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1 *166166* METHOD FOR JO NI NG LI QUI D- CRYSTALLI NE
POLYESTER RESI N COVPQOSI TI ON PARTS AND JO NT
MADE OF LI QUI D- CRYSTALLI NE POLYESTER RESI Nﬁmmmmmmm“”m
COMPCSI TI ON 5 Technical Field The present inventig
relates to a nmethod for joining |iquid- crystalllne
pol yester resin conposition parts and a jointed
article made of liquid-crystalline polyester resin
CcoMBEHOPOROBb tTa BN D YL I 0@ Ipof RY AGARBLNEd POLYES TER
Backaround Art Thernotropic |iquid-crystalline
pBEyéEtéOMP@ﬁDTIQNm?kRﬁSfAED JOANIre® aRTICLE MADE OF
"l'iquid-crystalline polyester resin"” or "LCP") is
ex hi i gisI PRy s ThoNaE IHOf YEETER dREGIN 5SCaMBO8X CEbNent
thernostability, and therefore, wdely used for
manuf acturing nol ded articles, especially, electronic
conmponents having thin and small parts such as fine
TecRht el e9mnector. LCP al so has good nechanica
properties including good rigidity as well as

excel | e%a‘?hﬁ%%@ntzolﬁ%éh%&%t , r804+88S P4 1d eheathod for
propertles and exhi bits high dinmensional accuracy.

JoiMB gt Qﬁ?@ip£9?§EEﬁ§§neLcF§o @s;%§edr@gﬁjpn|&b$§551 ion

nanufactu ng nof ded articles but for a variety

parQE PL QucéfékyfﬁﬁghngaLLQSEQ gﬁgdé'l eseﬁﬁggﬁlgg%s ~alline

Sécondary rTcatiron of nold artic

p"lgﬁrelsltlelrl f%a’%’eléi)‘{llﬁgghiffg ors Lli‘nfgﬂ%ti}l%ég ‘?LQII‘MES method.

Background Art

Thermotropic liquid-crystalline polyester resin
(hereinafter, cadlled as "Liquid—érystalline polyester -
resin" or ;LCP") is exhibits good flowability on molding
and exceilent thermostability, and therefore, widely used
for manufacturing molded articlés, especially, electroﬁic
components having thin and small parts such as fine pitch
connector. LCP alsc has good mechanical properties
including good rigidity as well - as excellent chemnical
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 moided articles,

fibers or films made of LCP is attracting attention of the

-
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*000007* 2 arlL. Anong the conventionally known
secondary fabrication nethods, joining nethods such
as bondi ng and wel ding have gotten a |ot of
attention. In particular, @ nmethod widely wused for
fabricating nultipurpose plastics, _.e. nethods 5 for
wel ding resin parts, which utilizes frictional heat,
have been expected as candi date for fabricating
arl | i quéngCEyet aldriven pbbyesl gr khesinn Patdsdatoweebrication
the wi dely-distributed conventi onal
netdddili di61Mshal Mdtendes yester desbBfdhage 2xd reakiyng have
high 10 nelting point as high as 280-400C and
goctheref vee, oECR: taghionot be weldeddlyathea method widely
conventional welding nethod, or even if they could,
used hﬁ‘oerﬂDﬁO&EtQﬂgOfmﬁhelﬁb‘i:@bBQd pyekdedspr odu€! methods
m ght be too weak to be practically used. Sone

forl Wﬁ@“%@ netbods Jor- el dingy i gui digeystald boeod®l heat,
pol yestér resin parts have been proposed. For exanp e,

havépbd%n HO3; é@él%? 0.di S&éﬁc@f&é*é” 1*6‘175" 0-*6%@ a5 quig-

ul trasonlc ing of resi=n with oi nt~
ui,d.qrystald yester reS|n mhlch
cry§H§f}f§gg§8 grlﬁ%narfgérkﬁggﬁg%g t he re3|n to a
certain range of t%gperatu a d rfb meldlqgathe

resin. &t hod “¢an assure jOInIng in 9$ ntional
uItrason L din tech ue S eC|f|caIIy, i.n :
Lighibngg #s&ﬁﬁpsar S S R Y Se TUF LY hieb

melnﬁ'ﬁgarg pol nt_ of &;;Pg,hegégpgﬁgzgg A eareheat e By ree
might not be welded by the conventional welding ﬁxethod, or
even if they could, the joint 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 HO3-18483C disclcses an impﬁ:oved method for ultrasonic
welding of resin with high melting point such as liguid-
crystalline polyester resin, wnlch comprises preliminarily
heating the resin to a certain range of temperatures and
then, welding the resin. This method can assurs the
joining in the ultrasonic weldi.ng technique.

Specificélly, in the method, resin parts to be
jointed such as LCP with melting point of higher than 250°C
are preheated by ‘means Of gn exXternal heating eguipment

such as alr-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 heated by neans of heating nediumor a heating
device and thereafter, ultrasonic welding is carried
out. Said nethod can assureé the wel ding and decrease
deformation or failure of the nolded articles to be
wel ded. 5 However, the nethod is not satisfactory in
view of cost and efficiency because of the additiona
heagee Heattagsstdp i thng egeidies @t ext eepdlnpedtshHgee and
device or internal support. heating equi pnment.
theMeragineer,, Wherasthdd weddhny prsactamadledhenduse $id method
softening or deformation of the 10 wel ded articles due
cart adugte ptee heallidigat eperd@tgresse- dBUMARY i0R or failure
| NVENTI ON An obj ect of the present invention is to
of RBIVindel ged nethodl 6r thobai R@idequi d-crystal line
pol yester resin conposition parts which ensure
accuracy@fetde, | enat mdehd8 can fgyovkdeiarhetBied in view
article with excellent joint strength. Another object
of Okddte pheseBEriRM@RldONpeshiPr @i dend hQintednal pre-
article made of LCP wherein two or nore parts made of

hedtGRAT Srshr Qgloh i PLghedeby diheeprLhedi ohebReng device or
I nvention. The present Invention provides a. nethod

- 0 i oini ot - crystal L !
m%eg:fnrb 2 P shgha'r%g ﬂé&%‘ixﬁ%?%éﬁ__?déﬂ%e poh}ée%%ﬁgefrﬂe e method

osi ti parts, ¢ rized in that t ting
1o BT PhcLlen! R Y UL et s s meb g or e
LS T I R R
SUMMARY OF INVENTION |
An objéct of the present inventior is fo provide
a method for joining liquid-crystalline polyester resin
composition parts which ensure accuracy of the Jjoint and
can provide a jolnted article with excellent joint strength.
Another object of the present invention 1is to provide a
Jjointed article made of LCP wherein twd or more parts made
of LCP are strongly Jjointed by the methdd of the invention.
The present invention provideé a. method .for
joining liguid-crystalline polyester resin composition

parts, characterized in that the melting point oI the

liguid crystaliiﬁé polyeSter resin, which is contailned in

the  composition, measured by the differentizl scanning

means of welding.
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4 The present invention also provides a jointed

article of liquid-crystalline polyester resin

conmposition obtainable by said joining nethod.

"Jointed article made of .lkgquid-crystalline 5

pol yester resin conposition" used herein refers to a

product made of liquid crystalline polyester resin

conposition and has jointed portion formed by the

nmet hod dfhe t peepeesent nivewgnitdron.alski qurdvddest akl i neinted

pol yester resin conposition” 10 used in the present
artiinent oon myicomprise Iliher pangd Orer r elesfior ceompbsition

in an anount of 0-100 parts by weight per 100 parts '
obday neei ghtb wfsd e 44 midgchystald.i ne pol yester resin

According to the present nmethod, a jointed 15 article

made O Ltgdiried- caystiaddld nenpeley/ester resiic-crystalline

conmposition with good accuracy and high joint strength

polGALktde Provided. o BRLEF: PESERI RHLN O AHE, DRAWNGs o a
igure 1 depicts the scarf joint used in Exanples. 20

gure 2.depi cis the shear Joipl: useddn EARMSG:  resin
prc@é%‘lr LE%%%SCF{‘?%H%%%@%}HE% ._ENA'I{‘TS%%éTheE)& WHer  resir

co#éo%ﬁ.t%@gﬂ yshaldioe %g%%ﬁt QoSS o0t 2k !”z?&’ £hi Hdlechod of

crystalTine ester resin conmpositton use

AN the pre Lhyention is not specifically limted
tjhaﬁﬁg2§“ﬁﬁy§§££%ngoﬁélyester resin which has nelting

poi nt neaff&ggd—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 liguid-crystalline polyester
resin.

