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Dr.  R a y m o n d  H. Ewe!l ,  A s s i s t a n t  D i r e c t o r ,  Na t iona l  Science  
Foundat ion ,  was  bo rn  in Brock ton ,  M a s s a c h u s e t t s ,  18 June 1908. He 
r e c e i v e d  h i s  B .S .  degree  f r o m  the  U n i v e r s i t y  of Toledo,  1928; M. S. ,  
Pu rdue  U n i v e r s i t y ,  1930; P h . D . ,  P r i n c e t o n  U n i v e r s i t y ,  1937. F r o m  
1930-35 he was a r e s e a r c h  c h e m i s t ,  C e r a m i c s  Div i s ion  of the Nat iona l  

~ B u r e a u  of S tandards ;  1937-41, a s s i s t a n t  p r o f e s s o r  of p h y s i c a l  c h e m i s t r y ,  
P u r d u e  U n i v e r s i t y ;  1941-45, s e n i o r  t e chn i ca l  aid,  C h e m i c a l  E n g i n e e r i n g  
Div i s ion ,  Na t iona l  Defense  R e s e a r c h  C o m m i t t e e  (Medal  of Meri t ) ;  
1945-48, s e n i o r  c h e m i c a l  e conomis t ,  Economic  R e s e a r c h  D e p a r t m e n t ,  
the Shell  C h e m i c a l  C o r p o r a t i o n ,  San F r a n c i s c o ;  1938-53, c h a i r m a n  of 
c h e m i s t r y  and c h e m i c a l  e n g i n e e r i n g  r e s e a r c h ,  S tanford  R e s e a r c h  In s t i -  
tute and m a n a g e r  of the I n s t i t u t e ' s  C h e m i c a l  E c o n o m i c s  Se rv ice .  At 
Stanford,  Dr .  Ewel l  a l so  was s u p e r v i s i n g  ed i to r  of the C h e m i c a l  Eco-  
n o m i c s  Handbook,  mak ing  economic  s u r v e y s  for  the c h e m i c a l ,  p e t r o -  
l eum,  and a l l i ed  p r o c e s s  i n d u s t r i e s .  He is  co inven to r  of the L e c k e y -  
Ewel l  pack ing  for  f r a c t i o n a t i n g  co lumns .  F o r  h i s  war  work he r e c e i v e d  
the  Medal  of Mer i t .  Dr .  Ewel l  is  a m e m b e r  of the A m e r i c a n  C h e m i c a l  
Socie ty ,  A m e r i c a n  Ins t i tu te  of C h e m i c a l  E n g i n e e r s ,  Soc ie ty  of Rheology,  
W e s t e r n  C h e m i c a l  M a r k e t  R e s e a r c h  Assoc ia t ion ,  and C o m m e r c i a l  

C h e m i c a l  Deve lopmen t  Assoc i a t i on .  Since the f i r s t  of th i s  y e a r  he has  
been  D i r e c t o r  of P r o g r a m  Deve lopmen t  of the Nat iona l  Science  Founda-  
t ion.  Th i s  is  h i s  f i r s t  l e c t u r e  at  the I n d u s t r i a l  Col lege .  
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MR.  B A U M :  A d m i r a l  H a g u e ,  G e n e r a l  G r e e l e y ,  g e n t l e m e n :  P l a s t i c s  
a n d  p e t r o c h e m i c a l s ,  two p r o d u c t s  of the  o r g a n i c  c h e m i c a l  i n d u s t r i a l  
c o m p l e x ,  a r e  of e x c e p t i o n a l  i m p o r t a n c e  to o u r  d o m e s t i c  e c o n o m y  and  
to n a t i o n a l  d e f e n s e .  B e h i n d  t h e s e  p r o d u c t s  a r e  young ,  v i g o r o u s ,  m u s h -  
r o o m i n g  i n d u s t r i e s  a n d  the  i n v e n t i v e n e s s ,  the  r e s e a r c h ,  a n d  t h e  i n -  
g e n u i t y  of c h e m i s t s .  

I t  i s  m o s t  a p p r o p r i a t e  t ha t  we s h o u l d  h a v e  a s  o u r  s p e a k e r  a c h e m i -  
c a l  e n g i n e e r ,  D r .  R a y m o n d  H. E w e l l ,  A s s i s t a n t  D i r e c t o r  of the  N a t i o n a l  
S c i e n c e  F o u n d a t i o n .  H o w e v e r ,  D r .  E w e l l  i s  a l s o  an  e c o n o m i s t ,  an  
e d u c a t o r ,  an  i n v e n t o r ,  and  a r e s e a r c h  a d m i n i s t r a t o r .  

H i s  e x p e r i e n c e  in the  c h e m i c a l  f i e l d  wi th  bo th  i n d u s t r y  a n d  G o v e r n -  
m e n t ,  a s  w e l l  a s  h i s  W o r l d  W a r  II c o n t r i b u t i o n s ,  e m i n e n t l y  q u a l i f i e s  
h i m  to s p e a k  on o u r  s u b j e c t  t h i s  m o r n i n g ,  " P l a s t i c s  and  P e t r o c h e m i c a l s  
in T i m e  of M o b i l i z a t i o n . "  Some  of you  in  t h i s  y e a r ' s  c l a s s  a l r e a d y  
know h i m  f r o m  the  T e c h n o l o g i c a l  P r o g r e s s  c o u r s e .  It i s  m y  p l e a s u r e  
to i n t r o d u c e  f o r  the  f i r s t  t i m e  to t h i s  p l a t f o r m  D r .  R a y m o n d  H. E w e l l .  

DR.  E W E L L :  A d m i r a l  H a g u e ,  G e n e r a l  G r e e l e y ,  Mr.. B a u m ,  
m e m b e r s  of the f a c u l t y  a n d  s ta f f  of the  I n d u s t r i a l  C o l l e g e  of the  A r m e d  
F o r c e s :  The  t i t l e  of t h i s  l e c t u r e  c o n c e r n s  p l a s t i c s  and  p e t r o c h e m i c a l s .  
A c t u a l l y ,  I a m  go ing  to t u r n  tha t  o r d e r  a r o u n d  and  t a l k  abou t  p e t r o -  
c h e m i c a l s  f i r s t  and  p l a s t i c s  s e c o n d .  B e f o r e  g e t t i n g  in to  p e t r o c h e m i c a l ~  
h o w e v e r ,  I wan t  to t a l k  v e r y  b r i e f l y  abou t  the  c h e m i c a l  i n d u s t r y  in 
g e n e r a l .  T h a t  i s  an  a p p r o p r i a t e  l e a d o f f  s u b j e c t  b e c a u s e  to a f i r s t  ap -  
p r o x i m a t i o n  the  p e t r o c h e m i c a l  i n d u s t r y  i s  the c h e m i c a l  i n d u s t r y ,  a s  we 
wi l l  s e e  a l i t t l e  m o r e  in d e t a i l  in  a f ew  m i n u t e s .  

The  c h e m i c a l  i n d u s t r y  i s  d i v i d e d  p r i m a r i l y  in to  o r g a n i c  C h e m i c a l s  
a n d  i n o r g a n i c  c h e m i c a l s .  Of t h e s e  two s e g m e n t s  the  o r g a n i c  c h e m i c a l s  
a r e  m u c h  l a r g e r  in d o l l a r  v a l u e  a n d  m o s t  of the  o r g a n i c  c h e m i c a l s  a r e  
p e t r o c h e m i c a l s .  T h e r e f o r e ,  to f i r s t  a p p r o x i m a t i o n ,  we c a n  s a y  the  
p e t r o c h e m i c a l  i n d u s t r y  a n d  the  c h e m i c a l  i n d u s t r y  a r e  m o r e  o r  l e s s  the  
s a m e  th ing .  

The  c h e m i c a l  i n d u s t r y  i s  a p p r o x i m a t e l y  the  e i g h t h  l a r g e s t  i n d u s t r y  
in the U n i t e d  S t a t e s .  I t  d e p e n d s  to s o m e  e x t e n t  on h o w  i t  i s  deTined.  
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The Census Bureau of the Department of Commerce and other Govern- 
ment agencies use the classification called "chemicals and allied 
products, " which in round numbers has sales of about 20 billion dollars 
a year at the present time. Of these "chemical and allied products, " 
value of 20 billion dollars, about half are what you might call "real 
chemicals. " The "real chemicals" industry--represented by companies 
such as the Du Pont Company, and the chemical components of Union 
Carbide and Carbon Corporation, the Dow Chemical Company, and other 
companies which we usually think of as chemical companies--amounts to 
about half or i0 billion dollars. The rest are chemical products; namely, 
pharmaceuticals, soap, paint, and a number of other allied products, 
chemical in nature, but not really true chemicals. 

The c h e m i c a l  i n d u s t r y  i s  p a r t i c u l a r l y  d i s t i n g u i s h e d  by  i t s  h igh  
g r o w t h  r a t e .  The  c h e m i c a l  i n d u s t r y  h a s  the h i g h e s t  g r o w t h  r a t e  of a n y  
m a j o r  i n d u s t r y  in the  U n i t e d  S t a t e s ,  and  tha t  i n c l u d e s  the  e l e c t r o n i c s  
i n d u s t r y .  The  c h e m i c a l  i n d u s t r y  h a s  b e e n  g r o w i n g  a t  the  r a t e  of abou t  
10 p e r c e n t  p e r  y e a r  f o r  the  p a s t  50 y e a r s ;  t ha t  i s  an  e n o r m o u s  g r o w t h  
r aze .  The  a v e r a g e  g r o w t h  r a t e  of a l l  U n i t e d  S t a t e s  i n d u s t r y  is  3 p e r c e n t  
p e r  y e a r .  The  c h e m i c a l  i n d u s t r y  h a s  c o n s i s t e n t l y  m a i n t a i n e d  a g r o w t h  
r a t e  of o v e r  t h r e e  t i m e s  the a v e r a g e  of o u r  A m e r i c a n  i n d u s t r y .  

Due to t h i s  g r o w t h ,  a c o m p o u n d  i n t e r e s t  r a t e  of 10 p e r c e n t  a y e a r ,  
it  h a s  g r o w n  in  the p a s t ,  you m i g h t  s ay ,  15 y e a r s  f r o m  a r e l a t i v e l y  
s m a l l  p e r i p h e r a l  i n d u s t r y  to b e c o m e  one of o u r  r e a l l y  b a s i c  i n d u s t r i e s ,  
a b a s i c  i n d u s t r y  tha t  p r o d u c e s  t h ings  tha t  we u s e ,  m a t e r i a l  p r o d u c t s  
t ha t  we w e a r  a s  c lo th ing ,  o r  l i ve  in  a s  h o u s e s ,  and  f u r n i t u r e ,  and  thou- .  
s a n d s  of o t h e r  p r o d u c t s  t ha t  we u s e  e v e r y  day; w h e r e a s  15 y e a r s  ago,  
the  c h e m i c a l  i n d u s t r y  w a s  a s m a l l  i n d u s t r y .  F i f t e e n  y e a r s  ago ,  i t  w a s  
no t  m u c h  o v e r  a b i l l i o n  d o l l a r s  a y e a r - - w h i c h  i s  c l a s s i f i e d  a s  a s m a l l  
i n d u s t r y - - a n d  it w a s  p e r i p h e r a l  b e 6 a u s e  i t  m a i n l y  m a d e  p r o d u c t s  u s e d  
by  o t h e r  i n d u s t r i e s .  It d i d n ' t  m a k e  the  b a s i c  t h ings  w h i c h  p e o p l e  u s e d .  
Now it  i s  a b a s i c  i n d u s t r y  c h a r a c t e r i z e d  by  th i s  v e r y  h igh  g r o w t h  r a t e .  

