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SUMMARY 

Development effort was required to obtain knowledge for selecting 
thermoplastic materials for new high strength-to-weight applications. 
This need existed because manufacturers' published product data are 
often limited and in most cases fail to disclose the disadvantages 
of new molding resins. Nine recently developed commercially avail- 
able injection molding resins were investigated for these applica- 
tions. 1-4 

Glass-filled polyesters and polyphenylene sulfide materials have 
excellent solvent and chemical resistance along with low and 
predictable mold shrinkage fac ors. TPX, a methylpentene polymer, 
has a low density of 0.83 jg/cm5, but a high and variable mold 
shrinkage factor. Structural foams were easily processed on 
existing'equipment and parts having a density of about 50 percent 
of the base material were obtained. 



DISCUSSION 

SCOPE AND PURPOSE 

Development e f f o r t  w a s  r e q u i r e d  t o  o b t a i n  knowledge f o r  s e l e c t i n g  
t h e  t h e r m o p l a s t i c  materials f o r  new h igh  s t rength- to-weight  
a p p l i c a t i o n s .  New and d i f f e r e n t  molding r e s i n s  p e r i o d i c a l l y  become 
a v a i l a b l e  t o  t h e  molding i n d u s t r y  w i th  t h e  i n fo rma t ion  r e g a r d i n g  
t h e s e  m a t e r i a l s  be ing  l i m i t e d  t o  t h e  m a n u f a c t u r e r ' s  pub l i shed  
l i t e r a t u r e  and an o c c a s i o n a l  c u r s o r y  i n v e s t i g a t i o n  of  t h e i r  p roper -  
t i e s .  I n  most c a s e s  t h e  manufac tu re r s  f a i l  t o  p u b l i s h  t h e  
d i s a d v a n t a g e s ,  o r  t h e  polymer s t r u c t u r e ,  of t h e i r  new p r o d u c t s .  

For  t h i s  endeavor f o u r  t h e r m o p l a s t i c  p o l y e s t e r s ,  a polyphenylene 
s u l f i d e ,  a methylpentene polymer,  two po lyca rbona te  s t r u c t u r a l  
foams and one t h e r m o p l a s t i c  p o l y e s t e r  s t r u c t u r a l  foam were i n v e s t i -  
ga t ed .  P h y s i c a l  and chemical  p r o p e r t i e s  i n  a d d i t i o n  t o  t h e  
p r o c e s s a b i l i t y  of  each  material were de te rmined .  

PRIOR WORK 

Data were g e n e r a t e d  i n  PDO 6984565, High Temperature The rmop las t i c s ,  
which w a s  concluded i n  January  1971. E a r l y  development l o t s  of  
t h e  Celanese  Chemical Company's t h e r m o p l a s t i c  p o l y e s t e r  and t h e  
P h i l l i p s  Petroleum Company's polyphenylene s u l f i d e  i n j e c t i o n  
molding r e s i n  were s t u d i e d .  These d a t a  were compared t o  t h e  
p roduc t ion  m a t e r i a l  u sed  i n  t h i s  endeavor .  

ACTIVITY 

E v a l u a t i o n  o f  Thermoplas t ic  P o l y e s t e r  Molding Res ins  

Four t h e r m o p l a s t i c  p o l y e s t e r  molding r e s i n s ,  each  from a  d i f f e r e n t  
manufac tu re r ,  were e v a l u a t e d .  A chemical  c h a r a c t e r i z a t i o n  s t u d y  
of  t h e  materials r e v e a l e d  many s imi la r i t i es  among materials. The 
few d i f f e r e n c e s  were probably  no g r e a t e r  t han  normalf l o t - t o - l o t  
v a r i a t i o n s .  From t h e  rheology s t u d y ,  i t  appea r s  t h e s e  polymers 
are q u i t e  s t a b l e  and can b e  molded u s i n g  extended c y c l e  t i m e s .  
The materials i n v e s t i g a t e d  were Valox 420 from General  E l e c t r i c  
Company, Celanex 3300 from Celanese  Chemical c o r p o r a t i o n ,  T e n i t e  
6H91 from Eastman Chemical Company and LNP WF-1006 from Liquid  
Ni t rogen  P r o c e s s i n g  Company. 