" According to the ©present method, a Jjointed
article made of liguid-crystalline rolyester resin
coﬁposition with good 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 INVENTION

The liquid-crystalline polyester resin contained

r

in the liquid-crystalline polyester resin compcsition used
in the presant invention is not specifically limited and

may be any polyestet resin which has melting point measured

'd
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5 by differential scanning calorineter of 190-250C,
exhibits anisotropic nelt phase and is called as
thernotropic liquid-crystalline polyester resin by
those skilled in the art. % The anisotropic nelt
phase can be confirmed by neans of conventiona
pol ari zed |ight systemusing orthogonal I1ight
polarizer. In nore detail, the sanple on the Leitz's
by hiit T ¢ eeyet Landes camh i ngeradicnmsptes e abyl Be-26086r vesthibits
with Leitz's polarization mcroscope.. 10 A
anildapiab e ystial ti nehpskyestel riesi ncahovse 8eltichgrmotropic
poi nt determined by differential scanning calorineter
1idsi eqehals t 91 Pinabeve vE¥G andebehow250o disedii i Detihen the
present invention may be sem -aromatic |iquid-
artcrystalline polyester resin or wholly aromatic liquid
15 crystalline polyester resin. In the present

speci fi cathon anaRd Gl YPIB, meIeM s QIBLLE IHub8ntirmed by
crystalline polyester " resin” represents a

meathd Ph C- a&QG@B‘cS‘:oEC& \A%Sliah§§cdal | phahic ND/ELLRS vysing

in the nol ecul ar chai n. 'y aromatic”

oré%&%ﬂacriig%' q ol yester (hegid epresent s g LBdfle on

ich ea urrlng mononeri ¢ unit contributes a

33l + to_th b _
o se?{?SE%L%gPSEPnﬁ%rnZntoe 2y el DASkBONe nay e
| : t
Obsree%ﬁs fatigases b B R e e R S A

reta- rdaﬂpy fgguggggrvé J chan|cahﬂFro ertles esin  whose

melting point determined by differential scanning
calorimeter is e€qual to or above 190°C and below 250°C used
in - the present invention may bé semi-aromatic liquid-

crystaliine polyester resin or wholly_ aromatic liquid-

crystalline polyester resin: In the present specification
and claims, "semi-aromatic liquid cfystalline 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 coentributes at least
one aromaitic nucleus to the polymer backbone.

Among those liquid-criystalline polyester resins,
wholly aromatic liquid-crystalline polyester resins are

preferable because of their flame retardancy and good:

mecharical properties.
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6 Exanples of repeating units used for preparing

liquid-crystalline polyester resins used in the

present invention are aromatic oxycarbonyl repeating-

units, aromatic di-carbonylé repeating units, aromatic

di oxy 5 repeating units, aromatic oxy di-carbonyl

repeating units and aliphatic dioxy repeating units.

The liquid-crystalline polyester resin conposed of

t he aboxamstes bedf r eppatimgainiung trayused| fde borhraring

of those give anisotropic nelt phase and those do
1licnotd-dfysiepehiinag ool gésterur akscosponeat dm t ider epirmsent

and the ratio thereof, and sequence distribution. The
invidrofiticsh  Crapst al birvenainlyesterydethdisyiseddptdtiieqis  units,

present invention are |limted to those exhibit -
arocii 0t r opiic gmidorpiaserebxamiles otinABRQMErS-MHchc  dioxy

provide: the aromatic 15 oxycarbonyl repeating units _
rer L thdydhoxyhenzebga 8ebd oy BYAL@X¥ReR20i CodCdthing units

c- hydroxyberzoic acid, 6-h ydroxy-2- naphthcic acid,
anc- W AERXY: 2- BaBRLN QI R A0y 3afydroxy-2- naphthoic

acid,” 4' -hydrox yphenyl -4-benzoic acid, 3'-

hydr oxyphgoylr #+PERZOLGsBE 8ine polyester resi ed

4'-hydroxyphenyr-s-beﬁggic ZOnbci%?_gﬁa_aFKYT%%,n compes
of a&%?%boge hal Qgedn; SUbSLEL Uted, Q?r[i'e’étﬂnélgsi%ﬁ{lﬁgf th of

wel T as ester form ng derrvatives such a acy

i vat i yes r_derivatives acyl. _hal i.de . .

£hg %re %&gAn%Hg%%%écggébe%l aga-ﬁgggFoxﬁgghzgfgsgci§°- Row

and,6- hydroxy-2-naphthoic acid are preferable it -
Qe Pn g O BT T hh (ST SBAr L G i CRESHBI (FRY che

.raéggnt_of t he

thereoZ, and sequence distribution. The liquid-
crystalline polyester resins used in the present invention
are limited to thcse exhibit anisotropic melt phase.
Examples of monomers which p"-:o_vide the aromatic
oxycarbonyl repeating units are p-hydroxybenzoic acid, m-
hydroxybenzoif: ac_:id, c-hydroxybenzoic acid, 6-hydroxy-2-
naphthecic acid, 5—-hy‘droxy—2—-naph-thoié acid, 3-hydroxy-z-
naphthoic acigd, 4‘—hydroxyphénYI44—benzoic acid, 3'-
hydroxyphenyl-4-benzoic acid, 4'-hydroxyphenyl-3-benzoic
acid, anc alkyl-, alkoxy- cr halogen—substituted
derivatives thereof as well as ester forming derivatives
such as acyl derivatives, ester derivatives and acyl halide
thereof. Among the above, para-hydroxybenzoic acid and 6-
hydroxy-2-naphthoic acid are preferable in terms of

contro.ling the properties and <he melting point of the
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7 resulting liquid-crystalline polyester resin.

Exanpl es of nononers which provide the aronmatic
di -carbonyl repeating units are aromatic di carboxylic
acids such as terephthalic-~acid, ‘i sophtha=1c acid,
2,6 5 naphthal ene di carboxylic acid, 1,6-naphthal ene
di carboxylic acid, 2,7-naphthal ene dicarboxylic acid,
1, 4- napht hal ene di carboxylic acid,

resh14 irth caf exybiphenyl 1 1hks 41 yea-boxypheny] ) et her,
bi s (3-carboxyp henvl) ether, and al kyl - al koxy or
hal ogen-substi byt ed s vak b we s hen eaﬂoaid\aeldnalo a@®matic
ester forming derivatives such as ester derivatives,

di-ad )i deebBereqf. uﬁﬂ@@gahﬁﬁeﬁhﬁﬂ@tlLeﬂﬁégﬁbékyglc acids
acid and 2,6-naphthal ene dicarboxylic acid are-

sudHef%kﬁb|%dﬂépﬁﬁmﬂﬁ'°f aenty ol I isng,gmahanical aciq, 2,6-
properties, heat resistance, nelting point and

naﬁHﬂégfghprSEEF bg§v9f tgﬁ E?SQﬂténga%§5ha ene ?1ca*boxy11c

uid-crystafline” poryester resin ain“

ac{IPNONELS 6Dy pr gyl ded he Brouatic - digxy 1epeaLing: .one

urfi t s 'ar e ar o S suc gai nohe,
SN T AN Sy ADSI R
B T e e
RPN e A

formng _derivatives such as acyl derlvattyes =her eof .
as Aﬁ%ﬁﬁﬂ%héozghéﬁbvéeLhVéFéH@Fnoﬁ8~§ndaa epter derivatives,
dlh%QrOX Ehenyl are

acid hali hereol. Amony the above, terephthalic acid
and 2, 6-naphthalene dicarboxylic acid- are preferable in
terms.of controliing mechanical properties, heat resistance,
melting point and molding properties of the resulting
liquid;crystalline polyester resin.

Examples of monomers which provide the aromatic

dioxy repeating units are aromatic diols such as

hyvdrogquincne, resorcin, 2 ,6-dihydroxynaphthalene, 2,7-
dihydroxynaphthzalene, 1, €-dihydroxynaphthalene, 1,4-
dihydroxynaphthzlene, | 4,4'-dihydroxybiphenyl, 3,3'-
dihyd#oxybiphényl, -'3f4fﬁdihydroxybiphenyl, 4,4%-

_dihydroxybiphen§1 ether, and alkyl-, alkoxy- or hszlogen-

substituted derivatives as welil as ester forming
derivatives such as acyl derivatives =hereo?. Among <tThe
above, hydroguinone and &, 4'-dihydroxybiphenyl  are
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s preferable terns of the good reactivity during the

pol yneri zati on process and thg good properties of the

resulting liquid-crystalline polyester resin. Exanples

of nononers which provide tfe aromatic 5 oxy

di - carbonyl repeating units are hydroxy aromatic

di carboxylic acids such as 3-hydroxy-2, 7- napht hal ene

di carboxylic acid, 4-hydroxy-isophthalic acid,
preSehytilexyini sophicbal b€ ach#l, @nek aldedetial kpxyduoing the

hal ogen- substituted derivatives thereof as well as
polefbel 2heimNg pkd ey valdd exsdiClycdas agloierfi Mad | Vi8S, the

ester derivatives and ac-id halide thereof. Exanples
resOf t FBRONBIF: 1whi Gh, Provi dee the1 ghkphat iesidi oXy

repeating units are aliphatic di-ols such as ethyl ene

gl ycol, gkardiud apedin@nomk rs EpRe%ANGdi o0l e aPdeaChlonatic

15 derivatives thereof. In addition;

oxy! | UILLIYSLA | 1 BgocDobYes! &l 1851 N3, Davhig 39, pypromatic

al i phatic dloxy repeating unit can be obtaine

aickeaehing ol yestars Haying the akiphatic

& OXY aohtnal
repeating unit such as pol yet erne‘tereBht afﬁF%Dor alLene

i O e LB SRR Bh Al £ M LDl 00 o Bl 2 oy -

boxyl r¢-aéid; ‘aro c Xy

. a ti.c  diol. or acyl, derjvatives, _ ster deriyvative .
lsogg%ggrd*halﬁdéa”theF of . %%6Hg-fhe | 595?‘pre@¥errﬁﬁﬁgg“n'

surbla B Spustasliine. polysstel Lestn ueed Ln 1N o
dergvggy%g;xgﬁgﬂqgsugé§f &S_{%Z%@%%%, ester derivatives and
aéid halide thereof;

Exémples of monomers which provide the aliphatic
dioxy repeating units are aliphatic diols such as ethylene
glycol, 1, 4-butanediocl, 1, 6é-hexanediol, and- acyl
derivatives thereof. In addition; liquid—crystalline
Dolyester 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
oxycaxboxylic acidq ardmatic dicarbdeii: acid, arometic

diol or acyl derivatives, ester derivatives or acid halide

thereo?f.

