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1 METHOD FOR JO NI NG LI QUI D- CRYSTALLI NE POLYESTER
RESI N COMPOSI TI ON PARTS AND JO NTED ARTI CLE MADE OF
LI QUI D- CRYSTALLI NE POLYESTER RESI N COVPCOS

Technical Field The present invention rel %@m\m\w\\“\\m\\
method for joining liquid-trystalline pol Ler Lesin
conposition parts and a jointed article nmade ~ot
liquid-crystalline polyester resin conposition
obtai ned-by the joining method. 1 10 Background Art
The METHQS) ROR | HRA NING yEIQVIPERPOTHELEINE PELYRSTER
(hereinafter, called as "liquid-crystalline polyester
r ®FSTN GOMREFLYION mwingéaanamam‘lIﬂ% E OF
nol di ng 15 and excellent thernostability, and :

t her BE QUED-CRYSITALUSAE HOIYEEIERN REIIN rePMRPIHEHL ON
articles, especially, electronic conponents havi ng
thin and small parts such as fine pitch connector.
LCP al so has good nechani cal properties including

Tedd@QAG 1 FHidiy as well as excellent chem cal 20
resistant, and gas barrier properties and exhibits

hi gh digmosiperdlerdcclnaencibde to1dbose thy opertétisod for
LCPs are wused not only for manufacturing nol ded

3o ifitr ! eﬁigﬁidah§9stfa‘?ﬂi%eVarﬁcﬂlye@lferf odusts i REmpbsigion
fibers and filns. Recently, secondary fabrication of

padf dgd ar bi chgSnt a5 5%9?%2e0ﬁn5&éﬁ“bﬂ“ﬂkiqﬁidéaijétalline

attracting attention o
polyester resin composition obtained by the joining method.

Background Art

Thermotfopic liquid-crystalline polyester resin
(hereinafter, called as "liquid—érystalline polyester -
resin" or VLCP") is exhibits good flowability on molding
and exceilent thermostability, and therefore, widely used
for manufacturing molded articles, especially, electronic
cofnponents having thin and small parts such as fine pitch
connectof. LCP also has good mechanical_ properties
including good rigidity as well - as excellent chemical
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 prodiucts including fibers and films.
Recently, secondary fabrication of molded articles,

fibers or films made of LCP is attracting attention of the

A
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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, a nethod widely wused for -fabricating
mul ti pur pose plastics, i.e.2methods 5 for wel ding
resin parts, which utilizes frictional heat, have
been expected as candidate for fabricating |iquid--
crystalline polyester resin parts. However, the
ar W ddlmyertd sthebubeseconiventlilgnatnown qeedegdysyalflaiong cation
pol yester resins have extrenely high 10 nelting point
me tA®dE,gh) an 286 - 4eGGoalxd $ile edsr BondCRy namht wedtlihg have
wel ded by the conventional welding nethod, or even if
gottey A€, of hetjzehnmt apar t imn wertheuddt Al aedethelkded dely
product m ght be too weak to be practically used.
usedSoferi NHvieth R doae ftdpulolangplbgutidser ystal | methods
15 pol yester resin parts have been proposed. For

foreX@EPieng Rsih "Qﬁr%§483v@1_ﬂ'bl§chﬁiiiz@% | FPI O¥EOnal heat,
nmet hod for ultrasonic ding of resi=n with high

hav®! bbef I%a&;s@c@él&haaé 'clamll@at@r ygbal 1418 ROl yBsd eniquid-
resin, Which conprises prelimnarily heating the

crygﬁ%¥%£§%;héfyég%@rTﬁgggn %ngperatures and 20 t hen,

resin can assure the j oi ni ng

in the iC % t | |C@J A 1

t he met ho&Jeq?eS| n \LI))% glid(t:ecllgﬁjdg|lé(r?1ttre§p'{SCC n5ér§ ona
llcﬂﬂ ﬁd@éﬂﬂ%l@é ntp&ygéggler fé?l%g5q'gve extremely high
melting point as- high as 280-400°C and therefore, LCPs
might not be welded by the conventional welding method, or

even 1f they could, the joint portion of the obtained

welded product 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 HO03-184830 discloses an improved method for ultrasonic
welding of resin with high melting point such as ligquid-
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
Jjoining in the ultrasonic weldilng technique.

Speéificélly, in the method, resin parts to be
jointed such ag LCP with in-el"t'ing point of higher than 250°C
are preheated by 'means 6f an external heating equipment

such as air-oven or by heating the support which can be
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are preheated by --neans of an external heating
equi pnment 25 such as air-oven or by heating the
support which can be 3 5 heated by nmeans of heating
medi um or a heating device and thereafter, ultrasonic
welding is carried out. Said nmethod can assure the
wel di ng and decrease deformation or failure of the
nol ded articles to be wel ded. However, the nmethod is
not satisfactory in view of cost and efficiency )
hepteduby Ficanfe @HdRERSARY MRALMERRT ng S€&5 1R Gpvice and
requi res an_external heating device or _internal
thenppbEerhest Lagsegdicpmeidingd ricovarrr ik ot hogSaid method
not practical because of softening or deformation of
cathes$0reeltdhed waldihesadde deoreizgke prefdmmtiinpn or failure
tenperatures. SUMVARY OF | NVENTI ON An object of the
of ptkesentldedentitdrlies ttw greowealeled. net hod for | oi ni ng
l'iquid-crystalline polyester resin conposition parts
whi ch endowevacguridoy methbe jigi motndats sCactorgvi e view
a jointed article wwth excellent joint strength.
of Aned hier axbf edf Mifcidrecpr dseriudavertt | ahel satidipiownade pre-
a jointed article nade of LCP wherein two or nore
hegathg made whidtKPraggistd=ongt yexbenheld heathiegredéoice or
of the invention. The present invention provides a.

infierhed fRippcAS | REAENE gl iH] ibntatst al More cRelryestieé method

resin conposition parts, characterized in that the
isMBbti BeaR@HBh 10bddi®isd Idi b SF Sidd | dPeaPBO¥REEEEN of the

resin, which is contained in the conposition,
weTBA3ULEH 1 BY el @ ffenenil abr SO 1Yy temperatures.
SUMMARY OF INVENTION |
An object of the present invention is to provide
a method for Jjoining 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 wherein two or more parts made
of LCP are strongly jointed by the method of the invention.
The present invention provides a method lfor
joining liguid~crystalline polyester resin composition

parts, characterized in that the melting point of the

liquid crystalliime 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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calorinmeter is 190-250C and that the parts are jointed

by 25 neans of welding. 4 The present invention also

provides a jointed article of liquid-crystalline

pol yester resin conposition  obtainable by said

joining nethod. "Jointed aricle nmade of

liquid-crystalline .5 polyester resin conposition”

used herein refers to a product nade of liquid '

crystalline polyester resin conpositieon and has o

joi nted pbet imrefornedriyentiomettice obrovheesr egenjointed

i nvention. "Liquid-crystalline polyester resin o
artbapesidfi ohiquid-ospstahlihe pakesstenyEssion eepposition

conprise fillers and/or reinforcenents in an anount
obbhifah08 bgrbaibly joendgmy merthotDO parts by wei ght of

the liquid-crystalline polyester resin. According to

the presegbineebod,antjolat ethadks aofi clle gqmbd-cf ystalline

l'iquid-crystalline polyester resin conposition with

poEQQQtQQCU&é@inan@oﬁ%%@ﬂﬂﬂdﬁ"Sﬁﬁﬂﬂgtmsxﬁinberefers to a
provi ded. BRI EF DESCRI PTI ON OF THE DRAW NG Fi gure 1

prd8REet s ddife scakl | 0i fhidseddystaanies. pod@elit@iy € Zesin
depi cts the shear joint used in Exanples. DETAILED

colBSSRERThONAGFn TEE S LNUENH QY rifieor | kit e rypt ehéimethod of

pol yester resin contained "in the liquid-crystalline
tnROLYEskek heSeR+G@MPOsition used in the present

