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@  Thermoplastic  elastomer  compositions  for  low  pressure  molding. 

@  Compositions  comprising  a  thermoplastic  elastomer, 
e.g.  radial  block  butadiene/styrene  copolymer,  solid  res- 
inous  polymer,  e.g.  vinyl-substituted  aromatics,  and  one  or 
more  specific  polar  compounds.  The  specific  polar  com- 
pounds  are  chosen  from  among  simple  and  polymeric  al- 
kaline  glycols,  their  mono-  and  dialkyl  ethers;  ethanol- 
amines,  isopropanolamines,  and  their  hydrocarbyl-substitut- 
ed  derivatives;  liquid  acrylonitrile/butadiene  polymers; 
,acrylonitrile/butadiene  blends  with  homopolymers  of  poly- 
vinyl  chloride  and  styrene/acrylonitrile  copolymers;  and 
mixtures  thereof.  A  method  using  these  compositions  for 
producing  molded  objects  at  a  molding  pressure  of  up  to 
about  200  psig.  Molded  objects  produced  from  these  com- 
positions  and  molded  objects  produced  by  this  method  of 
molding. 



B a c k g r o u n d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to   m o l d i n g   c o m p o s i t i o n s .   In  one  o f  

i t s   more  s p e c i f i c   a s p e c t s   t h i s   i n v e n t i o n   r e l a t e s   t o   t h e r m o p l a s t i c  

m o l d i n g   c o m p o s i t i o n s .   More  p a r t i c u l a r l y ,   t h e   i n v e n t i o n   r e l a t e s   t o  

t h e r m o p l a s t i c   m o l d i n g   c o m p o s i t i o n s   c o n t a i n i n g   p o l a r   c o m p o u n d s .  

In  a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n   i t   r e l a t e s   to   a  m e t h o d   f o r  

m o l d i n g   t h e r m o p l a s t i c   m o l d i n g   c o m p o s i t i o n s .   More  p a r t i c u l a r l y ,   t h e  

i n v e n t i o n   s p e c i f i c a l l y   r e l a t e s   to   t h e   use  of  e n e r g y   of  m i c r o w a v e  

f r e q u e n c y   in  m o l d i n g   t h e r m o p l a s t i c   c o m p o s i t i o n s .   In  y e t   a n o t h e r  

a s p e c t   t h e   i n v e n t i o n   r e l a t e s   to   o b j e c t s   m o l d e d   of  t h e r m o p l a s t i c  

m o l d i n g   c o m p o s i t i o n s .  

In  t he   p a s t ,   m i c r o w a v e   e n e r g y   has   b e e n   u s e d   in  v u l c a n i z i n g  

t e c h n i q u e s   to   r a i s e   t h e   t e m p e r a t u r e   of  v u l c a n i z a b l e   c o m p o s i t i o n s  

c o n t a i n i n g   p o l a r   c o m p o u n d s   to   a  l e v e l   at  w h i c h   v u l c a n i z a t i o n   c a n  

be  a c c e l e r a t e d   by  c o n v e n t i o n a l   m e a n s .   I t   has   now  b e e n   d i s c o v e r e d  

t h a t   m i c r o w a v e   e n e r g y   can  be  u s e d   to   i n c r e a s e  

t h e  



t e m p e r a t u r e   of  p o l y m e r / r e s i n   compos i t i ons   c o n t a i n i n g   po la r   compounds  above  t h e  

s o f t e n i n g   poin t   to  permit   low  p r e s s u r e   molding.  A  number  of  po la r   components  

and  polymers  tha t   w i l l   work  well   to  promote  the  s t a r t   of  v u l c a n i z a t i o n   u s i n g  

microwave  energy  are  not,  however,  u se fu l   in  promoting  s o f t e n i n g   of  t h e r m o -  

p l a s t i c   c o m p o s i t i o n s .   Tempera tures   ob t a ined   w i th in   p r a c t i c a l   time  cycles   a r e  

not  enough  to  overcome  the  flow  d e f i c i e n c y   caused  by  the  a d d i t i o n   of  s o l i d   n o n -  

t h e r m o p l a s t i c   polar   polymers  such  as  h a l o g e n a t e d   r u b b e r s ,   n i t r i l e   r u b b e r s ,  

and/or   f i l l e r s   such  as  carbon  b lack .   It  should  also  be  po in ted   out  that   h i g h l y  

f i l l e d   r e s i n s   do  not  r e a c t  w e l l   to  microwave  energy  so  tha t   h igh ly   f i l l e d  

t h e r m o p l a s t i c   e l a s t o m e r   based  s tocks   r e s u l t   in  lower  melt  flow  r a t e s   because  o f  

l e s s e r   p e r c e n t a g e s   of  polymer  in  the  t o t a l   compos i t i on .   Limited  c o m p a t i b i l i t y  

with  t h e r m o p l a s t i c   e l a s t o m e r s   also  c o n t r i b u t e s   to  lack  of  e f f i c i e n c y   of  some 

i n g r e d i e n t s   which  proved  u s e f u l   in  promoting  v u l c a n i z a t i o n ,   but  are  not  u s e f u l  

in  promoting  s o f t e n i n g   of  t h e r m o p l a s t i c   c o m p o s i t i o n s .   O v e r a l l ,   i t   has  b e e n  

found  that   po la r   compounds  u s e f u l   in  t h e r m o p l a s t i c   compos i t i ons   used  in  low 

p r e s s u r e   molding  must  be  s e l e c t i v e l y   c h o s e n .  