You can generalize by saying the chemical industry can make 
virtually any product that a human want might require. Moreover, it 
can make that product out of almost any raw material. You will see 
a little bit of the raw materials used by the chemical industry today, but 
there are many other raw materials which are not being used to the full 
extent and that could be used when the present raw materials run out. 
For instance, many of the plastics and synthetic fibers which today are 
made out of petroleum could be made out of sawdust. It might be more 
expensive but it would be the same thing. 
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C h a r t  1, page  4, - - I  m e n t i o n e d  e a r l i e r  tha t  the  c h e m i c a l  i n d u s t r y  
is  d i v i d e d  in to  o r g a n i c  c h e m i s t r y  and  i n o r g a n i c  c h e m i s t r y ,  and  of t h o s e  
two  m a i n  b r a n c h e s ,  the  o r g a n i c  b r a n c h  i s  m u c h  the  l a r g e r  in d o l l a r  
va lue .  T h i s  c h a r t  wil l  g ive  you a p i c t u r e  of the  r e l a t i v e  r e l a t i o n s h i p  of 
the o r g a n i c  and  i n o r g a n i c  i n d u s t r i e s .  The  tonnage  of i n o r g a n i c  c h e m i -  
c a l s  is  m u c h  l a r g e r  than  tha t  of o r g a n i c  c h e m i c a l s .  Some  t y p i c a l  e x -  
a m p l e s  of i n o r g a n i c  c h e m i c a l s  a r e  s u l p h u r i c  ac id ,  a m m o n i a ,  c a u s t i c  
soda ,  c h l o r i n e .  O r g a n i c  c h e m i c a l s  a r e  r e p r e s e n t e d  by s y n t h e t i c  f i b e r s ,  
p l a s t i c s ,  d r u g s ,  s y n t h e t i c  r u b b e r ,  s o l v e n t s ,  a n t i k n o c k  a g e n t s ,  and  so on. 

T o n n a g e w i s e ,  i n o r g a n i c  c h e m i c a l s  a r e  m u c h  l a r g e r - - 7 8  b i l l i o n  
pounds .  The  d o l l a r  va lue  of o r g a n i c  c h e m i c a l s  i s  h i g h e r  b e c a u s e  t h e y  
s e l l  at  h i g h e r  p r i c e s .  So d o l l a r w i s e  o r g a n i c  c h e m i c a l s  a r e  m u c h  l a r g e r .  
T h i s  shows  the  r e l a t i o n s h i p  b e t w e e n  tonnage  and  d o l l a r s .  T h e  a v e r a g e  
p r i c e  of our  i n o r g a n i c  c h e m i c a l s  was  2 .5  c e n t s  a pound,  wh ich  wou ld  be 
$50 a ton; o r g a n i c  c h e m i c a l s  a v e r a g e  15 .5  c e n t s  a pound,  wh ich  would  
be $310 a ton.  

J u s t  wha t  a r e  p e t r o c h e m i c a l s ?  P e t r o c h e m i c a l s  a r e  c h e m i c a l s  
w h i c h  a r e  m a d e  f r o m  p e t r o l e u m  and  n a t u r a l  gas .  T h e y  a r e  m a i n l y  o r -  
g a n i c  in  n a t u r e ,  but  t h e y  a r e  to s o m e  e x t e n t  i n o r g a n i c .  F o r  i n s t a n c e ,  
a t y p i c a l  o r g a n i c  p r o d u c t  m a d e  f r o m  p e t r o l e u m  is  p l a s t i c - - s o m e  of the  
n e w  p l a s t i c s  a r e  p o l y v i n y l ,  p o l y s t y r e n e ;  a t yp i ca l  i n o r g a n i c  c h e m i c a l - -  
m a d e  f r o m  n a t u r a l  gas  p r i m a r i l y - - i s  a m m o n i a .  In fac t ,  m o s t  of the  
a m m o n i a  m a d e  in  the  U n i t e d  S t a t e s - - w h i c h  we a l l  know is  v e r y  i m p o r t a n t  
in  w a r f a r e - - i s  m a d e  f r o m  n a t u r a l  gas .  

J u s t  w h e r e  is  the  p e t r o c h e m i c a l  i n d u s t r y  l o c a t e d ?  The  p e t r o c h e m i -  
ca l  i n d u s t r y  o r i g i n a l l y  was  l o c a t e d  p r i m a r i l y  in  T e x a s  b e c a u s e  tha t  i s  
w h e r e  the  p e t r o l e u m  and  n a t u r a l  ga s  a r e ;  i t  i s  s t i l l  l a r g e l y  l o c a t e d  in  
T e x a s ,  a l t hough  it  h a s  b e e n  b r a n c h i n g  out. T h e r e  a r e  m a n y  l a r g e  u n i t s  
of the  p e t r o c h e m i c a l  i n d u s t r y  in  L o u i s i a n a ,  O k l a h o m a ,  A r k a n s a s ,  Kan-  
s a s ,  and  now it i s  e v e n  m o v i n g  up in to  the  NIidwest .  F o r  i n s t a n c e ,  one 
of the  l a r g e s t  r e c e n t  p e t r o c h e m i c a l  p l a n t s  is  in  T u s c o l a ,  I l l i n o i s ,  bu i l t  
by  the  N a t i o n a l  D i s t i l l e r ' s  C o r p o r a t i o n .  T h i s  p l an t  i s  o p e r a t e d  by the  
N a t i o n a l  P e t r o - C h e m i c a l  C o r p o r a t i o n ,  a s u b s i d i a r y  of N a t i o n a l  D i s -  
t i l l e r s ,  and  i s  bu i l t  on the  p i p e l i n e  tha t  g o e s  f r o m  T e x a s  to C h i c a g o .  
T h i s  p l a n t  t a k e s  out o n e - t h i r d  of a l l  the  gas  tha t  g o e s  to C h i c a g o  by  th i s  
p i p e l i n e .  It i s  the  l a r g e s t  s y n t h e t i c  a l c o h o l  p l an t  in  the  w o r l d .  O t h e r  
c o m p a n i e s  m a k e  m o r e  s y n t h e t i c  a l c o h o l  t han  N a t i o n a l  D i s t i l l e r s  do, 
but  th i s  is  the  l a r g e s t  s i n g l e  p l an t .  

A n o t h e r  p e t r e c h e m i c a l  p l an t  wh ich  j u s t  o p e n e d  a few w e e k s  ago  i s  
t ha t  of Sun Oi l  C o m p a n y  in  P h i l a d e l p h i a ,  the f i r s t  i m p o r t a n t  p e t r o c h e m i -  
ca l  p l an t  on the  e a s t e r n  s e a b o a r d - - l o c a t e d  r i g h t  on sa l t  w a t e r .  T h i s  
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p lan t  of Sun Oil  C o m p a n y  i s  the  l a r g e s t  b e n z e n e  p l an t  in  the  c o u n t r y  
and  p r o b a b l y  in  the  whole  w o r l d .  B e n z e n e  i s  a c o m p a r a t i v e l y  r e c e n t  
p e t r o c h e m i c a l  d e r i v e d  f r o m  p e t r o l e u m .  V a r i o u s  plant@ a long  th i s  l ine  
have  b e e n  bui l t .  Sun Oi l  r e c e n t l y  o p e n e d  t h i s  one,  wh ich  i s  the  l a r g e s t .  

C h a r t  2, page  6. - - I  m e n t i o n e d  tha t  o r g a n i c  c h e m i c a l s  is  the  
l a r g e s t  p o r t i o n  of p e t r o c h e m i c a l  i n d u s t r y .  T h i s  c h a r t  s h o w s  how p r e -  
d o m i n a n t l y  o r g a n i c  c h e m i c a l s  a r e  p e t r o c h e m i c a l s .  The  f i r s t  b a r  s h o w s  
the p r o d u c t i o n  o f  o r g a n i c  c h e m i c a l s  f r o m  p e t r o l e u m  and  n a t u r a l  gas  as  
of 1952- -16  b i l l i o n  pounds .  In o t h e r  w o r d s  t h e s e  a r e  the  p e t r o c h e m i -  
ca l s ;  p l a s t i c s ,  f i b e r s ,  s o l v e n t s ,  a n t i k n o c k  a g e n t s  a r e  a m o n g  the  p r i n -  
c ipa l  e x a m p l e s .  Th i s  i s  not  coun t ing  i n o r g a n i c  c h e m i c a l s  at  a l l .  A 
r e l a t i v e l y  s m a l l  a m o u n t  is  m a d e  f r o m  coal ;  a s l i g h t l y  s m a l l e r  a m o u n t  
f r o m  wood and c o t t o n - - m a i n l y  r a y o n  and  c e l l o p h a n e ;  f r o m  g r a i n s  and  
m o l a s s e s ;  f r o m  fa t s  and  oi ls ;  f r o m  r o s i n  and  t u r p e n t i n e ;  f r o m  ta l l  oi l .  
T h i s  c o m p r i s e s ,  wi th  s o m e  m i n o r  e x c e p t i o n s ,  a l l  the  o r g a n i c  c h e m i c a l s  
p r o d u c e d  by the  c h e m i c a l s  i n d u s t r y .  So the  c h e m i c a l  i n d u s t r y  i s  o v e r -  
w h e l m i n g l y  the  p e t r o c h e m i c a l  i n d u s t r y .  

C h a r t  3, page  7. - - T h i s  c h a r t  s h o w s  the  v e r y  r a p i d  g r o w t h  r a t e  of 
the  p e t r o c h e m i c a l  i n d u s t r y .  H e r e  a r e  s o m e  f a n c y  w o r d s  wh ich  I wi l l  
t r y  to de f ine  v e r y  b r i e f l y - - a l i p h a t i c s  and  a r o m a t i c s .  A l i p h a t i c s  and  
a r o m a t i c s  t o g e t h e r  c o m p r i s e  o r g a n i c  c h e m i c a l s .  A r o m a t i c s  a r e  a type 
of o r g a n i c  c h e m i c a l ,  in wh ich  the  a t o m s  j u s t  h a p p e n  to be "m r i n g s ;  
t h e y  a r e  s o m e t i m e s  c a l l e d  c y c l i c  c h e m i c a l s .  A l i p h a t i c s  have  open  
c h a i n s  of c a r b o n  a t o m s .  C o m m e r c i a l l y ,  t h e r e  i s  no d i f f e r e n c e  b e t w e e n  
the  two; both  m a k e  p l a s t i c s .  A l i p h a t i c s  and  a r o m a t i c s ,  the two to-  
g e t h e r  c o m p r i s e  o r g a n i c  c h e m i c a l s .  You can  s e e  the  v e r y  r a p i d  g r o w t h  
of the c h e m i c a l  i n d u s t r y .  Of c o u r s e ,  t h i s  g o e s  a l i t t l e  b i t  in to  the  
fu tu r e .  We a r e  r i g h t  h e r e  a t  the  p r e s e n t  t i m e  ( i n d i c a t i n g  1953). 

C h a r t  4, page  8 . - - T h i s  c h a r t  i s  j u s t  a l i t t l e  e l e m e n t a r y  c h e m i s t r y .  
I thought  i t  would  m a k e  th i s  p e t r o c h e m i c a l  b u s i n e s s  a l i t t l e  m o r e  c o n -  
c r e t e  if I s h o w e d  you how an end  p r o d u c t  a r i s e s  f r o m  a s t a r t i n g  m a t e r i a l .  
Th i s  h a s  f ive  d i f f e r e n t  s e q u e n c e s  of p r o d u c t s ,  s t a r t i n g  wi th  the  r a w  
m a t e r i a l  and  e n d i n g  wi th  the e n d  p r o d u c t .  T h i s  s t a r t s  wi th  p e t r o l e u m ,  
g o e s  t h r o u g h  h e a t  and  the  c a t a l y t i c  c r a c k i n g  p r o c e s s ,  to ge t  e t h y l e n e ,  
wh ich  i s  a b y p r o d u c t  f r o m  c r a c k i n g .  The e t h y l e n e  i s  t r e a t e d  wi th  h y d r o -  
c h l o r i c  ac id ,  which  g i v e s  one e thy l  c h l o r i d e .  T h e n  it  i s  t r e a t e d  wi th  
l e a d  a l loy ,  wh ich  g e t s  l e a d  in to  the  m o l e c u l e ,  and  we e n d  up wi th  t e t r a -  
e thy l  l ead ,  a w e l l - k n o w n  a n t i k n o c k  agen t ,  which ,  as  you know,  is  an 
i n g r e d i e n t  of a u t o m o t i v e  and a v i a t i o n  g a s o l i n e .  Tha t  i s  one s i m p l e  e x -  
a m p l e  of the  p e t r o c h e m i c a l  b u s i n e s s .  P r a c t i t i o n e r s  of t h i s  a r t  a r e  the  
E t h y l  C o r p o r a t i o n  and  the  Du P o n t  C o m p a n y .  
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PRODUCTION OF OROANIC CH~ICALS (1952) 