A molding s t u d y  a m p l i f i e d  t h e  f i n d i n g s  of  t h e  chemical  c h a r a c t e r -  
i z a t i o n  s t u d y .  The polymers were a l l  molded and p roces sed  under  



t h e  same sets of c o n d i t i o n s .  F i f t e e n  expe r imen ta l  l i n e s  ( d i f -  
r 

f e r e n t  se ts  o f  c o n d i t i o n s )  were used  t o  produce tes t  specimens 
f o r  a s t a t i s t i c a l  a n a l y s i s  of  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of 
each  r e s i n .  Three molding v a r i a b l e s - - i n j e c t i o n  p r e s s u r e ,  mold - 
t empera tu re  and m e l t  temperature--each had f i v e  l e v e l s  of  v a r i a n c e  
w h i l e  t h e  mold f i l l  t i m e  had t h r e e  l e v e l s .  A l l  o t h e r  molding 
c o n d i t i o n s  were h e l d  c o n s t a n t .  

The f low i n  t h i n  s e c t i o n s  w a s  ve ry  good; however, s h r i n k  marks 
o c c u r r e d  i n  p a r t s  w i t h  ab rup t  t h i c k n e s s  changes .  The major  draw- 
back a s s o c i a t e d  w i t h  t h e  m a t e r i a l s  w a s  t h e  d i f f e r e n t i a l  s h r i n k a g e  
f o r  b o t h  t h i c k - t o - t h i n  areas and f o r  t h e  p a r a l l e l  and p e r p e n d i c u l a r  
t o  f l ow d i r e c t i o n s .  Warpage u s u a l l y  r e s u l t s  from d i f f e r e n t i a l  
s h r i n k a g e .  

I t  w a s  found t h a t  t h e  f o l l o w i n g  c o n d i t i o n s  must be  o b t a i n e d  t o  
produce h igh  q u a l i t y  p a r t s :  a t i g h t - f i t t i n g  mold wi th  adequa te  
v e n t i n g ,  moderate m e l t  t empera tu re ,  f a s t  mold f i l l i n g  and 
moderate-to-high i n j e c t i o n  p r e s s u r e .  Absolute  numbers cannot  be  
g iven  because  each  p a r t ,  mold d e s i g n  and p r o p e r t y  d e s i r e d  must be  
cons ide red .  

E v a l u a t i o n  of Polyphenylene S u l f i d e  

P h i l l i p s  Petroleum Company's R-4 polyphenylene s u l f i d e  (PPS) w a s  
e v a l u a t e d .  The chemical  s t r u c t u r e  w a s  v e r i f i e d ,  t h e  polymer w a s  
c h a r a c t e r i z e d  and s e v e r a l  p h y s i c a l  p r o p e r t i e s  were determined.  
A chemical  e v a l u a t i o n  determined t h e  glass t r a n s i t i o n  t empera tu re  
t o  be  llS°C and t h a t  t he rma l  decomposi t ion b e g i n s  a t  about  375OC. 

S i x t e e n  expe r imen ta l  l i n e s  ( d i f f e r e n t  sets of c o n d i t i o n s )  were 
used  t o  produce t e s t  specimens f o r  a s t a t i s t i c a l  a n a l y s i s  of t h e  
p h y s i c a l  c h a r a c t e r i s t i c s  of  t h e  molding r e s i n .  Three molding 
v a r i a b l e s - - i n j e c t i o n  p r e s s u r e ,  mold t empera tu re  and m e l t  
temperature--each had f i v e  l e v e l s  of  v a r i a n c e  wh i l e  t h e  mold f i l l  
t i m e  had t h r e e  l e v e l s .  A l l  o t h e r  molding c o n d i t i o n s  w e r e  h e l d  
c o n s t a n t .  

~ o l y p h e n y l e n e  s u l f i d e  can be  molded s u c c e s s f u l l y  under a wide 
range  of  c o n d i t i o n s .  I t  has  low s h r i n k  a long  w i t h  low d i f f e r -  
e n t i a l  s h r i n k  and warp c h a r a c t e r i s t i c s ,  a s  w e l l  a s  a 260°C h e a t  
d i s t o r t i o n  t empera tu re .  

