MANUFACTURI NG METHOD OF LAM NATE FI LM The present inventio Qeiy G%

I ndustrial ly advant ageous manufacturing nethod for continuo z,g

nanut;gturing a high strength | am nated fikm containing, as onhe |ayer,

pol yfrer;adapted to forman ani sotropic nel§{ phase. Polynmers known'as

thefnotfropic liquid crystal polynmers and which are adapted to give the C
' it nmelt phase are known to have very high strength in their

ori ent\et~di\recti on because of the anisotropy of their orlentatlon but

is noXakly/lower than that in the oriented direction, so that either it is
diffic to formtheminto filmby usual continuous process or the films
utility for many purposes is |imted. Heretofore, manufacturing nethods
have been proposed for sheets or films formed of thermotropic Iiquid
crystal polyners which show desirabl e characteristics in many fields.
For exanpl e, Japanese Lai d- Open Patent No 462611981 Lald Open Patent No
46727/ 1981 and Lai d- OpemaRgr s & O MR 3¢ | N qQ

pl astici zati on of the polyner S nDIecuIar structure and plasticization by

o

o~

The present invention relates to an industrially
. advantageous manufacturing method for continuously
manufactﬁ:ing a high strength laminated film containing,
as one layer, a polymer adapted to form an anisotropic
melt phase. ' |
Polymers known as thermotropic liquid crystal
polymers aﬁd which are adapted to gi#e the anisotropic
melt phase are known to have very high strength in their
= oriented direction because of the anisotfopy of their
orientation, but their strength in the perpendicular
direction to their oriented direction is notably lower
than that in the oriented direction, so that either it is
difficult to form them into £ilm by usual continuous
process'o: the film's utility for many purposes is limited.
Heretofore, manufacturing methods have been proposed .
for sheets or films formed of thermotropic liquid crystal

polymers which show desirable characteristics in many

v



. blending the polynmers with plasticizers, _gtc., but these produce sheets g
fiIms with nuch reduced ani sotropic proézzeles and as a consequence, the
strength is al so reduced. Japanese Laid n Patent No 31718/1983 propog
a nultl-aX|aIIy oriented lam nate forned by | am nating uni axi al sheets [o
thernDtroplc liquid crystal polyners, in which high strength is achi evey
Ian1n5tfng in pulti-layers sheets oriented in different axial directions
But it is difficult to lam nate two sheets in a continuous process in such

a way that théileldsi.al Foirnexample ,dJapaneseaidids-OpencRatenthdto Thi s
method i s not economical and is not satlsfactor as an industri al
manuf act ur i ng 46861{33817hdaid=Open Patenti 294 198 anddiaideQpen ng t he

techni cal requirenent of filmfarmng mnth such polyners, while maintaining

hi gh ori ent at FakeatdNei 36182141380 P@H@P&@téﬂ@ﬁ?ﬂﬁi\H%4ﬂ¥RQ%?4ﬂﬁ9ﬂnﬁﬂcnnc
for conti nuou %;y”erinn%%f%??n?@eguﬂ%# AETs o, ABY Blastis Zaion by
industrial scghendide" ehd' p%lb%e%s%‘i%%s%1a%t1c1zers, etc., but these
produce sheets or films with much reduced anisotropic
properties and as a consequence, their strength_is also
reduced. | |

Japanese Laid Open Patent No 31718/1983 proposes a
multi-axially oriented laminate formed by laminating
uniaxial sheets of thermotropic liquid crystal polymers,
in which high strength is achieved by laminating in
multi-layers sheets oriented in different axial
directions. But it is difficult to laminate two sheets in
a continuous process in such a way that their axial lines
make definite angles to each other. This method is h;t
economical and is not satisfactory as'an industrial
manufacturing method. |

The.present invention has as its object-resolving the
technical requirement of film-forming with such polymers,
while maintaining high orientation_and high strength,'
CharaCteristics which the.thermOtropic liquid phase
polyme;s?possess;_

Thus the present invention provides a method for

continuously manufacturing a laminated'polymef'sheet on an



maut-act uring a | am nated polynerjggeet conprising a single layer of a film
off a pol\yner adapted to formthe anisotropic nelt phase (as herein defined) *
ihgle layer of a filmof a thernoplastic polynmer, which process

llami nating the two | ayers to each other. In this procéss it is

pr&fertried that at |east one of the pol ynmers above-nmentioned is |amnated to
t he r by may of fu3|on nmoul di ng. The |nvent|on al so incl udes Wit hix®its
scope~d | anj 16 NGasd ygfgfg@r &rgg@g cggglng to the process
of the |nvent|on ﬁ n |nvent|on as In er words, a |lamnate
sheet whi ChaaaR{¥H f I I &Ehn ni sotropic
nmel t phase and a f| I mn); da ?Ignﬁﬁ)éltg I C p%ldga/ér?se avi ngf%% Jr‘;lgf%‘rm ng
properties ginglleodusymst WE |28 1k |68 atpdBané %Eedh&pﬁbi{ﬁefﬁe One of -
the polyners is first noulded into fllnland the ot pol ynmer is | am nated

thereon. Aanisetiropdy melth plserefas teerdin sdefinedyoand ya n@ihged to film

and | am nated on each other. Accordingly this invéntion provides a nethod

capabl e of layeustofi @ fodmt iofleusthembpldsin ofpolymer | ayleich aptocéss fil m
The strength of the filmin the direction of orientation of the nol ecul es
of the po|¢mgpqmgqa(iamxpat1ng the two layers to each other. Im

this process it is preferred that at least one of the .
polymers above-mentioned is laminated to the other by way ~
of fusion moulding.

The invention also includes within its scope a
laminated polymer sheet whenever'prepared according to the
process of the invention. |

In the invention as defined in other words, a
laminate sheet which.comprises a film of a polymer adapted
to form the anisotropic melt phase and a film of a
thermoplastic polymer_having.film-forming:properties is
produced by laminating at_least_one:of the_polymets. One A
of the polymers is first moulded into film and the other
polymer is laminated thereon.  Alternatively both poiymers
may be simultaneously moulded to f£film and 1aminated on
each other.

Accord1ng1y this invention prov1des a method capable
of industrial continuous production of multi-layer

laminate film. The strength of the film in the direction

of orientation of the molecules of the polymer adapted to



.formthe anisotropic nelt phase is nostly provided by the said polyner, --
while the strength in the direction at right angles thereto is nostly /
dependent on_the t’hernopl astic polyner.(%pe filmformng ability is
conferred on t'he thernoplastic polynmer. Yhe pol ynmers adapted to give the
ani sotropic nelt phase which are used for the.lanmnate filmof this

i nvent™bn are pol yrrer conpositions which show optical anisotropy, when
mel ted, and which are thernoplastic and nelt-processing. They are generally
classified asftotmrtiberapigotropie melttphage| ysemastiyieprevidedobynthe
adapted to formthe anisotropic nelt phase" is, accordingly enployed, herein
for thernotropdid| pelymery ywhilepbhongtsengthninnthecdibeetiPr atnEi&Btshow

| [l el t,'" Th ta i n,whjch ; d
LhPs foshion RRELFR CEREEPFaNiS HEOFELY, 4oRePasht OnobheothRznapiadhifoa of
[ i i d tall] terd al .., Sugh | | | flat d
fairly hi o (POLTRERT( yIhf him EOFREGY, Ehit EEE PR FoRERErEAGATERR r ey Ty

f act d ' | it f chai n-ext ended bonds bei
i ther 1 n cookherRBPIERFLE BEYAREE, 11 E LYk o her. The presence in a
polynmer of the abighiVpbPyh@fs hlSpted to give the anisotropic melt

\/{ . phase which are used for the laminate film of this

invention are polymer compositions which show optical
anisotrdpy; when melted, and which are thermoplastic and
melt-processing. They are generally classified as
.thermotropic liquid crystal polymers.

The term 'polymer adapted to form thé anisotropic
melt phase'" is accordingly émployed herein for
thérﬁotropic liquid crystal polymers in which the
‘molecular éhains show reguiar parallel arrangement. ?he
state in which molecules are arranged in this fashion'is-
often called the liquid crystal state or nematic phase of
liquid'cfystalline material. Such polymers are generally
slender, flat and fairly high in rigidity alopg'the longer
axis of mOiecule and ‘are normally manufactured from
monomers having a plurality of chain-extended bonds being
either in coaxial or parallel relation to each other.

The presence in a polymer of the ability to form the

anisotropic melt phase may be -



ani sotropi c nelt phase may be checked for sure by the comonly used
met hod of polariz- ation inspection,/sased on utilization of orthogonal
izers. More particularly, t confirmation of the aniso- tropic
ase may be made by observing a sanple put on a Leitz hot "'stage at a
icity of 40 in nitrogen atnosphere, using a Leitz polarization  ~,
gope. The aforenentioned polyners are optically anisdtropjc. Thus?
germt |ight to pass through, when checked between orthogonal

pol arizers. If a sanple is optically anisotropic, a polarized light wll

pass throughekkede¥82 shirk! biS the Tomkid Xls%@tn?etﬂ\é'ﬂ‘téf’;bgﬂpaﬂgiéhe

conponents of the polyners adapted to form anisotropic fus se such as

the af or enggibaNedspeetioh) bERRTE o0 MYIISIZME I ¥ JPHMbGSna RISy Bz <
di carboxylic acids and acyclic dicarboxylic acids; (2) Those conprising one

or- more of jgegent i MotteObartdendlarly]i dhe duvhMldimdvidr ¢ Ais ARildwse
conprising one or-nore of aromatic hydroxy- carboxylic acids; (4) Those
conpri si ngteopior mele phaseonmly bet madle by observing a sample put

on a Leitz hot stage at a multiplicity of 40 in nitrogen
atmosphere, using a Leitz polarization microscope.
The aforementioned polymers are optically anisotropic.
Thus they permit light to pass through, when checked
between orthogonal polarizers. 1If.a sample:is optically
anisotropic, a polarized light_will pass through it, even
if_it is in stationary state.