Among the above, preferred liquid-crystalline
polyester resin used in the present invention are those

essentially consisting of the repeating units represented
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9 by the following fornulae (1) ,
(Iv) jr, view of their low nelting points and good
nmechani cal properties: 7 [T) ~JP 9 o Ar, o[ M] s f
CAre C[ NJ 00 S wherein: Ax, and Are each
represents at |east one bivalent aromatic group; and
10 p, g, r and s represent relative nolar proportions
§nnl~o)_ of the repeating units in the

by Ehguifgléepsod 1Foapoiyesier (F&3i,n @nd )sansfyzhein view
following: fornulae: 0.4 < p/q-<2.02 nol or 15 nol

of ghely 2owpmed$ isnd aipht 86 aAdoggothensaticarel cqr e esvedties:

) (r 1) , (111) and
t

combi nat.i of repeating units are shown below. 10 /
35-4 ! §EF5 35--48
o (nl

I,

o

——0—aAr, o—— [ ]
i Jr
—T—C—AnR, C—1 [IV]
@) O :
i Js
wherein:

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

group; and
P ¢, r and s represent relative molar proportions (mol %)
of the repeating units in the liquid-crystalline polyester

resin and satisfy the following .formulae:

Among the above, ©preferred combinations of

repeating units are shown below. .



wm

Co 35-48 2--15 2 15 35-48 3548 2--15 2-15 CD 35-48
35-48 2-15 2-15 Anong the above, an especially
preferred conbination of repeating units is as
follows: -o\ / ca- /-0D 3548 35-48 2-15 2-15 5
wherein: the value under the unit represents nol %
anount of each repeating unit in the '
liquid-crystalline polyester resin. The
l'iquid-crystalline polyester resin used in the

A i nventi op de b ing or h|oe
@ d¥ng Yol gss ond| n Pnpai r —
obj ect sefast'he predent™i mwent'i | @s150f NDNONMETS 445

whi ch prOV|de anm de bondlng or thloester bondi ng are
at i c aro t|c ( 1 ne, aronatl
'boj "8rca @@ 0*94—\ —

acld? agofaarit d 4513 Wﬂe cAEDt tic pmts
Dhenol . The r)roPortloc of these addltlonal nononer s
based on the total apount of, nononers 11 ich

—oPX -:“aro tig a=¥ony R [ 5
d| &y/za ®® unjt / @ }Tepe

unlt aronatlc oxy di*= carbonyl repeatlng uni t and 2~18

al hat| xy repeating u is preferably no nore:
Sﬂﬁl‘;ﬁiirfﬁ //]:L‘l.'|rﬁﬁ+|ng < > < > —
St —C0 \ /
I5~48

2—'15

Among the above, an especia_ly ©preferred
combination of repeating units is as follows:

e [T e O

35 48 35~48 215
wherein: the value under the unit represents mol % amount
of each répgating unit ih the liqguid-crystalline pclyester
resin,

The liquid-crystelline polyester resin used in
the present invention may have amide-bdnding or thioester
bonding unless the bonding does not impair the object of
the present invention. Exampleé of monomers which provide
amide bonding or thioester bonding are aromatic
hydroxyamine__, aromatic. diamine, aromatic aminocarboxylic
acid, mercapto-azromatic carboxylic é:id,.aroma:ic ditkhiol
and mercapto-aromatic phenol. The proportion oI thess

additional monomers based on the total amount of monomers

-
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used in the present invention may be those obtai ned by

bl ending two or nore |iquid-crystalline polyester

resins whose nelting points determ ned by

differential scanning calgrineter are within the

range of 190-2'50C. i0 The nethod for preparing the

liquid-crystalline polyester resin used in the

present invention is not I|imted and any nethod known
whidlo phevadecanohe €rployeth -b&ERY1 exaprhe i n¢OMEH i oNdby i~

pol yneri zation nmethod such as nolten acidolysis and

di-estiehyl pelyrRitiizal i0R: ABt heds, for- 1&18{}.@9%%)%%'@11@; unit,
pol yester to give ester bondi ng anong the above

Vv
arof@escEi begd a@nemoqﬁ}wmétﬂﬁgeaﬁ*%mwg% -gx:]_ael:ic dioxy

nmol t en aci dol ysis nmethod is preferably use

rep§5?9§éiﬁﬂiEh§sl?@Qﬂkf&g@§?%$i%$rgok¥%%t%@ %% in used

in the present invention. s method,” t nmoroner s

are 20 at 1p;give nolten solution.and then the .
solutio%ﬁiéﬁﬂ%ég% ed f%P e %EED%ﬁFEéH“Lp%?;ﬁ%?%eThéfﬁln

sedingl sier LhLs | d may be carried out under
=*=Caciumto P%\%%FF at elll“?éellr?rg%/gfl SF2Y h&SoFAPSFe OPtalned by
bleﬁ?iﬂ&od- ts such as ﬁpetic acid or. . water. 25 The

S

Uiy Pol yReriDat Fon FEHHSdCT €S cAdt aBferP9Lde§peri resins
whoéga%qunoners arg_rﬁac%eg i.n a heat-exchange fluid to
ve $611d T aPE POy nEP SFFTAERE f BY m SFE SespRAsRen $¢anning
caldle DEggt-exchgn e liquid medium In either of the
ot Feh®acPds! ysi< et il ‘tangheos 190-250°C.

The methed for preparing the liquid-crystalline
polyester resin used in *he present invention is not
limited and any method known to the art can b= employed.
For example, conventional poiymerizetion method ‘such as
molten acidolysis and ‘slurry polymerization methods for

preparing polyester to give ester bonding ‘among the above

described monomer components may be empleyed.

The molten acidolysis method is preferably used
for preparing the liquid-crystalline polyester resin used

in th

(D

present invention. In this methbd, the monomers are
heated to ¢ive moltern solution and then the solution is
reacted to give'the'moitehfpolymern The final step of this
method may be carried out under vacuum to facilitate

removal of the volatile by-vroducts such as acetic acid or

(

water.

The slurry polymerization method is characterized
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5 slurry polynerization nmethod, the polynerizinc
nmononer conponents may be in the denatured form i.e.
as | ower acyl ester., which can be obtained by
esterifying the hydroxyl group at room tenperature,.
The rower acyll. group may have preferably 2-5, nore
preferably 2-3 carbon atons. Acetic 10 esters are
nost preferably used for the reaction. The | ower ac_vl

in est®r smefiohBesNNONeLrSaklY:Deint ROSEL0reRaRed e fluid to
bef orehand by acyl ating the nononers ir depenm Pnt | y

giver JElidesthoseppnemiised: 4 nrhie A 8aCtHeN s IYS éubzy
addi ng an acyl ati ng agent such as acetic is anhy dle

heat-6 elxhtd ARYRO MBI §; UPOR=RL gRAr i Ng the |iquid- crystalline
pol yester. In either of the nolten acidolys i s nethod

or the 18] WiphPsol ymer 'n%atrﬁfﬂ““.tge dogégatcalnyghg@yor the

be used in the Treaction desi red Exanpl €s” of

the c I S e 1,C t| conmpounds_such as
Slhalzgll k?/)ltoal\»ﬁ?ltt oxila{c]&l(%&i IRLg@%t“yl 17 o?odm‘g\ﬁm St ar@gﬂOm
-y c_tit n|un1co Qunds such as
=er %)ngrﬁlﬁ:)l%m o%gcggryl AT rr%ny 6% d€T 1 Koxy t3hi tayer

sidic eﬂand ti Lz _m al kOXI de aI kaline or
=515 al‘?lr’l%a CRaf PR 2% m?lbatialsrbq? 8Y ceas--%&yylm‘c thecjydroxyl

ch as_pot aSSI um acetate; 13 salts of inorganic acid
gro?‘% %‘[C)ﬁ Ef%dhse aci d catoa‘fystgcgucﬁ*é%l&éwfé have

acid.( F3 and haI ena ed _ hydrogen (ex. .
orefany y&a%a‘rgys B Rer St he A GFobhe otoms ) Acetic

esters are most preferably used for =he reaction.