(Breakdown by raw Raterial) 

From petroleum 
and n a t .  gas 

Billi~s 
of pounds 

16 

o o  

/ / / / / / / ~  From wood and co t ton  2 

From molasses and grains 0,7 

~ Fr~ fats and oils 0.5 

~ From rosin and turpentine 0.2  

I From t a l l  o i l  

Tota l  
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22 
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U.S. PETROCHEMICAL PRODUCTION 
(EXCLUDING CRUDES) 
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A n o t h e r  e x a m p l e  is  p r o p a n e .  T h e r e  a r e  t h r e e  c a r b o n  a t o m s  in  a 
m o l e c u l e  of p r o p a n e ,  a c o m m o n  c o n s t i t u e n t  of a l l  n a t u r a l  g a s e s .  It 
a l s o  o c c u r s  in  the  o f f - g a s e s  f r o m  p e t r o l e u m  r e f i n e r i e s .  P r o p a n e  i s  
c r a c k e d  wi th  h e a t  to ge t  e t h y l e n e ,  w h i c h  is  the  s a m e  as  the  e t h y l e n e  
in  the  p r e v i o u s  e x a m p l e .  Th i s  i s  o x i d i z e d  wi th  c a t a l y s t s  to ge t  e t h y l e n e  
ox ide .  O x y g e n  is  i n t r o d u c e d  in to  the  m o l e c u l e .  T h a t  t h e n  i s  t r e a t e d  
wi th  w a t e r ,  u n d e r  the  r i g h t  c o n d i t i o n s ,  a g a i n  t h e s e  c a t a l y s t s  c o m e  in to  
the  p i c t u r e ,  and  we ge t  e t h y l e n e  g l y c o l .  T h i s  i s  u s e d  in  a u t o m o t i v e  a n t i -  
f r e e z e s  and  l i q u i d  c o o l a n t s  f o r  a i r p l a n e  e n g i n e s .  

H e r e  is  a n o t h e r  i m p o r t a n t  e x a m p l e  of a p e t r o c h e m i c a l ,  s t a r t i n g  
wi th  m e t h a n e ,  the  p r i n c i p a l  c o m p o n e n t  of n a t u r a l  g a s - - h y d r o c a r b o n  
w h i c h  c o m p r i s e s  m o s t  n a t u r a l  g a s - - h e a t e d  u n d e r  the r i g h t  c o n d i t i o n s ,  
g i v e s  a c e t y l e n e .  Add h y d r o c h l o r i c  a c i d  to t ha t  and  you  ge t  a m o l e c u l e  
c a l l e d  v i n y l  c h l o r i d e .  T h i s  p o l y m e r i z e s  in a c h a i n  w h i c h  m a k e s  a 
p l a s t i c  c a l l e d  p o l y v i n y l  c h l o r i d e ,  r e p r e s e n t e d  by  p l a s t i c  c u r t a i n s  and  
SO on. 

H e r e  is  m e t h a n e  a g a i n ,  w h i c h  wi l l  w i n d  up h e r e  a s  a m m o n i a ,  and  
f i n a l l y  n i t r i c  a c i d .  A m m o n i a  h a s  no c a r b o n .  T h i s  i s  an  e x a m p l e  of 
u s i n g  n a t u r a l  ga s  in  w h i c h  the  c a r b o n  is  not  u s e d .  M e t h a n e  t r e a t e d  wi th  
w a t e r  ( s t e a m )  u n d e r  the  r i g h t  c o n d i t i o n s  p r o d u c e s  c a r b o n  d iox ide .  
H y d r o g e n  d e r i v e d  f r o m  m e t h a n e  a n d  n i t r o g e n  d e r i v e d  f r o m  the  d i s t i l l a -  
t i on  of l i q u i d  a i r  t o g e t h e r  m a k e  a m m o n i a .  You a r e  al l  a w a r e  of the  f ac t  
t ha t  we n e e d  a m m o n i a  to f igh t  w a r s .  Add o x y g e n  to the a m m o n i a  and  
you  ge t  n i t r i c  ac id ;  f r o m  n i t r i c  a c i d ,  you  ge t  TNT,  RDX,  and  v i r t u a l l y  
a l l  o t h e r  e x p l o s i v e s .  

The  l a s t  e x a m p l e ,  w h i c h  i l l u s t r a t e s  the  a r o m a t i c  type  of p e t r o -  
c h e m i c a l s ,  s t a r t s  wi th  p e t r o l e u m  and  by a c a t a l y t i c  p r o c e s s  we ge t  
b e n z e n e .  By add ing  e t h y l e n e  and  h e a t ,  we c o n v e r t  b e n z e n e  in to  s t y r e n e ,  
w h i c h  i s  u s e d ,  of c o u r s e ,  to m a k e  s y n t h e t i c  r u b b e r .  Also  I show h e r e  
the  p o l y m e r i z i n g  p r o c e s s  to ge t  the p l a s t i c  p o l y s t y r e n e ,  w h i c h  i s  the  
l a r g e s t  of a l l  p l a s t i c s .  I t  i s  the  t r a n s p a r e n t  p l a s t i c  tha t  you  see  e v e r y -  
th ing  m a d e  out  of in the  1 0 - c e n t  s t o r e .  M a n y  m i l i t a r y  a r t i c l e s  a r e  a l s o  
m a d e  of p o l y s t y r e n e .  

C h a r t  5, p a g e  10. - - T h i s  s h o w s  the  e n t i r e  p e t r o c h e m i c a l  i n d u s t r y  
on one  c h a r t .  It  s t a r t s  wi th  p e t r o l e u m  and  n a t u r a l  g a s  h e r e  ( i nd i ca t i ng ) :  
T h e s e  a r e  the v a r i o u s  s t e p s ,  a n d  out  h e r e  on the r i g h t - h a n d  p e r i p h e r y  
a r e  the  e n d  p r o d u c t s .  I wi l l  r e £ d  a f ew  of t h e m :  v i t a m i n  B; w e e d  k i l l e r  
2 . 4 - D ;  s y n t h e t i c  ca f f e ine ;  DDT i n s e c t i c i d e ;  P r e s t o n e  a n t i f r e e z e ;  in -  
d u s t r i a l  e x p l o s i v e s ;  s y n t h e t i c  f i b e r s ;  G l i m  d e t e r g e n t ;  J o y  d e t e r g e n t ;  
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T i d e  d e t e r g e n t ;  L u c i t e ;  h y d r a u l i c  f lu ids ;  n y l o n  f i b e r s  and  p l a s t i c s ;  
d a c r o n  f i be r ;  b a k e l i t e  r e s i n s ,  a s  w e l l  as  m a n y  o t h e r  r e s i n s ;  v a r i o u s  
s o l v e n t s ,  i n s e c t i c i d e s ,  and  so  f o r t h .  T h e s e  a r e  the end  p r o d u c t s ,  
t h i n g s  tha t  we buy  in the  s t o r e  and  u s e  e v e r y  day  p e r s o n a l l y .  M a n y  of 
t h e m  a l s o  h a v e  m i l i t a r y  a p p l i c a t i o n s .  But  I j u s t  show you  t h i s  en  m a s s e  
to show the  e n o r m o u s  s e r i e s  of p r o c e s s e s  and  the  e n d  p r o d u c t s  w h i c h  
a r e  d e r i v e d  f r o m  the  two s t a r t i n g  m a t e r i a l s ,  p e t r o l e u m  and  n a t u r a l  ga s .  

C h a r t  6, p a g e  1 2 . - - T h e  p e t r o c h e m i c a l  i n d u s t r y  h a s  b e c o m e  so 
i m p o r t a n t  to the  c o u n t r y  a s  a m a t e r i a l  p r o d u c e r ,  wha t  i s  the s i t u a t i o n  
wi th  r a w  m a t e r i a l s  wi th  r e g a r d  to m a k i n g  p e t r o c h e m i c a l s ?  Do we h a v e  
p l e n t y  of r a w  m a t e r i a l s ?  T h i s  p i c t u r e  s h o w s  tha t  of a l l  p e t r o l e u m ,  
3 p e r c e n t  i s  uSed  to m a k e  p e t r o c h e m i c a l s , - m a y b e  on ly  2 p e r c e n t ;  s o m e -  
th ing  of t ha t  o r d e r  a n y w a y .  It  is  h a r d  to c a l c u l a t e  e x a c t l y .  Two  o r  
t h r e e  p e r c e n t  of a l l  p e t r o l e u m  is  u s e d  to m a k e  p e t r o c h e m i c a l s ;  93 p e r -  
c e n t  i s  u s e d  to m a k e  f u e l s  a n d  l u b r i c a n t s .  T h e  c o n c l u s i o n  to be d r a w n  
f r o m  th i s  i s  t ha t  t h e r e  is  p l e n t y  of r o o m  f o r  e x p a n s i o n  in  the  p r o d u c t i o n  
of p e t r o c h e m i c a l s  f r o m  p e t r o l e u m .  If i t  e v e r  g e t s  too  b ig  and  t h e y  h a v e  
to s t a r t  c u t t i n g  down on the  p e t r o l e u m  a v a i l a b l e  fo r  f u e l s ,  t h e r e  m a y  be 
s o m e  e c o n o m i c  c o n s e q u e n c e s .  

With  n a t u r a l  g a s  the  p i c t u r e  i s  p r e t t y  m u c h  the  s a m e .  It  i s  u s e d  
m o s t l y  f o r  f u e l - - s p a c e  h e a t i n g  and  o t h e r  t y p e s  of fue l  u s e s .  A s i g n i f i -  
c a n t  a m o u n t  i s  u s e d  to m a k e  c a r b o n  b l a c k .  S o m e t h i n g  on the o r d e r  of 
3 p e r c e n t  is  u s e d  to m a k e  p e t r o c h e m i c a l s .  .These  p e r c e n t a g e s  on bo th  
p e t r o l e u m  and  n a t u r a l  g a s  a r e  i n c r e a s i n g  r a t h e r  r a p i d l y  b e c a u s e  the  
p r o d u c t i o n  of p e t r o c h e m i c a l s  i s  i n c r e a s i n g  m u c h  f a s t e r  W a n  e i t h e r  the  
p r o d u c t i o n  of p e t r o l e u m  o r  n a t u r a l  ga s .  

Now in  a n u t s h e l l ,  wha t  a r e  p e t r o c h e m i c a l s  u s e d  f o r ?  We h a v e  
s een  a lo t  of i n d i v i d u a l  i n s t a n c e s - - f i b e r s ,  p l a s t i c s ,  and  so f o r t h .  T h i s  
s l i de  g i v e s  a b r e a k d o w n  of e n d  u s e s  of p e t r o c h e m i c a l s  on a r a t h e r  b r o a d  

b a s i s .  

C h a r t  7, page  1 3 . - - R u b b e r  is  the  l a r g e s t  s i n g l e  u s e r  of p e t r o c h e m i -  
c a l s ,  m a i n l y  s y n t h e t i c  r u b b e r ,  bu t  t h e r e  w o u l d  be s o m e  of the  r u b b e r  
p r o c e s s i n g  c h e m i c a l s  t ha t  a r e  u s e d  to m a k e  r u b b e r  p r o d u c t s .  Au to -  
m o t i v e  and  a v i a t i o n  t o g e t h e r  m a y  be  the s e c o n d  l a r g e s t  u s e - - f o r  i n s t a n c e ,  
t e t r a e t h y l  l e a d  and  g l y c o l  a n t i f r e e z e  w o u l d  be two b ig  i t e m s  in h e r e  a l -  
though  t h e r e  wou ld  be m a n y  o t h e r s .  Nex t  w o u l d  be  s y n t h e t i c  f i b e r s - -  
ny lon ,  o r l o n ,  d a c r o n ,  a c r i l a n ;  o t h e r s  a r e  on the  v e r g e  of c o m i n g  in to  
the m a r k e t .  F i f t e e n  p e r c e n t  of a l l  p e t r o c h e m i c a l s  go in to  s y n t h e t i c  
f i b e r s ;  14 p e r c e n t ,  p l a s t i c s ;  11 p e r c e n t  a g r i c u l t u r e - - m a i n l y  a m m o n i a  
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--PETROCHEMICAL END USES 
1952 PERCENTAGE BREAKDOWN ON A TONNAGE BASIS 

RUBBER 

AUTOMOTIVE 8,AVIATION 17% 

SYNTHETIC FIBERS 15% 

PLA~'TI C S 14% 

AGRI CULT U R E I1% 

SURFACE COATINGS 9 %  

EXPLOSIVES 8 %  

FOODS 2% 

f2% 

PETROLEUM I% 

MISCELLANEOUS I %  
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f o r  f e r t i l i z e r s ;  9 p e r c e n t ,  s u r f a c e  coa t ings ;  8 p e r c e n t ,  e x p l o s i v e s ;  and  
t h e s e  m i n o r  p e r c e n t a g e s  h e r e .  Th i s  s h o w s  w h e r e  the  p e t r o c h e m i c a l s  
go. 