Mentioned as the componénts_of thé polymers adapted
to form anisotropic.fused.phase such as the aforementioned
are:

@ Those comprising one or more of aromatic diéarbox?lic
acids and acyclic dicarboxylic aéids; | !
] @ Those comprising one or more of aromatic diols,
acyclic.diqls and.aliphatic diols;

@ Those comprising one or more of aromatic hydro#y—
carboxylic acids;

@ Those.comprising one or more of aromatic thiol
cafboxylic acids;

@ Those comprising one or more of aromatic dithiols
and aromatic thiol phenols; and

® Those comprising one or more of aromatic hydroxy-




-

-Qarhoxyl

aromatic thiol

hydr oxy- am nes and aronatic di am ne and the polyners adapte&d&=0o form
anlsotroplc fused phase are conposed of Fhe fol |l owi ng conbi nati ons: I) :
Pol yesters formed of (1) and (2); Il1) Polyesters forned of (3) only; 111)
Pol yest®rs formed of (1), (2) and (3); IV) Polythiol esters forned of (4)

only; V) Polythiol
formed of (1), (4),
(6); and VIII)

i c acids;

phenol s;

(5) Those conprising one or nore of aromatic di
and (6) Those conprising one or nore of

and (5);

esters fornmed of (1) and (5); VI) Polythiol esters _
VI1) Polyester am des formed of (1), (3) and
Pol yester am des forned of (1), (2), (3), and (6).

Al 'though not aRghededndnNakbRatate8hm@fes; conbi - nations of conponents
aromati c poly- azomet hi nés are included as polymers

above-nenti oned,

adapted to foamaeheopéppmeréuaad pbaseo ikt hﬁﬂQQtQ&pE@“’tﬂu%@dabl‘@é@Tm es

of such pol yners are:

Pol y (n|tr|Io 2-met hyl - 1, 4- phenyl ene-

n|tr|Ioethyl|dfeecdméeﬁéenafeﬂheefbllbdﬁﬁg)coﬁﬁhha&ﬁbh&l|0[
1, 4- phenyl eme nitril oet hylidene-1, 4- phenyl ene
Polyesters formed of @ and ®;

2- met hyl -

k_/:

I)
)
II)
Iv)
V)
vVI)
VII)

VII)

Polyesters formed of @ only;

Polyesters formed of @D, @ and ®;

Polythiol
Polythiol
Polythiol
Polyesﬁer

Polyester

esters formed of @ only;

esters formed of @ and G;

esters formed of @, @ and G;
amides formed of @, @ and ®; and
amides formed of @, &, @ and @.

Although not included in the categories of combi-

nations of components'above-mentioned, aromatic'poly-

azomethines are included as polymers adapted to form

anisotropic fused phase. Mentioned as particular examples’

of such“polymers are: Poly (nitrilo-2-methyl~1,4-phenylene-

nitriloethylidene-1,4-phenylene ethylidene), poly (nitrilo-

2-methyl-1,4-phenylene nitriloethylidene-1,4-phenylene

methylidene) and poly (nitrilo-2-chloro-1,4-phenylene

nitrilomethylidene-1, 4-phenylene methylidene).

Further, although-not included in the categories of

the combinations of the aforementioned components, poly-

ester carbonates are included ‘as the polymers adapted to

form aniéotrépic fused phase. Some of them essentially

comprise 4-oxybenzoyl units, dioxyphenyl units, dioxy-



net hyl i dene) and poly (nitrilo-2-chloro-1,4-phenyl ene
nitrilonethylidene-1,4-phenyl ene nethylidene). Further, although not
.1nc|uded in the categories of the conbinations of the af or ement i oned
‘conpef S, poly- ester carbonat are included-as the polynmers adapted to
f o _ahi Jot ropi ¢ fused phase. Soﬁé?of them essentially conprise —~
oyl units, dioxyphenyl units, dioxy- carbonyl units and
fal oyl units. In the foll ow ng, such compounds which are ‘usabl e as
énts of 1)-VIII) above-nentioned are |listed hereunder: Mentioned as
aromdti c dicarboxylic acids are: Aromatic dicarboxylic acids.such as

t er epht hal icarhenyl anjtsyiagkkharephehaloyd wntlsd, 4, 4' -tri phenyl

di carboxy- lic &cid, 2,6-naphthal ene dicarboxylic acid, diphen I ether-
4, 4" - di car boxyl & &hed %ﬁﬂ?@rﬂﬂ( ‘PFéheﬁQ!“EPQQQ%aVIBB‘x’SH?’Eea%

di ph but ane- 4, 4' - di hane- 4, 4’ boxyl |
LTS Rt B sl ongd R0 fofr carsoo

diphenoxyeapane . dlcarboxy lic acid, dlphenyl
et hane- 3, 3' lic acid and naph- thalene-1,6-dicarboxylic acid or

o Koy UerlAIBARD IS il 5 Y cd i) PLENEOLAONEP, 37 OMaL i ©

dicarboxylic
Aromatic dicarboxylic acids such as terephthalic acid, U,

4,4'—diphenyi dicarboxylic acid, 4,4'-tripheny1_dicarboxy-
lic acid, Z,G-naphthalene dicarboxylic acid, diphenyl ether-
4,4'-dicarboxylic acid, diphenoxyethan¢—4,4'-dicarboxylic
acid, diphenoxybutane-4,4'-dicarboxylic acid, diphenyl-
ethane-4,4'-dicarboxylic acid, isophthalic acid, diphenyl
ethe:-3;3'-dicarboxylic:acia,_diphenoxyethane-3,3'-dicarboxy~
lic acid, diphenyl ethane-3,3'-dicarboxylic acid and naph-
thalene-1,6-dicarbox§li¢ acid or alkyl, alkoxyl dr_halogen
substitutes of ‘the aforementioned a:omatig dicarboxvlic
acids such as chloroterephthalic acid, dichloroterephtha- !
.iic acid, bromoterephthalic.acid, methﬁl terephthalic acid,
diﬁethyl terephthalic acid, ethyl terephthalic acid,
methoxyterephthalic acid and ethoxyterephthalic acid.
Mentioned as the acyclic'dicarboxylic_acids.are:
Acyclic dicarboxylic acids such as trans-1,4-cyclohexane
dicarboxylic acid, cis—1,4fcyclohéxane dicarboxylic acid,
— - . 1,3-cyclohexane dicarboxylic~acid, etc., or alkyl, alkoxyl
or halogen substitues of the aforementioned acyclic

dicarboxylic acids such as transei,4f(1—methy1)-cyclo-




&

_acids such as chloroterephthalic acid, dichloroterephtha- |ic acid,
bronot erephthalic acid, nethyl terephthalic acid, dinmethyl terephthal
acid, ethyl terephthalic acid, methoxyterephthalic acid and
et hoxyterephthalic acid. Mentioned as the- acyclic dicarboxylic acig
Acyclic dicarboxylic acids such as tég?S 1, 4- cycl ohexane di car boxyl

ci s- IT™#- cycl ohexane di carboxylic aci 1, 3-cycl ohexane di car boxyl i c-acid&
etc., or alkyl, alkoxyl or hal ogen substitues of the aforenentioned acycllc
dlcarboxyllc aC|ds such as trans-1, 4-(1-nethyl)-cyclo-

hexane- di carboxylic acid, trans-1, 4- (1-chl oro)-cycl o- hexane di carboxylic
acid, etc. hkhaxannmﬁraazqug&ic abnds aransAl pAat(fiectiloks)sughlas
hydrqu|none resarcinol, 4,4'-dihydroxydi phenyl,

4, 4' -di hydr omxammarmwmmmemucol 4, 4 - di hydroxydi phenyl

ether bi s (4-hydroxyphenoxy)-et hane, 3,3 - d|hydroxyd|phenyl

3, 3" - di hydr oxydi pwi@%ras 13--‘831111%&)1:& Hilehedase : ZAZOBF§€-4 djaisxyphenyl )

propane, 2,2-bis (4-h oxyphenyl ) methane, etc. al_koxyl or
hal ogen subst#‘%‘iheiﬁd%/ ?ﬁ%‘%ﬂ%rﬁﬁﬁ@‘ﬁiﬁ?%mﬁré a@bhgégaasmdaehenyl

chl orohydroqu‘l'ré,ne; ”rrei h¥WPro%|fog 6-nagl%1¥alexgcrlggw ngni, phenyl

hydr oqui none,
W ‘dihydroxydiphenyl ether, bis'(4-hydroxyphenoxy)-ethane,-
'3,3'-dihydroxydiphenyl, 3,3'-dihydroxydiphenyl ether,
1,6-naphthalenediocl, 2,2-bis(4-hydroxyphenyl) propane,
2,2-bis (4-hydroxyphenyl) methane, etc., or alkyl, alkoxyl
or halogen substitutes of the aforementioned aromatic

diols such as chlorohydroquinone, methyl hydroquinone,
1-butyl hydroguinone, phenyl hydroquinoﬁe, methoxyhydroqui~
none, phenoxyhydroquinone, 4-chloro-resorcinol, 4-methyl
resorcinol, etc. |

Mentioned as the acyclic diols are: Acyclic diols

. such as trans-1,4-cyclohexanediol, cis-1,4~-cyclohexane-
diol, trans-1,4~cyclohexane dimethanol, cis-1,4-cyclo-
hexane-éimethanol; trans-1, 3-cyclohexanediol, cis-1,2~-
cyclohexanediol and trans-1,3-cyclohexanedimethanol or
alkyl; alkoxyl or halogen substitutes of the aforeméntioned
acyclic diols such as trans-1,4- (1-methyl) cyclohexane-
diol and trans-1,4- (1-chloro) cyclohexanediol.