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

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

Examples of the cétalysts include organic tin
compounds such as dialkyl tin oxide (ex. dibutyl t£in 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 carboxyiic acid such zs potassium acetate;
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5 catal yst added to the reaction based on the total
mononers may preferably be 10-1000 ppm and nore
preferably 20-200 oom According to.the present
invention, the nelting point of the
l'iquid-crystalline polyester resin determned 10 by
differential scanning calorineter (DSC) by the nethod
as described bel ow ~s e-qual to or above 190C and
salbel ovr 25060 rgphaicer aldiy 20245&.a1]) and gaseous acid
especi al | y-210-240C: The detail ed nethod- for
cat ey et Bl Ndwen Med 4 | Newpid Ntacif LER i spas) f AdddWsiz 1Byenated
The differential scanning calorineter Exstar 6000
hyd£S8kko (kast ggmgnts I nc., Chiba, Japan) or the sane
type of DSC device is used. The -LCP sanple to be
exam negnbs heated atydhe irat @ 0fg 20@HE nube@td or  the
endotherm c peak (Tm”) i1s recorded. Thereafter,

cat%_%_PBLe aidﬁnl&epg_o alna %%atc%%%f "’Ha"geqi\ 295 Sgng' @oglgﬁr I&d}ﬁﬂners

for 10 mnutes. Then "the sanple is cooled to roz

It e ULE ale .t of 0C/ i nute_and N,nna—
mayheé%%éHgggﬁa %f fﬁéjggﬁgaég?é.anéh&%?%ér%f6§%ég&ﬁgbdﬁﬁ 200
in the final step is recorded as nelting point. 25

ppmpreferably, the lia 7 kid-crystalline polyester 14
resin used in, the present invention is that |o .
viscosi?f*QﬁdTW% SS&? %Hpbgsﬁﬁgs&Q¥F??ﬁon' the melting

.pent af i yor ophenqgl.. The | . viscosity of the polynmer =
voihEadtir ot L ASBORSEROSAA Ot B0 AVSGFEF frein determined
. enLaquoho%henol at 60 may referab&y he 0.3
by dirfferential scanning caldorimeter (DSC) by the method as
described below is equal to or above 1906°C and below 250°C,
preferably 200-245°C and especially’210-240°C.

The detailed method for determining meliing point
of LCP is as follows:

The differential scanning calorimeter Exstar 6000

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

DSC device is used. The LCP sample to be examined is
heated at the rate of 20°C/minute and endothermic peak
(Tml) 1is recorded. Thereafter, LCP sample is kept at a
temperature 20-50°C higher'than Tml Zor 10 minutes. Then

the sample 1s cooled to room temperature al the rate of
20°C/mintte and then, heated agéin at the same rate.
Endothermic peak found in the final step is recorded as
rﬁelting point.

Preferably, “he liguid-crystalline polyester
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5dl/-:, or above, nore preferably 0.5-10 dl/g, nost
preferably 1-6 d /g. The nelting viscosity of the
liquid-crystalline polyester resin used in the
present invention neasuredlith capillary rheoneter
may preferably be 1-1000 Pa.s, nore 10 preferably
5-300 Pa.s. The liquid-crvstalline polyester resin my
be obtained fromthe polynerizing reaction vessel in
resppl 6fC phasthan®iFecdesseaventypne iPelliat, Ippakeisersity
powders. The |iquid-crystalline polyester resin 15
of eBAPSSMS GiRlused LA2REIphesentPemventtorORRgnbe .t hd¥e log
obt ai ned by adm xi ng one or nore fibrous, |anellar or
vispastitoukdt éhfi idodrvieemd /moraser afloaterenbnwenlirtaidon of 0.1
l'iauid- crystalline polyester resin. Exanples of
g/dii brmougehitlalfdne mndlaoro ¥ eanf of0eaeni=sy PO efeyabict ude 0.3
glass fiber, silica-alumna fiber, alumna fiber,
d1/cabkoapbiveer mantk ayamakfnber 0. Arpogdiiem n@lsaspreferably
fiber is preferably used 'b'ecause of its good bal ance
1-go&i/physi cal properties and cost. Exanples of |anellar
or particulate filers 25 and/or reinforcenents may
i ncl ude ™al me Mt €ag Gfiafld £ry18r Wohd astieiilecrystalline
cal ci um carbonate, dolomte, clay, glass TIlake, "glass
polheadsr bardiwmsdd atre @id §Ebarhumiaxkdes chhedddiaLs with
and/ or reinforcenents may be added to the

capHEQQE@rcfﬁébﬁEEEEG1&9§y%§ﬁ§fe£§§i9 GUPeShbipen P5ed,i Nyore
preferably 5-300 Pa.s.

The liquid-crystalline polyester resin may be
obtained from the polymerizing reaction vessel in molten
phase and processed to give peliets, flakes or powders.

The tiquid-crystalline polyester resin
composition used in <he présent invention may be those
obtained by admixing one or more fibrous, lamellar or
particulate filler and/or reinfortement. with the liguic-
crystalline polyester resin.

Examples of fibrous Zillers and/or reinforcements
may include glass fibér,' silica-alumina fiber, alumina

fiber,_:arbon fiber and aramid fiber. Among them, glass

fiber is preferably used bacause of its good balance of

physical propertiss and cost.
Examples o¢f lamellar or particulate £fillers

and/or reinforcements may include talc, mica, graphite,



5 the present invention in an anount of 0-100 parts by
wei ght, preferably 10-90 parts by wei ght per 100 parts
by wei ght of the liquid-crystalline polyester resin.
if the amount of the fillas and/or reinforcenents is
nore than 100 parts by weight, the noldability of the
resulting liquid-crystalline 10 pol yester resin
conmposition tends to be decreased or the exhausting
wolobkstheigyl, i nderl cdrndi ecafbbhetenl dided otevdece dlas tg@lass
be increased and-further, strength of the joint of
£1ak€Rs dlends Hemdre dexrciuweasead fheeawse afi Haow wondendie of
resin in the jointed a=ti-cles. 15 The
li crui d-mHey stidl-d tdNead) s tre NfRYdeneed e § i 1980 added to
according to the present invention may further be
theadni ke W s ©NE]L Dfic NPEE vadid Vessivhbehrase tion used in
conventionally used for resin conpositions, if _
thed@Sid=reh+ FafeBxaP! &n FR! diRGdubyd eanto S Y-85 by weignt,
hi gher aliphatic 20 acid, higher aliphatic ester,
preHghe1 @Bl ey i5, a0 dsy whi%@;%r Ao R 1,804 d?{}%é!ight of
salt, polysiloxane and  fluorocarbon resin; colorant
S .d d. pi .. ~aptioxidant; therngl =
nes,t%a Gr‘??%e%?'?ﬁé%g%fgg?rﬁfy%%f?ét %SE?“age%f; tgﬁed amount o
Swiface ac: =sve_agent -may _be adm xed. Ml.di JE
the B S e ST Re B RS S gt pares by
al.iphatic 1 ster,. high aliohaziec acjd netal salt.,.
R
ets of the staIILnngokyester resin

jole) peelsI rss Ad.qul drtgr% : o e ocr>r the
T 11—‘Gr'l(-1uF8_ Py stafH 13- pol Vet Rt F8sidt cBREESAEESh
exhba%{sogfngugjfecft_llzggctyqe*_npcfllletosi?die of "tﬁe molding device
tends to be increased and further, strength of the Jjoint of
LCPs tends to be decreased becau's_e of low content of resin
in the jointed articles.

The licquid~crystalline polyester resin
compcsition according to the present invention may further
be admixed with one or more additives, which are
conventionally used for resin compositions, if desired.
For example, molding lubricant such as higher aliphatic
acid, higher aliphatic -ester, higher aliphaiic amide,

higher aliphatic adid metal salt, polysiloxane and

fluoroccarbon 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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5 to the nolding process, so tha-_ the agent adhere to
the outer surface of the Dellet. Preferably, the
resin conmponent of the liquid- crystalline polyester
resin conposition used in the present invention .s
essentially consisting of liquid-crystalline io
pol yester resin in view of noldability and physica
properties. The liquid-crystalline polyester resin
est@eNPosikher of1 theapresei d nyertinons; heweyer £2 #8¥ocarbon-
conprise one or nore additional resin conponent,
cypli S hase S Hehblnge PRI deLer alned el fder enti al quig-