Invention is not specifically limted and
“Liquid-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
composition with good accuracy and high jeint 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
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
nmeasured 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 th®e art. 5 The anisotropic
nmelt phase can be confirned by neans of conventiona
pol ari zcd |ight systemusing orthogonal I|ight
polarizer. In nore detail, the sanple on the Leitz's _
byhéd ffeagatindes asinyioye rcatomipeieee ahyl He-2opH3er veghibits
wWth Leitz's polarization mcroscope. 10 A )
anfipqeirdpdcystallti nelpaigesand risi ncahbe@ a@l t Fhgrmotropic
poi nt determ ned by differential scanning calorineter
lipgsidgoaly stte ldrinzbquel @9 andebéholwy2300s¢s egki i yedhén the
present invention nay be sem -aromatic |iquid-
artrystalline polyester resin or wholly aromatic liquid
15 crystalline polyester resin. In the present
speci fi catlihen armhsbttapie, redani plasentan bequiechfirmed by
crystalline polyester resin" represents a
meahsphad f C- @corvadrita difdll Whipehh atdzcdal | phaht ¢ rpisstdres using
in the nol ecular chain. Wiolly aromatic
orkh@dbod=qr Yistad i pe1 01 ¥est er Imesidt o eEtesiant stise LEBmphe on
20 which each recurring nononeric unit contributes at
thkeasti+ong AHMaldtG JuIChRlet Ont BeoBehY Bindaskde8€e may be
Anmong those |iquid-crystalline polyester resins,

obWhehkY /iRl 4 Wik caysiat] bRempPelyssbge . resins

are preferable because of their flanme retardancy and

good 25 zrechani G- J¥RPR&I1I 8% - polyester resin whose
melting point determined by differential scanning
calorimeter is ééual to or abcve 190°C and below 250°C used
in' the present invention may bé semi-aromatic ligquid-
crystalline polyester resin or wholly. aromatic Lliquid-
crystélline polyester resin. In the present specification
and claims, "semi-aromatic liquid crYStalline 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 liquid-crystalline polyester_resins,

wholly aromatic ligquid-crystalline polyester resins are
preferable because of their flame retardancy and good:

mechanical properties.
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6 Exanpl es of repeating units used for preparing

liquid-crystalline polyester resins used in the

present invention are aromatic oxycarbonyl repeating

units, aromatic di-carbonyl repeating units, aromatic

dioxy 5 repeating units, arématic oxy di-carbonyl

repeating units and aliphatic dioxy repeating units.

The liquid-crystalline polyester resin conposed of

t he above described repeating units may include hoth

of . thos X BFRLeani Yot FERFETHE PhaLE 4 hoes dioparing

. not, 10 depending on structural conponent or the resin

LT REYSFaL L dNehdPRbYCShRE Serfteife WSS r FBut tioh. Hiesent

l'iquid- crystalline polyester resins used in the .
inyRREEAR | &t | GFONGtAd | nPRY¥GAEROPNdse ERPPRFENT  units,

ani sotropic nelt phase. Exanples of nononmers which _
arqravide Hecarhenyl 18reryéagboditikepeatrAfafaid s d1oxy

are p-hydroxybenzoic acid, m hydroxybenzoic acid,
remedyinox yineisoi cavenalti6- ydr oki~carbaphlt hoepeasiiag units

5' - hydr oxy- 2- napht hoi ¢ aci d, 3-hydroxy-2- naphthoic
andicalipHathyddorypherpkatibenagiidsaci d, 3' -

hydr oxyphenyl - 4- benzoic acid, -

4' - hydr oxyphenydu3dbernystal R2Onaciphlyweateat kyksin composed

al koxy- or hal ogen-substituted derivatives thereof as
of wehk ad®oest elefarribay) tepéxti hyeanisgchmays iamilude both of

derivatives, ester derivatives and acyl halide

théHer egl veAmang sblieopheyvemadiar a-ghueox ydenzotitosei ddandnot,
6- hydroxy-2-naphthoic acid are preferable in terns of
de;%ﬁ:éégﬂlgr Qb i r&:ﬂd&-@f&peb&r@‘br@ﬁitbQ nehé i epol ntaref 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 which pfovide the aromatic
oxycarbonyl repeating units are p-hydroxybenzoic acid, m-
hydroxybenzoié¢ acid, o-hydroxybenzoic acid, 6-hydroxy-2-
naphthoic acid, S-hydroxy—2—naphthoic acid, 3-hydroxy-2-
naphthoic acid, 4'-hydroxyphenyl-4-benzoic acid, 3°'-
hydroxyphenyl-4-benzoic acid, 4'-hydroxyphenyl-3-benzoic
acid, and alkyl-,  alkoxy- or halogen-substituted
derivatives thereof as well as ester forming derivatives
such as acyl derivatives, ester derivatives and acyl halide
thereof. Among the above; para—hydroxybénzoic acid and 6-
hydroxy-2-naphthoic écid are preferable in terms of-

controlling the properties and the melting point of the
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resulting liquid-crystalline polyester resin. Exanples
of nmononers which provide the aromatic di-carbonyl
repeating units are aromatic di carboxylic acids such
as terephthalic acid, 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- napht hal ene di carboxylic acid,
4, 4' - di car boxybi phenyl , bi s(4- carboxyphenyl) et her,
rebis (Inganiuiphemy gtailieme gl wdkiydx , reslkoxy or
hal ogen-substituted derivatives thereof as well 10 as
ester fom¥aig ey iyat hvesneueh Wisi@st prodedevadiievesromatic
acid halide thereof. Anong the above, terephthalic
diaehdboad ZerdestHiaphtiialtenes b car boxyl s cdberfborybic acids
preferable in terns of controlling nechanical -
suBhOpesti estePEPhtEESI 8t angeid, Melidophipainic andcid, 2,6~
nol di ng properties of the resulting 15

naph a8 eeley ﬁfﬂéﬂkﬁ& POl Yot &L, rEsétnafX ARl 88e08icarboxylic
monomer s whi ch provide the aronatic di oxy repeating

acyfit SZ?EQI%EJ?E%. %élr 'Ool:ﬁcﬁgggx%l(:hyg'égqu' NPNg-naphthalene

resorcin xynapht halene ,

dl%&%%%?%i‘?ﬂé‘ﬁ%{:ﬁarené GG RARBIRENG 1 pis 4
cagb e\{'glghenﬁr,etq% 553 gfwﬁ%ggﬁgpig¥her’ gnd alkyl-,
al?%gc% %9.% %1 %%scﬁrtﬁl\f:%td Vc‘?é ﬁa%bg A% %rf a? well

I vésS such as acy derivatives ereo

n the 25 abov dro ui none and .
as4 %s rdlri%pzo& b| é. grre SSU'C% as ester derivatives,

acid halide thereol. Amony the above, terephti’zalic acid
and 2, 6-naphthalene dicarboxylic acid- are preferable in
termsv of controlling mechanical properties, ‘heat resistance,
melting point and '--molding properties of the resulting
liquid-crystalline polyester resin.

