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TEE APPLICATION OF LIQaID CBPSTAL POLYMER WOPERTIES 

lX M K COX, 
ICI Advanced Materials, PO Box No 90 
Ui l ton ,  Middlesbrough, Cleveland, TS6 8JE 
United Kingdom. 

Abs t r ac t  

Liquid c r y s t a l  polymers o f f e r  a unique combination of 
p r o p e r t i e s  t o  the  end user.  These t y p i c a l l y  include 
low m e l t  v i s c o s i t y ,  f a s t  cyc le  t i m e s ,  moulding t o  
t i g h t  t o l e rances ,  very low mould 
shrinkage/warpage/sinking, e x c e l l e n t  mechanical 
p r o p e r t i e s ,  good so lven t  r e s i s t a n c e ,  1 q w  
flammabili ty , high continuous use temperature,  
e x c e l l e n t  so lde r  r e s i s t a n c e ,  low thermal expansion, 
e x c e l l e n t  b a r r i e r  p r o p e r t i e s ,  and low water 
absorption. Some of t hese  p r o p e r t i e s  a r e  exh ib i t ed  by 
conventional amorphous polymers, o t h e r s  by 
conventional c r y s t a l l i n e  polymers, but only l i q u i d  
c r y s t a l  polymers can provide t h i s  complete range of 
advantages. Many of t hese  p r o p e r t i e s  a r e  common t o  
a l l  l i q u i d  c r y s t a l  polymers. Differences a r i s e  
pr imari ly  i n  processing condi t ions,  high temperature 
performance, mechanical p r o p e r t i e s  and cos t .  
P o t e n t i a l  a p p l i c a t i o n s  of l i q u i d  c r y s t a l  polymers 
a r i s e  d i r e c t l y  from t h i s  unique combination of 
p rope r t i e s .  These include p rec i s ion  moulded s m a l l  
components, complex ex t rus ion  p r o f i l e s ,  f i l m  
e x h i b i t i n g  exce l l en t  b a r r i e r  p r o p e r t i e s ,  high 
strength/modulus f i b r e s ,  and novel composites. 

415 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
11

 1
9 

Fe
br

ua
ry

 2
01

3 



416 M. K. COX 

1 INlBODUCTION 

Both the rmot rop ic  and l y o t r o p i c  l i q u i d  c r y s t a l  polymers 
(LCP's) have been i n t e n s i v e l y  s t u d i e d  and developed f o r  
commercial a p p l i c a t i o n s .  Lyot ropic  polymers decompose 
b e f o r e  t h e  me l t ing  po in t  is  reached and are processed  from 
s o l u t i o n  i n t o  f i b r e  and f i l m .  Thermotropic polymers can  
b e  m e l t  p rocessed ,  p e r m i t t i n g  t h e  p roduc t ion  of i n j e c t i o n  
mouldings i n  a d d i t i o n  t o  f i b r e  and f i l m .  Cur ren t  
i n d u s t r i a l  a c t i v i t y  i s  concen t r a t ed  on main c h a i n  
the rmot rop ic  LCP sys tems f o r  i n j e c t i o n  moulding 
a p p l i c a t i o n s .  

2 DESIGN COBSIDERATIOS 

Aniso t ropy ,  t h e  s k i d c o r e  morphology, and weakness a t  a 
weld l i n e  a l l  need t o  be  cons ide red  when d e s i g n i n g  
components i n  LCP's. 

Aniso t ropy  of a r t i c l e s  arises from t h e  ready  molecu la r  
o r i e n t a t i o n  (by  f low,  e l e c t r i c  o r  magnet ic  f i e l d s  o r  
s u r f a c e  i n t e r a c t i o n )  and r e l a t i v e l y  long  r e l a x a t i o n  t i m e s .  

During mel t  p rocess ing ,  o r i e n t a t i o n  i s  p r i m a r i l y  produced 
by e x t e n s i o n a l  f low i n  f o u n t a i n  f low a t  t h e  advancing 
f r o n t  in i n j e c t i o n  moulding, and i n  draw down d u r i n g  f i b r e  
sp inning .  The a d d i t i o n  of f i b r o u s  and p a r t i c u l a t e  f i l l e r s  
reduces  t h e  a n i s o t r o p y  of LCP mouldings. Th i s  i s  t h e  
r e v e r s e  of t h a t  exper ienced  wi th  conven t iona l  
t h e r m o p l a s t i c s ,  where t h e  a d d i t i o n  of r e i n f o r c i n g  f i b r e s  
in t roduces /  i n c r e a s e s  an i so t ropy .  