C h a r t  8, page  15. - - N o w  b e f o r e  t u r n i n g  to p l a s t i c s ,  wh ich  is  one of 
the  m a j o r  p e t r o c h e m i c a l s  and  d e s e r v e s  s p e c i a l  c o n s i d e r a t i o n  b e c a u s e  
of• i t s  g r o w i n g  i m p o r t a n c e ,  I w a n t e d  to s p e a k  v e r y  b r i e f l y  of r u b b e r  and  
f i b e r s ,  two o t h e r  i m p o r t a n t  p e t r o c h e m i c a l  p r o d u c t s .  T h i s  c h a r t  g i v e s  
in a n u t s h e l l  the i m p a c t  of s y n t h e t i c  r u b b e r  on the  who le  r u b b e r  s i t u a t i o n  
a n d  s y n t h e t i c  r u b b e r  i s  e x c l u s i v e l y  a p e t r o c h e m i c a l  p r o d u c t .  T h i s  is  
on a semilogarithmic graph, running from i0,000 tons to I0 million tons, 
and from 1910 to 1952. These black dots are the production of synthetic 
rubber. Natural rubber and reclaimed rubber are a fairly constant per- 
centage of the total. 

N a t u r a l  r u b b e r  was  our  p r i n c i p a l  s o u r c e  of r u b b e r  un t i l  1940; t h e n  
n a t u r a l  r u b b e r  d e c l i n e d  v e r y  r a p i d l y  as  a s o u r c e  of r u b b e r  Syn the t i c  
r u b b e r  c a m e  i n t o  the b r e a c h  f i r s t  in  1942, m o r e  in 1943, 1944, 1945, 
1 9 4 6 - - t h e  p e a k  was  in 1946 w h e n  s y n t h e t i c  r u b b e r  was  m o s t  of the  r u b -  
b e r  c o n s u m e d  in the U n i t e d  S t a t e s  T h e n  in  the  p o s t w a r  p e r i o d ,  n a t u r a l  
r u b b e r  c a m e  b a c k  p r e t t y  s t r o n g  aga in  and  s u r p a s s e d  s y n t h e t i c  r u b b e r  
With the  a d v e n t  of the  K o r e a n  w a r ,  n a t u r a l  r u b b e r  w e n t  down aga in  and  
s y n t h e t i c  r u b b e r  w e n t  a h e a d  and  w i l l  p r o b a b l y  e x c e e d  n a t u r a l  r u b b e r  
f r o m  now on and  e x p a n d  m o r e  and  m o r e ,  

C h a r t  9, page  1 6 . - - T h i s  c h a r t  g i v e s  a s i m i l a r  p i c t u r e  on s y n t h e t i c  
f i b e r s  and  n a t u r a l  f i b e r s .  T h i s  is  n a t u r a l  and  s y n t h e t i c  f i b e r s  in  t e r m s  
of p e r c e n t a g e  of the  to ta l .  T h i s  is  c o n s u m p t i o n  not  p r o d u c t i o n .  Back  
a r o u n d  1920, n a t u r a l  f i b e r  was  the  whole  p i c t u r e , - w o o l ,  co t ton ,  • and  
s i lk .  T h e n  t h e y  s t a r t e d  d e c l i n i n g  d u r i n g  the  t w e n t i e s .  T h e y  d e c l i n e d  
m o r e  in  the t h i r t i e s  and  m o r e  p r e c i p i t o u s l y  in the  f o r t i e s .  By 1920 
s y n t h e t i c  f i b e r s  h a d  c o m e  in to  the  p i c t u r e  and  up un t i l  1940 t h e  s y n -  
t h e t i c  f i b e r s  w e r e  l a r g e l y  r a y o n  m a d e  f r o m  co t ton  and  wood.  Since  1940 
s y n t h e t i c  f i b e r s  h a v e  b e c o m e  i n c r e a s i n g l y  i m p o r t a n t  s y n t h e t i c  p r o d u c t s ,  
m a i n l y  f r o m  s y n t h e t i c  p e t r o c h e m i c a l s .  In 1952 s y n t h e t i c  f i b e r s  w e r e  
up to above  23 p e r c e n t  o f  the  n a t i o n a l  c o n s u m p t i o n  of f i b e r s ,  a n d  it  s e e m s  
v e r y  l i k e l y  tha t  n a t u r a l  f i b e r s  wi l l  con t inue  to d e c l i n e  and  s y n t h e t i c  
f i b e r s  wi l l  con t inue  to go up. It wou ld  be m y  g u e s s  tha t  t h e y  wi l l  r e a c h  a 
f i f t y - f i f t y  po in t  s o m e t i m e  i n  the  e a r l y  1960 's  o r  the  m i d - s i x t i e s  m a y b e .  

C h a r t  i0,  page  17. - - N o w  we wi l l  t u r n  our  a t t e n t i o n  to p l a s t i c s  fo r  a 
few m i n u t e s .  Th i s  is  a n o t h e r  one of the s e m i l o g a r i t h m i c  g r a p h s .  I 
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PRODUCTION OF SYNTHETIC PLASTICS AND RESINS 

(Breakdown by four major groups) 
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hope  th i s  wi l l  not  con fuse  you.  It i s  s i m i l a r  to the  s t o c k  b r o k e r ' s  r a t i o  
c h a r t  wi th  wh ich  s o m e  of you who dea l  in  the  s t o c k  m a r k e t  m a y  be 
f a m i l i a r .  

T h i s  s h o w s  the e n o r m o u s  g r o w t h  r a t e  of p l a s t i c s ,  wh ich  have  a v e r -  
aged  s o m e t h i n g  o v e r  20 p e r c e n t  p e r  y e a r  e v e r  s i n c e  p l a s t i c s  ~ t a r t ed ,  
back  in the e a r l y  t w e n t i e s ,  a l t hough  t h e r e  a r e  a f ew tha t  go b a c k  to 
1890. But  s i n c e  the 1920 ' s ,  p l a s t i c s  have  g r o w n  at a r a t e  of a r o u n d  
22 o r  23 p e r c e n t  p e r  y e a r ,  w h i c h  i s  a f a n t a s t i c a l l y  h igh  g r o w t h  r a t e .  

P l a s t i c s  can  be d i v i d e d  in to  fou r  p r i n c i p a l  g r o u p s - - t h e r m o p l a s t i c s ,  
t h e r m o s e t t i n g  r e s i n s ,  a lkyd  r e s i n s ,  and  c e l l u l o s i c s .  E x a m p l e s  of 
t h e r m o p l a s t i c s  a r e  p o l y s t y r e n e ,  p o l y v i n y l - - s h o w e r c u r t a i n s ,  r a i n c o a t s ,  
and  so  on; p o l y e t h y l e n e - - s q u e e z e  b o t t l e s ,  f l e x i b l e  t u m b l e r s ,  and  c o n -  
t a i n e r s  of a l l  s o r t s .  I w i s h  I h a d  b r o u g h t  s o m e  s a m p l e s  wi th  m e  to  show 
you, but you a r e  a l l  f a m i l i a r  wi th  t h e s e  p l a s t i c s .  T h o s e  a r e  e x a m p l e s  
of t h e r m o p l a s t i c s .  T h e y  a r e  p l a s t i c s  wh ich  can  be m e l t e d  and  r e m o l d e d .  

T h e r m o s e t t i n g  p l a s t i c s  a r e  t h o s e  wh ich  a r e  s i m i l a r  to  the  t e l e p h o n e  
s e t  and  which ,  once  m e l d e d ,  s t a y  tha t  way; t h e y  can , t  be  m e l t e d  aga in .  
The  a l k y d  r e s i n s  a r e  an i m p o r t a n t  type  of p l a s t i c s  u s e d  to m a k e  pa in t s .  
C e l l u l o s e  p l a s t i c s  u s e d  to be f i r s t .  T h e y  w e r e  f i r s t  in 1926 but  by  1940 
t h e y  w e r e  l a s t .  T h e r m o p l a s t i c s  w e r e  l a s t  in  1939, but  by 1945, t h e r m o -  
p l a s t i c s  w e r e  f i r s t  a m o n g  t h e s e  ~our g r o u p s  and  now t h e r m o p l a s t i c s  
a r e  away  a h e a d  of a l l  o t h e r  t ypes .  T h e r m o p l a s t i c s  a r e  a h e a d  of t h e r -  
m o s e t t i n g  r e s i n s  i n  g r o w t h  r a t e .  Alkyd  r e s i n s  had  th i s  g r o w t h  r a t e ,  
wh ich  i s  a l s o  v e r y  h igh .  C e l l u l o s e  p l a s t i c s  a r e  the  l e a s t  r a p i d l y  g r o w -  
ing  of a l l  p l a s t i c s .  It s e e m s  as  l i k e l y  t h e y  w o n ' t  ge t  m u c h  b i g g e r .  

C h a r t  11, page  19. - - T h i s  i s  a f u r t h e r  b r e a k d o w n  of the  t h e r m o -  
p l a s t i c s ,  wh ich  we saw on c h a r t  10. T h e r e  a r e  s e v e r a l  i m p o r t a n t  g r o u p s  
in  th is .  T h e r e  a r e  the  p o l y v i n y l s  u s e d  in  pa in t ,  r a i n c o a t s ,  and  s h o w e r  
c u r t a i n s ;  t h e r e  a r e  the  p o l y s t y r e n e s ,  wh ich  a r e  m o s t  of the  m o l d e d  t h i n g s  
you s ee  in the  1 0 - c e n t  s t o r e .  As of 1952 t h o s e  two g r o u p s  w e r e  p r a c -  
t i c a l l y  the s a m e .  Both  h a v e  e x t r e m e l y  h igh  g r o w t h  r a t e s .  S ince  1952,  
the  p o l y s t y r e n e s  have  gone  a h e a d  of the  p o l y v i n y l s .  So the  p o l y s t y r e n e s  
h a v e  the  l a r g e s t  p r o d u c t i o n  of any  p l a s t i c s  and  wi l l  p r o b a b l y  s t a y  t h e r e  
f o r  s o m e t i m e .  

P o l y e t h y l e n e  i s  a n o t h e r  v e r y  r a p i d l y  g r o w i n g  g roup  of p l a s t i c s .  It 
h a s  an  a l m o s t  v e r t i c a l  g r o w t h  r a t e .  In 1952 p o l y e t h y l e n e  p r o d u c t i o n  had  
r e a c h e d  125 m i l l i o n  pounds  and  v e r y  l a r g e  p r o d u c t i o n  i s  a h e a d .  Many  
n e w  p l a n t s  a r e  u n d e r  c o n s t r u c t i o n  to m a k e  m o r e  p o l y e t h y l e n e ,  and  
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p r o d u c t i o n  wi l l  e x c e e d  500 m i l l i o n  p o u n d s  in  a v e r y  f e w  y e a r s .  It w i l l  
p r o b a b l y  e x c e e d  a b i l l i o n  pounds  in  10 y e a r s  o r  so .  It h a s  v e r y  e x -  
c e l l e n t  p r o p e r t i e s .  

The  p o l y m e t h a c r y l a t e s  ( L u c i t e )  h a d  a bu lge  h e r e  d u r i n g  the  w a r  
w h e n  it  w a s  u s e d  f o r  b o m b e r  w i n d o w s ,  r a d o m e s ,  a n d  so  on. It i s  
p r e t t y  w e l l  l e v e l e d  off now.  It  d o e s n ' t  a p p e a r  to be  go ing  up v e r y  f a s t .  