“scanning calorineter of 15 190-250C unl ess t
|14 I L. +CQTP dogs naty | ir:th + .
cr L a0 pSe (B SomERLpdogs Mo | TBALE:KDeyotei Line
h 'I:L n la %SI Y n¢ S".Dné: c-de~1 1 R t.Cn ) -
poé&éﬁ?ﬁgsgéﬁaés(%gﬁgg?%TgQ% 6%Tf%§te??gggggﬁh%ﬁf#éhep”lle“s

sul fide,. .polyether ketone, polytarbona’be, - a
to JsPSpRHEG BrReroatd 20 dateR urBd daFTva: AysTe to the

oué§§r§8£: goléguL-Longqugolyethersulfone and Dol yet her
i$H 2T ARt her nb88t £Fig € Tesi ns such as phenol resin,
epoxy resin_and Dol _vimde resin._ The amount of the =
addi tion ?“F‘érgbl?rg’conp}bﬁemeﬁkn n&CTPPRRNY e dO < and* fray - IRLC-
- be de;ernineg dependent on the intended 25 property. .
Crygipballe; PRLERSARE Ticsidl FERISL Fnbesaddés the pyesent
__the liquid-crystalline polyester resin conpositionin_
INGRATHABURS ofSBSREHapant SCOYSWEE§hE, PretéfEBhycaysted Line
parts by weight per 100 parts by weight of the _ )
PolygEirdtcr yseal i nen pvlgeEst @f rewikdability and physical
properties. The iiguid-crystalline ©polyester resin
composition of the present invention, however, may comprise
one or more additional resin component, which has a2 melting
point determined by differential scanning calorimeter of
190-250°C, unless the additiomal resin component doess not
impair the object of the present inventiorn. Examples of
the additional resin components include thermoplastic
resins such'aé.polyamide, pclyester, polyphenylene sulfide,
polyether ketone, poiytarbonaie, polyphenylene ether and

denatured derivatives thereof, polysulifone,

polyethersulfone and polyether imide and *thermcsetting

resins such as phencl resin, -epoXy resin and polyimide

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

proparty. Typicelly; such -additional resins may be added
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5 The liquid-crystalline polyester resin conposition

used in the present invention nay be obtained by

adding fillers, reinforcenents and other resin

conponents to the liquid-cryst'ailine 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 Iike. The
to theuildwgriystah)diel Pohyess Bk ek@sh rLDIFPasdrih & fRynben an

processed in a conventional manner to give parts to
amob@t] eifned tmgeiders stghwasgi®l ded-ardioley 45-f0d barts by

sheet, bonded textile and the |ike. For exanple,
weibRiregidOn 10l dbage o XTI ReSLAR (SEhRLQGUES: BBYS-crystalline

preferably used to give parts to be joined. According
pollRst-Re RrAsept invention, the parts made of specific

iquid cryst-alline polyester resin 20 conposition

are vel degl. Exanples; ofcxeldlng suet hodssyitably — oogip

enpl oye or the present 1nvenfion are t ason

|_di I.gh-frequency wel ding,. el ectromagneti.c .
comR R IR g, S yRF 68 S i R Ge ot BF atthdn ! GPRgLRed

by and sp%n _mekiig%: Tho§ei'%inin Qethodsrl_ Idiggr  resin
ne?ﬁS&s? ar & é Bri ef Fy d&Saq tp%%loﬁ: sUIPF oni c
ot b (e Lot ulirasonle el ciicalenerdr, ooy
mefguﬁgggding the mixture using a kneading machine suck as
Banbury mixer, knéader, single screw extruder, twin screw
extruder or the like.

The ligquid-crystalline polyester resin
composition may be processed in a conventional manner to
give parts to be joined together such as molded article,
film, sheet, bonded <textile a'_hd the like. For example,
injection molding or extrusion ‘techniques may preferably
used to give parts to -be joined.

According ’_co the present invention, the parts
made of @ specific 1iquid ‘crystalline polyester resin
compoSition are welded. Examplés of Welding methods
suitably employed for the present invention are uitrasonic
welding, high-frequency welding, electromagnetic induction
welding, impulse welding, vibration welding and spin

welding.

Those Jjoining methods (welding methods) are
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5 frictional heat at the joint surface of the resin
parts to be welded so that they can be wel ded
together. <Hi gh-iffrequency welding> In this -nmethod,
dielectric heat is acnerated inside the parts to be
wel ded by neans of high-frequency 1C radiation so
that they can be wel ded together. <Electromagnetic
i nduction welding> In this nethod, netal or nagnetic
brigmterdascwhbel bke3opl.aced at the joining portion of
the parts to be welded is selectively heated. so that
<Ulithesqeréswangingdi rectly 15 heated and they can-be
wel ded together. <Inpulse welding> In. this nethod,

the parts" /e phessss] zed tyas SBARS e@.@c@r@&%ﬁs%*@e999 is
and then, the nickel chrone wire band nounted at the

condeP-Of H&:pr %@%H&%l%@q | $1Beakad 20 hﬂsé'ﬁnme’o“s'dlduces
to soften or nelt the pars so that they “can be

Trld’@_&?QW haget iée,r Lhﬁvgaﬂ"‘ Odea a@é 'c9> EHL t‘k% dl*qe{ag%’s to

both of the parts to are placed un

be WEISY En QﬁgtOtﬁaﬁgwéﬁsﬂg éﬁ&?% 2gd%8ﬂégontally to

|nduce rictiona at at the we surface so

<H14 ng R@&t Gan %@,melded together <Spi n wel di ng>

, round shaped nol ded parts-are placed
under EeSS%\ the grtl cl g%.e ecu%_ucn %t a% i, gh cnerated

inside the parts to be welded by means: of high-frequency
radiation so that they can be welded 'toééther.
<Electromagnetic induction welding>

In this method, metal or magnetic material which
is placed at the joihing 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>’

Ir this method, the pérts are pressurized by
means of a pressure pad and then, the nickel chrome wire
band mounted at the %top of the press"uré pad 1is heated
instantaneously to soften or melt the parts so that they
can be welded&' together.

.<Vibration weldi'f—'i'g->

In tkis method, both o©f the parts to be welded

are placed under pressure, one of <*hem 1is vibrated

horizontally <tTc induce frictional heat at the welding
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5 speed to induce frictional heat and the parts are
wel ded. Anong t he above joi ni ng/ wel di ng net hods,
ul trasoni ¢ wel ding, vibration welding or spin welding
is especially preferable flér the present invention in
view. of. welding properties of |arge or
conpl ex-shaped articles. 10 in case ultrasonic
wel di ng,  vibration wel ding spin welding. is
SurgppPoyed’: ﬁérttglearpéw%f%%bm raﬂﬁfédtpﬁe Deganner
whi ch provides scurf joint or shear joint. A scarf
<SriBi WelfsnPor med by joining two nenbers having
tapered., beveled, or chairLfered ends which |ap
t oget hedn i Ehfer rme"#lltaﬂqer momdctsHesateenotliied aparéd are
surfaces, those surfaces are uniformy heated and
plaredul tniiar apteswet di ngear eatiAdeor dingl yspeearfs @ high
joint can provide very high joining strength. A shear
spepdi b iisdurarett iyt vt all ngeatf ene’ thpaplart20 dreyiveldec.
protrusion and a grid part having a dent to receive :
t he protam¢gion, mhée:ehmdﬂ&watﬁemnﬁﬁgappn@mﬁgc)tmﬁmhods,
edge of the first part and the tapered portion o'f
ulttrbecit peelcihg, thsdeasn] aidiididdieopoidpitg pendion; is
is heated with high heat generation officacy and

espeberefiof es-stsongl ¥ wekded 25 &bkt €1 63BnRE oabtial Neew of
I'n addition, since contacting 2C direction of the

we 1l ﬁ%é%éfé béﬁtlﬁlggd' HEC I IRSCATRIp e A HYicles.
equa bubbl e is hardly formed on meldlng surface and

j _Oi nt ,ed ﬂ{t&QEQShWtEES\é@_ el &é%iﬂs,ssvéﬁ_d:atlon welding or
air-tightness :

spin welding is employed, paris are preferably jointed in a
mannexr which. provides scurf Joint or shear joint.

A scarf joint is formed by joining twc members
having tapered, Dbeveled, or chamfered ends which }_ap
together'. It forms pianer contact between the .tapered
surfaces, those surfaces are uniformly heated and result in
ample welding area. Accordingly, scarf joint can provide
very high joining strength.

A shear joint Zs formed by welding @z first part
having protrusion and a 2nd part having a dent to receive

the protrusion, whetrein vibration is applied <o the edge o

the first part and the tapered portion of the 2nd part. 1In
the shear Jjoinz, the joining portion is heated with high
heat generation efficacy and therefore, strongly welded .

article can be obtained. In addition, since contacting
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can be obtained. 5 In the joining nethod of -
liquid-crystalline polyester resin conposition parts
of the present invention, certain parts are jointed
by nmeans.. of welding. Thaigis, the parts to be
wel ded are conposed of liquid-crystalline polyester
resin conposition containing liquid-crystalline 10
pol yester resin whose nelting point is above or equal
dirddri dD0€r anthebehowr 25 deties mrapd kY ndi fderestiah become
scanning calorinmeter. According to the nmethod of the
neaPresedtall, NeMH 08, ithenhoinine sHiddces ofeldEnparisface
are easily nolten and therefore, a jointed article of -
and | & #1561k ystal Liine. Q@ﬁ@ﬁﬁigﬁﬁéb@scﬁﬂﬁo@ﬂv'—%ﬁ htness
wth sufficient joint strength can be manufacture
can e agdiiiQBg the joining method of the present _
invention faci]i..-ates secondary fabrication of
ToL0ed ZATLkekes el As LROSBRAVILE. LOhiWld a1 1ine
are flne parts can be obtar ned”
polLOLLE- CLYSLALLLAD RAUNGSIEL,{ BSLIS, 0K UG XSl o,

For exanple I'S “possib

ct [ 1, fl t |1 d
TR S AT R 15,
h wel_di.ng sn&ll par.t %ytlw thin wall. ans_.o N
- theppaleas t g narﬁlcoﬁﬁ’foegc?\?je L accs i 9513651 ine

: resent |nvent|on it is easy to seal fllns .or bond
SR SRR g SRESEC A e SRl PUSRU b ¥ LA RERE

or the like with good air- _
polyester resin whosSe melting point is above or egual to

190°C and below 250°C determined by differential scanning
calcrimeter, According to the method of the present
invention, the joining surfaces of the parts are easily.
moliten and therefore, a Jointed article of 1liquid-
crystalliine polyester resin coﬁposition with sufficient
Joint strength can be manufactured.