Examples of monomers which p‘rdvide the aromatic

dioxy repeating units are aromatic diols such as

“hydrocquinone, resorcin, 2,6-dihydroxynaphthalene, 2,7-
dihydroxynaphthalene, 1,6-dihydroxynaphthalene, 1,4-
dihydroxynaphthalene, | "4,4'-dihydroxybiphenyl, 3,3'-
dihydroxybiphényl, - 3,;4'-dihydroxybiphenyl, 4,4"-

_dihydroxybiphen§1 ether, and 4alkyl-, alkoxy- or halogen-

substituted derivatives as well as egter forming
derivatives such as acyl derivatives thereof. Among the

above, hydroguinone  and 4, 4'-dihydroxybiphenyl  are
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preferable in terms of the good reactivity during the
pol yneri zati on process and the good properties of the
resulting liquid-crystalline polyester resin. Exanples
of nonomers which provide the aromatic 5 oxy
di - carbonyl repeating unitssgare hydroxy aromatic
di carboxylic acids such as 3-hydroxy-2, 7- napht hal ene
di carboxylic acid, 4-hydroxy-isophthalic acid,
5- hydroxy- isophthalic acid, and al kyl -, al koxy- or
préif¢vgehe simbstiexmed afrithat | gesdt heeeotiad tyel uming the
ester formng 10 derivatives such as acyl derivatives,
pokgteridetivat i pescasd aandd bhéi dgodlierpobpeEraepl esf the
of nmonomers which provide the aliphatic dioxy
ref€Pehhé NYigaibs care tallilphat e 1dicditesuedsas. et hyl ene
gl ycol, 1, 4-butanediol, 1,6-hexanediol, and acyl 15
derivatimgamphesedf honagditi Whidh qptéveaystalel i omatic
pol yester resins having an aliphatic dioxy repeating
oxyni 8i-eapbbayabt atdithbing eaghi 8 pParestBic-Nayi Ndromatic
the aliphatic dioxy repeating unit such as
dipotyekpyiene derephthahate s PPN EPE, 7-naphthalene
terephthalate with the above aromati'c 20 oxycarboxylic
di @& x QL 98B £ 4] carheyy! 'xﬁz—@%‘oﬁyht@faﬂr@é' Gcidi 0l508ydroxy-~
acyl derivatives, estér é% ivatives or acid halide
: £0f: Among. t he’ ve, ferre _ _
e e ot e he Bofyeat Al ndikayyy (g belogen
Iy N dy t essential ly_c i.Sti .
su%@:?ﬁgtea ‘beé}tu%ﬁﬁee? BR3822 28 d%l‘éiy 5 c Tt | Hrming

repeating units represente [flow ng
deéf%é%&@gs(gﬁch(gg)acg&lhkr%WAQEQQsj'Eé@é%vderivatives and
acid halide thereof; |

Exémples of ‘monomers which provide the aliphatic
dioxy repeating units are aliphatic diols -such as ethylene
glycol, 1, 4-butanediol, 1, 6-hexanediol, and. acyl

derivatives thereof. In addiﬁion; liquid-crystalline

polyester resinsg 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 aronmatic
oxycarboxylic acidq arémétic dicarboxylic acid, aromatic

diol or acyl derivatives, ester derivatives or acid halide

thereof.

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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of their Iow nelting points and good mechani ca
properties: [1] P50 0 qg At pJ[IlIl] r CArec [ IV
S wherein: Arl and Ar2 each represents at | east one
bi val ent aromatic group; and 10 p, q, r and s
represent relative nolar prgportions (nol 96) of the
repeating units in the liquid-crystalline polyester
resin and satisfy the following. fornmulae: 0.4 < p/q
2.0 2 mol %r <15 ml % 15 2 nmol % s S 15 mol %
by ppagfehéonbbdge fopraflaer dd )contliMat | bnsI ofand epBét | iy view
units are shown below. 10 CO 35-48 CO
of their low melting points and good mechanical properties:

OO -
O+

T O—An o—1— [II]
L dr
——C—Ar——c—— [1V]
o] @] :
| ls
wherein:

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

v, 4, and s represent relative molar prbpértions (mol %)
of the repeating units in the liquid-crystalline polyester

resin and satisfy the following formulae:

2 mol 8= s = 15 mol %.
Among the above, preferred combinations of

repeating units are shown below. .
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35-48 2-15 2.15 Anong the above, an especially
preferred conbi nati on of repeating units is as
follows: 2-15 5 wherein: the value under the unit
represents nol % anmount of each repeating unit in the
l'iquid-crystalline polyestet resin. The
liquid-crystalline polyester resin used in the present
i nventi on may have ani de-bondi ng or thioester 10
bondi ng unl ess the bonding does not inpair the object

of the present |nvent|on npl es of nononmers which
pro bo'm —c al este ondlng

_ﬁr -ar ﬁe ??o | -
an1nocanbﬂmyllc a I d; ne+@apto aronat|a~ma boxylic  2~1s

aci d, aronatlc d|th|ol 15 and nercapto-aromatic

phe-: . The po of the ’ onaI Nnome
@ o+ he to @mof/mno }gﬁw@ >—°
prOv desauo tic rePeat?me?ynist / aronm I'C 415

- car bonyl repeatlng un|t aronatlc di oxy repeating

un| aro ic o -|-carb gﬁgatlngaznlt =1
th 1Q,5mal t:,ggp I | qU| i ne

pol yester resin used in the present |nvent|on may be

t hose obt ai y ii /_w OO /_0 2_5_ |

Among  the above, an especially preferred

combination of repeating units is as follows:

O, [~ O = /O

35~48 2~15

wherein: the value under the unit represents mol % amount
of each repeating unit in the liquid-crystalline polyester
resin, |

The liquid-crystalline polyester resin used in
the present invention may have amide-ndnding or thioester
bonding unless the bonding does not impair the object of
the present invention. 'Examples of monomers which provide
amide bonding or thiocester bonding are aromatic
hydroxyamine, aromatic. diamine, aromatic aminocarboxylic
acid, mercapto-aromatic carboxylic ecid, aromatic dithiol
and mercapto~aromatic -phenol. The proportion of these

additional monomers based'on the total amocunt of monomers
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bl ending two or nore liquid-crystalline polyester
resins whose nelting points determ ned by
differential scanning calorineter are within the
range of 190-2'50C. The nethod for preparing the
liquid-crystalline polyestigr resin used in the
present invention is not limted and any nethod known
to the at can be enployed. For exanple, conventionha
pol yneri zation method such as nolten acidolysis and
whigih eyl rerdrat i ononptavdsny br répeprepar umg t, aromalic
pol yester to give ester bondi ng anong the above
di-destddd mepeatingompdnentay oyt e ¢ipkoyedpeihiéng unit,
nol ten aci dolysis nethod is preferably used for
aropaiar idyy tdie-dd gpibdyLryspabting pakyeshel aiaphatisedioxy
in the present invention. In this nethod, the nononers

rep¥a iy hedttedi d Qo B FeraBL { efo SRbHE | eﬁaand ot hen khe
solution is reacted to give the nolten :polyner.. The

final stmp QEd&Eh%n,”91D&9183¥r$§t8§15h%d ﬁ@iy&@géf resin
vacuumto facilitate renoval t he vol at

usely - PROGE S preelaras agebheias dnpy At %hos%5 J¥€ained by
slurry polynerization nmethod is characterized 12 in

bléﬂ&ﬂhgﬁoﬁﬁﬂeQﬁ:aﬁ%r%ﬁafi ;&ncﬁ%gféilQK hang éét%f‘téé51ns

give solid state polyne int ormo susp nsion in

who%@? me@ingxﬁnﬁﬂgﬁs Qnﬂﬁﬂﬁynﬁg f%f&@gngiafiugcanning

nol ten aci dolysi s net

ca RG22 O, gﬁ&fgd%é g, R0 ?u&figbngsﬁaefw

nponent s nmay e orm 7i.é. as Iomer

ﬁcyl € h%r myt']f:\ El G onr bSrSBé%‘LHSd tkﬁ/e e?.tl%rullfdyl r}_%] line

ydr oxyl
polyester resin wused 1n the present invention is not
limited and any method known to the art can be employed.
For example,. conventional 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 employed.