C h a r t  12, page  2 1 . - - T h e r m o s e t t i n g  r e s i n s  i s  a n o t h e r  l a r g e  g r o u p  
of p l a s t i c s  r e p r e s e n t e d  by  p h e n o l i c  r e s i n s .  P h e n o l i c  i s  r e p r e s e n t e d  by  
the  t e l e p h o n e  se t .  The  p h e n o l i c  r e s i n s  a r e  n o r m a l l y  d a r k  c o l o r e d - -  
b r o w n  or  b l a c k .  T h e y  a r e  v e r y  r u g g e d  p l a s t i c s  a n d  h a v e  a lo t  of g o o d  
p r o p e r t i e s .  T h e y  a r e  r e l a t i v e l y  c h e a p ,  but  t h e y  h a v e n ' t  b e e n  ab le  to 
k e e p  up wi th  the  r a p i d  g r o w t h  r a t e  of the  t h e r m o p l a s t i c s .  F o r  m a n y  
y e a r s  the  t h e r m o s e t t i n g  r e s i n s  w e r e  a l m o s t  e n t i r e l y  p h e n o l i c .  T h e n  
m e l a m i n e  and  u r e a  r e s i n s  c a m e  in to  the p i c t u r e .  U r e a  r e s i n s  a r e  sub -  
s t i t u t e s  fo r  p h e n o l i c  r e s i n s  in  m a n y  u s e s .  M a n y  r a d i o  Cab ine t s  a r e  
m a d e  of u r e a  r e s i n s .  T h e y  c a n  be whi t e  o r  i v o r y .  A r a d i o  s e t  wi th  a n  
i v o r y  c a b i n e t  i s  p r o b a b l y  u r e a .  M e l a m i n e  r e s i n s  a r e  s i m i l a r  to u r e a  
r e s i n s  but  s t r o n g e r - - a l s o  m o r e  e x p e n s i v e .  M e l a m i n e  i s  b e i n g  u s e d  a 
lo t  to m a k e  b e a u t i f u l  d i s h e s .  T h e r e  a r e  m a n y  o t h e r  a p p l i c a t i o n s .  It i s  
v e r y  s t r o n g  a n d  r e s i s t a n t  to h e a t ,  bu t  is  a l i t t l e  m o r e  e x p e n s i v e  t h a n  
s o m e  of the  o t h e r  p l a s t i c s .  

A n o t h e r  t h e r m o s e t t i n g  g r o u p  is  m a d e  up of the  p o l y e s t e r s  w h i c h  
you  h a v e  u n d o u b t e d l y  h e a r d  abou t .  T h i s  i s  a p o l y e s t e r - - g l a s s  f i b e r  
p l a s t i c  w h i c h  i s  u s e d  to m a k e  a u t o m o b i l e  b o d i e s .  I t  is  a l s o  u s e d  to 
m a k e  s m a l l  b o a t s ,  I u n d e r s t a n d ,  up to abou t  35 o r  40 f e e t ,  t o r p e d o  
b o a t s  a n d  o t h e r  s p e c i a l i z e d  b o a t s  up to abou t  t ha t  s i z e .  I t  h a s  m a n y  
o t h e r  u s e s .  I t  i s  a t h e r m o s e t t i n g  r e s i n ,  r e i n f o r c e d  n o r m a l l y  wi th  g l a s s  
f i b e r s  w h i c h  g i v e s  i t  i t s  h igh  s t r e n g t h .  The  on ly  t h ing  t ha t  k e e p s  i t  
f r o m  b e i n g  a l a r g e  b u s i n e s s  i s  t ha t  i t  is  qu i t e  e x p e n s i v e ,  50 o r  60 c e n t s  
a pound.  You c a n  s e e  the  h igh  g r o w t h  r a t e  in  the  p a s t  f ew y e a r s .  I t  i s  
b e g i n n i n g  zo go p l a c e s .  You  wi l l  h e a r  m o r e  abou t  i t  a s  the  y e a r s  go by.  

Ou t l i ne  on page  22 s h o w s  the  a r e a s  of c o m p e t i t i o n  of p l a s t i c s - - w h y  
o u r  p l a s t i c s  a r e  i m p o r t a n t  to u s - - i n  bo th  p e a c e t i m e  and  w a r t i m e .  
F i r s t ,  we wi l l  d iv ide  p l a s t i c s  in to  t h r e e  p r i n c i p a l  g r o u p s ,  r i g i d  p l a s t i c s ,  
n o n r i g i d  p l a s t i c s ,  and  c o a t i n g  p l a s t i c s .  The  l a t t e r  a r e  u s e d  to m a k e  
pa in t .  The  d i f f e r e n c e  b e t w e e n  r i g i d  and  n o n r i g i d  p l a s t i c s  i s  tha t  the  
r i g i d  p l a s t i c  i s  r e p r e s e n t e d  by  a t e l e p h o n e  se t  o r  r a d i o  c a b i n e t ,  s o m e -  
t h i n g  wi th  a r i g i d  s t r u c t u r e ;  w h e r e a s  the  n o n r i g i d  p l a s t i c s  a r e  in  the  
f o r m  of f i l m ,  s u c h  a s  s h o w e r  c u r t a i n s ,  r a i n c o a t s ,  o r  the  s q u e e z e  
b o t t l e s  t h e y  s e l l  i n - d r u g  s t o r e s ;  it  i s  f l e x i b l e .  
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.Areas of c o m p e t i t i o n  of s~rnthetic p l a s t i c s  

R i g i d  p l a s t i c s  

P o l y s t y r e n e  ) 
P o l y v i n y l s  ) 
A c r y l i c s  (Luc i t e )  ) 
Nylon  ) 
Pheno l i c  s ) 
U r e a - f o r m a l d e h y d e  ) 
M e l a m i n e  - f o r m a l d e h y d e  ) 
P o l y e s t e r s  ) 
C e l l u l o s e  e s t e r s  ) 

N o n r i g i d  p l a s t i c s  

P o l y e t h y l e n e  ) 
. P o l y v i n y l s  ) 
Ce l lophane  ) 
C e l l u l o s e  e s t e r s  ) 
Mylar ) 

r e p l a c e  

r e p l a c e  

( Stee l  
( C a s t  i r on  
( Wood 
( C o p p e r  and b r a s s  
( Zinc  a l l oys  
( N icke l  and m o n e l  
( A luminum 
( M a g n e s i u m  
( G l a s s  
( C e r a m i c s  

( R u b b e r  
( L e a t h e r  
( T e x t i l e s  
( P a p e r  
( Me ta l  fo i l s  and s h e e t s  

Coa t ing  p l a s t i c s  

Alkyds  ) 
R o s i n  e s t e r s  ) 
U r e a - f o r m a l d e h y d e  ) 
M e l a m i n e - f o r m a l d e h y d e  ) 
P o l y v i n y l s  ) 
P o l y s t y r e n e  and c o p o l y r n e r s  ) 
C o u m a r o n e - i n d e n e  ) 
C e l l u l o s e  e s t e r s  ) 
S t y r e n e  c o p o l y m e r s  ) 
S i l i cones  ) 

r e p l a c e  

( Natural resins 
( Shellac 
( Drying oils 
( Tin (in coatings) 
( 
( 
( 
( 
( 
( 
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F i r s t ,  t h e r e  i s  a g r o u p  of r i g i d  p~as t i c s .  I h a v e  m e n t i o n e d  p01y- 

s t y r e n e  b e f o r e .  It i s  the  l a r g e s t  g r o u p  of a l l  p l a s t i c s .  P h o n o l i c s  a r e  
p o l y e s t e r s  in r i g i d  f o r m .  One of the  m o s t  s i g n i f i c a n t  r i g i d  p l a s t i c s  is  
ny lon .  M o s t  p e o p l e  th ink  of ny lon  on ly  as  a f i b e r ,  but  a c t u a l l y  i t  i s  a 
p l a s t i c  too.  Ny lon  p l a s t i c  is  the  n e a r e s t  s u b s t i t u t e  fo r  m e t a l .  It h a s  
m a n y  u s e s .  B r a s s  can  be r e p l a c e d  by  m o l d e d  nylon ,  g e a r s  f o r  e x a m p l e .  
M a n y  g e a r s  a r e  m a d e  of m o l d e d  ny lon .  Ny lon  can  be m o l d e d  to  a t e n -  
t h o u s a n d t h s  of an  inch  t o l e r a n c e ,  i s  e x t r e m e l y  s t r o n g ,  and  h a s  a s e l f -  
l u b r i c a t i n g  p r o p e r t y .  Nylon  p l a s t i c  is  a b i g g e r  p r o d u c t  than  m a n y  p e o p l e  
t h i n k - - 2 0  to  30 m i l l i o n  pounds  a y e a r .  T h e s e  r i g i d  p l a s t i c s  can  be u s e d  
as  s u b s t i t u t e s  fo r  s t e e l ,  c a s t  i r o n ,  wood,  c o p p e r  and  b r a s s ,  z inc  a l l o y s ,  
n i c k e l ,  a l u m i n u m ,  m a g n e s i u m ,  g l a s s ,  and  e v e n  c e r a m i c s .  

T h i s  p o s s i b i l i t y  of r e p l a c e m e n t  h e r e  h a s  s o m e  v e r y  i m p o r t a n t  i m p l i -  
c a t i o n s  fo r  bo th  p e a c e  and  war .  C o p p e r ,  l e a d ,  and  z inc  a r e  g e t t i n g  
s c a r c e r  and  s c a r c e r  as  the  y e a r s  go by. T h e y  a r e  g r a d u a l l y  go ing  up in 
p r i c e ,  a l t hough  t h e y  h a v e  t h e i r  ups  and  downs .  E v e n  s t e e l  i s  g e t t i n g  
h a r d e r  to ge t  and  h i g h e r  in  p r i c e .  A l u m i n u m  h a s  m a i n t a i n e d  a p r e t t y  
good  p r i c e  s t a b i l i t y  and  i t s  r a w  m a t e r i a l s  a r e  qui t  e w i d e s p r e a d ;  so  
a l u m i n u m  is  a l s o  a v e r y  good  b e t  fo r  the  fu tu r e .  But  s o m e  of t h e s e  
m e t a l s ,  at  l e a s t ,  a r e  g e t t i n g  s c a r c e r  and  h i g h e r  p r i c e d  and  t h e y  can  be 
r e p l a c e d  in  m a n y  u s e s  by  t h e s e  p l a s t i c s .  M a n y  m o r e  p l a s t i c s  a r e  b e -  
y o n d  the  h o r i z o n  and  in the  nex t  few y e a r s  t h e y  wi l l  ac t  as  r e p l a c e m e n t s  
of m e t a l s .  

The p r i n c i p a l  t h e m e  song  of the  P a l e y  R e p o r t  i s  the  g r o w i n g  s c a r c i t y  
of m a n y  of t h e s e  m a t e r i a l s ,  p a r t i c u l a r l y  c o p p e r ,  z inc ,  and  l e a d .  Ye t  
we h a v e  t h e s e  p l a s t i c s  m a d e  f r o m  not  i n e x h a u s t i b l e  r a w  m a t e r i a l s  but  
f a i r l y  p l en t i fu l  r a w  m a t e r i a l s .  When  we r u n  out of p e t r o l e u m  and  n a t u r a l  
gas ,  we m a y  u s e  coa l  and  when  tha t  b e c o m e s  s c a r c e ,  we can  u s e  s a w -  
dus t  o r  a n y t h i n g  tha t  h a s  c a r b o n  in  it .  

The  s e c o n d  p a r t  s h o w s  the  n o n r i g i d  p l a s t i c s - - p o l y v i n y l s ,  p o l y e t h y l -  
e n e ,  c e l l o p h a n e ,  c e l l u l o s e  e s t e r s  in f i l m  f o r m ,  and  m y l a r ,  the  f i l m  f o r m  
of d a c r o n .  T h e s e  p l a s t i c s  can  r e p l a c e  the  fo l l owing  m a t e r i a l s :  r u b b e r ,  
l e a t h e r ,  t e x t i l e s ,  p a p e r ,  m e t a l  f o i l s  and  s h e e t s .  Whi le  t h e s e  a r e  not  
t h i n g s  tha t  a r e  p a r t i c u l a r l y  p r e s s i n g  as  r e g a r d s  s h o r t a g e  of supp ly  and  
i n c r e a s e  in  p r i c e ,  at  l e a s t  i t  is  c o m f o r t i n g  to know tha t  if t h e s e  t h ings  
w e r e  s h o r t  t h e y  can  be r e p l a c e d  by  t h e s e  s y n t h e t i c  m a t e r i a l s .  

