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Var ious  t r a n s p a r e n t  o r g a n i c  p l a s t i c s ,  i n c l u d i n g  b o t h  
c o m m e r c i a l l ~  a v a i l a b l e  and e x p e r i m e n t a l  m a t e r i a l s ,  have 
been examined t o  d e t e r m i n e  t h e i r  s u i t a b i l i t y  f o r  u s e  as 
f l e x i b l e  m i n d s h i e l d s  on a i r c r a f t ,  The p r o p e r t i e s  which 
have  been s t u d i e d  i n c l u d e  l i g h t  t r a n s m i s s i o n ,  h a z i n e s s ,  
d i s t o r t i o n ,  r e s i s t a n c e  t o  w e a t h e r i n g ,  s c r a t c h  and ind.enta- 
t i o n  h a r d n e s s e s ,  impact  s t r e n g t h ,  d imens iona l  s t a b i l i t y ,  
r e s i s t a n c e  t o  wa te r  and v a r i o u s  c l e a n i n g  f l u i d s ,  b u r s t i n g  
s t r e n g t h  a t  n o r n a l  and low t e m p e r a t u r e s ,  and f l a m m a b i l i t y .  

The t w o  t y p e s  of t r a n s p a r e n t  p l a s t i c s  which a r e  now 
i n  u s e  on a i r c r a f t ,  namely,  c e l l u l o s e  a c e t a t e  and acry-  
l a t e  r e s i n ,  mere found t o  have c e r t a i n  d e f e c t s  which,  i t  
i s  b e l i e v e d ,  can be overcome i n  p a r t  by s u i t a b l e  modifi-  
c a t i o n  of t h e  composi t ion  and p r o c e s s i n g  of t h e  p l a s t i c .  

C e l l u l o s e  a c e t a t e  p l a s t i c  w a s  found t o  have  e x c e l l e n t  
impact  s t r e n g t h ,  b u r s t i n g  s t y e n g t h ,  and f l e x i b i l i t y ,  b u t  
t h e  ~ r o d u c t  s  s o l d  a t  p r e s e n t  va ry  c o n s i d e r a b l y  i n  t h e i r  
r e s i s t a n c e  t o  weadthering and a r e  s u b j e c t  t o  marked sh r ink-  
a g e  i n  one y e a r ' s  t ime .  Th i s  s h r i n k a g e  causes  warping and 
s e t s  up s t r a i n s  i n  t h e  p l a s t i c  s h e e t s ,  which c a u s e  them t o  
c r a z e  and  c rack .  This  i s  b e l i e v e d  t o  be t h e  cause  of t h e  
spontaneous  c r a c k i n g  of c e l l u l o s e  a c e t a t e  w i n d s h i e l d s  Lf- 
t e r  t h e y  have  been i n  s e r v i c e  f o r  s i x  months o r  l o n g e r .  
T h i s  i s  p a r t i c u l a r l y  t r u e  of w i n d s h i e l d s  which a r e  exposed 
t o  low t e m p e r a t u r e s ,  a s  by a s c e n t  t o  h i g h  a l t i t u d e s ,  t h e r e -  
by i n t r o d u c i n g  a d d i t i o n a l  s t r a i n s  i n  t h e  w i n d s h i e l d  be- % 

cause  of the rmal  c o n t r a c t i o n .  Our t e s t s  have shown a g r e a t  
d e a l  of v a r i a t i o n  i n  t h e  mea the r ing  r e s i s t a n c e  of c e l l u -  
l o s e  a c e t a t e  s h e e t s  r e c e i v e d  from d i f f e r e n t  m a n u f a c t u r e r s ,  
2nd a l s o  i n  t h e  c a s e  of d i f f e r e n t  l o t s  of t h e  m a t e r i a l  
p r e p a r e d  by a g iven  f i r m .  F u r t h e r  t e s t s  on modi f i ed  s a m -  
p l e s  a r e  i n  p r o g r e s s  t o  de te rmine  whether  more un i fo rmly  
d u r a b l e  p r o d u c t s  than  have  been on t h e  market t o  d a t e  can 
be made a v a i l a b l e  t o  t h e  a i r c r a f t  i n d u s t r y .  