It  is  t h e r e f o r e   an  ob jec t   of  th is   i n v e n t i o n   to  provide   c o m p o s i t i o n s  

of  ma t t e r   tha t   can  be  molded  at  p r e s s u r e s   below  about  200  ps ig .   More  p a r t i c u -  

l a r l y ,   i t   is  an  ob j ec t   of  th i s   i n v e n t i o n   to  provide   t h e r m o p l a s t i c   mo ld ing  

compos i t i ons   c o n t a i n i n g   po la r   compounds  that   can  be  molded  at  low  p r e s s u r e s .  

It  is  ano the r   ob j ec t   of  th i s   i n v e n t i o n   to  provide   a  method  for  molding  t h e r m o -  

p l a s t i c   compos i t i ons   c o n t a i n i n g   po la r   compounds.  More  p a r t i c u l a r l y ,   i t   is  an  

o b j e c t   of  th i s   i n v e n t i o n   to  p rov ide   a  method  for  molding  t h e r m o p l a s t i c   c o m p o s i -  

t ions   using  energy  at  microwave  f r e q u e n c i e s   in  the  molding  p r o c e s s .   It  i s  

s t i l l   ano the r   ob jec t   of  th is   i n v e n t i o n   to  p rov ide   molded  o b j e c t s   of  t h e r m o -  

p l a s t i c   molding  compos i t i ons   c o n t a i n i n g   po la r   compounds.  

Other  a s p e c t s ,   o b j e c t s ,   and  the  va r ious   advantages   of  th is   i n v e n t i o n  

w i l l   become  appa ren t   upon  read ing   th i s   s p e c i f i c a t i o n   and  the  appended  c l a i m s .  



Sta tement   of  the  I n v e n t i o n  

Composi t ions   are  provided  compr is ing   a  major  amount  of  t h e r m o p l a s t i c  

e l a s t o m e r   and  minor  amounts  of  s o l i d   r e s inous   polymers  along  with  one  or  more 

s p e c i f i c   po la r   compounds  so  that   the  r e s u l t i n g   compos i t ions   can  be  r e a d i l y  

p r e h e a t e d   by  exposure   to  energy  at  microwave  f requency  to  a  moldable  c o n s i s t -  

ency  tha t   can  be  molded  at  a  p r e s s u r e   of  200  psig  or  l e s s .  

In  one  embodiment  of  the  i n v e n t i o n   a  method  for  molding  a r t i c l e s   i s  

p rovided   in  which  molding  compos i t ion   s o l i d s   as  d e s c r i b e d   above  are  i n t r o d u c e d  

in to   a  mold  and  enc losed   t h e r e i n ,   with  the  a p p l i c a t i o n   of  microwave  energy  t o  

the  compos i t i on   for  a  time  s u f f i c i e n t   to  produce  a  moldable  c o n s i s t e n c y   in  t h e  

compos i t i on .   T h e r e a f t e r ,   molding  p r e s s u r e ,   up  to  about  200  ps ig ,   is  app l i ed   t o  

the  molding  compos i t i on   for  a  time  s u f f i c i e n t   to  produce  a  molded  a r t i c l e   a f t e r  

which  the  mold  is  cooled  and  the  cooled  molded  a r t i c l e   is  unmolded.  

In  yet  ano ther   embodiment  of  the  i n v e n t i o n   molded  a r t i c l e s   are  p r o -  

vided  which  are  produced  from  a  molding  compos i t ion   as  d e s c r i b e d   above  a n d / o r  

are  produced  by  the  method  of  molding  d e s c r i b e d   a b o v e .  

The  i n v e n t i o n   d e s c r i b e d   he r e in   can  be  o the rwi se   s t a t e d   as  f o l l o w s :  

compos i t i ons   compr is ing   a  major  amount  of  a  t h e r m o p l a s t i c   e l a s t o m e r ,   e . g . ,  

r a d i a l   block  b u t a d i e n e - s t y r e n e   copolymer  and  minor  amounts  of  so l id   r e s i n o u s  

polymers ,   s t a b i l i z e r s ,   f i l l e r s ,   p l a s t i c i z e r s ,   and  one  or  more  polar   compounds 

form  the  ba s i s   of  th is   i n v e n t i o n .   The  r e s u l t i n g   compos i t i ons   are  p a r t i c u l a r l y  

a d a p t a b l e   to  p r e h e a t i n g   by  the  a p p l i c a t i o n   of  energy  at  microwave  f r e q u e n c y  

a f t e r   which  they  can  be  molded  under  low  p r e s s u r e   into  va r ious   u se fu l   a r t i c l e s ,  

e . g . ,   sheet   s tock ,   shoe  s o l e s ,   mats,  watch  bands,   and  the  l i k e .  

The  t h e r m o p l a s t i c   e l a s t o m e r s   u se fu l   in  p r a c t i c i n g   th is   i n v e n t i o n   a r e  

normal ly   s o l i d   l i n e a r   and  r a d i a l   t e l e b l o c k   copolymers  which  c h a r a c t e r i s t i c a l l y  

e x h i b i t   high  t e n s i l e   s t r e n g t h   and  e l o n g a t i o n   in  t he i r   n a t u r a l   c o n d i t i o n ,   e . g . ,  

n o n v u l c a n i z e d   s t a t e .   The  copolymers  are  d e s c r i b e d   in  more  d e t a i l   in  U.S .  