The r e s u l t s  of  t h i s  s t u d y  i n d i c a t e  t h a t  PPS is a ve ry  s t r o n g ,  
s t a b l e  material hav ing  h i g h  t empera tu re  s t a b i l i t y .  I t  is s o l v e n t  
r e s i s t a n t  and can b e  used  i n  a p p l i c a t i o n s  where a roma t i c  and 
c h l o r i n a t e d  s o l v e n t s  are p r e s e n t .  A drawback t h a t  would p o s s i b l y  
i n f l u e n c e  its s e l e c t i o n  would be  t h e  opaque d a r k  brown c o l o r ,  
which a l s o  p r e c l u d e s  it from b e i n g  r e a d i l y  pigmented. 



Evalua t i'on of TPX Mol din'g' 'Re ' s l i  n  

A methylpentene  polymer (TPX) w a s  e v a l u a t e d  f o r  p o s s i b l e  low 
d e n s i t y  a p p l i c a t i o n s  because  t h i s  m a t e r i a l  h a s  a  s p e c i f i c  g r a v i t y  
of  0 .83  g /cm3 .  Rheolog ica l  p r o p e r t i e s  were e v a l u a t e d  and p h y s i c a l  
c h a r a c t e r i s t i c s  were determined.  Thermal a n a l y s e s  d a t a  w e r e  used 
t o  de te rmine  t h a t  t h e  s o f t e n i n g  p o i n t  w a s  93.5OC and t h a t  decomposi- 
t i o n  b e g i n s  a t  290°C. The material w a s  produced by I C I  L imi ted  
i n  H e r t s ,  England,  b u t  t h e  p r o c e s s  h a s  s i n c e  been a c q u i r e d  by t h e  
M i t s u i  Corpora t ion ,  Japan.  

Nine expe r imen ta l  l i n e s  ( d i f f e r e n t  sets of  c o n d i t i o n s )  w e r e  
i nc luded  i n  t h e  molding s t u d y  t o  s t a t i s t i c a l l y  e v a l u a t e  t h e  
p r o c e s s i n g  v a r i a b l e s .  Two v a r i a b l e s ,  m e l t  t empera tu re  and mold 
t e m p e r a t u r e ,  each  had f i v e  l e v e l s  o f  v a r i a n c e .  A l l  o t h e r  molding 
c o n d i t i o n s  were h e l d  c o n s t a n t .  

TPX can be molded s u c c e s s f u l l y  under  a wide range  of  c o n d i t i o n s .  
The major  f e a t u r e s  of  t h e  material i n c l u d e  h igh  t r a n s p a r e n c y  and 
low s p e c i f i c  g r a v i t y  ( 0 . 8 3  g/cm3). P h y s i c a l  p r o p e r t i e s  of t h e  
polymer are s imilar  t o  t h o s e  o f  h igh  d e n s i t y  po lye thy lene  excep t  
t h a t  it  w i l l  s h a t t e r  upon impact .  The h e a t  d i s t o r t i o n  tempera- 
t u r e  of  TPX is about  130°C, which is f a r  g r e a t e r  t h a n  t h a t  of  
p o l y e t h y l e n e  and about  20°C h i g h e r  t h a n  t h a t  of  po lypropylene .  A 
major  drawback is i t s  h igh  and d i f f e r e n t i a l  mold s h r i n k a g e .  
P r e c i s i o n  i n j e c t i o n  molded p a r t s  would b e  ve ry  d i f f i c u l t  t o  
produce.  

Molding C h a r a c t e r i s t i c s  o f  The rmop las t i c  Foams 

~ l a k s - f i l l e d  po lycarbona te  and p o l y e s t e r  i n j e c t i o n  moldable 
s t r u c t u r a l  foam systems were e v a l u a t e d .  I n  a d d i t i o n  t o  p roces s -  
a b i l i t y ,  c e r t a i n  chemical  and p h y s i c a l  p r o p e r t i e s  of  t h e  b a s e  
materials were determined.  