The a c r y l a t e  r e s i n  mas found t o  b e  remarkably t r a n s -  
pa ' r en t ,  more s t a b l e  t o  l i g h t  and w e a t h e r i n g  and more re-  
s i s t a n t  t o  s c r a t c h i n g  than  c e l l u l o s e  a c e t n t e ,  b u t  i t s  i m -  
p a c t  s t r e n g t h  and f l e x i b i l i t y  a r e  much p o o r e r  than  i s  t h e  
c a s e  f o r  c e l l u l o s e  a c e t a t o ,  S u r f a c e  c r a z i n g  of t h e  acry-  
l a t e  r e s i n s  m a s  n o t e d  a f t e r  one y e z r  1 s  exposure  on t h e  



roof  and a l s o  i n  t h o  c a s e  of some samples k e p t  i n  s t o r a g e .  
F u r t h e r  samples have  been submi t t ed  by t h o  m a n u f a c t u r e r s  
of t h i s  t y p e  of p l a s t i c  f o r  our  examinat ion  t o  de te rmine  
whether  m o d i f i c a t i o n s  which t h e y  have  made i n  t h e  m a t e r i a l  
have  e l i m i n a t e d  t h i s  tendency t o  c r a z e ,  

Other  t r a n s p a r e n t  p l a s t i c s ,  such a s  c e l l u l o s e  n i t r a t e ,  
e t h y l c e l l u l o s e ,  v i n y l  c h l o r i d e - a c e t a t e  r e s i n  and v i n y l  
a c e t a l  r e s i n s ,  f a i l e d  i n  r e s i s t a n c e  t o  wea the r ing  a f t e r  
approx imate ly  t h r e e  months, G l y c e r y l - p h t h a l a t  e ,  s t y r e n e  
and phenol-formaldehyde r e s i n  p l a s t i c s  d i s c o l o r e d  markedly 
on exposure  t o  s u n l i g h t  o r  u l t r a v i o l e t  l i g h t  from a carbon 
a r c  lamp, and mere a l s o  l a c k i n g  i n  t h e  f l e x i b i l i t y  which 
i s  d e s i r a b l e  f o r  a i r c r a f t  w i n d s h i e l d  p r o d u c t s .  A sample 
of c e l l u l o s e  a c e t o b u t y r a t e  was p r a c t i c a l l y  unchanged a f t e r  
1 2  months '  exposure ,  b u t  t h i s  m a t e r i a l  i s  n o t  a v a i l a b l e  
commercia l ly  i n  s h e e t  form. With t h e  e x c e p t i o n  of  t h e  
c e l l u l o s e  n i t r a t e ,  c e l l u l o s e  a c e t a t e ,  and a c r y l a t e  r e s i n  
p l a s t i c s ,  t h e  m a t e r i a l s  t e s t e d  mere of an exper imenta l  
n a t u r e  and were n o t  recommended f o r  u s e  on a i r c r a f t .  Many 
of t h e  u n d e s i r a b l e  p r o p e r t i e s  obse rved  f o r  t h e s e  exper i -  
men ta l  m a t e r i a l s  w i l l  undoub ted ly  be e l i m i n a t e d  i n  t h e  
c o u r s e  of t h e  development of t h e s e  p l a s t i c s  and i t  i s  n o t  
improbable  t h a t  some of them m i l l  l a t e r  become a v a i l a b l e  
i n  a form s u i t a b l e  f o r  w i n d s h i e l d  u s e .  