— - : Mentioned as thé aliphétic diols are: Straight chain

or branched aliphatic diols such as ethylene glycol, 1,

3-propanediol, 1,4-butanediol, neopentyl glycol, etc.



rone, phenoxyhydroqui none, 4-chloro-resorcinol, 4-methyl resorcinol, etc.
Mentioned as the acyclic diols are: Acyclic diols such as
, 4- cycl ohexanedi ol , cis-1, 4-cyc] ohexane- diol, trans-1,4-cycl ohexane

“di mpthamgl , cis-1,4-cyclo- hexane diﬁgthanol, trans- 1, 3- cycl ohexanedi ol ,

| &* cycl ohexanedi ol and trans-1, 3} cycl ohexanedi net hanol or al kyl, ~
pr hal ogen substitutes of the aforenentioned acyclit digls such#as
/1. /A- (1l-nmethyl) cycl ohexane- diol and trans-1,4- (1-chloro)
. dyclfohgkanedi ol . Mentioned as the aliphatic diols are-: Straight chain or
ed aliphatic diols such as ethylene glycol, 1, 3-propanediol,
1, 4~ but anedi ol , Meopéaned @isydde agomatic WMwddaxwskrhexieicrameds c
hydr oxycar boxyl% c _acids are: Aromatic hydroxycarboxylic acids such as
4- hydroxy- B&B820i Argepgicshydroxypacberyd isciarids HRAas Ahydrewyt aci d,

6- hydr oxy- 1- napht hoi etc., or alkyl, alkoxyl or halogen substitutes

id, , )
of aromati cbﬁyapagye%#ggiﬁrmdgav%\mcaéc}%t RYIEIRNT 45
id,3,5-di | - 4-hyd be i id, 2 6-di t hyl - 4- hyd b i
G 2 O R S PE A 2o Nl gt "l S ARRED ©
acid, 6'hydngﬁéibgghh¥hbéiﬁiggggo5& Wothatic hydroxycarboxylic

acids such as 3-methyl-4-hydroxybenzoic acid, 3,5-dimethyl- U

4-hydroxybenzoic acid, 2,6-§imethyl-4—hydroxybenzoic acid,
3-methoxy-4-hydroxybenzoic acid, 3,5-dimethoxy-4-hydroxy-
benzoic acid, G;hydroxy-S—methyl-z-naphthoic acid, 6-
hydroxy-5-methoxy-2-naphthoic acid,.3-chloro—4-hydroxy-
benzoic. acid, 2-chloro-4-hydroxybenzoic acid, 2,3-dichloro-
- 4-hydroxybenzoic acid,-3-5-§ichloro-4-hyaroxybenzoic acid,
2,5-dicmlord-4—hydroxybenzoic-acid; 3-bromo-4-hydroxy-
benzoic acid, 6-hydroxy-S-chloro-2-naphthoic acid, 6-—
hydroxy-?-chloro-z-naphthoic acid, 6-hydroxy-5,7-dichloro- |
2-naphthoic acid, etc.. ' bt

Mentipned as the aromatic mercaptocarboxilic acid
are: 4-Mercaptobenzoic acid; 3-mercaptobenzoic acid, 6-
mercapto—-2~naphthoic acid, 7-mercapto-2-naphthoic acid,
etc. _

Mentioned as the aromatic dithiolds are: Benzene-1,
4-dithiol, benzene-1,3-dithiol, Z,S-haphthalene dithiol
7 and 2,7-naphthalene dithiols, etc:

Mentioned as the aromatic mercaptophenols are: 4-




L

- hydr oxy- 5- net hoxy- 2- napht hoi ¢ aci d, 3-chl oro-4-hydroxy- benzoic. acid,

2- chl or o- 4- hydr oxybenzoi ¢ acid, 2, 3-dichloro- 4-hydroxybenzoic acid,

3-5-di chl or o- 4- hydr oxybenzoi ¢ aC|d 2, 5-di cnl oro- 4- hydr oxybenzoi c aC|d .
3- br ono- 4- hydr'oxy- benzoic acid, 6- hydr Ig 5-chl oro- 2- napht hoi ¢ aci d
hydro\x{? chl or o- 2- napht hoi c aC|d 6- hydroxy- 5, 7-di chl oro- 2-napht hgi
aci d Mentioned as the aromatic nercaptocarboxilic acid are:

4- Mer capt obenzoi ¢ acid, 3-nercaptobenzoic acid, 6- nercapto-2-napht :
acid, 7-nercapto-2-naphthoic acid, etc. Mentioned as the aromatic dithiolds
are: Benzene-1; 4-dithiol, benzene-1, 3-dithiol, 2,6-naphthal ene dithiol and
2, 7- napht hal Mescaptnpbenolet Wmmh.hémmom:mptmenol S
are: 4- Mer captophenol , 3-nercapt ophenol, 6-nmercapt ophenol and

7- nercaptophéﬁ@#rcéP§°Ph§ﬁP#oné&cas aromati ¢ hydroxyani nes and aromatic

di am nes are: 4-Am nophen N-net h I-4 a henol 1 4- phen enedi am ne,
N- et hyl - 1, 4- phenyﬁéﬁéﬂpﬁﬁlﬁé aﬁ°mﬁ gﬁﬂ @%ﬁ

3- a”]nOphenohiamines are: 4-Aminophenol, N-methyl-4-am1nophenol,

1,4-phenylenediamine, N-methyl-1,4-phenylenediamine, N,
W N*-dimethyl-1, 4-phenylenediamine, 3—aminophenol; 3-
methjl-4-aminophenol, z-ehlofo-4-aminophenol, 4-amino-1-
naphﬁhol, 4-amino-4'-hydfoxydiphenyl, 4-amino-4'-hydroxy-
diphenyl ether, 4-amino-4'—hydrexydiphenyl methane, 4-
amino-4'~hydroxydiphenyl sulfide, 4,4'-diaminophenyl
sulfide (thiodianiline), 4,4'-diaminophengl—aulfone, 2,5~
-diaminotoluene, 4,4'-ethylene dianiline, 4.4'-diamino-
diphenoxyethane, 4 4'-d1aminod1phenyl methane (methylene
dianiline), 4 4'-d1am1nod1phenyl ether (oxydlanlllne),
etc. _

Of the aforementioned polymers I)—VII) comﬁosed of
the aforementioned components, there exist those which are
adapted to form anisotropic melt phase and those which
aﬁe not, depending on their components, their composition
ratips_and seguence distributiens in these polymers.

The équmers'used in accordance with this.invention are

restricted to those of the aforementioned polymers adapt-

— - ed to form anisotropic melt. phase. | |
The polyesters of the aforementloned I), M) and IE)

and polyester amides of VII), being ﬁolymers adapted to



et hyl - 4- am nophenol, 2-chl oro-4-am nophenol, 4-am no- 1- naphthoi,
4- am no-4' -hydroxydi phenyl, 4-amno-4' -hydroxy- di phenyl ether,
4- amat4' ~hydr oxydi phenyl nethane, 4- amino-4'-hydroxydi phenyl sul fide,

4:4;, nophenyl sul fide (thiodiagiLine), 4, 4' -di am nophenyl - sul f.one,
2, j not ol uene, 4,4' -ethyl ene dianiline, 4.4'-diam no- —~
di p n xyget hane, 4,4'-di am nodi phenyl methane (nethylene dianiline), o
4,4 - I nodi phenyl ether (oxydianiline), etc. O the aforenentioned

po ) -VI1l) conposed of the aforenenti oned conponents, there exi st

t hose”whi ch form aaéﬁp§§opécfGﬂﬁﬁdnP@@ﬁeoph@c#ehmepﬁasanahiewﬁmnaude ch are
not, depending on their conponents, their osition ratios ‘and sequence

di stributi of® PPFeFﬁé§é=nﬁolt§‘ﬁ=§r énwnéisﬁhywewg%eseeroﬁwséc&ydmmst h this
i nvention are restrlﬁéed to rementi Qned polyners adapt- ed

to forg1an|§§FngF8r Pg PR% QdSTH :E I?QSLEFSNBF &PGFéﬁgﬁtPGEed 1),

I 11 t to
fo?n?gnisot%Sgge §838§%S§QMR§§ d rgagéég gghg ngggﬁggig%&qglﬁg this
| nventi on, g&xxgehgr99!8egfb;eo\.ta&h&uahsss.-s&u&%@ Qapg%&m@% Wseld ggpble

mut ual reac
condensation. For example, such functional groups of

these organic monomer compounds may include carooxyl; o/
hydroxyl, ester'and ecyloxy groops, aoid halides and amine
group. The aforementioned organic monomer compounds may
Be reacted with each'other by-quioﬁ'acidolytic process,
while keeping any heat exchange fluid out of existence.
According to this method ;first fused solution of Ehe
reaction mater;a’s is formec by heetlng the monomers to-
gether. As the reactions are contlnued, solid polymer
partioles become being suspendea in the liquid. For the
purpose of facilitating removal of volatile matters (e.
g:, acetic acid or water) which are produced as byproducts
at the finel stage of condenstion, the system may be put
under ﬁaouum. | | .

The slurry polymerization process may be employed for
formingtpzségee aromatic poiYesters which ere preferred
for use in exercising this invention. By this method,
the solid product is obtained in the state of being sus-
pended in a heat exchanging medium.