Pa t en t s   3 ,823 ,109 ;   3 ,826,776  and  3 ,959 ,545 .   P a r t i c u l a r l y   s u i t a b l e   copo lymer s  



are  those  de r ived   from  b u t a d i e n e   and  s t y r e n e   in  which  the  b u t a d i e n e   to  s t y r e n e  

r a t i o   can  vary  from  about  85/15  to  about  45/55  pa r t s   by  w e i g h t  a n d   the  r u b b e r  

w i l l   c o n t a i n   from  about  10  to  about  55  wt.  %  of  the  s t y r e n e   i n c o r p o r a t e d   as  

t e r m i n a l   p o l y s t y r e n e   b l o c k s .  

The  amount  of  the  t h e r m o p l a s t i c   e l a s t o m e r   employed  in  the  c o m p o s i t i o n s  

c o n s t i t u t e s   from  about  30  to  about  100  wt.  %  of  the  t o t a l   polymers  u t i l i z e d   i n  

p r e p a r i n g   the  c o m p o s i t i o n s .  

The  o ther   polymers  employed  in  forming  the  c o m p o s i t i o n s ,   from  about  0 

to  about  70  wt.  %  of  t o t a l   polymer  u t i l i z e d ,   are  g e n e r a l l y   s o l i d   r e s i n o u s  

polymers  of  a  v i n y l - s u b s t i t u t e d   a romat ic   compound,  e . g . ,   s t y r e n e ,   a l p h a - m e t h y l  

s t y r e n e ,   e t c . ,   alone  or  copo lymer ized   with  a  monomer  such  as  a c r y l o n i t r i l e   or  a  

con juga ted   diene  such  as  b u t a d i e n e .   Such  homopolymers  and  copolymers  g e n e r a l l y  

have  d e n s i t i e s   in  the  range  from  about  1.04  to  about  1.10  g/cc  (ASTM  D  7 9 2 ) ,  

a  t e n s i l e   s t r e n g t h   in  the  range  from  about  5,000  to  about  12,000  psi   ( 3 4 . 5  -  

82.7  MPa),  ASTM  D  638,  and  a  Shore  A  Hardness  ranging   from  about  35  to  about  95 

(ASTM  D  2240)  at  about  23°C. 

The  polar   compounds  ( p o l a r i z i n g   agent)   employed  in  the  i n v e n t i o n   compo- 

s i t i o n s   are  normal ly   l i q u i d   or  s o l i d   in  na tu re   and  are  s e l e c t e d   from  among 

simple  and  po lymer ic   a l ky l ene   g l y c o l s   and  t h e i r   mono  and  d i a l k y l   e t h e r s ,   e t h a n o l -  

amines  and  i s o p r o p a n o l a m i n e s   and  t h e i r   h y d r o c a r b y l - s u b s t i t u t e d   d e r i v a t i v e s   and 

mix tu res   t h e r e o f .   Exemplary  compounds  i nc lude   e t h y l e n e   g l y c o l ,   1 , 2 - p r o p y l e n e  

g lyco l ,   1 , 3 - b u t y l e n e   g l y c o l ,   1 , 4 - b u t y l e n e   g l y c o l ,   1 , 6 - h e x y l e n e   g l y c o l ,   d i e t h y l e n e  

g l y c o l ,   t r i e t h y l e n e   g l y c o l ,   d i p r o p y l e n e   g l y c o l ,   t h i o d i e t h y l e n e   g l y c o l ,   e t c . ,  

p o l y e t h y l e n e   g lyco l s   having  average  mo lecu la r   weights   ranging  from  about  200  t o  

about  6,000;  p o l y p r o p y l e n e   g lyco l s   having  average  molecu la r   weights   a v e r a g i n g  

from  about  400  to  about  2,000;  mixed  p o l y ( e t h y l e n e ) - p o l y ( p r o p y l e n e )   g l y c o l s  

having  average  mo lecu la r   weights   ranging   up  to  about  6,000  and  c o n t a i n i n g   f rom 

about  30  to  about  90  wt.  %  e t h y l e n e   oxide;  the  monomethyl,  monoethyl  and  mono- 

bu ty l   e t h e r s   of  e t h y l e n e   g l y c o l ,   p ropy lene   g lyco l   and  d i e t h y l e n e   g lyco l ;   t h e  



monomethyl  and  monoethyl  e t h e r s   of  t r i e t h y l e n e   g lyco l ;   the  d imethyl   and  d i e t h y l  

e t h e r s   of  d i e t h y l e n e   g lyco l ,   d i p r o p y l e n e   g lyco l   and  t r i m e t h y l e n e   g lyco l ;   t h e  

a l k a n o l a m i n e s   and  s u b s t i t u t e d   a l kano l amines   based  on  e thano l   and  i s o p r o p a n o l  

such  as  mono-,  di-  and  t r i e t h a n o l a m i n e ,   mono-,  di-   and  t r i i s o p r o p y l a m i n e ,  

m e t h y l e t h a n o l a m i n e ,   d i b u t y l e t h a n o l a m i n e ,   p h e n y l d i e t h a n o l a m i n e ,   d i ( 2 - e t h y l h e x y l )  

e t h a n o l a m i n e ,   d i m e t h y l i s o p r o p a n o l a m i n e ,   d i b u t y l i s o p r o p a n o l a m i n e ,   and  the  l i k e ;  

and  mix tu res   t h e r e o f .   Other  polar   compounds  such  as  l i q u i d   a c r y l o n i t r i l e  
p o l y m e r  

b u t a d i e n e   polymers ,   a c r y l o n i t r i l e - b u t a d i e n e   b lends  with  homopolymers  of  p o l y -  

v i n y l c h l o r i d e   and  s t y r e n e   a c r y l o n i t r i l e   copolymers  are  e f f e c t i v e .   P r e s e n t l y  

p r e f e r r e d   compounds  i nc lude   d i e t h y l e n e   g lyco l   and  t r i e t h a n o l a m i n e   and  m i x t u r e s  

t h e r e o f .  