I .  INTBODUCTION 

Although i t  i s  t r u e  t h a t  no o r g a n i c  p l a s t i c  h a s  y e t  
been developed t h a t  p o s s e s s e s  b o t h  t h e  q u a l i t i e s  and t b e  
low p r i c e  of g l a s s ,  n e v e r t h e l e s s ,  p l a s t i c  m a t e r i a l s  a r e  
now s e r v i n g  a s  windows on many a i r p l a n e s .  Two p r o p e r t i e s  
of fundamenta l  impor tance  I n  t h e  use of t r a n s p a r e n t  mate- 
r i a l s  on a i r c r a f t ,  namely,  weight  and f l e x i b i l i t y ,  have 
b rough t  abou t  t h i s  i n v a s i o n  of a  f i e l d  g e n e r a l l y  l i m i t e d  
t o  g l a s s .  The o r g a n i c  p l a s t i c s  a r e  approx imate ly  one-half  
as heavy a s  g l a s s ,  a  d i s t i n c t  advan tage  f o r  a e r o n a u t i c a l  
purposes .  F l e x i b i l i t y  i s  d e s i r a b l e  i n  o r d e r  t o  p e r m i t  t h e  
u s e  of cu rved  t r a n s p a r e n t  e n c l o s u r e s  which o f f e r  minimum 
wind r e s i s t a n c e .  

The p l a s t i c  s h e e t s  which a r e  i n  u s e  i n  t h i s  c o u n t r y  
f o r  a i r c r a f t  windows ( f i g .  1 )  e r e  made from c e l l u l o s e  ace- 
t a t e ,  known commercial ly under  such t r a d e  names as nFibes-  
t o $ " ,  " L u m a r i t h U ,  and " P l a s t a c e l e " ,  o r  from polymer ized  



e s t e r s  of a c r y l i c  and m e t h a c r y l i c  a c i d s ,  d e s i g n a t e d  i n  
t h e  t r a d e  as I1Luciteu and " P l e x i g l a s t 1 .  C e l l u l o s e  n i t r a t e  
t r a n s p a r e n t  s h e e t  i s  a l s o  employed t o  a l i m i t e d  e x t e n t ;  
t h i s  type  of p roduc t  i s  v a r i o u s l y  d e s i g n a t e d  a s  "Cel lu-  
l o i d " ,  " F i b e r l o i d u ,  " P y r a l i n " ,  and t h e  l i k e  by i t s  manu 
f a c t u r e r s .  A t r a n s p a r e n t  s y n t h e t i c  r e s i n  made from g lycd  
e r o l  and p h t h a l i c  a n h y d r i d e  h a s  been used  i n  England as a 
mindom m a t e r i a l  on a i r c r a f t ,  3ut t h e  p a r t i c u l a r  p r o d u c t  
i n v o l v e d  does  n o t  p o s s e s s  t h e  f l e x i b i l i t y  c h a r a c t e r i s t i c  
of t h e  c e l l u l o s e  d e r i v a t i v e s .  These o r g a n i c  p l a s t i c s  do 
n o t  p o s s e s s  t h e  s u r f a c e  h a r d n e s s  t y p i c a l  of g l a s s ,  and t h e  
a b r a s i v e  a c t i o n  of s a n d ,  d u s t ,  d i r t y  r a g s ,  and f l y i n g  in -  
s e c t s  soon i m p a i r s  t h e  t r a n s p a r e n c y  of t h e  o r i g i n a l  p rod-  
u c t .  For t h i s  r eason  a  l a m i n a t e d  p r o d u c t ,  made by sand- 
wich ing  a p l a s t i c  m a t e r i a l  between two l a y e r s  of g l a s s  and 
commonly c a l l e d  " s a f e t y  g l a s s , "  i s  u s e d  i n  l o c a t i o n s  where 
c l e a r  and u n d i s t o r t e d  v i s i o n  i s  c o n t i n u o u s l y  demanded, as 
th rough  t h e  w i n d s h i e l d  d i r e c t l y  i n  f r o n t  of t h e  p i l o t .  
These p a r t s  must be d e s i g n e d  f o r  f l a t  p i e c e s ,  however,  
s i n c e  t h e  commercial p r o d u c t i o n  of l a m i n a t e d  g l a s s  i n  
cu rved  shapes  i s  ve ry  c o s t l y  and d i f f i c u l t  t o  a c h i e v e ,  ax- 
though i t  h a s  been accompl ished e x p e r i m e n t a l l y .  