T h i r d ,  t u r n i n g  to c o a t i n g  p l a s t i c s ,  we have  a l k y d s ,  r o s i n  e s t e r s ,  
u r e a - f o r m a l d e h y d e ,  m e l a m i n e - f o r m a l d e h y d e ,  p o l y v i n y l s ,  p o l y s t y r e n e s  
and  c o p o l y m e r s ,  c o u m a r o n e  - i n d e n e ,  c e l l u l o s e  e s t e r s ,  s t y r e n e  c o p o l y -  
m e r s ,  and  s i l i c o n e s .  T h e s e  p l a s t i c s  have  l a r g e l y  r e p l a c e d  n a t u r a l  
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p r o d u c t s  such  as  n a t u r a l  r e s i n s ,  v a r n i s h  r e s i n s ,  and  have  p a r t l y  r e -  
p l a c e d  d r y i n g  o i l s .  T h e y  s t i l l  u se  s o m e  d r y i n g  o i l s  to m a k e  pa in t  but  
the  n e c e s s i t y  ha s  b e e n  cut  a good  d e a l  by  the  u se  of p l a s t i c s .  F i n a l l y ,  
p l a s t i c  c o a t i n g s  can  to  a l a r g e  ex t en t  r e p l a c e  t i n - c o a t e d  cans .  

C h a r t  13, page  25. - - T h i s  c h a r t  p o i n t s  up the  c o m p e t i t i v e  n a t u r e  of 
p l a s t i c s  wi th  t h e s e  o t h e r  s t r u c t u r a l  m a t e r i a l s .  I u s e  the  t e r m  " s t r u c -  
t u r a l  m a t e r i a l s "  not  as  m a t e r i a l s  to m a k e  b r i d g e s  and  h o u s e s  but  as  
m a t e r i a l  wh ich  is  u s e d  to m a k e  t h ings  in g e n e r a l ,  w h e t h e r  an  a sh  t r a y  
in the  h o u s e  or  a g e a r  in  a p i e c e  of m a c h i n e r y .  

T h i s  i s  a c h a r t  showing  the  g r o w t h  r a t e  of v a r i o u s  s t r u c t u r a l  m a -  
t e r i a l s  in  t e r m s  of v o l u m e - - n o t  we igh t  but  v o l u m e ;  b i l l i o n s  of cubic  
i n c h e s ,  c o n v e r t e d  f r o m  we igh t  to v o l u m e  by  a d e n s i t y  f a c t o r ,  Wood i s  

f i r s t ;  s t e e l  is  the  s e c o n d  l a r g e s t ;  g l a s s ,  the  t h i r d  l a r g e s t ;  c a s t  i ron;  
r u b b e r ;  l e a t h e r ;  and  f i n a l l y  we c o m e  down to p l a s t i c s .  T h e y  a r e  the  
b l a c k  dots .  

P l a s t i c s  h a v e  a v e r y  h igh  g r o w t h  r a t e .  As a m a t t e r  of fac t ,  ff we 
e x t r a p o l a t e  i t s  v a s t  g r o w t h  r a t e ,  you would  conc lude  tha t  p l a s t i c s  wou ld  
p r o b a b l y  e x c e e d  r u b b e r  and  c a s t  i r o n  w i th in  the  nex t  5 o r  6 y e a r s ;  m a y b e  
wi th in  10 y e a r s  t h e y  would  e x c e e d  g l a s s ;  in 20 to 25 y e a r s ,  t h e y  would  
e v e n  e x c e e d  s t e e l  as  a s t r u c t u r a l  m a t e r i a l .  T h i s  h igh  g r o w t h  r a t e  of 
p l a s t i c s  o b v i o u s l y  c a n ' t  be c o n t i n u e d  i n d e f i n i t e l y ,  but  i t  h a s  had  th i s  
g r o w t h  r a t e  f o r  about  28 or  30 y e a r s  and  nobody  can  t e l l  w h e n  i t  i s  go ing  
to s t a r t  d e c l i n i n g .  H o w e v e r ,  S o m e t i m e s  tha t  g r o w t h  r a t e  ha s  to s l o w  
down. At l e a s t  ff i t  does  c o n t i n u e  th i s  g r o w t h  r a t e  fo r  a f ew m o r e  y e a r s ,  
i t  m a y  ge t  up in to  t h i r d  o r  f o u r t h  p l ace  as  to v o l u m e  of m a t e r i a l  u s e d .  

C h a r t  14, page  2 6 . - - T h i s  c h a r t  po in t s  up the  c o m p e t i t i v e  n a t u r e  of 
t h e s e  m a t e r i a l s  wi th  r e s p e c t  to p r i c e .  P r i c e  d e t e r m i n e s  a l m o s t  e v e r y -  
th ing  in p e a c e t i m e ,  and  e v e n  in w a r t i m e  it i s  an  i m p o r t a n t  f a c t o r .  T h i s  
c o m p a r e s  the  c o s t  of m a k i n g  any th ing  out of t h e s e  v a r i o u s  m a t e r i a l s .  
The  p l a s t i c s  a r e  a l l  in d a r k  b a r s ,  and  t h e y  h a v e  al l  b e e n  c o n v e r t e d  to 
c e n t s  p e r  cub i c  inch .  If you want  a n  a sh  t r a y ,  an a u t o m o b i l e  body,  a n y -  
th ing  you want  to m a k e  out of s o m e t h i n g ,  you have  y o u r  c h o i c e - - s h a l l  
I m a k e  it  out  of s t e e l ,  wood,  b r a s s ,  o r  p l a s t i c ?  T h i s  po in t s  up the  c o s t  
qui te  c l e a r l y  of m a k i n g  s o m e t h i n g  out of the  v a r i o u s  m a t e r i a l s .  

Of al l  t h e s e  m a t e r i a l s  l i s t e d  h e r e ,  c o p p e r  is  the m o s t  e x p e n s i v e ;  
l e a d  i s  next .  Ny lon  p l a s t i c  is  c h e a p e r  than  e i t h e r  c o p p e r  o r  l e a d  a l -  
though it i s  s t i l l  f a i r l y  e x p e n s i v e - - o n  the  o r d e r  of s ix  o r  s e v e n  c e n t s  
p e r  cubic  inch .  T h e n  i t  d r o p s  down qui te  a lo t  fo r  z inc;  l e a t h e r  is  about  
the  s a m e .  L u c i t e  p l a s t i c ,  wh ich  i s  c o n s i d e r e d  a f a i r l y  e x p e n s i v e  p l a s t i c ,  
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CHART 14 

PRICES OF PLASTICS AND COMPETITIVE MATERIALS (195~) 

COPPER 

Z,NC 

~.e~:~:g~.$j..::~:~:...~:~i~.::.~:~*~J&~..:.,:~.~!~?~.~:~j~?~:~:~!:~g~!~:~i~ POLYMETHYL METHACRYLATE (Lucite) 

~.~,;i~.a!..'.. ~ .:,:...':'.~:'i: ~ ~.~ !~:':":: i-!~!i~i.::~! ~..'i i'i~..'::~i!~.)~.:~!~:'L~::-!~:':-~.!:~::.:.~:'~ ~:~ ~.: ~!':~:s +:. ~:.c:~: ~::...~:.:~.:.~:~:.....~:.~:..:~:~: ~..::: ::.:::::::::. ~...~.:~.:::::::~::.~ ::. ::~:....:~.:. b'.':.':::.~::: ................. !:;:~.~:;:!:::~:~:,.~,.:::~.:::~:::&:!:̀ $.:i~:~:!:::~:~:~:::::::~::..~i~i!~j CELLULOSE ACETATE'BUTYRATE (Tenffe II ) 

• .~: ~:: ::-: ~: ::.':~:': ~:::':::....:~... • :: .~ :::':~ ::~: b':.~ >":~ ~. ~...". ~--'. • :" :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ETHYL CELLULOSE (Ethocel) 

Jii!!:~::'~::':!:~:~::~!:"~i~ ::::'::::'~:b.~:::&:~i~!~!~i.~:~'~'] POLYESTER R E S I N ,  GLASS FIBER REINFORCED 

:~:~::.~:~::~:~:~:::::.~:::~:...:.:i::.::::::~::::~:::?~,.~:.~::~:~:?~:~...:~-MELAMiNE-FORMALDEHYDE (Melmac 

[l:~!.:.!:i.~.:~i:::~:i~::.::.~i:~:~::~.~:i:~:~:.~:~.~:!:l.:i~l:~,~ CELLULOSE ACETATE (Ten[te I ) 

!~!~:.~:~:i:~:!:!:!:!:: ? :.~ ~: :~ :~::: ~ !:~: ~.:~ .:?~:i:!:~:!:!:~.i~.i~ 
f i~:  .~ ~i~.~i~i~-i~-~:.ii~?.'!~i~.~.>.'~ CELLULOSE (Pyral|n) .... ~ " ..~/. ............... ~....~...~ NITRATE 

[i.'..;!~ :.'.:~W::!~::i::~:~:'7.:i~!~i~b~'~:!:!:!:!:~:i] UREA ::::':: "~ :::::::::::::::::::::::::::: :~:'::~ - FORMALDEHYDE (Beetle ) 
====================================== : • :~.¢.>:.:~.:~:.:.:~x.- :.:.: 
~." ~ :~ :'~: ~ ~i: ~. :~: :~:-:~.~ :~i~$~:: :~:~:.:i~:~i~:!:~.. ~i:.:...:,..:.~.:~:.:~.:,:~..~:~:::~:,::~::~:::.:,.:::.,.:::~.::iil P O L Y V l N Y L  CHLORIDE (V lny l i te  

[:¢. ..................... :,.:::::::::::::::::::::.~::::::::~.:::::::::::: ALL PLASTICS (Weighted average) :.::::::::::::::::::::::::::... ~...:.~. ~.> .:..~:~..:.~:.~: 

~ii~.~:'.:'.~ii~;~i~::'~'::~i~i~!l~i.~ii!~::.'~ POLYETHYLENE (Polythene) 

~ - - ~ \ ' ~ \ ~  M A G  N ESIUM 

~Ii~ii~.'..'~i~ ~!i~ii~!~!~i!~!i~i~] POLYSTYI~E NE (Styron) 

~ ~  CE~A~,CS 
[,'.:~.:~-~:! E.~-~,.-ii?-.~;~:~!-.~?~:--~!! :':'" "~':-"~'.:~'~ +::~'~"~: PHENOL-  (Bakel i te) - Ji!~':"~! .'..:.:~ ~;:~'.'.:~:~.,.~:~:' ~..'~ F O R M A  L D E H Y D E 

STEEL 

GLASS 

CAST IRON 

W O O D  (Douglas f i r  ) 

I I I I I I I I 
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Cents per 
cubic inch 
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y e t  i s  c h e a p e r  t han  e i t h e r  l e a d  o r  z inc  and  t h e s e  o t h e r s .  Ny lon ,  a s  I 
m e n t i o n e d ,  is  r e p l a c i n g  m a n y  m e t a l s ,  p a r t i c u l a r l y  b r a s s  and  z inc  f o r  
d ie  c a s t i n g s ,  f o r  m a k i n g  g e a r s ,  a n d  o t h e r  p a r t s  of m a c h i n e r y .  It  h a s  
the  q u a l i t y  of m e t a l  in  t e r m s  of s t r e n g t h  and  r e s i s t a n c e  to w e a r .  N y l o n  
n o r m a l l y  i s  a l i t t l e  c h e a p e r  t han  c o p p e r  o r  b r a s s ,  c o n s i d e r i n g  b r a s s  as  
a c o m b i n a t i o n  of c o p p e r  and  z inc .  M a k i n g  g e a r s  and o t h e r  p a r t s  of 
n y l o n  s a v e s  an  e n o r m o u s  a m o u n t  in m a c h i n i n g  c o s t  b e c a u s e  you  c a n  
m o l d  it to a c l o s e  t o l e r a n c e  w i thou t  go ing  t h r o u g h  m a c h i n i n g  o p e r a t i o n s  
a s  you  do wi th  b r a s s .  