The molten acidolysis method is preferably used
for preparing the liquid—crystailiﬁe 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'moltehipolymeru The final step of this
method may be carried out under vacuum to facilitate
removal of the volatile by-products such as acetic acid or
water.

The slurry polymerization method is characterized
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group at roomtenperature. The | ower acy]. group nay
have preferably 2-5, nore preferably 2-'3 carbon
atons. Acetic 10 esters are nost preferably used for
the reaction. The lower acyl esters of the nononers
may be those prepared befogghand by acylating the
mononers i ndependently or nay he those produced in
the reaction system by adding an acyl ati ng agent such
as acetic 15 anhydride to the nononers upon preparing
int et qblomrsr vsteal Fé et 9| YaStLrhedP-ktRBRgEf A1MB A to
nol ten aci dolysis nethod or the slurry polynerization
givet Bed.ica it y1§él$ﬁérb$_nu% | fotMeor 8aGHedRion in the
desired. Exanples of the cat-alysts include organic

hebtPRex€RHREENAS qoEh @R 1Al Kyl tin oxide (ex. dibutyl
tin oxide) ang diaryl tin oxide; organic titanium

conpoundsnsyghnas d+ temb UHb;ﬂ'FQﬁi Q%d.dégﬁzjs.fi%%ethod or the

trioxide, alkoxy titanium silicate and titanium

s18LKQXi g?}g{ngi"'lgg%l%?}l alnl%atlhitor?ie eacrhteh g%%%'ig{e%l@?i’;ﬁagf ‘ gg%z%omer

car pox acl such as po adsi umacet a

HB959aRL C id (ex. Sg%éf)nd ous acid catalysts
e s%cﬁgagg Lew sggcﬁg e:é% %ué?r?giatswfg:l%ngenla'tee‘d Ry r%%lénacyl
iis,used,, t he.anoun

et E8, Mkr Do TR TASRL Py TASUE B e ey dvaroxyl
orGRBPTR! Lol SUELFLARY . OO rhd M0 PPILy 2" RE° may have
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 produced 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 cétalysts include organic tin

compounds such as dialkyl tin oxide (ex. dibutyi 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 belowis equal to or above 190C

and bel ow 250C, preferably;200-245C and especi al | y-

210-240C. The detailed nethod for determ ning nmelting

point of LCPis as follows: 15 The differential -

scanni ng cal orineter Exstar 6000 (Seiko Instrunents
salte. ,ofhi DAordanan) aeibhe (sane Kype,of addbC geyesesi sacid

used. The 'LCP sanple to be examned is heated at the

cat@l gsioé 200N g erapd sendet her @€, pask) (aAH) h&logenated
recorded. Thereafter, LCP sanple is kept at a 20

hyd£Spek atyge #81950° C higher- than Tmi for 10 minutes.
Then 25 the sanple is.cooled to roomtenperature at

the rateyply 2 Cyﬁ%?%}gsendﬁgheﬂsga?at@Heagéhguﬁﬁ t8¢ the

same rate. Endot peak found in the final step

ca%%ﬁ%§@oég§gda%a'EﬂéLﬁ%%sgi@ﬂiagggafﬁﬁmﬁ@f}gﬁﬁ%% monomers

rd-crystalline p er resin-use
: ti , : , . )
me R BEoeRsr & 1 hopbAr ot RGP opianol - Tn ey oLy 207200

ppI%{iscosity.of the pol ynmer measured at a concentration
of 0.1 g/dl in pentafluorophenol at 60C may

D ST AOhGBE 00 T A0 ARG, IS DLERST Y et cing
pofggcg%iE¥eoﬁféEa ié¥@§t§£¥fﬁg|£2 gester resin determined
by differential scanning calorimeter (DSC) by the method as
described béiow is equal to or above 1906°C and beiow 250°¢C,
preferably 200-245°C and especially’210-240°C,

The detailed method for detetmining'melting point
of LCP is as follows:

The differential scanning calorimeter Exstar 6000
{(Seiko InStruménts 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) is recorded. Thereafter, LCP sample is kept at a
temperature 20-50°C higher'than Tml for 10 minutes. Then
the sample is cooled to room temperature al the rate of
20°C/minute and then, heated again at the same rate.
Endothermic peak found in the final stép is recorded as
ﬁelting point.

Prefersbly, - the Liqdid—cfﬁétalline polyester
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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
l'iquid-crystalline polyester resin may be obtained
fromthe polynerizing reactidn vessel in nolten phase
and processed to give pellets, flakes or powders. The
liquid-crystalline polyester resin 15 conposition
used in the present invention may be those obtained
regpin glAedi ig diee opraseetf ipwenrsionard | Bpabr log viscosity
particulate filler and/or reinforcement with the
of | thti gamer gehalbe Megvlyedt b pestal lewaaphesodf. The log
fibrous fillers and/or reinforcements 20 may include
viggtasstyi pérthsi bptamarumensufiebent al goincentriaddon of 0.1
carbon fiber and aranid fiber. Among them gl ass
g/d1 bém i septef tnabbphesed berawvdECofmay s pgederdzdtlancee 0.3
of physical properties and cost. Exanples of |anellar
dltg paraboubptreofel peeserablgnd/. 6F10edif/er, c et prEferably
include talc, mca, graphite, 15 wollastonite, cal cium
1-gadbppate, dolomte, clay, glass flake, glass beads,
barium sul fate and titani umoxide. The fillers and/or
rei nf or cengnme 1MW pevaddedit9 dhecheé quiidngriorsiafdtdEline
pol yester resin conposition used in 5 the present
pol Wepét OfebinafisadYAL tok Pri@@npaihyely W Hdasured with
preferably 10-90 parts by wei ght per 100 parts by
capel 0hty Ofrnddietld AUGvCT 84 b FaDEy PRy €380 00eSPA. s| f more
the amount of the fillers and/or reinforcenents is

prdPsLabNans 1900 pagt § by

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

The liquid-crystalline polyester resin
composition used in the Iprésent invention may be those
obtained by admixing one. or more fibrous, lamellar or
particulate fillér 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 properties and cost.
Examples of lamellar or particulate £fillers

and/or reinforcements may include talc, mica, graphite,
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wei ght, 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 nolding device tends to be

i ncreased and further, strebhgth of the joint of LCPs

tends to be decreased because of |ow content of resin

in the jointed articles. 15 The liquid-crystalline

pol yester resin. conposition according to the present
wolasthonbhenayctleingr chabedwibeed Walemside or Gty glass

additives, which are conventionally used for resin
flakeposlassnbeads, dbsirise sSURdmtexams &1tmsidimpxide.

| ubricant such as higher aliphatic 20 acid, higher

al i phat i tThesféilehsghad/alx mmﬂnﬁpnﬂﬁmﬂmtSiqumhe added to

aliphatic acid netal salt, polysiloxane and
thélmmqumdﬁbmgsmaiﬂnnaxpaﬁgﬁﬂtsncheasndyempaﬁdtion used in

pi gnents; antioxidant; thermal stabilizer; W
thabspebent; iankhstiahi ¢n agerimowartd «fiirdf-eldd qxr:trt/se l'ageimelght,

- may be adm xed. Mol ding 25 lubricants such as higher

préféphvlicla6pd, phirghebyahicihait kb HBt erarts gherweight of

al i phatic acid netal salt or fluorocarbon- type -
theulk gatarlcriRYahe iafdesol pebherpeldseins of 1fhehll qltislint of

crystalline polyester resin or the liquid-crystalline

th@ofi/ﬁéé% éﬁéVBrCQEE%%tx‘c@&erﬁfsorﬁs LY 10@ parts by
pellets 5 to the nolding process, so that the agent

weﬁ@ﬁ@reth@ hB@daBHﬁQEySWff%Hé(geéﬁﬁtfﬁﬁ|fﬁquld crystalline

Pr ef erably the resin conponent of the |iquid-

roSfASLEk! a5 801 YERbEE,LEBHT COPESLL) 3 B Lpsth ox e
exﬁéﬂyfgnﬁr%ﬁ¥a£hg'@%llnder or die of the molding device
tends to be increased and further, strength of the joint of
LCPs tends to be.decreased bécauSe of low content of resin
in the jointed articles.