The 6-percen t  g l a s s - f i b e r  f i l l e r  c o n t e n t  of foamable po lyca rbona te  
r e s i n s  w a s  t h e  on ly  p r o p e r t y  found t o  d i f f e r  from medium molecular-  
weight molding r e s i n .  No s i g n i f i c a n t  d i f f e r e n c e  w a s  found between 
foamable and s t a n d a r d  p o l y e s t e r  molding r e s i n .  

Mold t empera tu re ,  material d e n s i t y ,  i n j e c t i o n  speed and blowing 
agent  pe rcen tage  were e v a l u a t e d .  Other  molding c o n d i t i o n s  were 
h e l d  c o n s t a n t  u s i n g  set p o i n t s  recommended by t h e  manufac ture r .  

Ana lys i s  of  t h e  molding s t u d y  d a t a  s u g g e s t s  t h a t  t h e  average  p a r t  
d e n s i t y  is  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  s h o t  s i z e  and t h e  mold 
s h r i n k a g e  f a c t o r  is  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  mold tempera- 
t u r e .  I n  a d d i t i o n  n e i t h e r  t h e  blowing agent  pe rcen tage  no r  t h e  
mold t empera tu re  have l i t t l e  e f f e c t  upon t h e  average  p a r t  d e n s i t y .  



When s e l e c t e d  molded specimens were X-rayed t o  e v a l u a t e  c e l l  
s t r u c t u r e  and d e n s i t y  g r a d i e n t ,  l a r g e  v o i d s  were found i n  many of 
t h o s e  hav ing  lower d e n s i t i e s .  

I t  was determined t h a t  t h e  d e n s i t y  of  t h e  b a s e . r e s i n  can be  
reduced by approximately  50 p e r c e n t  and t h a t  t h e  foam sys tems  
i n v e s t i g a t e d  can b e  p roces sed  on e x i s t i n g  p roduc t ion  equipment.  

ACCOMPLISHMENTS 

The chemica l ,  p h y s i c a l  and p r o c e s s i n g  c h a r a c t e r i s t i c s  of  n i n e  new 
1-4 commercial ly a v a i l a b l e  e n g i n e e r i n g  t h e r m o p l a s t i c s  were e v a l u a t e d  . 

The 30 p e r c e n t  g l a s s - f i l l e d  t h e r m o p l a s t i c  p o l y e s t e r s  and 
40 p e r c e n t  g l a s s - f i l l e d  polyphenylene s u l f i d e  were found t o  have 
e x c e l l e n t  chemical  and s o l v e n t  r e s i s t a n c e .  T h e i r  mold s h r i n k a g e  
f a c t o r s  are low and v e r y  p r e d i c t a b l e .  

The TPX r e s i n  was found t o  b e  ve ry  s i m i l a r  t o  h igh  d e n s i t y  
p o l y e t h y l e n e ,  except  t h e  r e s i n  h a s  h i g h e r  t empera tu re  r e s i s t a n c e .  
D e s i r a b l e  p r o p e r t i e s  of TPX are low d e n s i t y  (0 .83  g / c m 3 )  and 
o p t i c a l  c l a r i t y .  Major drawbacks of  t h e  material are poor  impact  
r e s i s t a n c e  and a h igh  and v a r i a b l e  mold s h r i n k a g e  f a c t o r .  

The s t r u c t u r a l  foams made from b o t h  g l a s s - f i l l e d  po lyca rbona te  
and p o l y e s t e r  r e s i n s  were found t o  b e  e a s i l y  p roces sed  on e x i s t i n g  
i n j e c t i o n  molding machines t o  produce s a t i s f a c t o r y  p a r t s  having a  
d e n s i t y  o f  about 50 p e r c e n t  of  t h a t  o f  t h e  b a s e  m a t e r i a l .  
However, molds w i t h  large g a t e s  and v e n t s  are needed f o r  e f f e c t i v e  
molding. 

FUTURE WORK 

No f u r t h e r  work w i l l  b e  performed on t h i s  PDO. Add i t i ona l  
a c t i v i t y  h a s  been i n i t i a t e d  under  PDO 6984954, P r o c e s s  Parameters  
f o r  New Thermoplas t ics  and PDO 6985030, I n j e c t i o n  Molding Thermo- 
p l a s t i c  Foams. 
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