Whichever process, the aforementioned fusion acidolytic



-or gani ¢ nononer conpounds having functional groups which play the role of
formng the required repetitive units by condensation. For exanple,
functional groups of these organi c nmonomer conpounds nmay i ncl'ude
hydroxyl, ester and acyl oxy groups, a hal i des and am ne group./ The
aforquﬁtloned or gani ¢ nmononer conpouﬁﬁglnﬁy be reacted with eac ,
fusion-acidolytic process, while keepi f§ any heat exchange flu

exi stence. "According to this method, first, fused solution of the
mgterials is formed by heating the nonomers to- gether. As the reactions
are continued, solid polymer particles become being suspended in the .
i qui d. ForPFﬁéeﬁﬁrEESéhﬁfﬂ%ﬁ?qYtﬁﬁhﬁﬂfﬁkﬁﬂﬁkﬂn(ﬂrQRﬁSﬁdI¥§rQQth¥? (e. g.,

acetic aC|d é whi.ch are oduced .as byproducts. at thé final stage
of condenstl r aGrdon PatfFhalmehsiclh are to
orm ng/fullly argmatic

pol zz‘::;fi“m%@gﬁf:%;ﬁz rred%“%é%f%ﬁgfatar REY: A8 a5k, By
nsen p o ERELEnac eyl SO LS ol DRI
fusion aci dakyli ésters) in which the hydroxyl groups of such mono-
U mess at normal temperature are esterified. As lower
acyl groups, those with carbon atoms approx. 2—4¢ in
number are preferable. Pseferably, acetic acid estars
~of such organic monomer feaction materials are put to
use for the reactiohs. |
Further mentioned as typieal examples of catalyzers
which'ere-arbitrarily usable either in the fesion acidoly-
tic process or slurry proccss are: .Gaseous acid catalyzers,
etc., such as dlalkv1 tln oxide {e.g., dibutyl tin oxide),
diallyl tin oxide, titanium dioxide, antlnony trioxi de,.
alkoxytltanium silicate, titanium alkoxide, alkali and
alkaline eareh metal salts of carbexylic acids (e.g.,
zinc acetete), Lewis acids (e.g;, BFi1), hydrogen halides
(e.g., HCl), etc. The amoeets ef'cataifsers used geheral-
ly shouldsbe.approx.'0:001-—1% by weight, particularly,
Happrex. 0.01—0.2% by weigﬁt} based on the total weight
of monomers. | |
Thetgzgieee aromatic nolyme*s su1t=ble for use in

exercising this invention show a tendency of being sub-

stantially insoluble in common solvents and therefore,



piocess or the slurry polynerization process, is enploy- ed, the organic
nmonener reaction materials which are to derive the/fully aromatic
ters may be put to use forw;[j_h%eactions in their denatured form
[
steriTi

_ pol.yest
ey as | ower acyl esters) in he hydroxyl groups of such nono-
R normal tenperature are e ired. As | ower acyl groups, those sawith

n\lat ons approx. 2-4 in nunber are preferable. Preferably, acetic aswd

nea¢tions. Further nentioned as typical exanples of catalyzers which
ake_af bi t r ar i $ReYIRER ey tFitktakle Heon Eamming | oy -seletivncesiowevert urry
process are: (Gaseous acid catalyzers, etc., such as dialkyl tin oxide
(e.g., dibut)as takrepdnideshided, these Ralemans 2rimdieasticdormingony
trioxide, alkoxytitani n1si|iéM1 ,_tiganium al koxi de, al kali and al kal i ne
earth metal I '__“ts)éﬁ’bl_ FEIRYT BARE SR et AP ELTRALLYCi ds

t .
(ool yonor ai 4413

; E%?%ad::‘(l—f'gg .et c.ﬁ%?s%%f% ,o%aci[nga}tal, yzers
approx. O. 01-‘%%?:(@433& V?&iﬁafl%%‘?% hhe total weight of monomers. _
The/fully aro I'C po rs surtable tor use in exercising this invention
show a tendency ofm;g?i a&fo?délﬂi@ b 1l d i GddESUBRD &Y WY s and
t her ef or e, \ : o .
in exercising this invention generally should have weight o/
average molecul_é.r weights of approx. 2,00.0-—-2'00,000,
preferably, approx. 10,600-—— '5_0',000 and more preferably,
approx. 20,000—25,000. On the other hand the preferable
perfect aromatic poly (ester-amidés) generally should have
molecular weights _og;. Hap_prox. 5,000—-50,.000, preferably,
approx. 10,000_-—_-3'0,000, e..g., 15,000—17,000. .Measure-—
ment of such molecular weights .may' be made by gel permeation
chromatography and o_the_r standard nieasuririg me{:hods which
do not accompany solution fo.fming of polymer, for example,
b.y determining te_rminé.l groups. by linfrared .spectrosc'opy on
compression molded filnis. - Or the measurement of moleCula'r
weight may be made by light scattering methods on the
_solluti.on. of péi_l.ymér in pentafluorophenbi.

The aforernenﬁionedlpo"ﬁgée- arom.atic' polyéstérs and
polyester amides, when dissol*}éd in pentafluorophencl at
60°C at a concentration of 0.1 weight %, generally give

logarithmic viscosity (I.V.) of at least 'applrox.' 2.0 d1/qg,

for example, approx. 2.0——10.0 di/q.




. thgy are not suitable for formng fromsolution. However, as already
descri bed, these polyners permt eas rmng by the ordinary fusfion
form ng process. Particularly desirapl g/ fully aromatic polyners are g8 y
sone degree i h pentafluorophenol. The/fully aromatic pol yesters prefer/alf.e
~for use.in exercising this invention generally should have wei ght
nol ect¥ar wei ghts of approx. 2, 000-200, 000, preferably, approx. 10%0Q
50, 000 and nore preferably, approx. 20,000-25,000. On the other hand
preferable perfect aromatic poly (ester-am des) generally should have

nmol ecul ar wei ght's Phe apPL s tEx H0AHPcE@0co PESERT AR ¥ot2BPLEX Fused

10, 000- 30, 000, e.g., 15,000-17,000. Measure- nent of such nol ecul ar

wei ghts may bshaselaviticlycareasarat culachy obes bpabpeyfepduseéhen ekendasd
measuring nmet hods whi ch do not acconpany solution formng of polynmer, for
exanpl e, by dénerthis ntpventiom| shpwldscdnytaihrmore thant appropy 00
conpression nolded f&l ns. O the neasurenent of nol ecul ar wei ght may be
made by |i ghtmelat tef {maphithairike @arrhccentaining ofepotihive units

pent af | uorophenol . Thé aforenentioned/fully aromatic pol yesters and

pol yest er ami $&R & A RS et 13Pedx b | 2cb TpiRrpnaghthalene and

2,6-dicarboxynaphthalene, etc. Desirable polyester amides

~ should contain repetitive units of the aforementioned
naphthalene part and another part comprising 4-aminophenol
: or 1,4-phenylene diamine.
Particular examples are given hereunder:
(1) Polyesters essentially composed of the following
repetitive units I,and IL.
/ 0N
: I
e 44\~r°§_.c,__
- ""°J§;/L\5J
N Ve
(N7
. ’ 0 N
l
o et
N 7

The polyesters contain app:ox..10——90 mol % of unit
I and approx. 10—90 mol % of unit I. In one mode, the
units I exist up to approx.. 65—85 mol %, preferabig,
— - approx. 70—80 mol % (e.g., about 75 mol %). 1In anoﬁher

mode, the units I exist at as far'lower concentrations as



B0[err]C at a concentration of 0.1 weight % generally give logarithmc
vi;scosity (1.V.) of at least approx. =20 dl/g, for exanple, approx.

2 0 10.0 dl/g. The pol yesters a aﬁ@ed to form anisotropic’fused phase
f'are particularly desirable for use in exercis- ing this invention

di contain nore than approx.-10 nol % of a naphthal ehe part contai fikng
ifive units such as 6-hydroxy-2-naphtoyl, 2,6-di oxynaphthal ene ande
j/car boxynapht hal ene, etc. Desirable polyester am des shoul d contain
repefitive units of the aforenentioned naphthal ene part and anot her part
compri si ngagpeBk10pEeRss abll¥- piebdrelll vl approx Pazd+-C3) alopx@pl es are
gi ven hereunder: (1) Polyesters essentially conposed of the follow ng
repetitiveandi b8 leasd part] ofr hy@rogen gy boraiddi to st axing (390 nol %

of unit | and approx. 10-90 mol %of unit Il. In one node, the units I
exi st up tarepallewed6bo8bensubit ifutled,alds/ thepprase wy 8 Ny %r(e. g. ,
about 75 nol % . <l n another node, the units Il exist at as far |ower

concentr at sshstituent radicals selected from among a group consist-
ing of alkyl groups with number of carbon atoms 1—4¢,

alkoxyl groups with number of carbon atoms 1-—4, halogens,

phenyls, substituted phenyls and their combinations. - A
(2) Polyesters essentially composed of the following -
repetitive units I, I and II:
( 0 N
f
O
N 7
/ N
o -0
N /
b

These polyesters contain approx. 30—70 mol % of
unit I. They should preferably, contain approx. 40—60
mol & of unit I, approx. 20—30 mol % of units II and approx.
20—30 mol % of unit II and at least part of hydrogen atoms

bonded to the ring(s) are allowed to be substituted, as



-approx. 15-35 nmol % preferably, approx. 20-30 nol % and at |east part
itydr ogen atons bonded to the ring(s) are allowed to be substituted,
case nmay be, by any substituent radic sel ected from anong a grou
consiist- ing of alkyl groups with nuj@{&aof carbon atonms 1-4, al koxyl
groups with nunber of carbon atons 1 al ogens, phenyls, substit

phenyl§4and their conbinations. (2) Polyesters essentially conposed 0O
following repetitive units I, Il and Il1l: [err] [err] These polyesters
contai n appr ox. 30 70 nol @6of unit | . They should preferably, contain

ggpggxﬁoﬁoa/c?gf Ri gé)a%ﬁ H‘gkd at’ ng%?) %S‘thngér 06 dilﬂﬁr‘l“lc#?: Slﬁh'ﬁ%g’gdta%g{r:’%

I
Cubok T uent | aBUEE sgrégf’e%%?“%%t%q 0§ Ta gk ?%9%%%?. CPLE sl pfiber, o,

wth the nunbe&fOEaepehen%-’L% adkbpy! %qgesv.wthh tht;en%@a%r o#f cG2bBRYS
1- 4, hal ogens, pheny substi't ut ed pheny and t

1—4, halogens, phenyls, substituted phenyls and their

combinations.