The liguid-crystalline polyester resin
composition 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 aliphatic amide(

higher aliphatic adid metal salt, polysiloxane and

fluorocarbon resin; colorant such as dyes and.jpigments;

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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10 polyester resin in view of noldability and physica
properties. The liquid-crystalline polyester resin
conposition of the present invention, however, may
conprise one -or nore additional resin conponent,
which has a nelting point determ ned by differentia
scanni ng cal orinmeter -of 15 190-250'C, unles's the
addi tional resin conponent does not inpair the object
of the present invention. Exanples of the additiona
estesi n Itiogtponentls phadlivdeathér mefladst 68l tr esi nElgorhcasbon-
pol yam de, pol yester, pol yphenyl ene sulfide,
typel petriferc teeitoneay fod yeadbdanabe theolpgiiamd enfe ehdeliquid-
and 20. denatured derivatives thereof, polysulfone,
crpetyethaesuldong sk potgeiher oirm dgrandlieldPseystagline
resins such as phenol resin, epoky resin and polyimn de
po&?ébﬁerTf&ﬁ@UEbmgﬁsﬁlﬁQo@d%éfﬁ@| stB§EBLEAGPaNRNt pbS lets
not limted, and nay be determ ned" dependent on the

to'@HﬂmﬁQla§nE“§¥ﬂﬁé%s piseal dyat tﬁ@cmgéE@'édﬁaﬁb to the
resins may be added 17 5 to the liquid-crystalline

ouBekY88ikeh el tgRTRRSIIdoN in an anmount of 0-1.50
parts by weight, preferably 40- 100 parts by weight

per 100 ‘f%f@b , PﬁeOfcégﬁﬁﬁ EB gn%5¥3t5%|'ﬂﬂ% llquld—

polyester resin. I qui crysta i ne pol yester

crggﬁh 1&%”%%%5%&}‘%‘%1% LR ﬁé‘é&”ﬂoﬁhg‘i%resem

a| ne ;o rerntorcenments an

1n9Ep% esi$e§%%gﬁgggnh§i:gﬂﬂgfsﬁ%%E{Qgpayﬁ %#% ggystalllne
poEQS%Q'”g q%&ﬂhpe SUChv%gw of moldability and physical
properties, The liguid-~crystalline polyesﬁer resin
composition of the present invention, however, may comprise
one or more additional resin component, which has a melting
point determined by differential scanning calorimeter of
190-250°C, unless the additional resin component dees not
impair the object of the present invention. Examples of
the additional resin components include thermoplastic
resins such"as‘polyamide, polyester, polyphenylene sulfide,
polyether ketone, poiybarbonéfe; polyphenylene ether and
denatured derivatives thereof, | polysulfone,

prolyethersulfone and polyether imide and thermosetting

resins such as phenol resin, -epoky resin and polyimide

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

property; Typically;fsuch3additional resins may be added
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10 Banbury m xer, kneader, single screw extruder, twn
screw extruder or the |like. The liquid-crystalline
pol yester resin conposition may be processed in a
conventional manner to give parts to be joined
toget her such. as nolded article, 15 film sheet,
bonded textile and the like. For exanple, injection
nol di ng or extrusion techniques may preferably used
to give parts to be joined. According .to the present .
to itheentignidtbeypheldinandelyksspacickisénl cgmipgsition in an
crystalline polyester resin 20 conposition are wel ded.
andixanpd £s001 50epdichg byt edghsui paelfpreiwgivodéd 10 RawEs by
present invention are ultrasonic welding, .
weigtgh- peequedCypeetdi foy ekéghtormegnehéec limpict-icoystalline
wel di ng, inpul se -welding, vibration welding and spin
poMpdsit@g. r@sidhose joi ni ng nmet hods (wel di ng net hods)
are 18 briefly described below. <Utrasonic wel di ng>
In this weghod, 1{4&hpgoprgsehetlinecal epsXyyster resin
converted into nmechanical vibration energy which
compBILeSon S ulskldC tipnah e Npdle stint! ht&tititors UhhacBeofolbteined
resin parts to be welded so that they can be wel ded
by t ORIy <Hijgh-drEgaueney neehdich@nds) thha nestigdlr resin
dielectric heat is generated inside the parts to be

_coﬂﬁ%ﬂ@ﬂtgy1ﬂ?aﬂﬁdﬁiIﬁ&&ﬁiéf§§€§P§Yne polyester resin and

melt kneading the mixture using a kneading machine such as
Banbury mixer, kneader, single screw extruder, twin screw
extruder or the like. |

The ligquid-crystalline polyester resin
compogition may be processed in a conventional manner to
give parts to be joined together such as molded article,
film, sheet, bonded textile ahd the 1like. For example,
injection molding or extfusion techniques may preferably
used to give parts to -be joined.

According to the present invention, the parts
made of - specific liquid crystalllone polyester resin
composition are welded. Examplés of Welding methods
suitably employed for the present invention are ultrasonic
welding, high-frequency welding, electromagnetic induction
welding, impulse welding, vibration welding and spin
welding. |

Those Jjoining methods (welding methods) are
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10 radiation so that they can be wel ded together.
<El ect romagneti c i nduction welding> In this nethod,
netal or nagnetic material which is placed at the
joining portion of the parts to be welded is
sel ectively heated. 'so thatg the parts are indirectly
15 heated and they can be wel ded together. <l npul se
wel ding> In this nethod, the parts' are pressurized by
means of a pressure pad and then, the nickel chrone
briwfly desdt iimdittedlat. the top of the pressure pad is
heat ed 20 instantaneously to soften or nelt the parts
<Ulsaasbati ¢ hayldiceg> be wel ded" together.. <Vibration
wel ding> In this nethod, both of the parts to be

wel ded Tar etplacedthader PIessu6RicoRA @it diaul | Snergy is
vibrated 25 horizontally to induce frictional heat at

conlvieeterl diNfgoleseidraicea 50 viibata il pankgggarwihiecielideihces
together. <Spin welding> In this nmethod, round shaped

frieelided paids: aEe thk aﬁ@@n‘ﬁ”%@rf@c@&ﬂf ethé heestihi @a@%s to
are spun at a high 5 speed to induce frictional heat

be @eddeke s@rﬂrﬁa@r@uaﬁlc@m bé\rwagdéaetalgemer
j 0i ni ng/ wel di ng net’hods ul trasoni ¢ wel di ng,

<Hi¥hratd R e) did Ofgspin wel ding is especially
pref erabl e for the present i nvention in view of

UL B SRR SRl . AU E ligped s | genorated
insW@é“EE%oﬁarts to be welded by means of high-frequency
radiation so that they can be welded toééther.
<Electroma§netic 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 patrts are pressurized by
means of a pressure pad and then, the nickel chrome wire
band mounted at the top of the pres§uré pad 1is heated
instantaneously to soften or melt the parts so that'they.
can be welded together.