Although t h e  c e l l u l o s e  a c e t a t e  s h e e t s  have been found 
t o  b e  more s a t i s f a c t o r y  mi th  r e s p e c t  t o  wea the r ing  than  
t h e  n i t r a t e  p r o d u c t ,  they  a r e  v e r y  s u s c e p t i b l e  t o  s c r a t c h -  
i n g  and have  a l s o  been observed t o  develop a s u r f a c e  csack- 
i n g  a f t e r  a fern months i n  s e r v i c e .  These f a c t o r s ,  of 
c o u r s e ,  l e a d  t o  an impairmen'& of v i s i o n  through such mate- 
r ia l .  Recogniz ing  t h a t  t h e r e  i s  a  r e a l  need f o r  an i m -  
p roved  f l e x i b l e  m a t e r i a l  f o r  u s e  i n  curved windows on air- 
c r a f t ,  t h e  X a t i o n a l  Advisory  Committee f o r  A e r o n a u t i c s  
e s t a b l i s h e d  a p r o j e c t  a t  t h e  N a t i o n a l  Bureau of S t a n d a r d s  
t o  s t u d y  t h e  a v a i l a b l e  t r a n s p a r e n t  p l a s t i c s  mi th  r e g a r d  t o  
t h e i r  s u i t a b i l i t y  f o r  such purpose .  

The f o l l o w i n g  t y p e s  of t r a n s p a r e n t  p l a s t i c s  were 
found t o  be  a v a i l a b l e  commercinl ly o r  e x p e r i m e n t a l l y  f o r  
examinat ion  i n  connec t ion  w i t h  our  i n v e s t i g a t i o n :  c e l l u -  
l o s e  n i t r a t e ,  c e l l u l o s e  a ~ o t a t o ,  c e l l u l o s e  a c e t o b u t y r a t e ,  
e t h y l c e l l u l o s e ,  a c r y l a t o  (which term i s  uscd  t o  i n c l u d e  
t h e  polymerized e s t e r s  of b o t h  a c r y l i c  and m e t h a c r y l i c  
a c i d s ) ,  v i n y l  c h l o r i d e - a c e t a t e ,  v i n y l  a c e t a l ,  g l y c e r y l -  
p h t h a l a t e ,  s t y r e n e ,  and phenol-f ormaldchydo. Laminated 
g l a s s  f o r  u s c  on a i r c r a f t  i s  made at t h e  p r o s e n %  t ime  
m i t h  f o u r  d i f  f  o r c n t  p l n s t i c  materiels as b i n d c r s ,  namely, 
c ~ l l u l o s e  n i t r a t e ,  c e l l u l o s e  p.cetg,t o ,  a d c r y l a t e  r e s i n ,  
and v i n y l  a c e t a l  r e s i n .  Samples of t h e s e  v a r i o u s  prod- 



u c t s  mere o b t a i n e d  f o r  our  i n v e s t i g a t i o n  through t h e  cour- 
t e s y  of t h e  r e s p e c t i v e  ma,nufacturers.  

The y r o p e r t i e s  of t r a n s p a r e n t  p l a s t i c s  mhich a r e  of 
p r imary  impor tance  i n  t h e i r  u s e  on a i r c r a f t  and which a r e  
r e p o r t e d  on h e r e i n  a r e  as folLows: l i g h t  t r a n s m i s s i o n ,  
freedom from h a z e ,  s u r f a c e  i m p e r f e c t i o n s  and c o n s t i t u e n t s  
mhich r e d u c e  o r  d i s t o r t  v i s i o n ,  r e s i s t a n c e  t o  w e a t h e r i n g ,  
r e s i s t n n c e  t o  s u r f a c e  a b r a s i o n ,  impact  s t r e n g t h ,  dimen- 
s i o n a l  s t a b i l i t y ,  r e s i s t a n c e  t o  t h e  a c t i o n  of mater  and 
c l e a n i n g  f l u i d s ,  b u r s t i n g  s t r e n g t h  at  normal and lorn tem- 
p e r a t u r e s ,  and f l a m m a b i l i t y .  Other  p r o p e r t i e s  of i n t e r -  
e s t ,  such as t e n s i l e  s t r e n g t h ,  the rmal  c o e f f i c i e n t  of ex- 
p a n s i o n ,  mechanica l  s t r e n g t h  a t  low t e m p e r a t u r e s ,  and re -  
s i s t a n c e  t o  h i g h  v e l o c i t y  i m p a c t s ,  and t h e  problem of mod- 
i f y i n g  t h e  f o r m u l a t i o n  and p r o c e s s i n g  of t h e  t r a n s p a r e n t  
p l a s t i c s  t o  o b t a i n  improved a g i n g  q u a l i t i e s  a r e  b e i n g  i n -  
v e s t i g a t e d  i n  t h e  f u r t h e r  work which i s  under  may on t h i s  
p r o  j e c t .  