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

walding sma parts with thin wall by means of the present
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tightness or chemcal resistance. 5 The present
invention is further described in reference to the
fol | owi ng Exanples. Exanple In the exanples, follow ng
abbrevi ations are used. Mnoners consisting of the
liqui d-crystalline polyester 10 resin> BONG
6- hydr oxy- 2- napht hoi ¢ acid P03: Para-hydroxybenzoic
acid 3Q hydroqui none BP: 4, 41-di hydroxybi phenyl 15
TPA: terepRiRad+c agkdrdiRA: ticSODlhéhplriesérﬁCiidlvention, it
Synthesis Exanple 1 Synthesis of LCP-1 20 BONG PGB,

is HQANA JTRAyereifigd idk &drf@cli 0By teQRiAIdil CmitPpete, it
MAth an agltatlng device with torque- neter and a

is %g EEE i 2?*5@5&9 %ﬁﬁymcﬁ“ Lﬁglellk§0x$fwﬁ g air-

rmnorrer unt was 5 nol. Then -,Do--ass-':_"1m

P (o] - L Lippm.tQ the total anount of t he
t 1 G YOQngBQ?EB iBR@my

nnnoners acetic anﬁ J%lde 1.025 fold noles to

the total, a ,azrg (r;qje%sg' hydr g btﬁ*%{é}Upﬁo%fcrtﬁ?ed in

monormer s wer déd to the contalner e mxture was
rnipolé{,lrrerl Zedt:lfgd%l lgl%l tg(\gn&g:_ gfondi tion_ . Table 1

Example
In the examples, following abbreviations are used.
<Monomers consisting® of  the liqﬁid—crystalline polyester
resin>
BON6: 6-hydroxy-2-naphthoic acid

POB: para-hydroxybenzcic acid

>l:

HQ: hydroguinone
BP: 4,4'-dihydroxybiphenyl
TPA: terephthalic acid

IPA: isophthalic acid

Synthesis Example 1

Synthesis of LCP-1

BON6, POB, HQ and TPA were

Hh

ed in a reaction

container equipped with arn agitating device with torgque-

meter and a condenser in the rztio shown in fable 1 so that

the “otal monomer amount was 5 mol. Then potassium acetate

0.05 g (67 mol ppm to the total amount of the mcnomers) and

acetic anhydride 1.025 fold moles to <the <total amount
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Synt hesi s Exanple 1: nononer ratio BONG POB HQ TPA G

386 297 44 i 67 ntl %41 43 8 8 5 Under the nitrogen

at nosphere, the m xture was heated fromroom '

tenperature to 150C over 1Zwur 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 mnutes. Then the m xture was
(moheat ed =t ayHRc335Gmmess 3ofioths ardorse pressaradg@d to the

reduced to 20 nmHg over 30 m nutes. \Wen. the torque
conbeaare .t hener edettarm neds belemertivedaimiderer e n§oL lowing

reaction was termnated. The resulting resin was
con@maved from the container and crushed by crusher to

give pellets of LOP. As a result, 15 approximately
Taufjlkeareti cal anount of acetic acid was distilled out.

The nmelting point of the resulting liquid- crystalline
Syriglgaist éxamgsie detBeaPReY BPRISC was 218C 20

Synt hesos 6 Exanpl e 2 byt hesi s of | HOP-11 POB andE39NG

c_were [gdglnm a reactixgy confainer]| 4gaul nned w tj67an

mcfllld LY ueV|ce\Mtjgtorque -TETeE and a 23 dandenser
+ 1o

+a—the—fatto—shownr T table 2 50 that the total
mononer Tamdent dkes Sifgiog<Then tPOERSSITEM abBfatktxture was

0.05.g (67 nol ppmto the total anount of nononers) ,
heaneld afedhcroom 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 and kept 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 Torgue became the.predetermined
level, the polymerizinhg reaction was terminated. The
resulting resin ‘was removed from the container and crushed
by crusher to give pellets of LCP. As é result,
approximately theoretical amount of acetic acid was
distilled out.

The melting peint of <tThe resulting liquid-

crystalline polyester resin determined by DSC was 218°C.

Synthesis Example 2

gynthesis of LCP-ITI

POB and BON6é were fed in a reaction container

ecuipped with an agitating device with torgue-meter and a
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anhydride of 1.025 fold noles to the total anount

(nol es) 5 of hydroxy groups of the nononers were added
to the container and pol ynerizing reacti on was
performed by’ the follow A§ condition. Table 2

Synt hesi s Exanple 2: nononer ratio POB 30N6 g 504.2
1254.0 nol % 73 127 Under the nitrogen atnosphere,
the m xture was 10 heated from r.oom %errperkture.

o - 4
§@ i %?eg%e total
then rapidly heated to 210C with distillin outh;hs 05
mongfe pr GAENtadd cOadi and Kt BPTEREI e @it e” "0 9

for 30 minutes. Then the m xture was heated to 325C _
(67 oerl MBULS anee t [Fe ffres3HPENkaCF eBREEHSES | 20P ARG e e
15 over 30 m nutes. \Wen the torque becane the .
anhy@sddeercd fed23 efeld MrElpol fReche (P TeactFeH hasmoLes)
term nated. The resulting resin- was renoved fromthe
of cowtabmgr gndupsushéd tiye cmugiemenso giere paddads dfo  the
LCP. As a result, approximately theoretical anount of
configehee atidl wald ym2Gidiistg | kedcoibn Thes nelemifegnsst npy the
cf the resulting liquid- crystalline polyester resin
folletverhry retddyiBSC was 280C. 24 Synthesis Exanple 3
Synthesis of LCP-111

Table 2

Synthesis Example 2: monomer ratio
POB BONG

g 504.2 254.0

mol % 73 27

Under the nitrégen atmosphere, the mixture 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.écid and'kept at the
temperature for 3C minutes. Then thé mixture was heated to
325°C over 3 hours and the pressure was reduced to 20 mmHg
over 30 minutes. Wnen the_torqﬁe became the'predetérgined
level, the polymerizing. reaction was terminated. The

resulting resin- was removed from the container and crushed

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

- approximately <theoretical amount of acetic acid was

distilled oux.

The melting point c¢f the resulting liquid-

crystalline polyester resin determined by DSC was 280°cC.



10

15

20

POB, BP, TPA and EPA were fed in a reaction container
equi pped with an agitating device with torque- 5 neter
and a condenser in the ratio shown in table 3 so that
the total nononer anpbunt was4 5 nol. Then potassi um
acetate 0.05 g (6i nmol ppmto the total anount of
nmononers) and acetic anhydride of 1.025 =old noles to
the total anmpbunt (noles) of hydroxv groups or
Symyrresvhs $xmmreleadtled to the 10 contai ner and
pol ymeri zing reaction was perfornmed by the follow ng
Synddrediitd arf. TG ELB Synt hesis Exanple 3: nononer ratio
POE BP J TPA 'PA g 414.4 186.2 ' 63..1 183.1 ntl %
60 120 IHDHO E®,Und®R t hed. nLPA. ogencatfmspherea t leaction
~mxture was heated fromroom tenperature to 150'C
cormegimer hedtiispedkepithatarl 58€itar i3 niauies, wien torque-
rapidly heated to 210C with distilling out the
methyr Heductcae@thseacid and kepli @tsisdhen ignNpepakuUBEso that
for 30 mnutes. Then the m xture was heated to 20 350C
thOVeSt DL Mk SnaNdahBenBr @SSUre nts. I ethisedpbe220itiHgcetate
over 30 minutes. Wien the torque becane tﬂ

S eeet & p88 pdm e¥8 knd heopahv.dmsiAt NG eAehdRBrs) and
.-er?T.?ina_ed. The resulting resin, was renoved

acé{_@@ ahﬁ?d*ciﬁ%t aéf]eli apa cfyshed, A% b¥ocr4h$he{o£91 amoun=+

gl ve nelfets of LCP. As a result, approximately

(m&f@gf et 'fcahyﬁgggg}t &Eo&g§t' = aﬁbﬂoﬁ@%s ~were added to the

container and polymerizing reaction was performed by the

following condition.