{Vibration welaiﬁg$.

In this method, both of the pérts to be welded

are placed under pressure, one of them is vibrated

horizontally to induce frictional heat at the welding
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spin welding is enployed, parts are preferably jointed
in a manner which provides scurf joint or shear
joint. A scarf joint is forned by joining two nmenbers
havi ng tapered, bevel ed, or, chanfered ends which | ap
is together It forns planeﬂj%ontact bet ween t he
tapered surfaces, those surfaces are uniformy heated
and result in anple welding area. Accordingly, scarf

| Qi nt can .orovj - L ghy Loj pi S| {,» A shear
su%éﬁ%ﬁ ﬁ%J#%%é&%ﬂ%yp%gF%iEégab%ikggeggrkgsgg hgving
<5 rotr on 9nd a 2nd part having a dent to receive
Hﬂa%ﬁ &7 on, whe'r'ein vibration is applied to the

edge of _the first rt, and the tapere Qkti.qn e
2nd par ti2 thShemgﬁgﬁfl’j o’f‘?ﬁr,l&t ﬁgpﬁpoqcﬁiﬁﬁiégrati%%r#Q axe
heated with high heat generati.on efficacy and . _ .
Pladest efigrer sPFgﬁéPﬁeWeI%é%l f’gt&l‘%etﬁ e2E&n H Dbt ndg P
In addition, since contacting 20 5 direction of th g
spesst the aHede@e @rbﬁgf-meldh?égt PR BECoRETEaATY é’cfﬁré%e, -
bubble is hardly formed on wel ding surfaci .and £h d
j oi nt ed 2PeRE| es thiet h \#RBIR t | ghPABABI4HLding methods,
air-tightness can be obtained. In the joining ne&hod .
ultgfaganie dWelgstdl| | Kebrpbl 9Bs waldidg nCEorfiidt t YehdLng 1S
parts of the present invention, certain parts are
esperinlolly bpreafansbleofforeldiqngprapert i snVehEiphr &8 (Vg ew of
be wel ded are conposed of liquid-crystalline '
we pbilyespeopertsiascofpdsirgeonrcoom@ilsxtghaped articles.
l'iquid-crystalline 10 pol yester resin whose nelting
poi nt i sImboeseonilemesortic welding, vibration welding or

spin welding is employed, parts are preferably jeinted in a
manner which provides scurf joint or shear joint.

A.scarf joint 1is formed by joining two menbers
having tapered, béveled, or chamfered ends which lap
together; It forms planer 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 is formed by welding a first part
having protrusion and a 2nd part having a dent to receive

the protrusion, whet¥ein vibration is applied to the edge of

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

the shear joint, the joining portion is heated with high
heat generation efficacy and therefore, erongly welded .

article can be obtained. In addition, since contacting
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190C and bel ow 250C determ ned by differential
scanning calorinmeter. According to the nethod of the
present invention, the joining surfaces of the parts
are easily molten and therefore, a jointed article of
liquid 15 crystalline polyester resin conposition wth
sufficient joint strength can be manufactured. In
addition, the joining nmethod of the present invention
facilitates secondary fabrication of nolded articles
dirsgthoams eafhosbehapanics tomd whkel Whmrtsidg néipartion2®econe
whi ch can be obtained by using liquid-crystalline
neamdlyy esqueal, r esibid ehais nraexdiel | Botmed| dabi weélgindosurface
exanple, it is possible to manufacture small cross
andf Hounftarl wntdidles weth waseo-f ochtndeer aeduipienti gbftness
air conditioner or the like by welding small parts
canwbieh odtiaini] by neans of the present 25 invention
21 5 Moreoveéer, according to the present invention, it
is easy o s fhbiBigy berdedd extfl esigldd-crystalline
therefore, it 1is possible to produce bag or the like
po 1Ykl e306¢ i -cdighd NeSSH Opa£hENb £aknEeprabaneeintR@tion,
present invention is further described 1n reference

cer?:gli}nhepafl%é O%Eg_ﬁ(ﬁ{%&sbg%%Jse,,éf‘ e X3Pl e8nat is,

oW ng abbrevitations aré used. ~<Mononers

| thefg:g‘f}ntié | 88" o hdEald adid- CoriRldd Ner POh¥ES e rytRalline

polyester resin composition containing liquid-crystalline

polyester resin whose melting point is above or equal to
190°C and below 250°é determined by differentiai scanning
calorimeter, Accofding to the method of the present
invention, the joining surfaces of the parts are easily.
molten and therefore, a Jjointed article of liguid-
crystalline polyester resin cOﬁposition with sufficient
joint strength can be manufactured.

In addition, the Jjoining 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 excelient moldability. | For example, 1t Lis
possible to manufacture small cross flow fan with thin wall
used for indoor equipment of air conditioﬁer or the like by
wélding small parts with thin wall by means of the present

invention.
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BON6: 6- hydr oxy-2=naphthoic acid POB:
par a- hydr oxybenzoic acid HQ hydroqui none BP
, 4' -di hydr oxybi phenyl 15 TPA: terephthalic acid
| PA: isophthalic acid 20 Synthesis Exanple 1
Synthesis of LCP-1 BONG PGB, HQ and TPA were fed in a
reaction container equipped with an agitating device
with torque- neter and a condenser in the ratio shown
intable 1 so that the total nononmer anmount was 5 .
not . Themopetwssi uacaoetdng @ Othe PBFSADBE ppiviendidhe 1t
total anmpunt of the nononmers) and' 25 acetic anhydride
is 1e92p tol deanl & Ins te bondéd amewhilee @mgl ddjernsgfore, 1t
hydroxy groups of the nononmers were added to the
is CoRialiMaAle The pryduee Wy polrymehezed kedenithhegood air-
fO||OMAng condition. Table 1 BON6POBHQTPA G3862974467

n&#d 4388 Suni basi gcbxamaneel: nononer ratio 5 Under
he nitrogen atnosphere, the m xture was heated from

room tefRergite Laho 150G oM § shodghraRdrkegescatbed in
150C for 30 mnutes, then rapidly ‘heated to 210C with
reference to the following Examples.
Example
In the examples, following abbreviations are used.
<Monomers consisting“ of the liquid-crystalline polyester
resin>
BON6: 6é-hydroxy-2-naphthoic acid
POB: para-hydroxybenzoic acid
HQ: hydroquinone
BP: 4,4'-dihydroxybiphenyl
TPA: terephthalic acid

IPA: isophthalic acid

Synthesis Example 1

Synthesis of LCP-1I

BONG, POB, HQ and TPA were fed in a reaction

container equipped with an agitating device with torque-

meter and a condenser in the rafio 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 amount
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distilling out the by-product acetic acid and kept at
the tenperature for 30 m nutes. Then the m xture was
heated to 10 335C over 3 hours and the .pressure was
reduced to 20 mmHg over 30 m nutes. Wen the torque
becanme the predetermined |2%el, the polynerizing
reaction was termnated. The resulting resin was
renoved fromthe container and crushed by crusher to .
give pellets of LCP. As a result, 15 approxi mat

(mphes} eef cRY ARBUNOTONRE O CheeiMPIRIRET 71 e ¢ | Ed%ﬂt o the
The nelting point of the resulting |iquid-

copkgépart i néhpoly&siae M@ﬁIPQ%%%ﬁﬁﬁﬁﬁﬁi%ﬁd%ﬁx?%%sf°1l°Wlng
218C. 20 Synthesis Exanple 2 Synthesis of LCP-11 POB

conddtBONG were fed in a reaction container equipped
Wth an agitating device with torque-neter and a 23

Tabbadénser in the rati o shown in table 2 so that the

ngnone unt was 5 ntgn Then pot assi um
agéﬂéﬁé XGEPg € (n7mqnomaﬁnna,% et ot-al —anpu a

n+ £
mononemNGnd acet i LPOBnhydri de LAQ1 025 fold|hfes ta

G the tadtzd6 anount (npkB3) 5 of hydééxy aroups off? he

mofloRoNErsl wer e added| ¢® the cont aBner and pol y®eri zi ng

O e e Do el b U0 R0 ire s
heated from room_temperature to 150°C over 1 hour and kept
at 150°C fér 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 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 out.