11. CLARITY 

The c l a r i t y  of p l a s t i c s  i s  g e n e r a l l y  c o n s i d e r e d  t o  be 
dependent  upon two f a c t o r s ,  l i g h t  t r a n s m i s s i o n  and s c a t -  
t e r i n g  of l i g h t  by p a r t i c l e s  o r  by s u r f a c e  i m p e r f e c t i o n s .  
D i s t o r t i o n  caused by navy s u r f a c e s  and nonhomogeneous m a -  
t e r i a l  i s  al-so an i m p o r t a n t  f a c t o r  i n  v i s i b i l i t y  th rough  
m i n d s h i e l d  m a t e r i a l s  and a i l 1  be c o n s i d e r e d  i n  a  l a t e r  
s e c t i o n .  The m i l i t a r y  s e r v i c e s  g e n e r a l l y  s p e c i f y  t h a t  t h e  
p l a s t i c  s h e e t  s h a l l  t r a n s m i t  a t  l e a s t  68 p e r c e n t  of v h i  t e  
l i g h t  when t e s t e d  m i t h i n  30 days of t h e  d a t e  of manufacture  
and s h a l l  be  f r e e  from w r i n k l e s ,  b u b b l e s ,  s c r a t c h e s ,  p i t s ,  
o r  d e p r e s s i o n s .  The l i g h t  t r a n s m i s s i o n  i s  u s u a l l y  measured 
w i t h  a v i s u a l  o r  p h o t o e l e c t r i c  pho tomete r ,  i n  t h e  l a t t e r  
c a s e  w i t h  a p h o t o e l e c t r i c  c e l l  mhich i s  s e n s i t i v e  mainly t o  
t h e  v i s i b l e  p o r t i o n  of t h e  spectrum. The t r a n s p a r e n t  p l a s -  
t i c s  now iii u s e  g e n e r a l l y  t r a n s m i t  more than  85 percen%! of 
t h e  i n c i d e n t  l i g h t .  The h a z i n e s s  h a s  been measured by sev- 
e r a l  methods, i n c l u d i n g  v i s u a l  i n s p e c t i o n  w i t h  o r  wi thou t  a  
backgro.ilnd of l i g h t  f roni Cooger-Sewi t t l a zy  s ,  comparison of 
t h e  p l a s t i c  s h e e t  w i t h  samples of v a r y i n g  d e g r e e s  of h a z i -  
n e s s ,  a t t e n p t s  t o  count  t h e  "s tar  d u s t H  v i s i b l e  i n  a smal l  
a r e a  under  t h e  n i c r o s c o p e ,  and d e t e r m i n a t i o n  of a  smal l  
p o r t i o n  of t3.e l i g h t  s c a t t e r e d  when t h e  sample i s  p l a c e d  
a t  a s u i t a b l e  a n g l e  w i t h  r e l a t i o n  t o  t h e  l i g h t  s o u r c e  and 
pho tomete r .  Although t h e  l a t t e r  method h a s  t h e  d e s i r a b l e  
f e a t u r e  of u t i l i z i n g  one i n s t r u m e n t  f o r  measuring bo th  



l i g h t  t r a n s n i s s i o n  and h a z i n e s s ,  i t  p r e s e n t s  some d i f f i -  
c u l t y  because  of t h e  p o s s i 5 i l i t y  of i n t r o d u c i n g  c o n s i d e r -  
a b l e  e r r o r  i n  measuring o n l y  a s m a l l  p o r t i o n  of t h e  s c a t -  
t e r e d  l i g h t .  