Tapble 3

Synthesis Example 3: monomer ratio

FOB BD “TTPA T IPA
g 414.4 186.2 T 83.1 83.1
mol £ |60 20 10 10

Under <tThe nitrogen atmbsphere, the mixture was
heated from room temperaturs to 150°C over 1 hour and kept
at 150°C for 30 minutes, then rapidly heated toc 210°C with
distilling out the by-prcduct acetic acid aﬁd_kept at the
temperature for 30 minutes. Then the mixture was heated to
350°C over 3 hours and the presé'are was reduced to 20 mmig
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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distilled out. The nelting point o- the resulting
"-icruid- 5 crystalline polyester resin deter-w ned by
DS(" _ was 330C. Exanples 1 and 2 d ass fiber (FT,
562, ASP.H FIBER GLASS C&25 Tokyo, Japan) (B) or
carbon fiber (HTA-C6-S, TOHO TENAX Co. Tokyo, 10
Japan) (C) in an anmount shown in table 4 and 100 parts
by weight of liquid-crystalline polyester resin, LCP-I
by @ushrfe hPxedify Hossclrdds ni vér 3% -was & rudedepult,
Tw n-Screw Extruder (TEX 30a, The Japan Steel WbrKks,
appricpRmatfokyo, thespan)icsilt h apbunder a®em Deettiare ofid was
235C to give pellets 15 of the liauid-crystalline
distpol hedteutresin conposition. The resulting pellets
were dried at 130C for 4 hours and nolded by - o
I nj ect i Bme nohndil agnaacpicne(a- 166 AthkeAN tESUM ng liquid-
Yamanashi, Japar.) with cylinder tenperature of 240C
crysaredl 1 the pehpesabur ecof n766 dgived aay tsshave Bg3Bhec.
shape 20 suitable for scarf joint shown in figure 1
and that suitable for shear joint shown in figure 2.
The resulting nolded Darts were wel ded to give
Exardlidd ed argisles by neans o f ultrasor_ic wel der
BRANSON 950M Enerson Japan, Ltd.) under conditions

as foltpuss 29,Ibe (g Blg st nength pinghesteedl ELNG Touyo,
jointed 26 article was evaluated as breaking force at

JapdiONStEE LAt f@a—.gfjons fﬁ%srec(}ﬂ'ﬂky@élé cabadhr eefh@n Lo t'lhjekyo ,

jointed surface by using instron Corporation #5567.
Japame(é?sﬂbt 45 S09¥At! Bhown in table £ and 100 parts by

weight of liquid-crystalline polyestéer =esin, LCP-I (A)
were mixed by Herischel mixer and was extruded by Twin-Screw
Extruder (TEX 30c, The Japan Steel Works, LTD., Tokyo,
Japan) with cylinder temperature oz 235°C_ to give pellets
of the liguid-crystalline polyester resin composition. - The
resulting pclléts were dried at 130°C for ¢ hours and
molded by injection molding machine(x-100iA, FANUC LTD,
Yamanashi, Japan) with cylinder température of 240°C and
die temperature of 70°C *o 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 rolded parts'were welded to give
jointed arTicles by msans of uvltrasonic welder (BRANSON

850M, Emerson Japarn, Ltd.) under conditions as follows.

The 3joint strength of the resulting jointed
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table 4. 5 <U trasonic welding condition.> Vibration:

20 H 3z Horn: conical horn, TIN, 3/4 inched di aneter

wel ding tinme: 80 cosec 10 Hol ding Tinme: 0.55 sec

Conparative Exanples 1 and»z A jointed- article was

prepared by the sane procedure as exanple 1 except

that LCP-11 was used instead 15 of LCP-1 and

that'ir_jection 'noldingcondition with cylinder
artiehpewaburearaifuz30QC andbdiea Hierpef et ¢k ea of tAQEiWaS rate of

enpl oyed. The eval uation of joint strength was carried

5 mUbedyid heesanRapr ogeddieias examphe Yoikweedesuktrds by
shown in table 4. 20 Conparative --Exanples 3 and-4 A

usih@i MRt Rl | ebep¥RatpbeP 8dchy th@hsaﬁ%suﬂkpcfguH%d%% in
exanpl e 1 except that "7LCP-I | was used instead of

tabl&Pzl and that injection nolding condition with
cylinder 25 tenperature of 350C and die tel[lperature
of 70C was 27 enployed- The eval uati on of joint
strength was carried out by the sane procedure as

<U1 €¥80Bhe Ly the Fesiddad S  shown in table 4. 5 Table 4
Vibration: 20 KHz

Horn: conical horn, TIN, 3/4 inchied diameter

Welding tim=: 80 msec |

Bolding Time: 0.5 sec

Comparative Examples 1 and 2

A jointed- article was prepared by the same
procedure as ekém‘le 1 except that LC2-II waé used instead
of LCP-I and that in 5 tion moldlng condition with cylinder
te pe ature of 300°C and die .temperature of 70°C was
employed. The evaluation of joint sirength was carried out
by the same procedure as example 1. The result is shown in

takbcle <.

Comparative ~-Examples 3 and 4°

A jointed- article was prepared by %the sane
procedure as sxample 1 except that*LCP—IIi was used instead
of LCL-T and that injection moldinggéondition with cylinder

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



A: Liquid-crystalline polyester resin B:. dass fiber
(ASAH FIBER GASS. Co.., FT 562) C:. Carbon fiber
(TOHO TENAX Co, HTA-C6-S) B Melting point of
licruid-crystalline polyester resin E: joint strength
of scarf joint F: joint strength of shear joint ABC
DEF (weight pass) (weight parts) ( © (N (N)
emp(logRidn/ VIBiddRivyazats5in BEXANPi et lsk100htA2w8s0 218 1330 out
35.5 LCP-1 / ‘Exanple 2 100 .0 42.8 218.340 370
by Comparaatd terddeRilté EXanphreple100 42h8 @e280t296 24Hwn in
Conparative LcP-11/ Exanple 2 100 0 42.8 280 295 270
tapdeparative LCP-111/ Examicle 3 100 42.8 0 330 205 195
Conparative LCP-111/ Exanple 4 10C 0 42.8 330 215 200
LLOYD WSE 28 CLAIM5S 1. A nethod for joining
l'iquid-crystalline polyester resin conposition parts,
Taroharacterized in that the nelting

R: Liquid—crystaliirié polyester resin
B: Glass fiber (ASAHI FIBER GLASS Co., FT 562)
C: Carbon fiber (TOHO TENAX Co, HTA-C6é-S)
D: Melting point of liquid-crystalline polyester resin
E: Joint strength of scarf joint '
F: Joint strength of shear joint
A B [¢ D E F
) (weight parts) | (weignt parts) | (°C) (N) (N)
{resin/ .
weight parts)
1CcP-1/ -c
Example 1 100 42 .8 0 218 | 330 | 335
Example 2 mea%/- 0 22 .8 218 | 340 |370
Comparative LCP-I1/ . '
Txample 1 100 42.8 0 280 | 250 | 245
Comparative LCB-TI/ : -
Example 2 100 0 42 .8 280 | 295 270
Comparative LCP-I11/ . :
-
Comparative LCP-III/ ' : c
' Example 4 100 .O. 42.8 330 | 215 | 200
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point of the liquid crystalline polyester resin LLOYD WISE
nmeasured by 5 differential scanning calorineter is
190-250C., the resin consisting essentially of the
repeating units represented ,Hy the follow ng fornul ae
(r)y, (1), (I721) and (1V): 0 oll] P 10 4 OAt O]
IHr 1 r 4-CA2CJ[ IV] 100 15 S wherein: Ar
and Are each represents at |east one bival ent aromatic
cfgroMp; and 20 p, g, r and s represent relative nol ar
proportions (mol o) of the repeating units in the

111 quphd- geystal | g polyester i lrb%s?@amslﬂyet olyester
followi ng fornmulae: LLOYD WSE 29 0.4 < p/g S 2 2

rB0t 0 & Eo%s*q9h1gl f%gm”cdg a&@ g?Eeg 1ﬁth Qa%jhb%meltlng

parts aré joi nted by neans of

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), (ITI) and (IV):

o—-
ooyl

p

e} C

[ ]
—1—O0—Arn, O—1— [ II1]
' i Jr
—r—=C—Arn, CcC—1+— [IV]
0] @]
| Js
wherein:

r: and Ar; each represents at least one bivalent aromatic
group; and

p, 9, r and

193]

represent relative mo.ar proportions (mol

o©

)

£

of the repeating units in the liquid-crystalline polyester

resin and satisfy the following formulae:
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5 2. The nethod according to claim 1, wherein said
liquid- crystalline polyester resin consists of the LLOYD wisE
following repeating uni-s: -o co- / 35 - 48 10 -0 |

i 35 - 48 2-15 -0 - 15 2-1%9 wherein: the val ue
bel ow the repeating unit represents nol % of each unit
inthe liquid-crystalline polyester resin. 20 3. The
nmet hod according to claim1l, wherein said welding is
0sél ectoed f<r @amt he group consisting of ultrasonic
wel di ng, LLOYD WSE 30 vibration welding, :
2hipgh- fer equenegy welgingy el ectromagnetic induction
wel di ng, inpulse welding and spin welding. 4. The
ngihod acgordi ng 10 cdaim1l, wherein said welding is
ul trasoni ¢ wel ding, vibration wel ding or spin welding

2P @R, Saidhd Ui ofyst-al 4 pgg 919% Y&SL8L SESB1ging.
conposition parts are welded to forma joint sel ected
of.romgearde d it 2964 $A8ak J Uil 1, wherein said liquid-

crystalline polyester «resin consists o0f the following

repeating units:

=/

35~48

o/

35 ~48

O/

2~15

2~15

wherein:

the value below the repeating unit represents mol $ of each
unit in the liguid-crystalline polyester resin.

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

is selected from the group consisting of ultrasonic welding,
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5. The nmethod according to claim1, wherein the

liquid- crystalline polyester resin conposition LLOYD WISE

conprises a filler 10 and/or reinforcement in an

anount of 0-100 parts by weight per 100 parts by

wei ght of the liquid-crystallPhe polyester resin. 6.