P o l a r i z i n g   agents   s e l e c t e d   from  among  s o l i d   n i t r i l e   r ubbe r s ,   p o l y -  

c h l o r o p r e n e   polymers  and  carbon  black  are  not  s u i t a b l e   for  use  in  the  a p p l i c a -  

t ions   e n v i s i o n e d   in  the  i n s t a n t   i n v e n t i o n   because  compos i t ions   c o n t a i n i n g   such  

agents   do  not  flow  r e a d i l y   under  the  low  molding  p r e s s u r e s   u t i l i z e d   in  t h e  

p rocess   of  t h i s   i n v e n t i o n .  

S u f f i c i e n t   p o l a r i z i n g   agent  is  inc luded   in  the  compos i t ions   of  t h e  

i n s t a n t   i n v e n t i o n   to  i n su re   that   they  w i l l   be  heat  s o f t e n e d   qu ick ly   when  p l a c e d  

in  a  microwave  f i e l d .   G e n e r a l l y ,   the  amount  of  p o l a r i z i n g   agent  u t i l i z e d   r a n g e s  

from  about  0.5  to  about  20  pa r t s   by  weight  per  100  p a r t s   by  weight  t h e r m o p l a s t i c  

e l a s t o m e r   and  more  p r e f e r a b l y   from  about  0.75  to  about  10  pa r t s   by  weight  f o r  

reasons   of  economy  coupled  with  adequate   response   to  the  microwaves.   H e a t i n g  

times  employed  are  s e l e c t e d   to  achieve   rap id   s o f t e n i n g   of  the  compos i t ions   t o  

moldable  c o n s i s t e n c y   wi thou t   d e l e t e r i o u s   e f f e c t s   caused  by  loca l   o v e r h e a t i n g .  

G e n e r a l l y ,   the  h e a t i n g   times  used  can  range  from  about  4  seconds  to  about  4 

minutes .   From  a  commercia l   s t a n d p o i n t ,   however,   h e a t i n g   times  ranging  f rom 

about  4  to  about  55  seconds  are  employed  to  ob ta in   f a v o r a b l e   p r o d u c t i o n   r a t e s  

and  th i s   is  a  p r e f e r r e d   r a n g e .  



Other  components  used  in  p r e p a r a t i o n   of  the  i n s t a n t   i n v e n t i o n   i n c l u d e  

o d o r a n t s ,   c o l o r a n t s   and  f i l l e r s ,   e . g . ,   s i l i c a ,   c lay,   s i l i c a t e s ,   e . g . ,  

W o l l a s t o n i t e ,   ca lc ium  c a r b o n a t e ,   g lass   beads  and  f i b e r s ,   and  the  l i k e .   P l a s t i -  

c i z i n g   agents   compa t ib le   with  the  t h e r m o p l a s t i c   e l a s t o m e r   and  o ther   r e s i n o u s  

polymers  can  be  employed  if  d e s i r e d .   Examples  of  these  inc lude   n a p h t h e n i c  

p e t r o l e u m   o i l s ,   e . g . ,   ASTM  type  104A,  e s t e r s   of  ad ip i c   ac id ,   p h t h a l i c   a c i d ,  

e tc .   P r o c e s s i n g   a ids   inc lude   the  metal  s t e a r a t e s ,   e . g . ,   calc ium  s t e a r a t e ,   z i n c  

s t e a r a t e ,   s i l i c o n e s ,   n a t u r a l   and  s y n t h e t i c   waxes,  and  the  l i k e .   A n t i o x i d a n t s  

and  UV  s t a b i l i z e r s   can  be  added  as  d e s i r e d   from  s u i t a b l e   commerc ia l ly   a v a i l a b l e  

m a t e r i a l s .   Exemplary  of  these   i nc lude   t h i o d i p r o p i o n i c   e s t e r s ,   e , g . ,   d i l a u r y l -  

t h i o d i p r o p i o n a t e ,   h inde red   p h e n o l i c   a n t i o x i d a n t s ,   e . g . ,   2 , 6 - d i - t - b u t y l - 4 - m e t h y l -  

phenol ,   o c t a d e c y l [ 3 - ( 3 , 5 - d i - t - b u t y l - 4 - h y d r o x y p h e n y - 1 ) ] p r o p i o n a t e ,   t h i o d i e t h y l e n e  

b i s ( 3 , 5 - d i - t - b u t y l - 4 - h y d r o x y )   h y d r o c i n n a m a t e ,   e t c . ,   and  UV  s t a b i l i z e r s   such  a s  

2 ( 2 ' - h y d r o x y - 5 ' - m e t h y l p h e n y l )   b e n z o t r i a z o l e ,   2 - h y d r o x y - 4 - n - o c t o x y b e n z o p h e n o n e ,  

[ 2 , 2 ' - t h i o b i s ( 4 - t - o c t y l - p h e n o l a t o ) ] - n - b u t y l a m i n e - n i c k e l ( I I ) ,   e t c .   G e n e r a l l y ,  

the  amounts  of  the  va r ious   components  in  pa r t s   by  weight   per  100  pa r t s   by  w e i g h t  

t h e r m o p l a s t i c   e l a s t o m e r   (php)  w i l l   be  as  fo l lows :   f i l l e r ,   10  to  150  php ,  

p l a s t i c i z i n g   agen t  20   to  50  php;  a n t i o x i d a n t ,   0.1  to  1  php,  and  UV  s t a b i l i z e r ,  

0.1  to  3  php .  