U, (3) Polyesters essentially composed of the following re-
petitive units I, II, II.and IV:
‘/ 0
: ' |
I —L 0 - >—c
0 HH 0
| || i
i T—c-@-o-c-c-o ¢
| |
N iH
—

(where R means methyl, chlo}é; bromo or their combinations,

being substituent radicals to hydrogen atoms on benzene



c6hbihations (3) Polyesters essentially conposed of the follow ng re-
petltlve units I, Il, Ill and LV: [err] [err] [err] (where R neans nethyl,
s broto or their conbinationsl i ng substituent radicals to hydrogen

qn benzene ring(s).) Theyjfcontain approx. 20-60 mol % of unit, I,
.} 5-18 mol % of unit I, approk. /5-35 mol % of unit |11 and approx._

bl % of unit IV. These polyesters should preferably contain appgpx.
Dl % of unit |, approx. 10-15 nol % of unit Il, approx. 15-25 nol %
11 and approx. 25-35 nol % of unit IV. Provided that sumtotal nol

ent r at i @ingf(syinit s Theyardntiain appresd.a2oi-Hdly moad dH ddie: 0!
concentration of units IV. At |least part of the hydrogen atons whi ch are
bonded to tI¢ mppgpxg) arelfambdwdd oifo umdtsihstapprtoed, Ss-3Ihaenadase may be, by
any substituent radical (s) selected fromanong a group consisting of alkyl
radi cal s wi pff uhdtndFhandofppaeen 28rotd Xoll 3 sifkanilt (B cAltessi th the

number of carbon atons 1 -4, hal ogens, phenyls, substitut-
polyesters should preferably contain approx. 35-—45 mol %

of unit I, approx. 10—15 mal % of unit I, approx. 15—-25
mol % of unit II and_appiox. 25—35 mol % of unit IV.
Provided that sum total mol concentration of units I and o/
IT is substantially equal to the mol conéentfation of
units IV. At least part of the hydrogen atoms which are
bonded to the ring(s) are allowed to be substituted, as
the case may be, by any substituent radical(s) selected
from among a group consisting of alkyl radicals with the
number of carbon atoms 1—¢, alkoxyl radicals with the
number of cérbon atoms 1—4, halogens, phenyls, substitut-
ed phenyls and their combinations. These/pe;Leeé aromatic
polyesters, when dissolved at 60°C in pentafluorophenol

;t a concentration of 0.3 W/V %, generally give their .
logarithmic viscosities at least 2.0 dl/g, e.g., 2.0—10.0
dl/g. ' '

(4) Polyesters essentially composed of the following

repetitive units I, I, Ix and IV:_

T —[-

O==O

0
)




L3

.ed phenyls and their conbinations. These fully aromatic polyesters,
di ssol ved at 60[err]C in pentafluorophenol at a concentration of 0.3
generally give théeir. logarithmc viscosities at least 2.0 dl/g,
2.0-10.0 dl/g.” (4) Polyesters essentiall onposed of the foll ow
repetitive units I, II, Ill and IV -¥3- [err] 111 D oxary

repr esefit ed by a general fornmula: [ O- Ar - 0] (where Ar neans
group having at |east one benzene ring.) |V Dicarboxyaryl unit

represented by a general formula: 9 [err]"’ (where Ar’

means a dival ent group having at |east one benzene ring). They contain
approx. 20-40 nol % of unit I, nore than 10 nol % but | ess than approx. 50
mol % of unit |1, nore than nmol % but® | ®ss than approx. 30 nol % of unit

m and nore than 5 mol % buff | ess ARanflappy ox. 30 mol % of unit 1V ThesejT A
pol yesters shoul d pr=aferabl @ @; . 20-30 mol % (e.g., approx. ;5-5

mol % of unit |, approx. 2%-40

~

aryl '
oI Dioxya%é%&-unit represented by a general formula:

f O — Ar — 0 } (where Ar means a divalent group

~ having at least one benzene ring.)
v 'Dicarboxy%;zyé-unit fepreSentéd by a general
formula: ¢ j - Ar' — @} (Qhere Ar' means a
divalent group having at least one benzene ring).
They contain approx. 20—40 moi é of unit I, more than 10
mol % but less than approx. 50 mol $ of unit II, more than
5 mol % but less than approx. 30 mol % of unit II and more
than.s mol & but less than approx. 30 mecl % of unit IV,
i- These polyesters should preférably contain approx..20—430
—

mol % (e.g., approx. 25 mol %) of unit.I, approx. 25—40

mol % (e.g., approx. 35 mol %) of unit I', approx. iS-—ZS
mol & (e.g., approx. 20 mol %) of ﬁnit IT and approx. 15—25
mol % (e.g., apprdx._zo'mql %¥) of unit IV. And at least
part of hydrogen atoms bonded to the ring(s) are allowed to
be substituted by any substituent radicals selected from
among a group consisting of alkyl radicals with the number
—_— - of carbon atoms 1—4, alkoxyl radicals with the number of

carbon-atoms 1—4, halogens, phenyls, substituted phenyls



mel "% (e.g., approx. 35 nmol % of unit Il, approx. 15-25 nmol % (e.g.,
approx. 20 nol %9 of unit 11l and approx. 15-25 nol % (e.g., approx. 20
mo) ~% . of unit IV. And at least p rg of hydrogen atons bonded to the
'- are allowed to be substiture by any substituent radicals selected
Anpng a group consisting of . al kyl radicals with the nunber of carban
4, al koxyl radicals with the nunber of carbon atons - 1-4, hal og&as,
substituted phenyls ~ and their conbinations. The unit's m and IV
houl ¢/ preferably be symetric in the sense that the dival ent bonds which
axe 40i ni ng andcthede ebmbhaattionst.her units on both sides thereof in- side
the polynmer main chain are symmetrically arranged on 1 or 2 or nore of
benzene rings (fGheexaipise IMnaad tIVeshoxilst poefenadiiv e esyometngic t hey are

arranged mutual - |y at para positions or at diagonal ring positions). How
ever, non-syRnshei §grsgnthatykhen diyplsatdbondsd Whish desoaindnand
| sophthalic acid are gl sg usabl e. . A desirable dioxyaryl unit Il is: [err]
and anot her 3% PREI 84 0EPLEQy QPR BRiits on sides thereof in-

side the polymer main chain are symmet;rigally arranged

on 1 or 2 or more of benzene rlinqs I(fbr example, when

they exist on a naphthalene ring, they are arranged mutual- o/
ly at para positj.ons or at diagonal ring positions). How-
ever, non-symmetrical un’its which'may be derived from

resorcinol and isophthalic acid are also usable.

aryl
A Pesirable dioxy%rl— unit II is:
Fod

- - ond asolher a-". {
_ l(desirable dicarboxy%—gy-l unit is:

' 0. 0 .

(5) Polyesters essentially éomp'oé’ed of the following

repeti-éiv_e units I, I, and II:

S Leoh

N .
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(5) =« Polyesters essentially conposed of the followng repetitive units I,

11, and I11: [err] o-a-11 Il Dioxyaryl unit represented by a general
fornmula [err].(where Ar neans a dival@pt~adi cal having at |east one
benze”ne_; ring) _orl 111 Di car boxyary, dai t represented by a general
formula [err] (where Ar' neans a divalent radical containing at |eas
benzené ring)..They contain approx. 10-90 nol % of unit I, 5-45 nol

unit Il and- 5-45 nol %of unit Ill. These polyesters should preferably
coptain approx. 20-80 nol %o&rmslit |, approx. 10-40 mol %of the unit ||
and approx. 10-40 nol I Bioxm*bm%t unlik. rbpresentidr dyl W gelteraihForful a
contain approx. 60-80 mpl % of unit |, approx. 10-20 nol % of unit Il and

approx. 10-20 mol % of it AF|— Ohndwhereedst mpans eof diyddenenradaral

bonded to the ring(s) are allowed to be substituted, as the case may be, by

any substituent radical %‘51%%I%’étégaﬁfoﬁﬂanﬁﬁgzéngr gdépgdonsi sting of al kyl
- -~ . .

X .Dicarboxy unit represented by a general
0 o '

formula $¥C — Ar' — C} (where Ar! means a divalent

W, radical containing at least one benzene ring).

They contain approx. 10—90 rﬁol $ of unit-.I, 5—45 mol %
: - of unit II and 5—45 mol % of unit II. These polyesters
should preferably contain approx. 20—80 mol % of unit I,
approx. 10—40 mol % of the unit I and approx. 10—40 mol
% of the unit IIL. More preferably, they should contain
approx. 60—80 m_oi % 01;: unit I, approx. 10—20 mol % of
unit I and approx. 10—20 inol % of unit II. And at least
part of hydrogen atoms _bondeci to. the ring-(s) are allowed
to be substituted, as the case may be, by any .substituent
radical(s) selected from among a group consisting of alkyl
radicals with the number of carbon atoms 1—4, alkoxyl
radicals with the:.-.nu_.mber. of carbon atoms 1—4., halogens,
phenyls, substitp.éed. phényls and.ﬁll'ze.ir combinations.

an‘ 1S -

d : :
A Pesirable dioxyadixl unit I -f\e-u-];é—be:

Lo
- o



radi cal's with the nunber of carbon -atons 1-4, al koxyl radicals wth the
nunmber—pf. carbon atons 1 -4., hal ogens, phenyls, substituted phenyls and

thefr_gonbinations. A desirable %;2 yaryl wunit Il is and a desirabl e
di" oxyaryl unit 11l is (6) Polpester am des essentially conposSed of the
f ing repetitive units I, 11, I'll and IV: [err] Il . A general fornula
[ € T ere A neans a dlvalent radi cal having at |east one benzene rihﬁ or
di trans-cycl ohexane radical) 11l A general formula [err] (where Ar
mea a dival est radical having at g t one ben;gne ring; Y represents 0,
NH or NR agfdJdesapalsléodibbrboxiRitpbengil maﬁoﬂh@bef-ad' cals or allyl
radi cals with ™he nunber of carbon & ons 1-6) | VM general formula [err]

(where Ar' means - a divalent radi cal having at | east one benzene ring)
They contain approx. 10-9 % ofouit I, approx. 5-45 nmol % of unit 11,
approx. 5-45 nol 960f unift m ap rox

k

(6) Polyester amides essentially composed of the follow-

ing repetitive units I, I, II and IV:
| . 0 --l
i
i T
° )
I A general formula {g - A - g}f(where A means
a divalent radical having at least one benzene
T ring or divalent traﬁs-c?clohexaﬁe radical)
]I A general formula {Y — Ar — Z% (whére Ar means )

a divalent radical having at least one benzene
ring; Y represents O, NH or NR; and Z stands for
NH or NR; where R means a;kyl radiqals or allyl
radicals with the number of carbon atoms 1—6)
¥ A general formula £0 —-Ar' — O} (where Ar' means
~ a divalent radical having at least one benzene
ring) |
They contain approx. 10—90 mol % of unit I, approx. 5-—45

mol % of unit I, approx. 5—45 mol % of ﬁpit IT and approx.