The melting point of the resulting liquid-

crystalline polyester resin determined by DSC was 218°C.

. Synthesis Example 2

Synthesis of LCP-IT
POB and BON6 were fed in a reaction container

equipped with an agitating device with torque-meter and a
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nol %327 Under the nitrogen atnosphere, the mxture
was 10 heated fromroomtenperature to 150C over 1
hour and kept at 150C for 30 m nutes, then rapidly
heated to 210C.with distill.ing out the by-product
acetic acid and kept at the?3temperature for 30

m nutes. Then the m xture was heated to 325C over 3
hours and the pressure was reduced to 20 mHg 15 over

30 m nutes. \Wen the toygque hec t he, pr ed m.ne
CONGRRFET t hB ﬁBPyH§¥§%?nﬁﬂgﬂﬁcﬁpoﬁ2§ﬁ§’?%rﬁ?ngggg.t?ﬁg total
resulting resin was renoved_fromthe containe
MORYRRFH e NORR te Misher FﬁﬂgiveThgplél %ﬁsﬁﬁﬁla%étggg 0.05 ¢
resul t, approxinatelé theoretigal amount of ﬁcet%ﬁ etic
(6 hchglwaapm 250di g | Eedagut 2Pt nft iRPPRTHE ! of Hthe?C
resulting liquid- crystalline pol est%r resin . oles)
ankipdeidened By WBSC Trsd2BOEesSR Helds s E’iaﬁplaé“cé%ntm(m
Synt hesis Exanple 3 Synthesis of LCP-111 POB, BP, TPA
of artydFexyier erdwplsi nod r 6het | BANORBHRE ai HeFeeqdiidpea. t0  the
with an agitating device with torque- 5 neter and a_ |
combaiieaserarich pheynarisinigoweigtionl ¥ag et RaFNeHe Py  the
total nononmer anobunt was 5 nol. Then potassium acetate
foDlObingg( 6dndbdtippmto the total anount of nononers)

-and acetic anhydride of 1.025 fold noles to the total
Talgbeupt (nol es) of hydroxy groups of nonomers were

added to_t he 10 contai ner andlgﬁgynerizing reaction

SyphRepiss BFRER-LBy i pFonomer ra

POB BONGS
g 504.2 254.0
mol $ 73 27

Under the nitrogen atmosphere, the mixture was

heated ffom 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 and kept at the
temperature for 30 minutes. Then thé mixture was heated to
325°C over 3 hours and the pressure was reduced to 20 mmig
over 30 ﬁinutes. When the torgue became the predetérmined
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 out.

The melting point ¢f the resulting 1liquid-

crystalline polyester resin determined by DSC was 280°C.
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follow ng condition. Table 3 15 Synthesis Exanple 3:
nmononer rati o POBBPTPAI PA g414. 4186. 283, .183. 1 nol
%60201. 010 Under the nitrogen atnosphere, the mxture
was heated from roomtenperature. to 150C over 1
hour and kept at 150C for 3D minutes, then rapidly
heated to 210C with distilling out the by-product
acetic acid and kept at Lhe tenperature for 30
m nutes. Then_the m xture was heated to 20 350C over 3
SYmehesi anBxamelsr dssure was reduced to 20 mmHg over 30
m nutes. Wien the_torque becanme the predeterm ned
Synehesist@é pePyEeLi zi ng reaction was terninated. The
resulting resin was renoved fromthe, container and ,
crushed E6Bby BR usIihA t engi vEPPelvets. Id LER As Heactlion
result, approximately theoretical anmount of acetic
comtiiineas eqiligindd edibht .arThagabhting phwkCoHf Wik torque-
resulting liquid- 5 crystalline polyester resin
metlet eaniinedcbydBS€ewas n330E@ rBtdmplsdewh dmd takdes?d so that
"fiber (FT 562, ASAH FIBER GLASS Co., Tokyo, Japan)
thé Biotalcaphoneki hewupHT Al 6 B0 ITOHTHEENADC s s Tgrypcetate
10 Japan) (C) in an anount shown in table 4 and 100
0.08rts by7 WeioQhtpmmi kbquilte ctysaal lamveinpgol 9Es remamest ), and
LCP-1 (A
acetic anhydride of 1.025 fold moles to the total amount

(moles) of hydroxy groups of monomers were 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
nol % 60 20 10 10

Under the nitrogen 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 acid and 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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were nmi xed by Henschel m xer and was™ extruded by
Twi n- Screw Extruder (TEX 30a, The Japan Steel WrKks,
LTD., Tokyo, Japan) with cylinder tenperature of 235C
to give pellets 15 of the liquid-crystalline polyester
resin conposition. The reddfiting pollets 'were dried
at 130C for 4 hours and nolded by injection nplding
machi ne(a-100i A, FANUC LTD, Yananashi, Japan) with

r tenperature of 240C and_ die tenperature of

cyli n%?
by 76EURYT vetpar ¥5VRavPRGLERS siRipe 9P sui t abfe for result,
scarf joint shown in figure 1 and that 25 suitable for
apPER&AMGtE I shoRRrehicprdur @mounthe pésulaGatd ol @edd was
. parts were welded to give jointed articles by neans
dissfllad £&58ni ¢ wel der (BRANSON 950M Enmerson Japan,
Ltd.) under conditions as follows. The joint strength
of the rB%ul thepting nteaing acf cltheasresval taned ddquid-
breaking force at tcnsile rate of 5 mm'sec in
crygéetlildde dialagdter tredie fotarminsdrbuchSBywassiBilg C.
I nstron Corporation #5567. The result is shown in
table 4. 5 <U trasonic welding condition> Vibration:
20 KHz Horn: conical horn., "TIN 3/4 inched " dianeter
Exabplléisng tan®e:2 80 nsec 10 Hol ding Tinme: 0.5- sec
Conparative Exanples 1 and 2 - '
Glass fiber (FT 562, :ASAHI FIBER GLASS Co., Tokyo,
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 liquid-crystalline polyester resin, LCP-T (A}
were mixed by Herischel mixer and was extruded by Twin-Screw
Extruder (TEX 30x, The Japan Steel Works, LTD., Tokyo,
Japan) with cylinder temperatu:e of 235°C to give pellets
of the liquid-crystalline polyester resin composition. The
resulting pclléts were dried at 130°C for ¢ hours and
molded by injection molding machine{a-100iA, FANUC LTD,
Yamanashi, Japan) with cylinder température of 240°C and
die temperature of 70°C to give parts having the shape
suitable for scarf joint shown in figure 1 and that
suitable for shear joint shown in figure 2.
The resulting molded parts were welded to give
jointed articles by means of ultrasonic welder (BRANSON

250M, Emerson Japan, Ltd.) under conditions as follows.