The  molds  employed  in  shaping  the  i n v e n t i o n   compos i t i ons   are  g e n e r a l l y  

c o n s t r u c t e d   from  low  cos t ,   r e l a t i v e l y   low  s t r e n g t h   m a t e r i a l s   i n c l u d i n g   s i l i c o n e  

r u b b e r , p o l y s u l f i d e   rubber ,   p o l y u r e t h a n e ,   p l a s t e r ,   cast   aluminum,  and  the  l i k e .  

The  na tu re   of  the  mold  is  dependent   upon  the  molding  p rocess   used.  If  t h e  

i n v e n t i o n   compos i t ion   is  p laced  w i th in   the  mold  and  the  en-tire  assembly  is  p r e -  

hea ted   by  microwave  energy,   i t   is  p r e f e r r e d   that   the  mold  used  be  made  of  a 

m a t e r i a l   such  as  s i l i c o n e   rubber   that   has  a  lower  d i e l e c t r i c   loss  f a c t o r   t h a n  

the  i n v e n t i o n   compos i t i on .   It  is  w i t h i n  t h e   scope  of  th is   i n v e n t i o n   to  p r e h e a t  

the  compos i t ion   in  a  low  d i e l e c t r i c   loss  c o n t a i n e r   such  as  g lass   or  c e r a m i c  

and  t r a n s f e r   i t   to  a mold  c o n s t r u c t e d   from  metals   and  the  l ike   for  the  a c t u a l  



shaping   s tep .   G e n e r a l l y ,   the  compos i t i on   is  placed  w i t h i n   a  s i l i c o n e   r u b b e r  

mold,  the  mold  top  is  covered  with  a  s i l i c o n e   sheet   or  a  r e l e a s e   paper,   e . g . ,  

paper  or  the  l ike   covered  with  a  r e l e a s e   agent  such  as  a  s i l i c o n e ,   and  t h e  

assembly  is  p laced  between  the  p l a t e s   of  a  high  f requency   e l e c t r i c a l   f i e l d  

which  form a  par t   of  commerc ia l ly   a v a i l a b l e   molding  machines .   The  top  p l a t e  

is  lowered  to  con t ac t   the  r e l e a s e   paper  cover ing   the  mold  and  the  c o m p o s i t i o n  

is  p r e h e a t e d   by  a p p l i c a t i o n   of  microwave  energy  for  a  d e s i r e d   length   of  t i m e .  

After   the  p r e h e a t i n g ,   s u f f i c i e n t   p r e s s u r e   is  employed  to  compress ion   mold  t h e  

c o m p o s i t i o n ,   e . g . ,   about  10  to  about  200  psig  ( 6 8 . 9  -   1380  kPa),  for  a  p e r i o d  

of  time  g e n e r a l l y   r ang ing   from  about  0.1  to  about  10  times  the  p r e h e a t i n g   t i m e .  

The  p r e s s u r e   is  r e l e a s e d ,   the  assembly  is  p r e f e r a b l y   p laced  in  a  s e p a r a t e   zone 

for  coo l ing   the  mold  and  c o n t e n t s ,   a f t e r   which  the  molded  a r t i c l e   is  removed.  

A  r o t a r y   t ab le   or  the  l ike   c o n t a i n i n g   a  p l u r a l i t y   of  molds  can  be  employed  t o  

provide   molded  p a r t s   at  commerc ia l ly   a t t r a c t i v e   r a t e s .   S e p a r a t i o n   of  t h e  

b e a t i n g   and  coo l ing   zones  speeds  p r o d u c t i o n   and  reduces   consumption  of  power 

and  w a t e r .  

Example  1 

A  s e r i e s   of  compos i t i ons   was  p repa red   c o n t a i n i n g   one  or  more  p o l a r -  

i z ing   agents   by  mixing  the  components  in  a  Banbury  mixer  for  6  minutes  at  a 

t e m p e r a t u r e   of  about  280°F  (138°C).  Each  compos i t ion   was  dumped  from  t h e  

mixer  at  about  250°F  (121°C)  and  conve r t ed   in to   p e l l e t s .   The  base  f o r m u l a t i o n s  

employed  shown  in  Table  lA  are  in  pa r t s   by  w e i g h t .  





Each  p e l l e t e d   compos i t ion   was  used  to  f i l l   a  5/16  inch  (7.9  mm)  t h i c k  

s i l i c o n e   rubber ,   2 - c a v i t y   shoe  s o l i n g   mold  ma in t a ined   at  about  77°F  (25°C) .  