C o n t i n u i n g  down the  c h a ~ t  o t h e r  m a t e r i a l s  a r e  c e l l u l o s i c s ,  p o l y -  
e s t e r  r e s i n - - t h e  g l a s s - f i b e r  r e i n f o r c e d  type  of r e s i n  out  of w h i c h  you  
m a k e  a u t o m o b i l e  b o d i e s ,  b o a t s ,  a n d  m a n y  o t h e r  p r o d u c t s - - m e l a m i n e -  

~ . f o r m a l d e h y d e ,  a d d i t i o n a l  c e l l u l o s i c s ,  u r e a - f o r m a l d e h y d e ,  p o l y v i n y l  
c h l o r i d e ,  a l u m i n u m ,  p o l y e t h y l e n e ,  and  m a g n e s i u m .  P o l y s t y r e n e  and  
p h e n o l i c  r e s i n s  a r e  the  two  c h e a p e s t  r e s i n s .  T h e y  a r e  g e t t i n g  down to 
w h e r e  t h e y  a p p e a r  to be  the  s a m e  a v e r a g e  p r i c e  as  c e r a m i c s ;  a l m o s t  
the  s a m e  as  s t e e l .  I n  o t h e r  w o r d s  if you  wan t  to m a k e  a p r o d u c t  ou t  of 
p o l y s t y r e n e  o r  s t e e l ,  on a v o l u m e  b a s i s ,  t h e y  a r e  p r a c t i c a l l y  a s t andof f .  

R u b b e r  i s  c h e a p e r ;  g l a s s ,  c h e a p e r ;  c a s t  i r o n ,  c h e a p e r ;  and  wood ,  by  
a l l  odds ,  i s  the  c h e a p e s t  of a l l  s t r u c t u r a l  m a t e r i a l s .  T h i s  c h a r t  i s  qu i t e  
s i g n i f i c a n t  f r o m  e i t h e r  a p e a c e t i m e  o r  a m i l i t a r y  po in t  of v i e w .  T h i s  
s h o w s  the  r e l a t i v e  c o s t  of m a k i n g  p r o d u c t s  out  of p l a s t i c s .  T h e r e  i s  
s o m e  d e g r e e  of c o m f o r t  in k n o w i n g  tha t ,  if  we n e e d  to, we c a n  s u b s t i -  
t u t e  p l a s t i c s  fo r  s o m e  of t h e s e  s c a r c e  r a w : m a t e r i a l s .  

I a p p r e c i a t e  the o p p o r t u n i t y  of s p e a k i n g  to the  s t u d e n t  b o d y  of the  
I n d u s t r i a l  C o l l e g e  and  thank  you  f o r  y o u r  a t t e n t i o n .  

QUESTION: In s p e a k i n g  of the  u s e  of p e t r o l e u m  in m a k i n g  p e t r o -  
c h e m i c a l s  and  in  g iv ing  u s  s e v e r a l  f o r m u l a s ,  you  m e n t i o n e d  s e v e r a l  
a d d i t i v e s  d u r i n g  the  p r o c e s s ,  s u c h  a s  h y d r o c h l o r i c  a c i d .  Wha t  p e r c e n t -  
age  of the end  p r o d u c t ,  e i t h e r  by  w e i g h t  o r  v o l u m e ,  o r  s o m e t h i n g ,  i s  
a c t u a l l y  p e t r o l e u m ?  In o t h e r  w o r d s  how m u c h  do y o u a d d  in  p r o p o r t i o n  
to t h e  p e t r o l e u m  tha t  you  u s e ,  a s  a r o u n d  n u m b e r  ? 

MR.  E W E L L :  Of c o u r s e ,  o x y g e n  e n t e r s  in to  m a n y  of t h e s e  p r o d u c t s  
a s  an  add i t i ve ;  c h l o r i n e  e n t e r s  in to  m a n y  of t h e m .  I w o u l d  s a y  p r o b a b l y ,  
a s  a g e n e r a l  a v e r a g e ,  t ha t ,  of t h i s  who le  m a s s  of p e t r o c h e m i c a l s ,  p r o b -  
ab ly  on the  o r d e r  of t w o - t h i r d s  of the  w e i g h t  of a m o l e c u l e  o r i g i n a l l y  
c a m e  f r o m  p e t r o l e u m  and  n a t u r a l  gas  and  m a y b e  the  o t h e r  t h i r d  c a m e  
f r o m  v a r i o u s  a d d i t i v e s .  
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Q U E S T I O N :  One of the p r o b l e m s  tha t  the m i l i t a r y  h a s  in  the  w a r -  
t i m e  a p p l i c a t i o n  of t h e s e  p l a s t i c s  to o u r  n e e d s  is  the  f ac t  tha t  we have  
to o p e r a t e  u n d e r  c o n d i t i o n s  m u c h  m o r e  s e v e r e  than  t h o s e  u n d e r  w h i c h  
the  c i v i l i a n s  o p e r a t e .  To wha t  e x t e n t  a r e  t h e s e  n e w  p l a s t i c s  b e i n g  
a d a p t e d  to m i l i t a r y  n e e d s  ? Do you know how f a r  the m i l i t a r y  is  go ing  
a n d  how f a r  i n d u s t r y  is  go ing  in m e e t i n g  o u r  v e r y  r i g i d  r e q u i r e m e n t s  ? 

MR. E W E L L :  Wel l ,  c e r t a i n l y ,  I s u p p o s e  n o w a d a y s  tha t  i n d u s t r y  
i s n ' t  doing  too m u c h  in the w a y  of t r y i n g  to m e e t  m i l i t a r y  a p p l i c a t i o n s  
e x c e p t  on s p e c i a l  r e q u e s t .  A f t e r  a l l ,  p e a c e t i m e  a p p l i c a t i o n s  a r e  u p p e r -  
m o s t  in t h e i r  m i n d s  r i g h t  now. H o w e v e r ,  t h e r e  a r e  m a n y  p l a s t i c s  w h i c h  
a r e  not  u s e d  fo r  p a r t i c u l a r  p u r p o s e s  in a p e a c e  e c o n o m y  t o d a y  b e c a u s e  
t h e y  a r e  too  e x p e n s i v e .  F o r  i n s t a n c e ,  m a n y  t h i n g s  tha t  cou ld  be m a d e  of 
m o l d e d  n y l o n  • a r e  not  m a d e  of n y l o n  b e c a u s e  it c o s t s  too m u c h .  But  tha t  
p l a s t i c  m i g h t  m e e t  m i l i t a r y  r e q u i r e m e n t s  and  if the  p r i c e  w e r e  not  the 
p r i m a r y  o b j e c t i v e ,  t hen  n y l o n  c o u l d  be u s e d  f o r  m a n y  p u r p o s e s  w h e r e . i t  
c o u l d n ' t  be u s e d  in p e a c e t i m e .  On the  o t h e r  h a n d  if  t h e r e  w e r e  p r e s s i n g  
p r o b l e m s  in  the m i l i t a r y  a p p l i c a t i o n  of p l a s t i c s ,  I a m  s u r e  tha t  e v e r y  
c h e m i c a l  c o m p a n y  wou ld  wan t  to .do s o m e t h i n g  on t h e m  if  t h e y  w e r e  r e -  
q u e s t e d  to do so.  In f ac t ,  I th ink ,  f r o m  m y  e x p e r i e n c e ,  m o s t  of the  b ig  
c h e m i c a l  c o m p a n i e s  a r e  s o  a n x i o u s  to f ind  n e w  m a r k e t s  f o r  t h e i r  p r o d -  
u c t s ,  m i l i t a r y  o r  o t h e r w i s e ,  tha t  if t h e y  w e r e  a c q u a i n t e d  wi th  an  
i m p o r t a n t  n e e d  of a c e r t a i n  s p e c i f i c a t i o n  tha t  t h e y  w o u l d  w o r k  on it  wi th  
t h e i r  own funds .  T h e y  w o u l d  c e r t a i n l y  w o r k  on it  ff the A r m e d  F o r c e s  
wou ld  f i n a n c e  t h e m  on it. Bu t  I th ink  in m o s t  c a s e s  t h e y  w o u l d  w o r k  on 
i t  wi th  t h e i r  own funds  a n y w a y  if  t h e y  w e r e  w e l l  a c q u a i n t e d  wi th  the n e e d .  

Q U E S T I O N :  D o c t o r ,  do the f i g u r e s  you s h o w  on t h e  c o n s u m p t i o n  of 
p e t r o l e u m  by the  c h e m i c a l  i n d u s t r y  i n d i c a t e  the  f ac t  tha t  s o m e  of the 
c h e m i c a l s  and  s o m e  of the p l a s t i c s  a r e  a c t u a l l y  b y p r o d u c t s  and  wou ld  
not  be o t h e r w i s e  c o n s u m e d  if  p l a s t i c s  w e r e  no t  m a d e  out of t h e m  ? 

MR. E W E L L :  Y e s ,  to a c o n s i d e r a b l e  e x t e n t  t h e s e  p e t r o c h e m i c a l s  
a r e  m a d e  r o u g h l y  f i f t y - f i f t y  out  of n a t u r a l  ga s  and  p e t r o l e u m . •  Now in 
the  c a s e  of n a t u r a l  ga s ,  i t  i s  r e a l l y  a c o m p e t i t i v e  u s e  b e c a u s e  you  c a n  
u s e  n a t u r a l  g a s  to  m a k e  p e t r o c h e m i c a l s  o r  you  c a n  u s e  i t  f o r  fue l  o r  
c a r b o n  b l a c k .  T h e r e  is  c o m p e t i t i o n .  

/ 
/ 

H o w e v e r ,  in  the p e t r o l e u m  f i e ld ,  i t  i s t r u e  the  r a w  m a t e r i a l s  u s e d  
to m a k e  p e t r o c h e m i c a l s  a r e  s u b s t a n t i a l l y ,  b y p r o d u c t s  f r o m  p e t r o l e u m  
r e f i n i n g  o p e r a t i o n s ,  f o r  e x a m p l e ,  e t h y l e n e ,  w h i c h  is  the  l a r g e s t  p e t r o -  
c h e m i c a l .  

H o w e v e r ,  m o s t  of the  e t h y l e n e  in the  U n i t e d  S ta t e s  r e s u l t i n g  f r o m  
p e t r o l e u m  c r a c k i n g  is  u s e d  fo r  fue l .  At one of the  l a r g e s t  r e f i n e r i e s  
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in  the c o u n t r y ,  at  L a k e  C h a r l e s ,  L o u i s i a n a ,  a t  w h i c h  I b e l i e v e  t h e y  
m a k e  2 , 5 0 0  b a r r e l s  of e t h y l e n e  p e r  d a y  a s  a r e s u l t  of c r a c k i n g  o p e r a -  
t i ons ,  t h e y  b u r n  i t  f o r  fue l .  So t h e r e  is  s o m e  r o o m  f o r  e x p a n s i o n  t h e r e .  
But  it  i s  a r e g i o n a l  m a t t e r .  In the s o u t h - w e s t e r n  a r e a ,  t h e y  p r e t t y  m u c h  
u s e  a l l  the  b y p r o d u c t s .  But  in the P h i l a d e l p h i a ,  L o s  A n g e l e s ,  and  
C h i c a g o  a r e a s ,  w h i c h  a r e  l a r g e  p e t r o l e u m  r e f i n i n g  a r e a s ,  t h e y  d o n ' t  
u s e  t h e s e  b y p r o d u c t s  b e c a u s e  the  i n d u s t r y  is  no t  t h e r e .  

Q U E S T I O N :  D o c t o r ,  to wha t  e x t e n t ,  if  any ,  d o e s  the  N a t i o n a l  
S c i e n c e  F o u n d a t i o n  s p o n s o r  p l a s t i c s  r e s e a r c h ?  

MR.  E W E L L :  We d o n ' t  s p o n s o r  p l a s t i c s  r e s e a r c h  at  a l l .  We 
s p o n s o r  on ly  b a s i c  r e s e a r c h  at  the  F o u n d a t i o n .  If r e s e a r c h  h a s  a n y  
de f in i t e  p r a c t i c a l  a p p l i c a t i o n ,  we d o n ' t  s p o n s o r  i t .  