The s k i n / c o r e  morphology produces a ' composi te '  moulding 
f o r  which t h e  p r o p e r t i e s  can  be approximate ly  
c a l c u l a t e d  from t h e  c o n t r i b u t i o n s  of t h e  s k i n  and co re .  
Molecular  o r i e n t a t i o n  a t  t h e  advancing f r o n t  d u r i n g  
i n j e c t i o n  moulding produces a n  o r i e n t e d  s k i n ,  i n  t h e  
d i r e c t i o n  of f low,  whereas t h e  c o r e  is  e s s e n t i a l l y  
d i so rde red .  The s k i n  macro layers  e x h i b i t  s u p e r i o r  
p r o p e r t i e s  t o  t h e  c o r e ,  t h e  l a t t e r  be ing  more t y p i c a l  of a 
conven t iona l  t he rmop las t i c .  The r e l a t i v e  p ropor t  i o n s  of  
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APPLICATION OF LCP PROPERTIES 417 

s k i n  and c o r e  depend on t h e  polymer, p rocess ing  c o n d i t i o n s  
and th i ckness .  Decreas ing  t h e  t h i c k n e s s  of t h e  sample 
i n c r e a s e s  t h e  r e l a t i v e  p r o p o r t i o n  of s k i n  i n  t h e  moulding 
and t h e r e f o r e  improves t h e  mechanical p r o p e r t i e s .  

A weld l i n e  is produce i n  a moulding when two f low f r o n t s  
meet, and is  a po in t  OI weakness. Seam type  weld l i n e s  
are s t r o n g e r  t h a n  b u t t  (head-to-head) weld l i n e s .  Th i s  
e f f e c t  i s  observed wi th  f i b r e  r e i n f o r c e d  c o n v e n t i o n a l  
t h e r m o p l a s t i c s .  Moulds should  be des igned  t o  minimise t h e  
e f f e c t s  of  weld l i n e s  by l o c a t i n g  them i n  n o n - c r i t i c a l  
p o s i t i o n s .  

3 PEOPERTIES/APPLICATIONG 

Liquid  c r y s t a l  polymer can  be c l a s s i f i e d  i n t o  t h r e e  b a s i c  
s t r u c t u r a l  t y p e s ,  which can  be  cons ide red  t o  be t a r g e t e d  
a t  d i f f e r e n t  a p p l i c a t i o n  areas. 

Type S t r u c t u r e  

I Aromatic,  r i g i d ,  l i n e a r  

I1 Aromatic,  r i g i d ,  d i s r u p t e d  

- 
Decreasing p rocess ing  
t empera tu re ,  h e a t  
d i s t o r t  i on  
tempera: u r e ,  
cont inuous  s e r v i c e  

111 Semi- r ig id  \1 t empera tu re  

E s s e n t i a l l y  a l l  LCP's w i l l  e x h i b i t  t h e  fundamental  
p r o p e r t i e s  of  low m e l t  v i s c o s i t y ,  low mould s h r i n k a g e ,  low 
the rma l  expans ion  and good s o l v e n t  r e s i s t a n c e .  D i f f e r e n c e s  
arise p r i m a r i l y  i n  p rocess ing  c o n d i t i o n s ,  h igh  t empera tu re  
performance ( h e a t  d i s t o r t i o n  t empera tu re ,  HDT, and 
cont inuous  u s e  t empera tu re ) ,  mechanical p r o p e r t i e s ,  and 
c o s t .  A p p l i c a t i o n s  den nding t h e  h i g h e s t  t empera tu re  
performance g e n e r a l l y  r e q u i r e  t y p e  I LCP's. Lower 
t empera tu re  a p p l i c a t i o n  r e q u i r i n g  a less f i b r i l l a t i n g  LCP 
favour  type  111 LCP's .  Type I1 LCP's are expec ted  t o  be  
p o t e n t i a l  c a n d i d a t e s  f o r  t h e  l a r g e s t  volume of LCP 
a p p l  t c a t i on 6. 
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418 M .  K. COX 

3 .1  Low m e l t  v i s c o s i t y  

The low m e l t  v i s c o s i t y  o f  LCP's  e n a b l e s  t h e i r  use:  

a )  t o  i n j e c t i o n  mould components w i t h  l o n g  o r  complex 
f low p a t h s  and t h i n  s e c t i o n s .  

b) a t  ve ry  h igh  f i l l e r  l o a d i n g s  ( u p  t o  70% w/w). 

c) a s  p r o c e s s i n g  a i d s ;  a d d i t i o n  of 10% w f w  LCP 
approx ima te ly  h a l v e s  t h e  melt v i s c o s i t y  of  a 
conven t iona l  t he rmop las t i c .  Obvious ly ,  t h e  
p rocess ing  t empera tu res  of t h e  two polymers  must 
ove r l ap .  