The  average  c a v i t y   depth  was  about  5/16  inch.  After   p l a c i n g   a  paper  r e l e a s e  

sheet   over  the  mold,  the  assembly  was  p laced  in  a  commercial   molding  m a c h i n e  

employing  microwave  energy  as  the  h e a t i n g   medium,  the  top  molding  p l a t e   was 

lowered  to  con tac t   the  r e l e a s e   paper  cover ing   the  mold  at  a  p r e s s u r e   of  a b o u t  

40  psig  (276  kPa  gage)  and  the  microwave  uni t   was  e n e r g i z e d   to  p rehea t   t h e  

compos i t i on   for  the  d e s i g n a t e d   time.  The  microwave  f i e l d   was  turned  off ,   t h e  

p r e s s u r e   a g a i n s t   the  mold  was  i n c r e a s e d   to  about  120  psig  (827  kPa  gage)  and 

held  for  45  seconds  at  that   p r e s s u r e .   The  p r e s s u r e   was  r e l e a s e d ,   the  mold 

assembly  was  t r a n s f e r r e d   to  a  cool ing   press   through  which  water  at  a  t e m p e r a t u r e  

of  about  50°F  (10°C)  was  being  c i r c u l a t e d   and  the  assembly  was  cooled  for  2 

minutes   by  c o n t a c t   with  the  p l a t e n s   of  the  p r e s s .   The  molded  p roduc t   was 

s t r i p p e d   from  the  mold  at  about  120°F  ( 4 9 ° C ) .  

The  p r ehea t   times  employed  and  r e s u l t s   ob t a ined   are  p r e s e n t e d   i n  

Table  1B. 





I n s p e c t i o n   of  the  r e s u l t s   p r e s e n t e d   i n  T a b l e   1B  shows  the  most  e f f e c t -  

ive  p o l a r i z i n g   agents   are  TEA/DEG  (run  2)  fo l lowed  by  P a r a c r i l   OZO  (run  8)  and 

Hycar  1312  (run  6).  These  runs  show  the  TEA/DEG  mixture   is  the  most  e f f i c i e n t  

based  on  q u a n t i t y   employed  s ince   6  pa r t s   by  weight  of  the  mixture   is  e q u i v a l e n t  

in  per formance   to  20  pa r t s   by  weight  P a r a c r i l   OZO,  both  compos i t ions   r e q u i r i n g  

only  25  seconds  p r ehea t   time.  It  r e q u i r e d   10  pa r t s   by  weight  Hycar  1312  t o  

give  good  r e s u l t s   but  60  seconds  is  r e q u i r e d   to  ob t a in   d e s i r a b l e   t e m p e r a t u r e  

p r o p e r t i e s   of  the  compos i t i on .   The  compounds  shown  in  runs  3,  4,  5  and  9  a r e  

deemed  to  be  u n s u i t a b l e   e i t h e r   because   of  i n c o m p a t i b i l i t y   with  the  t h e r m o p l a s t i c  

e l a s t o m e r   or  showing  r e l a t i v e l y   low  e f f i c i e n c y   in  b r i n g i n g   the  compos i t ions   t o  

a  moldable  c o n d i t i o n   in  comparison  to  the  TEA/DEG  agent  used  in  run  2.  The 

r e l a t i v e l y   poor  r e s u l t s   shown  in  run  7,  even  using  a  f a v o r a b l e   c o n c e n t r a t i o n   o f  

TEA/DEG,  sugges t s   tha t   c a r e f u l   c o n s i d e r a t i o n   needs  to  be  given  to  the  components  

making  up  the  compos i t i ons   in  order   to  ach ieve   rap id   mel t ing   of  the  c o m p o s i t i o n s  

in  a  microwave  f i e l d .  

Example  2 

A  s e r i e s   of  compos i t i ons   was  p repared   in  which  a  p o l y e t h y l e n e   g l y c o l  

was  used  along  or  in  combina t ion   with  TEA  as  a  p o l a r i z i n g   agent  with  a  t h e r m o -  

p l a s t i c   e l a s t o m e r   compos i t ion   c o n t a i n i n g   the  f o l l owing   components  in  pa r t s   by 

weight  as  shown  in  Table  2A.  The  components  employed  are  the  same  as  d e s c r i b e d  

in  Example  1  except   when  i n d i c a t e d   o t h e r w i s e .  



The  compos i t i ons   were  mixed  as  be fore   and  molded  g e n e r a l l y   in  t h e  

manner  o u t l i n e d   p r e v i o u s l y .   Specimens  about  6  x  6   inches  (15  x  15  cm)  and 

about  100  mils  (0.25  cm)  th ick   were  molded  in  th is   s e r i e s .   P r e h e a t i n g   time  f o r  

each  mold  assembly  was  12  seconds  and  each  compos i t ion   was  molded  under  a 

p r e s s u r e   of  80  psig  (551  kPa  gage)  and  cooled  20  seconds  as  d e s c r i b e d   b e f o r e .  

The  p o l a r i z i n g   agents   employed,  q u a n t i t i e s   of  each  used  and  r e s u l t s  

o b t a i n e d   are  given  in  Table  2B. 



The  good  r e s u l t s   in  runs  1,  2  and  3  i n d i c a t e   that   a  p o l y e t h y l e n e   g l y c o l  

is  e q u i v a l e n t   to  d i e t h y l e n e   g lyco l   when  used  in  combina t ion   with  TEA  in  t h e  

compos i t i ons   of  the  i n s t a n t   i n v e n t i o n .   The  poor  r e s u l t s   shown  in  runs  4,  5 

and  6  i n d i c a t e   tha t   p o l y e t h y l e n e   g lyco l   by  i t s e l f   is  a  less   e f f e c t i v e   p o l a r i z i n g  

agent  in  th i s   i n v e n t i o n .  