Q U E S T I O N :  In y o u r  t a l k  you  spoke  about  u s i n g  p e t r o l e u m  as  a r a w  
m a t e r i a l .  If in  the f u t u r e  we w e n t  in to  coa l  o r  s a w d u s t ,  a s  you  m e n -  
t i oned ,  how m u c h  of a p r o b l e m  wou ld  t h e r e  be  in p l a n t  c o n v e r s i o n ?  
C o u l d  you  u s e  the  s a m e  f a c t o r i e s  you h a v e  now o r  w o u l d  the  p l a n t  h a v e  
to be d i f f e r e n t ?  

MR. E W E L L :  It w o u l d n ' t  h a v e  to be  e n t i r e l y  c h a n g e d - - o n l y  p a r -  
t i a l l y .  Say tha t  you  s t a r t e d  wi th  c o a l  o r  s a w d u s t  and  c o n v e r t e d  to 
e t h y l e n e ,  the  p l an t  w h e r e  i t  t a k e s  up e t h y l e n e  a s  the i n t e r m e d i a t e  w h i c h  
e n t e r s  :into the e n d  p r o d u c t  w o u l d  s t i l l  be  u s a b l e ,  but  the  f o r w a r d  p a r t  
o f  the  p l a n t  w h e r e  you  c o n v e r t  the  o r i g i n a l  m a t e r i a l  in to  e t h y l e n e  w o u l d  
h a v e  to be e n t i r e l y  r e p l a c e d  p r o b a b l y .  

Q U E S T I O N :  If I i n t e r p r e t e d  y o u r  c h a r t s  c o r r e c t l y ,  you  t r e a t  
s y n t h e t i c  f i b e r s ,  f o r  e x a m p l e ,  s e p a r a t e l y  f r o m  p l a s t i c s .  In s o m e  r e a d -  
ing  I h a v e  done ,  it  a p p e a r s  t ha t  the p l a s t i c s  i n d u s t r i e s  at  l e a s t  w o u l d  
l i ke  to c a l l  a l l  s y n t h e t i c s  p l a s t i c s .  

MR. E W E L L :  T h e y  al l  a r e  r e a l l y  p l a s t i c s ,  o r ,  u s i n g  e v e n  a 
b r o a d e r  t e r m ,  t h e y  a r e  a l l  p o l y m e r s .  P l a s t i c  f i b e r s ,  s y n t h e t i c  r u b b e r ,  
a l l a r e  p o l y m e r s .  C a l l i n g  t h e m  a l l  p l a s t i c s  w o u l d  be s t r e t c h i n g  the  
u s e  of the  t e r m  p l a s t i c s ,  bu t  t h e y  c e r t a i n l y  a r e  a l l  p o l y m e r s .  

Q U E S T I O N :  I w o n d e r  how c l o s e  we a r e  to the  p l a s t i c  body  in a u t o -  
m o b i l e  m a n u f a c t u r e .  Wou ld  you  c o m m e n t  on tha t ,  p l e a s e ?  

MR.  E W E L L : .  I s u p p o s e  G e n e r a l  M o t o r s  w o u l d  be i n  a lo t  b e t t e r  
p o s i t i o n  to a n s w e r  t h a t  t h a n  I wou ld .  At l e a s t ,  i t  is  a f a c t  t ha t  G e n e r a l  
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M o t o r s  i s  m a k i n g  s o m e  5 , 0 0 0  o r  10 ,000  C h e v r o l e t s  t h i s  y e a r  w i t h  
p l a s t i c  b o d i e s .  I d o n ' t  s u p p o s e  t h e r e  is  an  a u t o m o b i l e  m a n u f a c t u r e r  
tha t  h a s n ' t  s o m e  p l a s t i c  b o d i e s  in  the  e x p e r i m e n t a l  stageJ: T h e r e  h a v e  
b e e n  a n u m b e r  of s p e c i a l i z e d  s p o r t  c a r s  m a d e  wi th  p l a s t i c  b o d i e s ,  both  
in th i s  c o u n t r y  and  in E u r o p e .  J u s t  wha t  the  e c o n o m i c s  of i t  a r e ,  I 
d o n ' t  know:  So f a r  as  m a t e r i a l s  g o ,  the p l a s t i c  body  c o s t s  a l i t t l e  m o r e  
t han  the  s t e e l  body ,  but  f a b r i c a t i o n  c o s t s  m a y  be  r e d u c e d  w h i c h  m a y  
r e d u c e  the c o s t  s u b s t a n t i a l l y ,  a l t h o u g h  I th ink  the p l a s t i c  body  i s  s t i l l  
m o r e  e x p e n s i v e  t han  the  s t e e l  body ,  e v e n  a f t e r  f a b r i c a t i o n  and  the  v a r i -  
ous  o t h e r  t h i n g s  tha t  a d d  to i t s  v a l u e - - a p p e a r a n c e ,  r e p a i r  a b i l i t y ,  and  
tha t  s o r t  of th ing .  

C A P T A I N  H A L E :  P u r s u i n g  t h i s ,  on f a b r i c a t i o n  too l ing ,  wha t  i s  the  
c o s t  of t oo l i ng  up f o r  a p l a s t i c  p r o d u c t  v e r s u s  a m e t a l - t y p e  p r o d u c t ,  and  
the  s k i l l s  r e q u i r e d ?  

MR. E W E L L :  I a m  not  r e a l l y  q u a l i f i e d  to a n s w e r  tha t .  I j u s t  don ' t  
know.  P l a s t i c  m o l d i n g  c o m p a r e s  f a i r l y  c l o s e l y  wi th  die  c a s t i n g .  It i s  
p r e t t y  m u c h  the  s a m e  s o r t  of th ing .  But  I a m  j u s t  not  q u a l i f i e d  to 
a n s w e r  tha t  q u e s t i o n  b r o a d l y .  

Q U E S T I O N :  In a f i r s t - l i n e  a u t o m o b i l e  t i r e ,  how m u c h ,  if any ,  
n a t u r a l  r u b b e r  i s  r e q u i r e d ?  

MR.  E W E L L :  It i s  m y  u n d e r s t a n d i n g  tha t  a l l  a u t o m o b i l e  t i r e s  
t o d a y  a r e  m a d e  p r i n c i p a l l y  out  of s y n t h e t i c  r u b b e r .  T h e r e  i s  s t i l l  s o m e  
n a t u r a l  r u b b e r  in t h e m .  The  l a s t  f i g u r e  I h e a r d  w a s  70 to 30. 

Q U E S T I O N :  Is  n a t u r a l  r u b b e r  r e q u i r e d ?  

MR. E W E L ' L :  No, I a m  s u r e  t i r e s  c o u l d  be m a d e  out  of s y n t h e t i c  
r u b b e r .  I h a v e  no doubt  m a n y  t i r e s  on the  m a r k e t  in  t h e  l a s t  f ew y e a r s  
h a v e  b e e n  m a d e  e n t i r e l y  of s y n t h e t i c  r u b b e r .  What  the  s i t u a t i o n  i s ,  I 
d o n ' t  know f o r  s u r e .  

T h e r e  is  a v e r y  i m p o r t a n t  po in t  w h i c h  tha t  r e m i n d s  m e  o f - , t h a t  
i s ,  s y n t h e t i c  p r o d u c t s  h a v e  the  i n s i d e  t r a c k  o v e r  n a t u r a l  p r o d u c t s .  In 
n a t u r a l  p r o d u c t s ,  you  a r e  s t u c k  wi th  the  s t r u c t u r e .  You c a n ' t  do m u c h  
abou t  the  n a t u r a l . f i b e r s  wi th  r e s p e c t  to s t r u c t u r e .  You have  to w o r k  
on t h e s t r u c t u r e  of i t  w i t h o u t  d e s t r o y i n g  the  m o l e c u l e .  With  s y n t h e t i c  
p r o d u c t s ,  t h e r e  is  an  in f in i t e  p o s s i b i l i t y  of i m p r o v e m e n t .  M o s t  i m -  
p o r t a n t ,  w h e t h e r  it  i s  s y n t h e t i c  r u b b e r ,  p l a s t i c s ,  o r  f i b e r s ,  you c a n  
be t  y o u r  b o t t o m  d o l l a r  in 5 y e a r s ,  the  p r o d u c t  wi l l  be b e t t e r ;  in  10 
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y e a r s ,  s t i l l  b e t t e r ;  20 y e a r s ,  s t i l l  b e t t e r ;  and  c h e a p e r  a t  the  s a m e  t i m e .  
So w h a t e v e r  g e n e r a l i z a t i o n  you m a k e  about  s y n t h e t i c  v e r s u s  n a t u r a l  
p r o d u c t s ,  f ive  y e a r s  l a t e r  the  b a l a n c e  wi l l  be t i p p e d  m o r e  in  f a v o r  of 
s y n t h e t i c  p r o d u c t s .  Soone r  o r  l a t e r  m o s t  n a t u r a l  p r o d u c t s  wi l l  be  r u n  
out of b u s i n e s s  by  s y n t h e t i c  p r o d u c t s .  

QUESTION: In s e l e c t i n g  an e c o n o m i c  p l an t  l o c a t i o n ,  why d id  t h e y  
s e l e c t  I l l i n o i s  r a t h e r  than  w h e r e  t h e y  a r e  b u r n i n g  n a t u r a l  gas  as  a w a s t e  
p r o d u c t ?  

M R .  E W E L L :  I d o n ' t  know w h e r e  n a t u r a l  gas  i s  b u r n e d  a s  a w a s t e  
p r o d u c t  any m o r e .  Tha t  i s  p r e t t y  m u c h  a th ing  of the  pas t .  T h e r e  i s  a 
p r o b l e m  as  to w h e t h e r  you put  your  p l an t  i n  T e x a s  and  sh ip  y o u r  p r o d -  
u c t to the  E a s t  o r  bu i ld  y o u r  p l a n t s  in the  E a s t  and  t e a m  up wi th  s o m e -  
body  who h a s  a p i p e l i n e  to  the  E a s t .  The  p h i l o s o p h y  of the p l an t  in 
I l l i n o i s  i s  tha t ,  s i n c e  the m a r k e t  i s  C h i c a g o ,  D e t r o i t ,  and  C l e v e l a n d ,  
why  not  put the  p l an t  up t h e r e  and  ship  the  gas  by  c h e a p  p i p e l i n e  to t h e  
p l an t  r a t h e r  than  ship the f i n i s h e d  p r o d u c t s  by t ank  c a r  f r o m  T e x a s .  
Tha t  was  the  p h i l o s o p h y  of it .  J u s t  how it  wi l l  w o r k  out,  I don ' t  know.  
As a m a t t e r  of fac t ,  N a t i o n a l  D i s t i l l e r s  d id  j u s t  tha t .  It t e a m e d  up wi th  
the  E a s t e r n  P a n h a n d l e  P i p e l i n e  C o m p a n y  and  s e t  up th i s  p e t r o c h e m i c a l  
p lan t .  

QUESTION:  D o e s  tha t  c o m p a n y  e x p e c t  s e a s o n a l  v a r i a t i o n  in i t s  p r o -  
d u c t i o n ?  D o e s  i t  p r o d u c e  m o r e  in the  s u m m e r  w h e n  p r i c e s  a r e  l o w e r  
fo r  n a t u r a l  g a s ?  

M R .  E W E L L  : I don ' t  know what  the  p l a n s  a r e .  It would  a p p e a r  to 
be the  l o g i c a l  p r o c e d u r e  ff i t  cou ld  change  the  output  of the  p l a n t  wi thou t  
a c t u a l l y  shu t t i ng  the  p l an t  down.  It i s  e x p e n s i v e  to shu t  a c h e m i c a l  
p l an t  down. It m i g h t  put  p r o d u c t i o n  down 25 o r  30 p e r c e n t  and  s t i l l  k e e p  
the  p l an t  o p e r a t i n g .  

MR. BAUM:  Dr .  E w e l l ,  I t hank  you on b e h a l f  of the  C o m m a n d a n t  
and  the  s tuden t  body  fo r  a v e r y  i n t e r e s t i n g  l e c t u r e  and  a v e r y  f ine  q u e s -  
t i o n  p e r i o d .  
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