0-40 nmol % of unit IV. And at |east part of hydrogen atons bonded t
ring(s) are allowed to be substitut- ed, as the case may be, by any

substi t uent [adicals. selected fr anpng a group consisting of a
radi ¢als with’'the nunber of carbo %:Es 1-4, al koxyl radicals wt
nunber. of carbon atons 1-4, hal ogens, phenyls,. substituted phenyls and-
their Eonblnatlons A deS|rabIe di carboxyaryl unit Il is [err] a deS|rabIe
unit Il is or [err] ' and a desirable dioxyallyl unit

IVis [err] Further, in the polymers adapted to formthe anisotropic nelt
phase of this G-mAdntricdn $ o yureits I Wi parleadt theit dF Hydeddql ar
chain is conposed of a segnent of a polynmer adapted to formthe anisotropic
mel t phase herdamsy dondedc tichdhheamingis)r axe ralipwsst ttd be ek wi- a
segnent of a thernnplastlc resin not adapted to form anisotropic nelt.
phase nmay be pﬁg|g§e§ case may be, by any substltuent radicals

selected from among a group consisting of alkyl radicals

with the number of carbon atoms 1—4, alkoxyl radicals

with the number of carbon atoms 1——4 halogens, phenyls,

— substituted phenyls and thelr combinations.

A' esirable dicarboxyq&éyé unit I t?mm&d—be

| is
o desirable unit IT. sbea&d—-be-
. '—[ " 0
- LN_@- Jor L -Q_“H/l ,and
s S _
o.desirable dioxyallyl unlt Iv i?eahidur
£oOre3
Hue
Further, in the polymers adapted to form anisotroplc
\
melt phase of this invention, polymers in which part of
their high molecular chain is composed of a segment of a
e
polymer adapted to formAanisotropic melt phase hereabove-

described and the remaining part is composed of a segment



k3

Fhe poLyrrer conposi tion of this invention adapted to form anisotropic nelt
phas and which is melt-processable may contain one or nore of (1) other
ek adapt- ed to form ani sq; ic melt phase, (2) thernoplastic resins
IXpt i [ I
)

phase, . (3) therno- setting resins, (4)
i nor- gani c substances. The pol ymet~

ane @ | owed to be either t her rodynani cal | y conpati ble or not. Included as
t he t herfiopl astic resins hereabove nen- tioned in (2) are:

e 9
ol iyl S bR RBRA e BRI o€ aahfrd Hachetehpabrntropte "

pol ystyreng,q ﬁcf lhla(‘Ser (i‘sdlp%e Aﬁéffééé] AS resin, BS resin, poI yur et hane,

silicone resin, ¥’I uorine<seri es resi ns poI yacet aI s, polycarbonates,

pol yet hyl ene te _ Y, r I gde: Iyacrllo-
nitrile, polyvi ﬁ %Gt gﬁd p(;@%/w ny et er&%%l "?/ré‘{%g#% eggg%?ggm dei m de,
pol yet her ihgich @enistaawyﬂa:erme&her HEEONGRa WRLYAL B@r hlltf Bl8Ressable

pol yphenyl ene sul fi de, pol yphenyl-ene OXIde etc. Included

~ thernosetting resinmafeRiondaith ftﬁfee-oﬁm | E (@)oth@r%elﬁi’@f‘@'a&@&t“s
epoxy resins, nelam ne

ed to form anisotropic melt phasa, @ thermoplastic resins .

not adapted to form anisotropic' melt phase, ® thermo- ~

setting resins, @ low molecular organic compounds, ® inor-

ganic substances. The polymer segment adapted to form

anisotropic fused phase and the remaining segment are

allowed to be either thermédynamically compatible or not.
Included as the thermopl’asti.c -resins hereabove men-

tioned in @ are: e. g., polyethylene, polypropylene,

polybutylene, polybutadi_ene, polyisoprene, polyvinyl

acetate, polyvinyl chloride, polyvinylidene chloride,

polystyrene, acrylic resins, ABS resin, AS resin, BS o’

r.esin, polyurethane, s'ii'icone fesin, f'ludr.;i'rie sefies |

resiné, polyacetals, polyca:;:bonates, polyethylene tere-

phthalate, aromatic polyesters, polyamides, pélyai::ri'lo-

nitrile, polyvinyl alcohol, polyvinyl ether, polyethermide,

polyamideimide, polyether etherimide, polyether ether ketones,

polyether sulfones polyphenylene sulfide, polyphenylene

—_—— oxide, etc. . =

Included as the thermosetting resins mentioned here-

above in @ : e.g., phenol resins, epoxy resins, melamine



resin, urea resins, unsaturated polyester resins, alkid resins, etc.

I’ncl uded as the | ow nol ecul ar organi c conpounds nentioned hereabove in @
are; for exanple, ‘substances which are to be added to general thernopl
resins and thérnosetting resins, which thus, include | ow nol ecul ar orgg
conpounds used as pl asticisers, 229 - and weat her-proofing stabilizer
i ke ah%ioxidants or ultra- viol ray absorbers, etc., antistatic age

fire retardants, coloring agents |ike dyes, pignents, etc., blow ng agents,
further, divinyl series conpounds, bridg- ing agents |ike peroxides or

vul cani zi ng agents, etc., and lubricants for inproving fluidity and nold
rel easi ng propesin, erea kesihe, uhsatiedtad Pelyd¥ea tds TS tANGRs
mention- ed hereabove in (5) are: e.g., materials to be added to general

t her nopl asti creednss emeé.t hernosetting resins, which thusy include general

i norganic fibers such as glass fibers, carbon fibers, netal fibers, ceramc
fibers, boron fibeIncludeleasotheefiow, mpdweerl aratcergaalixs sxompamd=al ci um
carbonate, highly di-Spersible silicic acid, alumna, alum num hydroxide,

tal c powder, mepiiogedsbereakovegins® eses, foraexanpheaiersubstansesand,

various netal Romders, carbon bl ock, barium sulfate, calcined plaster
etc., which are to be added to general thermoplastic resins and

U thermosetting resins, which thus, include low molecular
organic compounds used as plasticisers, light- and
weather-proofing stabilizers like antioxidants or ultra-
violet ray absorbers, etc., antistatic agents, fire
retardants, coloring agents like dyes, pigments, etc.,
blowing agents, further, divinyl series compounds, bridg-
ing agents like peroxides or wvulcanizing agenﬁs, etc.,
and lubricants for improving fluidity ;nd mold releasing

' - property, etc. |

Further_includea.as the inorganic substancés mention-
ed hére;bove in ® are: e.g., materials to be added.to
ééneral thermoplastic resins and thermosetting resiné,
which thus, include gengral ingrganic fibers such as
glass fibers, carbon fibers, metal fibers, ceramic fibers,
boron fibers, asbestos, etc.,'powder materials such as
calcium carbonate, highly dispersible silicic acid, alumina,
aluminum hydroxide, talc powder, mica,.glass flake, glass

B y beas, quartz powder, silica-sand, various_met&l powders,

" carbon block, barium sulfate,_calcinéd plaster, etc.,

‘inorganic compounds such as silicon carbide, alumina,



T
i ior gani ¢ conpounds such as silicon carbide, alumna, boron nitride,
silicon nitride, etc., and whiskers and netal whiskers, etc. In the polyner
composthi on” of this invention adapted to give anisotropic fused phase, its

hi § Dl Acul ar chains are highly iented even in static state, when it is
f usgde d still higher orientatigélﬁg achi eved through flow ng of the..
fug joflly, when bei ng subj ect ed the fusion- formng. It:is for thi

r eqsg jat still higher orien- tation is attained in the lamndte film
ppl asti c pol ymer which is used for the [amnate filmof this
i nveqLiOn netRReR RibkAAe, s$bhePn BhbEbRe- oftBer sead| Whiskerst apdgt h at
least in the latergl, axis direction relative to the direction’ of
ori entati on BFt3he #ék?ﬁﬁ*cﬁﬁ%‘liquid cry- stal polyner as well as

Ilent filmfa [4idy. b f,fusion-formng. The follow
ol ymer o are sui (bl B ayrgT SelBlafuien of Chbth Lhident {fa  saapted®
| ybut adi i | yryd ! t iyl _chloride, .
ol yvi ni 1 done® CHS | L RAon 1 1 pRETRS fee PRLI AYLeBLSE ' SRains

pol yur et hangre i 1 3RP Jrainted fdvit | 11f Hos@ic rEEA0S, PRLYCALPODAESS.g,
pol yet hyl ene terephthal ate, poly-
and still higher orientation is achieved through flowing

of the fused body, when being subjected to the fusion- o’

forming.' It is for this reason that still higher orien-
tation is attained in the laminate film.
The thermoplastic polymer hawing—fitm—fomming—einiiihy-
which is used for the laminate film of this invention
needs to have a strength capable of bolstering its strength
at least in the lateral axis direction relative to the .
direction of orientation of.the thermotropic liquid cry-
- - stal polymer as well as excellent film-forming abilit¥y by
' The Suibable.
way of fusion-formingul‘ﬁbllowing polymers are 4 :
ﬁﬁblyethylene, polypropylene, polybutylene, polybutadiene,
polyisoprene, polyvinyl acetate, polyvinyl chloride,
polyvinlidene chloride, acrylic'resins, ABS resins, AS
resins, polyurethane, éilicone resins, fluorine base.
resins, polybarbonates, polyethylene terephthalate, poly-
butylehe'terephthalate, aromatic polyesters, polyéhides,
polyacrylonitrils, polyvinyl alcohol, polyvinyl ether,
polyéthet amide, polyamide ihide, polyether etherimide,

e : _
polyether etherketOﬁc polyether sulfone, polysulfone,

-



~butyl ene terephthal ate, aromatic pol yesters, polyam des, polyacrylonit
pol yvi nyl al cohol, polyvinyl ether, polyether am de, pol yam de i m de,

pol yet her etherim‘de, polyether et ket oner pol yet her sul fone,
pol ysul fone, ° polyphenylene sulfid ,Etononer, TPX and their copol _
O these polyners, polyam de, poly bowat es, .pol y- ethyl ene terephtalate,

pol ybuky! ene terepht hal ate, aromatic pol yesters, polyether sulfone, Ry
pol yet her imide, polyether ether ketone and pol yphenyl ene sulfide, are "
prefered. Usable as the method of formng the lamnate filmof this

nventi on are g Aty e "BLNAHE. D IORIAS, Vsl T LLVLOLEBL G T oM

t hernopl astic con-"ventTona S conpr

Ereggeai?ld Ioﬁ‘i)?n];lt!ons olgg%ep dﬁal\%enﬁr ocefsqseglﬁm%@a%eag%m goeﬁ%ype of

| ayer of the éa{gr&ﬁ& dafed10aih B Yod PR, 1dHO GesdiSitniadd | M

bef or ehand, normal | am nating devi ces an coating devices are usable.