Example  3 

A  s e r i e s   of  combina t ions   was  p repa red   as  d e s c r i b e d   be fore   by  admixing  

a  t h e r m o p l a s t i c   e l a s tomer   with  g e n e r a l l y   the  same  components  used  in  t h e  f i r s t  

2  examples.   However,  a  r e s i n o u s   po la r   polymer  was  also  inc luded   in  the  f o r m u l a -  

t ions   as  well   as  va ry ing   amounts  of  TEA/DEG.  Molded  samples  were  p repared   from 

each  compos i t ion   in  the  manner  d e s c r i b e d   in  Example  2  except   that   a  v a r i a b l e  

p r e h e a t   time  was  employed.  The  compos i t i ons   p repa red   and  r e s u l t s   ob ta ined   a r e  

p r e s e n t e d   in  Tables  3A  and  3B.  Unless  o t h e r w i s e   d e s c r i b e d ,   the  components,   i n  

pa r t s   by  weight ,   are  the  same  as  p r e v i o u s l y   u s e d .  





The  r e s u l t s   show  that   compounds  fo rmula t ed   accord ing   to  the  i n s t a n t  

i n v e n t i o n   are  e a s i l y   moldable  a f t e r   p r ehea t   times  ranging   from  8  to  35  s e c o n d s  

in  a  microwave  f i e l d .   By  adding  from  0 . 5  -   3.0  pa r t s   by  weight  each  of  TEA 

and  DEG,  the  p r e h e a t   time  is  reduced  from  35  seconds  wi thou t   the  p o l a r i z i n g  

agent  combina t ion   to  8  seconds  with  6  pa r t s   by  weight  of  the  c o m b i n a t i o n .  

Thus,  e x c e l l e n t   r e s u l t s   are  ob ta ined   by  employing  a  polar   r e s i n   in  the  compo- 

s i t i o n s   and  p a r t i c u l a r l y   in  combinat ion   with  the  p r e f e r r e d   p o l a r i z i n g   a g e n t .  

Example  4 

A  compos i t ion   was  p r e p a r e d ,   molded  and  e v a l u a t e d   accord ing   to  t h e  

p rocedure   employed  in  Example  3.  In  th is   example,  however,  a  t h e r m o p l a s t i c  

e l a s t o m e r   c o n s i s t i n g   of  a  r a d i a l   t e l e b l o c k   b u t a d i e n e / s t y r e n e   (70/30)  copolymer  

having  a  molecu la r   weight  of  300,000  and  Shore  A  Hardness  of  84  and  not  c o n t a i n -  

ing  e x t e n d e r   o i l   was  employed  in  place  of  the  t h e r m o p l a s t i c   e l a s tomer   u sed  

p r e v i o u s l y .   The  compos i t ion   employed  was  i d e n t i c a l   to  compos i t ion   A,  Table  lA, 

except   that   the  t h e r m o p l a s t i c   e l a s t o m e r   d e s c r i b e d   above  was  used.  A  mo ld ing  

p rehea t   time  of  20  seconds  was  u s e d .  



The  p h y s i c a l   p r o p e r t i e s   of  the  mo lded  spec imens   were  found  to  be  a s  

shown  in  Table  4.  

The  r e s u l t s   show  that   e x c e l l e n t   molding  compos i t i ons   can  be  p r e p a r e d  

from  t h e r m o p l a s t i c   e l a s t o m e r s   c o n s i s t i n g   of  t e l e b l o c k   b u t a d i e n e / s t y r e n e   c o p o l y -  

mers  of  va ry ing   block  s t y r e n e   con t en t s   by  employing  the  components  d e s c r i b e d   i n  

t h i s   i n v e n t i o n .   When  the  compos i t ions   are  hea ted   by  means  of  microwave  e n e r g y  

for  a  pe r iod   of  time  of  l ess   than  60  seconds ,   the  compos i t i ons   are  s o f t e n e d  

s u f f i c i e n t l y   to  be  e a s i l y   moldable  under  p r e s s u r e   of  about  200  psig  or  l e s s .  

Thus,  low  cos t ,   low  s t r e n g t h   molds  can  be  employed  in  molding  the  c o m p o s i t i o n s  

and  very  rap id   cycle  times  r e s u l t   in  p r a c t i c i n g   th is   i n v e n t i o n .  



1.  M o l d i n g   c o m p o s i t i o n   c h a r a c t e r i z e d   by  a  t h e r m o p l a s t i c  
e l a s t o m e r ,   o p t i o n a l l y   a  s o l i d   r e s i n o u s   p o l y m e r ,   a n d  
one  or  more  of  t h e   p o l a r   c o m p o u n d s   p o l y m e r i c   a l k y l e n e  
g l y c o l s ,   t h e i r   mono  and  d i a l k y l   e t h e r s ;   e t h a n o l a m i n e s ,  
i s o p r o p a n o l a m i n e s ,   and  t h e i r   h y d r o c a r b y l s u b s t i t u t e d   d e r i v a -  
t i v e s ;   l i q u i d   a c r y l o n i t r i l e / b u t a d i e n e   p o l y m e r s ;  

+  p o l y m e r   a c r y l o n i t r i l e / b u t a d i e n e + b l e n d s   w i t h   h o m o p o l y m e r s   o f  
p o l y v i n y l c h l o r i d e   and  s t y r e n e / a c r y l o n i t r i l e   c o p o l y m e r .  