The joint strength of the resulting Jjointed
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A jointed-' article was prepared by the sane

procedure as exanple 1 except that LCP-I11. was used

instead 15 of LCP-1 and that injection nolding

condition wth cylinder tenperature of 300C and die

tenperature of 70C was enm®yed. The eval uation of

joint strength was carried out by the same procedure

as exanple 1. The result is shown in table 4. 20

Conparative- Exanples 3 and- 4 A jointed article was
artgrehareds bgvehuasade asproveahing aSoeganpte teneideptrate of

that"LCP-111 was used instead of LCP-1 and that
5 mmj eeti dm nvédihgatodditteaiion t hocydhiendpriBed surface by

tenperature of 350C and die tenperature of 70C was 27
usienpl oyetdrofheceadtmtion ¢6560i.nt Theengismlwasi sashiodsh in

out by the sane procedure as exanple 1. The result is
talslhown. in table 4. 5 Table 4 A: Liquid-crystalline

pol yester-'resin B: dass fiber (ASAH FIBER GASS.

Co.., FT 562) C: Carbon fiber (TOHO TENAX Co,

HTA-C6-S) D. Melting point of liquid-crystalline
<Utyesi ot webdin ABEDERL twehght parts) (wei ght

parts) (O (N (N (resin/ weight arts) Exanple 1LCP-1/
Vibration: 20 KHz

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

Holding Time: 0.5 sec

Comparative Examples 1 and 2

A jointed article was prepared by the same
procedure as ekémple 1 except that LCP-II was used instead
of LCP-I and that'inﬁection‘moldingfcondition with cylinderx
temperature of 300°C and die .temperature of 70°C was
employed. The evaluation of joint strength 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 wéas Pprepared by the same
procedure as example 1 except that”LCP—IIi was used instead
of LCP-I and that injection molding5éondition with cylinder

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



42.80218330355 100 Exanple 2LCP-= / 042.8218340. 370
100 ConparativeLCP-11/42 0280290245 8 Exanpl e 1100.
Conpar ati veLCP-11/042. 8280295270 Exanple 2100
Conpar ati veLCP-111/42" 033 5195 8 Exanpl e 3100.
ConparativeLCP-111/042.8 3 15200 L Exanple 4100. .-
E: Joint strength of scarf joint F. Joint strength.of
shear joint 28 WHAT IS CLAIMED IS 1. A nethod for

emp0beBg | iTgi dvenystabhi B¢ peliyestsirenasi was carried out

conposi tion parts, characterized in that the nmelting

byPehBt sahet beoldeaiird @y $ikakplre 1pol st efesgsi is shown in

neasured by 5 differential scanning calorineter is

+a$98- 250C and that the

5 Table 4
A Liquid—crysta’li’iﬁé polyester resin
B: Glass fiber (ASAHI FIBER GLASS Co., E_T 562)
C: Carbon fiber (TOHO TENAX Co, HTA-C6-5)
D: Melting point of ligquid-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 s 42.8 0 218 | 330 {355
Example 2 LR 0 42.8 218 | 340 |370
Comparative LCP-1I/ :
0 280 | 290 | 245
Example 1 100 2.8
Comparative LCP~I1I/ -
: 42 .8 280 | 295 1270
Example 2 100 0
Comparative LCP-III/ 330 205 95
Example 3 100 42.8 0 1
Comparative LCP-III/ : =
. . 330 | 21 200
. Exanmple 4 100 'O_ 42.8 >
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parts are jointed by neans of welding. 2. The nethod
according to claiml, wherein the resinis

essentially consisting of the repeating units
represented by the following fornmulae (1), "(I 1) ,
(rrr)y and (1V) @ [I] 101 BB 15 OAt OL_.C A2 C 0O
-i P[n] [N] wherein: Arl and Are each represents at

| east one bivalent aromatic group; and 20 p, ¢, r and
S "represent relative nolar proportions (ml % of

WHRThE S ety LRits in the liquid-crystalline
pol yester resin and satisfy the follow ng fornulae:

1.ishk metined cfeprq 2obOnngot ligpid-twadlaldhine polyester
resin composition parts, characterized in that the melting
point of the liguidicrystalline polyester resin measured by .
differential scanning calorimeter is 190-250°C and that the
parts are jointed by means of welding.

2. The method according to claim 1, wherein the resin is

essentially consisting of the repeating units represented

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

(1]
p
'{_0——<Z::j>_“8 ‘ [I1]
. q
o Arp ————Q—p— [II]
L. o r
C—Ar c—1— [1V]
O (@]
b ) - s
wherein:

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

‘group; and

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:
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2 nmol s <15 nmol % 3. The nethod according to claim1l
or 2, wherein 5 said |iquid-crystalline polyester
resin consists of the follow ng repeating units:
wherein: the val ue bel ow the repeating unit represents
nmol % of each 10 unit in 2%e liquid-crystalline
pol yester resin. 4. The nethod accordi ng=to any one of
claims 1-3, wherein said welding is selected fromthe
group consisting of ultrasonic welding, vibration
0.4 w8 &/, =hi2gl frequency wel ding, electronagnetic
i nduction wel ding, inmpulse welding 15 and spin
2 mokl 8i Bg.r 55 THe mret Hod according to any one of clains
1-3, wherein said welding is ultrasonic welding,
2 mylbgs ions A dialg or spin wel ding ands said
liquid-crystalline polyester resin conposition parts
3. are wel Gbd tmeflodn acc2Xdigiont teel@oaky fir obF s@ar f whereln
joint and shear joint. 6. The. nethod 'according to
saianyl oneidfcecyatatling, phibyestet herdsiui dasraistts | iofe the
pol yester resin conposition conprises a filler and/or
follewbfigr cepeating amiamaunt of O0- 100 parts by wei ght
per 100 parts 155y weight of the liquid 30 crystalline
potrest er -redin. st hod accoreing to cfai _Q{:>_ﬂ__
AN g Pl A, A
one sekeeoéd from the gee8p consi sting e#i1sgl ass 2~16
fiber, silica-alumna fiber, 5 alumna fiber, carbon
whetbbbgr, aramd fiber, talc, mca,

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

4. The method according “to any one of claims 1-3,
wherein said welding is selected from ﬁhe group consisting
of ultrasonic welding, vibrgtion. welding, high-frequency

welding, electromagnetic ihduction welding, impulse welding

and spin welding.

5. The method according to anyﬁbne of claims 1-3,
wherein said welding 1is ultrasonid welding, vibration
welding or spin welding and’ said liguid~crystalline
polyester resin composition parts are welded to form a
joint selected from-scarf joint and shear joint.

6. The;méthdd~accofding to any one of claims 1-5,
wherein the liquid-crystalline polyester-resin compbsition
comprises a filler and/or reinforcement in an amount of O-

100 parts by weight per 100 parts By weight of the liquid-
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graphite, wollastonite, calcium carbonate, dolomte,
clay, glass flake,. glass beads, bariumsulfate and
titanium oxide. 8. The nethod according to claim?7,
wherein said filler and/or.reinforcenent is glass
fiber. 10 9. A jointed artidd e made of
liquid-crystalline polyester resin conposition, which
is obtainable by the nethod according to any one of

cl ai_ns, 1-8. i The %0|nted article according to claim

CrYStaigma PO %ﬁﬁtfﬁl P8d"article" is nade of parts
” whi ch is_sel ect

15 f th t
ol dod ST o e A9 me BB e boRaea eit | Berein  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, wollastdnite, calcium carbonate, dolomite, clay,

glass flake, glass beads, .b.ariu'.m sulfate and titanium oxide.
8. The method aCcofdinq to claim 7, wherein said
filler and/or reinforcement is glass fiber.

9. A Jjointed article made of liquid-crystalline
polyester resin composition, which is obtainable by the
method-acco:ding to any one of claims 1-8.

10. The‘jointéd“articlé according to claim 9, wherein
said jointed article is made ‘of parts which is selected
from the group consist'ing of molded article, film, sheet

and bonded textile.