Avail abl e as ajumiticiclyastenf, ealdtlidl sUledmd Nasb Dfetids inti@df i on

is a method in which a uniaxial- |ysdented sheet of the pol yner adapted
to form the polyethey ecthdd kdtore | polyphenylene sulfide, 646wy are
Pre Peﬂ-ed

? dhfitabla.

~ Usable as the method of forming the laminate film
of this invention are a variety of methods hitherto used
for f£ilm férmation from thermoplastic resins; i.e., con-
ventional methods comprising inflation process, T-die
film-forming, calender process, flowing and drawing pro-.
cess and combinations of these drawiﬂg processes. When
at least one type of laye_r of the &udtilayes laminate
has been singly-formed'into a sheet or fiim beforehand,

T ©  normal laminating devices and coating devices arefusaBle.

s Available as a preferable mode of exercising the
method of this invention is a method in which a uniaxlal-

of the polymer

ly oriented sheeg‘adapted to formlgklsotropic melt phase

is prepared and on this sheet ka-thermoplaszifﬁ?olymer
revrer

-haviag—i&&n—ée;n&ag—ab&&*&y is lamlnateley way %f melt~
processing as in the conventional laminate film forming
method above-described.
| While the individual sheets of polymer adapted to

the - melt .
forngnisotroplc {ﬁ?eé phase which compose such a laminate

may be manufactured by arbitrary accustomed methods, form-
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IS prepared and on this sheet, the thernoplastic polyner is |am nated
preferably by way of nelt- processin In the conventional lamnate film
formng net-hod above-descri bed. v%;;g-;Ze i ndi vi dual sheets of polyner
.adﬁp 3d to formthe anisotropic ne ase which conpose such a tani nate

it: nufactured by arbitrary. accustoned met hods, form I ng the sheet
ng through a slit die with appro- priate dlnen5|ons under an s
enperature and pres- sure, followed by fusion-drawing, is a

manu- facturing met hod. The "sheet"” used in this nethod may -

Mard soid $he'siqe Py RbFodLAT! EurSlon BTN R ¥ibl BheR ARBEarSS
field. The tﬂ‘ﬂ‘&? ’g‘dw'dﬂwlaﬁwﬁ%ﬁ‘ﬁ%‘?ﬁﬂéggﬁ ec%r;‘&g#g are not

parti- cularly restricted, but generally d t2e of

the | am nat efiyrd OrfSXBWEE by Neu g&kﬁrdﬁéw;.&greﬂgtsl LEEeF &0 e LRENG DI CKer

sheets need to be used. The shee manuf actured in this way substantially

- give uni axi aﬂaaunﬂnqimremtodanal'rMI 'esHed t 'ODrusddiei g xt Bl € Neetidd Shigy uni axi al

or unidirectional orientation may be determ ned by neasurenents of tensile
include a variety of all relatively thin, substantially

flat structures which are sometimes called sheet, slab,
£ilm, etc., in-said.technical fiéld. The thicknesseé of -
individual sheets composing the laminate are not parti-
cularly restricted, but generally 5epend.on the objects
of use of the laminates; for example, the higher the
stre-ngth required, the thicker sheets need to be used.

- The sheets manufactured in this way substantially give
uniaxial or unidirectional orientation.

The existence of suchhuniaxial'or_unidirectiohal
orientation may be determined. by meﬁsurements of tensile
characterisths(i. e., tensile strength of.the sheet in &;J
both longitudinal (MD) and laterl (TD) directions in
accordance with the U. S. Standard Test Method ASTM D 88%}

When the ratio of tensile strength in the longitudlnal
direction of the sheét (direction of extruSLOn) to that
in the lateral direction exceeds approx. 2.0 (preferably,
within a range of approx. 2.0—100), there exists appro-
priate uniaxial orientation. Especially preferably, this
ratio should be within approx. 10—50.

With regard to the conditions of temperature and



-

characteristics(i. e., tensile strength of the sheet in both |ongituyef
(MD) and |ateral (TD) directions ih accordance with the U S. Stangard,
Met hod ASTM D 882)° Wien the rati f<§§nsile strength in the | ongifudi
direction of the sheet (directio trusion) to that in the | atg

di rect. on exceeds approx. 2.0 (preferably, w t.hin a range of approx.
2.0-109¥, there exists appro- priate uniaxial orientation. Especially
preferably, this ratio should be within approx. 10-50. Wth regard to the -
conditions of tenperature and pressure_at which the liquid crystal

ol ymer. i s extPERBSHES fafi WIHGH HEiq HelaHeh CTYTHal | PRARSBnlaxtmdable
oadi 1y o deti SRR FRE T nothis HHRIACR (RE% T b TRAF I Y
W Thin o rang@ A PR GHet SEE (e 99 (ARG driighindy
20500 s AL RS e B oD B 0 g T 1
o i g, ;)ggéetsésa&ﬁigfdm% Ry e rRR ot A AR r@éygwf pORhRA Gy O 2
be performed at a temperature within a range (according to

va the,fusion?temperature o%(pgiymer) of approx. 250—350°C

and under a pressure within a range of approx. 7.0—350
3 kg/cm?. | |
In order to ensure that the sheet as extruded giﬁes

the desiiéd-uniaxial orientation, the extruded pplymér
melt should desirably bé sﬁbjected to a drawing;brocess.
fﬁe drawdown ratio generally exceeds approx. 5.0.
The drawnfout polymer is then cooied or quenched by any -
appfopriate:means such as with use oﬁ cooling rolls,.air
blowing-in or water cooling,,étc. |

_ Ac§ordiﬁg to the methéd of this invehtion,_on the
high strength, highly oriented sheet of thermotropic liquid
crystal polymer obtained.in'this way, a thermoplastic |
polymer: having fiim fgrmipg ability'May be laminated in-
tegrally'thereﬁith'by way. of melt-procesﬁiﬁg,“Sing a liminat-
ing devi;é.éuch.as thét of T-die extrusion'system or a coat-

ing deviée. This method is readily continuously exercised

on industrial scale.

In this instance, the sheets to be laminated may be



The drawdown rati o generally exceeds approx. 5.0.. The drawn-out polyner is
«tool.ed. or quenched by ani appropriate neans such as with use of

cooffAgR0l4s, air bl ow ng-if Water cooling, etc. According to the
mest] ?%; this invention, on.
K

e high strength, highly oriented sheet of
pic liquid crystal 'pol ynmer obtained in this way, a thernoplast+c
aving filmformng ability may be lamnated in- tegrally theréwith
Of

L Tl B byt gt Vi W BT i

e | amt nat B fmipepBoiyutd, W adipeel Fing WHRE SN hotalign'® 1
dograding t APERPORo HEE AR BRI B Rl i ln UM LAL < on
E?Lyﬁe:m;mlbghgggfeg@ﬁ%? %%gﬁzﬁd}%dgﬁi%%ﬁ.mﬁeﬁy as e;’f réd,

the | ami nat g igaiuledl Prast) W vr/QdRiINA, teRe | \Wand3P| BB pd FUE ihe
anot her preferable node of -exercising the method .

integrally joining sheets. However, as desired, the

laminate may contain an adhesive between the two polymer
layers. o

As anotﬁer préferable mode of exerciéing the method
of this_invention, the polymer adapted to form the
anisotropic fused'phase and the thermopléstic polymer
having film forming ability ﬁay be laminated by wa& of
simultaneous melt-proceééing of both. The laminated sheet
should desirably be subjected to the further steb’df being
stretched biaxially. This can be achieved by a drawing
process éfter melt-processingf o

The mechanical properties of the laminate | N
manufactured by the method of this invention sometimes may
be further imprdved by subjecting iﬁ to a hegt treatment
after being formed. |
[Embodiments] _

This'iﬁvéntion will become more apparent from
descriptions taken_in'conneétioﬁ.wifh.embodihents thereof,
but the modes of applicatiép_of this invention is mnot

restricted to these'embodiments.
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.of this invention, the polyner adapted to formthe ani sotropic fused
and the thernoplastic polyner havgg?gfilnlforning ability may be [dm

by way of sinultaneous nelt-proceSging™of both. The | am nated shge
desi.rably be subjected to the furthe @ep of being stretched b
This can be achieved by a draw ng process after nelt-processing.\ Th
nmechani€al properties of the | am nate manufactured by the nethod
i nvention sonetines may be further inproved by subjecting it to a heat
treat nent aft &xdmplep flor-ned. [ Enbodi nents] This invention will becone nore
apparent from descriptions taken in connection with enbodi nents thereof,

but the nodes of .afdlileks @f dhemaotropititlignid erustakipolymer to t hese
enbodi nent s. Exanples 1 - 5 Pellets of thergrotropic liquid crystal |

pol yner obt ai Rtaineshihpalymerizing 73,91 b 94 Rrlyiresrkenzeic Arids

ot SR o S A el

extrudlng_th|%dﬁyauggi 7 hours beforehand. Then a film 8.15 cm wide

and 0.10 mm thick was obtained by extruding this polymer
at a speéd'of'2.72 m/min, using a T-die type extruder.
The fusion-drawdown ratio at this time was set at 14.3.