2.  M o l d i n g   c o m p o s i t i o n   of  c l a i m   1)  c h a r a c t e r i z e d   by  30  t o  
100  w e i g h t   p e r   c e n t   of  t h e   t o t a l   p o l y m e r i c   c o m p o n e n t   o f  
a  n o r m a l l y   s o l i d ,   l i n e a r   or   r a d i a l   t e l e b l o c k   c o p o l y m e r  
and  0  to   a b o u t   70  w e i g h t   p e r   c e n t   of  t h e   t o t a l   p o l y m e r i c  
c o m p o n e n t   of  t h e   c o m p o s i t i o n   of  a  p o l y m e r   of  a  v i n y l - s u b -  
s t i t u t e d   a r o m a t i c   c o m p o u n d .  

3.  M o l d i n g   c o m p o s i t i o n   of  c l a i m   1)  or   2)  c h a r a c t e r i z e d   b y  
t h e   f a c t   t h a t   t h e   t h e r m o p l a s t i c   e l a s t o m e r   i s   a  r a d i a l  
t e l e b l o c k   b u t a d i e n e / s t y r e n e   ( 5 2 / 4 8 )   c o p o l y m e r   e x t e n d e d   w i t h  
60  p a r t s   by  w e i g h t   n a p h t h e n i c   o i l : ,   t h a t   t h e   s o l i d   r e s i n o u s  
p o l y m e r   c o m p r i s e s   p o l y ( a l p h a m e t h y l s t y r e n e )   and  p o l y s t y r e n e  
and  t h a t   t h e   p o l a r   c o m p o u n d   i s   c h o s e n   f rom  t r i e t h a n o l a m i n e ,  
a  m i x t u r e   of   t r i e t h a n o l a m i n e   and  d i e t h y l e n e   g l y c o l ,  
b u t a d i e n e / a c r y l o n i t r i l e   r u b b e r ,   a n m i x t u r e   of   t r i e t h a n o l a m i n t  
and  p o l y e t h y l e n e   g l y c o l , s a i d   p o l y e t h y l e n e   g l y c o l   h a v i n g   a n  
a v e r a g e   m o l e c u l a r   w e i g h t   of   4 , 0 0 0   to   6 , 0 0 0 .  

4.  M o l d i n g   c o m p o s i t i o n   of  c l a i m   1)  or   2)  c h a r a c t e r i z e d   b y  
t h e   f a c t   t h a t   t h e   t h e r m o p l a s t i c   e l a s t o m e r   i s   a  r a d i a l   t e l e -  
b l o c k   b u t a d i e n e / s t y r e n e   ( 5 2 / 4 8 )   c o p o l y m e r   e x t e n d e d   w i t h  
60  p a r t s   by  w e i g h t   n a p h t h e n i c   o i l ,   t h a t   t h e   s o l i d   r e s i n o u s  
p o l y m e r   i s   c r y s t a l   p o l y s t y r e n e ,   and  t h e   p o l a r   c o m p o u n d   i s  
c h o s e n   f rom  a  m i x t u r e   of  t r i e t h a n o l a m i n e   and  d i e t h y l e n e  
g l y c o l   and  a  5 0 / 5 0   b l e n d   of  b u t a d i e n e / a c r y l o n i t r i l e   r u b b e r  
and  p o l y v i n y l c h l o r i d e .  



5.  A  m e t h o d   f o r   p r e p a r i n g   m o l d e d   a r t i c l e s  
c h a r a c t e r i z e d   b y  
(a)   i n t r o d u c i n g   m o l d i n g   c o m p o s i t i o n   s o l i d s   o f  

c l a i m s   2 ) ,   3)  or  4)  i n t o   a  mold   and  e n c l o s i n g  
s a i d   c o m p o s i t i o n   in   t h e   m o l d ;  

(b)  a p p l y i n g   m i c r o w a v e   e n e r g y   to   s a i d   c o m p o s i t i o n  
f o r   a  t i m e   s u f f i c i e n t   to   p r o d u c e   a  m o l d a b l e  
c o n s i s t e n c y   in   s a i d   m o l d i n g   c o m p o s i t i o n ;  

(c)   a p p l y i n g   s u f f i c i e n t   p r e s s u r e   up  to   a b o u t   200  p s i g  
to   s a i d   m o l d i n g   c o m p o s i t i o n   f o r   a  t i m e   s u f f i c i e n t  
to   p r o d u c e   a  m o l d e d   a r t i c l e ;  

(d)  c o o l i n g   s a i d   mold   and  m o l d e d   a r t i c l e ;   a n d  
(e)  u n m o l d i n g   s a i d   c o o l   m o l d e d   a r t i c l e .  

6.  M e t h o d   of   c l a i m   5)  c h a r a c t e r i z e d   in   t h a t   t h e  
m i c r o w a v e   e n e r g y   i s   a p p l i e d   f o r   4  s e c o n d s   t o   a b o u t  
4  m i n u t e s   and  t h a t   a  m o l d i n g   p r e s s u r e   of  10  t o  
200  p s i g   i s   a p p l i e d   f o r   a  p e r i o d   of  t i m e   r a n g i n g  
f rom  a b o u t   0 . 1   to  a b o u t   10  t i m e s   t h e   l e n g t h   of  t i m e  
t h a t   m i c r o w a v e   e n e r g y   was  a p p l i e d .  

7.  M o l d e d   a r t i c l e   made  f rom  t h e   m o l d i n g   c o m p o s i t i o n   o f  
c l a i m s   1 ) ,   2 ) ,   3)  o r  4 ) .  

8.  M o l d e d   a r t i c l e   made  by  t h e   p r o c e s s   of  c l a i m   5)  or   6 ) .  
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