3.2 Ou t s t and ing  d imens iona l  s t a b i l i t y / l o w  the rma l  
expans i o n  

L C P ' s  e x h i b i t  ve ry  low mould sh r inkage  ( F i g u r e  1) and 
minimal s i n k i n g  and warpage, p e r m i t t i n g  p r e c i s i o n  moulding 
of components. I n  a d d i t i o n ,  low m o i s t u r e  a b s o r p t i o n  and 
thermal  expans ion  produce ve ry  low p o s t  moulding changes  
in dimension.  The low thermal  expans ion  of LCP's is 
s i m i l a r  t o  metals and g l a s s  ( F i g u r e  2). T h e r e f o r e  i n  
components w i t h  a n  LCP and  metal ( o r  g l a s s )  i n  c o n t a c t ,  
thermal  c y c l i n g  o r  shock of t h e  p a r t  c a u s e s  s i m i l a r  
expans ion  of b o t h  m a t e r i a l s  and p r e v e n t s  s e p a r a t i o n  o r  
c rack ing .  T h i s  p e r m i t s  t h e  u s e  of LCP's i n  a p p l i c a t i o n s  
such  a s  s u r f a c e  mount d e v i c e s  and o p t i c a l  f i b r e  
shea th fng .  

3.3 E x c e l l e n t  mechanica l  p r o p e r t i e s  

U n f i l l e d  L C P ' s  e x h i b i t  e x c e p t i o n a l  s t i f f n e s s  and s t r e n g t h  
compared w i t h  conven t iona l  polymers ,  even when t h e  l a t t e r  
a re  g l a s s  f i b r e  r e i n f o r c e d  ( F i g u r e  3 ) .  The re fo re  h igh  
s t r eng th /modu lus  f i b r e  c a n  be  spun ,  which is used  i n  
p r o t e c t i v e  c l o t h i n g ,  etc. Mechanical  p r o p e r t i e s  d e c r e a s e  
wi th  i n c r e a s i n g  t empera tu re ,  as f o r  c o n v e n t i o n a l  
c r y s t a l l i n e  polymers. However, t h e  e x c e l l e n t  room 
t empera tu re  p r o p e r t i e s  e n s u r e  u s e f u l  mechanica l  p r o p e r t i e s  
a t  t empera tu res  i n  excess of 200°C. 
polymers, LCP's used under  load  f o r  l ong  p e r i o d s  of  t i m e  

I n  common w i t h  o t h e r  
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422 M. K. COX 

w i l l  e x h i b i t  creep. The a d d i t i o n  of g l a s s  f i b r e  t o  LCP's 
s i g n i f  i c a n t l y  i n c r e a s e s  c r e e p  r e s i s t a n c e .  LCP ' s e x h i b i t  
good f a t i g u e  r e s i s t a n c e ,  p e r m i t t i n g  t h e i r  use  i n  
a p p l i c a t i o n s  invo lv ing  v i b r a t i o n  o r  c y c l i c a l  l oad ing .  

3 . 4  Good h i g h  t empera tu re  p r o p e r t i e s  

L C P ' s  have h igh  h e a t  d i s t o r t i o n  t empera tu res  (which are 
inc reased  by t h e  a d d i t i o n  of g l a s s  f i b r e )  and h i g h  
con t inuous  use  tempera tures .  Th i s  pe rmi t s  use  i n  
environments such  as under c a r  bonnets .  

3.5 E x c e l l e n t  S o l d e r  R e s i s t a n c e  

LCP components e x h i b i t  excellent s o l d e r  r e s i s t a n c e ,  
wi thout  d r y i n g ,  p e r m i t t i n g  t h e i r  u se  i n  a wide r ange  of 
e l e c t r o n i c  a p p l i c a t i o n s .  

3.6 Low f l ammabi l i t y  

Liquid c r y s t a l  polymers g e n e r a l l y  have VO f l ammabi l i  t y  
r a t i n g s  and h i g h  l i m i t i n g  oxygen i n d i c e s ,  and r e l a t i v e l y  
low smoke and t o x i c  g a s  emiss ion  on burn ing .  

3.7 E x c e l l e n t  envi ronmenta l  r e s i s t a n c e  

LCP's e x h i b i t  e x c e l l e n t  b a r r i e r  p r o p e r t i e s  and r e s i s t a n c e  
t o  ino rgan ic  and o rgan ic  s o l v e n t s ,  weather ing  (U. V. 
d e g r a d a t i o n ) ,  and r a d i a t i o n ,  e n a b l i n g  t h e i r  u s e  i n  
a g g r e s s i v e  environments.  The i r  e x c e l  l e n t  b a r r i e r  
p r o p e r t i e s  o f f e r  p o t e n t i a l  u se  i n  f i l m  packaging. 

CONCLUSION 

The unique p r o p e r t y  p r o f i l e  of LCP's o f f e r s  p o t e n t i a l  
s o l u t i o n s  t o  problems which conven t iona l  materials are 
unab le  t o  s o l v e .  I n i t i a l  a p p l i c a t i o n s  a r i s e  from t h i s  
combination o f  p r o p e r t i e s ,  which i s  of p a r t i c u l a r  i n t e r e s t  
t o  t h e  e l e c t r o n i c / e l e c t r i c a l  and au tomot ive  marke ts .  
However, as w i t h  o t h e r  m a t e r i a l s ,  unexpected a p p l i c a t i o n s  
w i l l  a l s o  a r i s e .  A c t i v i t y  w i t h i n  the chemica l  i n d u s t r y  is 
h igh  and f u r t h e r  announcements of new L C P ' s  are expec ted .  
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