The nmet hod according to claimb5, wherein the filler

.and/ or reinforcenent is at |east one selected from

th rou conS|st|n of glass fiber,

¥iEF@5188 %er*3 uﬁrﬁguﬁpﬁérwvééﬂﬁbh f¢ begtromagnetic
aram d flber talc, mca, graphite, wollastonite,
CROUChAPRaFBSAATE, dEIroHiste Wiy agichsz i1 akeldiglass
beads, barium sulfate and titanium oxide. 7. The

fret hod hac E61-8IO8y 3% 2T %I M 6EowWAeR élnn lsaivtheid irersa 2D welding
and/ or reinforcenent is glass fiber. 8. A jointed
aﬁﬁ|%ﬂ@¥%@@b4bfWEﬂdGP@vcrwswaﬁtlw@ pellyesierorr epiim welding
conposition, which is obtained by joining |iquid-

engst akliinel poty@steystesinneonpositsbarpartsiby a@amssition
of welding, wherein the resin consists essentially of

e t25 arepeatlideg und t Sorepaegsenhed sky etdied ddomisigarf joint
formulae (1), LLOYD WSE 31 (II), (Ill) and (1V): [/

krd ehRar j6iGt5 4 O Art O[ I11 ]

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 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.
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 obteined by joining liquid-
crystalline polyester resin composition parts by means of
welding, wherein *the resin consiéts essentially of the

repeating units represented by the following formulae (I),
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r CAre C[ IV] OO s 10 wherein: Ar; and Are each
represents at |east one bivalent aromatic .group; andioypwise
p, q, r and s represent relative nolar proportions ,

(mol %9 15 of the repeating units in the

l'iquid-crystalline polyester31resin and satisfy the

following formulae: 0.4 < p/q<2.02 nml %r 15 nol %

2 mol s 5 nmol 20 and the nelting point of the resin

sur y diff ntial scanning calorineter is
@3-’25@%39.8‘%&#21 hted article according to claimB.
wherein said LLOYD WSE 32 jointed article is nade of
parts which are selected from -the group consisting of

| ded 3 clendilm 3sheet and bonded textile. 10.
The j oi e gccording to claim8, wherein said
SRINNeI]] ne pol yestern resin. consists of the
fol I ow S ng units: -o co- /

p
q

—T—O0—An oO—r— [II]

L Jr

r T
——C——Ar, c—i— [IV]

@) O

L s

wherein:

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

.group; and

o\°

p, d, r and s represent relative molar proportions (mol %)

of the repeating units in the ligquid-crystalline polyester

resin and satisfy the following formulae:

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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35 - 48 10 35-48 -COCo- / 2-15 -0C >0 2-15 15
wherein: the val ue bel ow the repeating unit LLOYD wisg
represents nol % of each wunit in the
l'iquid-crystalline polyester resin. 11. The jointed
article according to claim8,34herein said 20 wel ding
is selected fromthe group consisting of ultrasonic
wel di ng, vibration welding, high-frequency wel di ng,
LLOYD WSE_.33 el ectronagnetic induction welding,
JHIURS REFdng and SpPh OkelBRhgS YPICPhéf%i ptegcted from
article according to claim8, wherein said welding is
Wit r §E6NPC GeTaFRGINYi (Hiat PBRAREI di gl BrSspirlrs Sheet and
wel ding and said liquid-crystalline polyester resin

i E?0h1parts are welded to forma joint selected
from scarf joint and shear joint. 13. The jointed
B ticTecatebrrfgarbiclai argor@hageitn theinm 8, wherein said
liquid-crystalline polyester resin conmposition
tomprisesyatalifgl | epobylf oerrei névicenermingisan of  the
anount of 0-100 parts by wei ght per 100 parts by
el yhwing thechtquodusiystal line

O/

35~ 48

T/

35~ 48

2~15

wherein:

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

11. The jointed article according to claim 8, wherein said
welding 1s selected from the group consisting of ultrasonic

welding, vibration welding, high-frequency welding,

=
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pol yester resin. 14. The jointed article according to

claim 13, wherein the filler and/or reinforcement is LLOYDWISE

at | east one selected from 15 the group.consisting of

glass fiber, silica-alumna fiber, alunmina fiber,

carbon fiber, aranid fiber, tafc, mica, graphite,

wol | astonite, cal cium carbonate, dolomte, clay,

gl ass flake, glass beads, bariumsulfate and titanium
15. The nethod according to claim 14, wherein

oxi de. T d . | . , W .
SAPETFPIFEP=T26 ARGFOT 1P8 MoK Cefont TR isets ¥a beg .and spin
16. A method for manufacturing a jointed article,
Vﬁﬂgﬁngconprises: provi ding parts made of |iquid
crystalline polyester resin conposition conprising .
Lqui dDér ySEAFREN8 TpaIcYEs BEICT=esing 125 alfiioh Tondistsin said
essential ly of the repeating units LLOYD W SE 34 .
FepFésantied BY-EREORSFI ovd¥giter nuiikeathipn (W4)difyl by spin
and (IV) : C 0 P500qg OAr, O[IIIl]

welding and said ligquid-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
liguid-crystalline polyester resin composition comprises a
filler and/or reinforcement :in anr 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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CAre C[ IV] 00 10 S wherein: Ar, and Are each
represents at | east one bivalent aromatic group; andL
15 p, g, r and s represent relative nolar proportions LOYDVWSE
(mol %9 of the repeating unlts in the
liquid-crystalline polyester 3tesin and satisfy the
following formulae: 0.4 < p/q<2.02 nml %r 15 nmol %
20 2 nol s 15 nmol % and has a nelti ng point
neasur ed y. differential scan al oriLneter
i@%r%%%’&tegaﬂéi CPEYD WSE' 755 %—T‘ﬁ‘rﬁﬁeséﬁa pe{rtIsE py ti1) and
?ea?s of welding. 17. The nethod according to claim

wherein said liquid- crystalline polyester resin
consi sts of the follomnng repeating units: 5 -0 co- /
35-48 -p 35 - 48 -CO Co-

iNeor
o -

—T—O0—An oO— [ TIT ]
| ir
—1—C—Ar, C—— [ TV]
L @] @]
Js
wherein:

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

O, g, r and s represent relative molar proportions (mol

o

)
of the repeating units in the liquid-crystalline polyester

resin and satisfy the foilowing formulae:

0.4 = p/g = 2.0
2 mol ¥ = r = 15 mol %
2 mol 8= s = 15 mol %, and has a melting point measured

by differential scanning calorimeter of 190-250°C

C.7/

and
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10 2-15 -0 2-15 wherein: 15 the val ue bel ow t he

repeating unit represents nol %of each unit in the LLOYD WISE

liquid-crystalline polyester resin. 18. The net hod
according to claim 16, wherein said welding 1is
sel ected fromthe group consi$fing of ultrasonic
wel di ng, vibration welding, high-frequency wel di ng,
el ectromagnetic 20 induction welding, inpulse welding
and aﬁln meldln % The nmet hod according to claim

181 "wher fn SngL®E|a]H§anS = VB WSE 36 is
uhtrasonlc wel di ng, vibration welding or spln wel di ng

and salg Me&aid- @F§§F§PPPn§fbdﬂyé§We¥6¢é% g¥ein said liguid-
conposition parts are welded to forma joint selected
FEYAT8EArf S| ot Y@@ Ishégs jroi monsions Thie netdhodfollowing
according to claim 16, wherein the liquid- crystalline
pePyasies pedits ‘conposition conprises a filler and/or
rei nforcenent in an anmount of 0-100 parts by wei ght
per 100 parts by weight of the liquid-crystaline
polyester resin. 10 21. The nethod according to claim

l.gn the/ filler and/or reinforcement L'S at
Ieast ted fromthe group consisting of glass
fibeps~ @lllca alum na fi ber

T/

35 ~48

wherein:

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

18. The method according to claim 16, wherein said welding
1s selected from the group consisting of ultrasonic welding,
vibration welding, high-freguency welding, electromagnetic
induction welding, impulse welding and spin welding.

19. The method accerding to claim 16, wherein said welding



alum na fiber, carbon fiber, aramd fiber, talc, mca,
graphite, wollastonite, calcium carbonate, dolomte, Ny

clay, 15 glass flake, class beads, bariumsulfate and"-:9YD WISE
titanium oxide. 22. The method according to claim 21,

wherein said filler and/or reéionforcenent is glass

fiber.

is wultrasoric welding, vibration welding or spin welding

and said liguid-crystalline polyester resin composition

t

parts are welded to form a joint selected from scarf joint

“

(

and shear ijoint.

20. The method

a1}

C

9]
O

rding to claim 16, wherein the liquid-

crystalline polye

wn
t

er resin composition comprises a filler

and/or reinforcem

D

nt in an amount of 0-10C parts by weight
per 100 parts by weight of the liquid-crystaline polyester
resin.

21. The method according to claim 20, wherein the filler
and/or reinforcement s at least one selected from the
group consisting of glass fiber, silica-alumina fiber
alumina fiber, carbon fiber, aramid fiber, talc, mice,
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.