On the termotropic liquid crystal polymer film thus
obtained, polycarbonate (Léxan 8030 manufactured by Asahi
Glass. The word LEXAN is a registered trade mark), nylon
12 (Diamide 4418 manufactured by Daicell Chemical
Industry), polyethylene terephthalate (manufactured by
Toray), polybutyleéne terephthalate'(Duranex-manufactured
by Polyplastics) and polyarylate (Durel.manufactured‘?y
Occidental) were respectively laminated on a T—dié '
extrusion type laminating device, yielding a laminate film
8.15 cm wide and 0.15 + 0.05 mm thick.

With the laminate film thus obtained, its tensile
strengths were measured in two directions - its main axial
direction (MD) and in the direction (TD) at a right angle

to the main-axial direction. Results are shown in Table 1.



-die type extruder. The fusion-drawdown -
rati o a~Hals time was set at 3( On the ternotropic liquid crysta

' i t hus obt ai ned,. pol y¢aftbonate (Lexan 8030 nanufactured by Asabhi
brd LEXAN is a registered trade mark), nylon 12 (D am de 4418
gdf by Daicell Chem cal Industry), polyethyl ene terephthal at e
rdd by Toray), pol ybutyl ene terephthal ate (Duranex manufact uséd

3 icsﬁ%an _polyaryl ate (Durel manufactured by Cccidental) were
respec 've|§xﬁﬁ fiaPéd on a T-die extrusion type |ami-nating device,

ielding a | am nat ks ) i .05 . ick, Wth the
Yaninatg fi|n\thssfsﬁ%éghgd?§Fﬁ25¥2g§F?@9§?P§g§t§%8§é§gk%§§§&}ed in two
di rections -.i i i My i 6 a insthe direction (TD) at a
right angle??%§@ﬁgah§F§§g§Faﬂ&d??ggﬁpggEgﬁﬁsZStggérz g own in Taéle)l. '
Exanple 6: A_ ] L obLtthe t a1l #qWied crystal pol yner obtai ned
- by gglyneri ingasgiggFﬁa?g?”%ghedéggy gﬁ?gfémgng ané 25 ngl gbof
\% % ]gir ?ﬁ Zi- ggnfagg?nbﬁgng?ﬁggﬁng]; e?hggna hgh@ngolgeerbibakaterephthagatecd by
‘was prepared by wayof fusion-forming of both of them,

at a speed of 2.72 mimn, usinqgg
[ i iz >

using a multi-layer inflation film device and its temsile
characteristics were_meaéured. The results are shown in
Table 2.

Example 7: _

A biaxially drawn laminate film was obtained by way
of melt-processing of a thermotropic liquid crystal
polymer obtained similé:ly as ain Example 6 and
polyethylene terephthalate,_usingla T-die type multi-layer

extruding device and a biaxial drawing device.

5

Uh



were neasured. The results are in Table 2. Exanple 7: A bi aXlaIIy
drawn | am nate fitmwas obtain way of melt-processing of a

thermotropic Iiquid crystal pol ymer obtained simlarly as ain Exanpl e _
pol ye;‘hyl ene terephthalate, using a T-die type nulti-layer extruding dew

. using a multi-layer inflation zb?;dew ce and its tensile characteristics

and a<bt axi al draw ng devi ce. Tabl e 1 Tensile characteristics of i
| ami nate fil mNQ Conposi tion Tensi
strengt hs Conpari son Thernotropic liquid crystal polyner - ND 477
Exanmple 1 ~ (T.LCP) TD 26.6 Exanple 1
T.LCP / Pol ycarbopat.e 33.5 1D 64, ample 2 :
T.LCP / 12 Nyl on P18 1 rensite characterisGicS®f TUP8t% %%X le 3 T.LCP
/ Pol yet hyl ene terephthal ate 417 TD 96.0 Exanple 4 _T.LCP
Pol ybut yl gne terephthdl ate’ MD 402 TD 55.9 ;
yRury eﬂ Moo " Composition Tensile
strengths
Comparigon The:motronic liquid crystal polymer MD 477
Example 1 (T.LCP) TD 26.6
_ Example 1 T.LCP / Polycarbonate MD 335
Y
Example 2 T.LCP / 12 Nvion MD 391
™ 78.4
Example 3 T.LC? / Polyethyvlene terephthalate MD 417
- TD 96.0
Example 4 T.LCP [/ Polybutyvlene terzepnthalate MD 402
: TD 5S5.9
Example S T.LCP / Polyé#:ylate MD 421
™ 63.7

Table 2 Film forming method and tensile strength

s
N Composition Tensile
: °- < strengths
Example 6 2 Layer inflation film ] MD 176
T.ILCP / Polyethylene tersphthalate TD 118
Example 7 2 Layer extrusion biaxial drawing MD 368
' T.LCP / Polyethylene terephthalate ™ 174




T.LCP / Polya rylate MD 421 TD 63.7 Tabl e-

I ng nmethod and t i strength Tensil e No.
e:%‘ gth Exanple 6 2 Layer-inflation film
/ Pol yet hyl ene r epht hal at e TD 118 Exanple 7- 2
lon biaxial drawing. MD 368 T.LCP / Pol yet hyl ene m—
e TO 174 CLAI M5 1. A process for nanufacturlng avl

qtzgf#%sheet conprising a single layer of a filmof & pol yner
aadapte- to fformthe anisotropic nelt phase (as herei nbefore defined) and a

single layer of a filmof a thernoplastic polynmer, which process conprises

| am nating the two | ayers to each other. 2. A process as clained in claim
1, in which Bt | eRsprocesef foéhempntfactaringl anlamindted pbitymebeshbet
fusi on noul di ng. 3. A process as clained in claiml or claim2, in which

t he pol yner comptising &osinghe hayentoﬁpacfntmtoﬁhaspolymenraﬂdpaeda
uniaxially oriented filmand the
to form the an1sotrop1c melt phase (as herelnbefore

defined) and a single layer of a film of a thermoplastic

polymer, which p:ocess comprises laminating the two layers |
| o/

to each other.

2. A process as claimed in claim 1, in which at least

one of the polymers is laminated to the other by fusion
moulding. _ |

3. A process as claimed in claim 1 or claim 2, in which

the polymer adapted to form the an1sotrop1c melt phase is

formed as a un1ax1a11y or1ented.sheee and the

thermoplastic polymer is 1am1nated thereon. ;;/

4. A process as claimed in claim 3 in which the
thermoplastic polymer is laminated by melt processing on.

the polymer adapted to form the anisotropic melt phase.

5. A process as claimed in claim 1 or claim 2, in which
the film layers are produced by simultaneous melt

processing of the two polymers.

1



t hernopl astic polymer is |amnated thereon. 4. A process as clai ned
tlaim3 in which the thernnplagg;g pol ymer |s | am nated by nelt progé

on the pol yner adapted to for i sotropic nmelt phase. 5. A
as ¢laimed in'claiml or claim which the filmlayers are prodg
S|nultaneous melt processing of the two polyners. - 6. A process
cl ai ~in any preceding claim which includes the further step of
stretching the | am nated polyner sheet biaxially. 7. A process as cl ai med
in any preceding d\ proceqss oﬂrs iglaimed imeanyrpreceding olaimatwhiehting

t he | am nat ed polyner sheet. 8. A process as clainmed in any preceding
claim in whilnek %xﬁ@ﬁn#uﬁﬁhﬁieitQR)Qfﬂ#ﬁ!¢kﬂbﬁﬂ§oth@pl%mh%ateéhase is a
pol yester contajning nore than 10 nol e percent of a naphthal ene part
cont ai ni ng r ARLYMET, SheRt PIAXIALIBE rom 6- hydr oxy- 2- napht hoyl |

2, 6- di oxynapht hal ene and 2, 6-di car boxynapht hal ene. 9. A process as
clainmed in any preceding clain1 I n which the thernoplastic polyner is

selected 1o a pof YR s R YEAUNRER o AR VPR EUEDS: ' E1E0D" "BhELE:

pol ybut yl ene
includes the further step of heat treating the laminated

polymer sheet.

8. A process as claimed in any preceding claim, in which
the polymer adapted to form the aﬁisotropic melt phase is
a polyester containing more than 10 mole percent of a
naphthalene part containing.repetitive units selected from
6~hydroxy-2-naphthoyl, 2,6-dioxynaphthalene and
2,6—dicarboxynaphtha1ene.

9. A process as claimed in any preceding'claim,.in which

~ the thermoplastic polymer is selected from a polyamide,

- polycarbonate, polyethylene térephthalate, polybutylene
terephthalate, aromatic pg%zfster; polyether sulphone,
polyether imide, polyethea{ketqne or polyphenylene
sulphide. '

10. "A laminated polymer sheet whenever prepared by a

process as claimed in any preceding claim.

I



3.1
.

terephthal ate, aromatic polyester, polyether sul phone, polyether inmde,

pol yethe ot her ketone .or polyph | erfe sul phide. 10. A | am nated pol yner
shed renever prepared by a pr(?%sgas clainmed in any precéding claim

1% ¢ Am\nat ed pol ynmer sheet as €lained in claim10 in which the strength
of~ dget in the direction of orientation of nolecules of the polyrep
adap g formthe anisotropic nelt phase is nostly provided by the Swe d

pol yxer gnd the strength of the sheet .in a directjon, at right alnoql,es to the
r+

ectlilon iAs ed RAlyme T, BheRt R GFined (0 SRR AT AR 12, A
| ami nat od pol yrer shoet, 25 SAITPULD SLALM LD A, Yy o Y G el udes ar
orientation of molecules of the polymer adapted to form
the anisotropic melt phase is mostly provided by tt_xe said
polymer and the strength of the sheet in a direction at
right angles to the first direction is mostly provided by

the thermoplastic polymer.

o/
12. A laminated polymer sheet as claimed in claim -{g- or
1'1’—5', ‘which includes an adhesive between the two polymer
layers.

A



