay,
glass flake, glass beads, barium sulfate and titanium oxide.
15. The method according to claim 14, wherein said filler
and/or reinforcement is glass fiber.

16. A method for manufacturing a jointed article, which
comprises:

providing parts made of liquid crystalline polyester resin

composition comprising liquid crystalline polyester resin

which consists essentially of the repeating units
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Arl and Are each represents at |east one bival ent

aromatic group; and 15 p, g, r and s represent

relative nolar proportions (nmol % of the repeating LLOYDVWSE
units in the liquid-crystalline polyester resin and
satisfy the following formula®® 0.4 < p/q < 2.0 2 nol

%r 15 mol %20 2 mol %< s 15 nol % and has a

nmel ting point neasured by differential scanning
calorineter of 190-250C.; and LLOYD WSE 35 joining
sapdepant sdbpynddres fofl edidingfommulaphe(hiet hédI), (III) and
according to claim 16, wherein said Iiquid-

¢Eystal Il i ne polyester resin consists of the foll ow ng
repeating units: 5 35 - 48 35 - 48 -COco- / 10 2-15

-0 - 2-15 wherein: 15 the value below the repeating

unit represents _nol % gof each
o
o (]
p
lq

—1T—O0—An O—1— [II]
i lr
C AI'2 C [ IV]
(0] 0]
i ls
wherein:

Ar; and Ar, each represents at least one bivalent aromatic

group; and

o\e

p, 9, r and s represent relative molar proportions (mol %)
of the repeating units in the liquid-crystalline polyester

resin and satisfy the following formulae:

[\)
3
O
'_J
oe
IIA
=
IA

15 mol %
2 mol $= s = 15 mol %, and has a melting point measured
by differential scanning calorimeter of 190-250°C.;

and
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unit in the liquid-crystalline polyester resin. 18.
The nethod according to claim 16, wherein said welding
is selected fromthe group consisting of ultrasonic
wel di ng, vibration welding, high-frequency wel di ng,

el ectromagnetic 20 inductiom3®el di ng, inpul se wel ding
and spin welding. 19. The nethod according to claim
16, wherein said welding LOYD WSE 36 is ultrasonic
wel di ng, vibration welding or spin welding and said
bPgoidgceypstdabbirhe pol pesner ofeweadéogposition parts
are welded to forma joint selected fromscarf joint
and sHearmpphat. asc@diThe trerhedmadbor dihrgetio slkdidmliquid-
16, wherein the liquid- crystalline polyester resin
coppbsition cpnmpryesésra frieklier candhisitsr eiodf ottenerfiol lowing
in an anount of 0-100 parts by weight per 100 parts
bgpeetghty ohitke |iquid-crystaline polyester resin.

10 21. The nethod according to claim 20, wherein the

filler and/or reinforcenent is at |east one sel ected
fromthe group consisting of glass fiber,

silic lum na fiber, alumna fiber, carbon fiber,

aram ' , falc, mca, graphite, wollastonite,

cal ceanmscar bonate, dolomte, clay, 15 glass fl ake,

gl ass beads, barium sulfate and titanium oxide. 22.

The nethod according to claim?21, wherein said filler

and/ or reinforcenent is glass fiber.

essy

35~48

O/

2~15

—o-@-o_

2~15

LLOYD WISE

wherein:

the value below the repeating unit represents mol % of each
unit in the liquid-crystalline polyester resin.

18. The method according to claim 16, wherein said welding
is selected from the group consisting of ultrasonic welding,
vibration welding, high-frequency welding, electromagnetic
induction welding, impulse welding and spin welding.

19. The method according to claim 16, wherein said welding
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36

is wultrasonic welding, vibration welding or spin welding
and said liquid-crystalline polyester resin composition
parts are welded to form a joint selected from scarf joint
and shear joint.

20. The method according to claim 16, wherein the liquid-
crystalline polyester resin composition comprises a filler
and/or reinforcement in an amount of 0-100 parts by weight
per 100 parts by weight of the ligquid-crystaline polyester
resin.

21. The method according to claim 20, wherein the filler
and/or reinforcement is at least one selected from the
group consisting of glass fiber, silica-alumina fiber,
alumina fiber, carbon fiber, aramid fiber, talc, mica,
graphite, wollastonite, calcium carbonate, dolomite, clay,
glass flake, glass beads, barium sulfate and titanium oxide.
22. The method according to claim 21, wherein said filler

and/or reinforcement is glass fiber.