A photomete r  of s imple  c o n s t r u c t i o n ,  c a l l e d  t h e  "haze- 
o rne te rn ,  which can be u s e d  e f f e c t i v e l y  t o  measure t h e  h a z i -  
n e s s  of a p l a s t i c  as w e l l  a s  t h e  l i g h t  t r a n s m i s s i o n ,  mas 
developed i n  t h e  c o u r s e  of t h i s  i n v e s t i g a t i o n .  

1. D e s c r i p t i o n  of Hazeometer 

A photogra??h of t h e  photometer  i s  shown i n  f i g u r e  2 :  

A 6 -vo l t  au tomobi le- type  b u l b  i s  mounted i n  f r o n t  of a 
r e f l e c t o r .  A c y l i n d r i c a l  s h i e l d ,  b lackened i n s i d e  and w i t h  
a c i r c u l a r  a p e r t u r e  b i n  t h e  c e n t e r  of t h e  b a s e ,  c a u s e s  
a n  approx imete ly  p a r a l l e l  beam of l i g h t  t o  be r a d i a t e d  t o -  
ward t h e  p h o t o e l e c t r i c  c e l l .  A blackened d i s k  w i t h  a c i r -  
c u l a r  a p e r t u r e  a ,  i s  mounted i n  f r o n t  of t h e  pho toe lec -  
t r i c  c e l l .  I n  t h e  i n s t r u m e n t  a s  b u i l t  f o r  e x p e r i m e n t a l  
p u r p o s e s  t h e  two o3en ings  a and b, a r e  each 1 i n c h  i n  
d i a m e t e r  a>nd a r e  spaced 18 i n c h e s  a p a r t .  The p h o t o e l e c -  
t r i c  c e l l  i s  of t h e  Weston p h o t r o n i c  t y p e .  The s p e c t r a l  
r e s p o n s e  of t h i s  c e l l  d e v i a t e s  c o n s i d e r a b l y  from t h e  lumi- 
n o s i t y  cu rve  of t h e  eye ,  and hence t h e  l i g h t  t r a n s m i s s i o n  
o b t a i n e d  i s  n o t  t h e  same as mould be measured w i t h  a v i s -  
u a l  photometer  b u t  i s  a c l o s e  approx imat ion  t o  such  v a l u e  
f o r  samples w i t h  l i t t l e  o r  no dye. A f i l t e r  can b e  ob- 
t a i n e d  from t h e  manufac tu re r  which w i l l  approx imate ly  cor- 
r e c t  t h e  r e s p o n s e  of t h e  c e l l  t o  t h a t  of t h e  eye .  The me- 
t e r  h a s  an i n t e r n a l  r e s i s t a n c e  of 50 ohms and a range  of 
100 microamperes.  S p r i n g  clamps a r e  f a s t e n e d  t o  t h e  f rame 
a t  each a l ~ e c t u r e  t o  h o l d  t h e  p l a s t i c  i n  p l a c e .  A 6*volt 
s t o r a g e  b a t t e r y  i s  u s e d  t o  o p e r a t e  t h e  lamp. A l l  t h e  p a r t s  
a r e  housed w i t h i n  a  wooden box f i n i s h e d  i n  a  d u l l  b l a c k  
which r e d u c e s  r e f l e c t i o n s  t o  a minimum. The l i d  of t h e  
box i s  c l o s e d  d u r i n g  measurements t o  keep r a y s  of l i g h t  
from ou-t s i d e  s o u r c e s  from r e a c h i n g  t h e  p h o t o e l e c t r i c  c e l l .  
T h i s  i n s t r u m e n t  i s  on ly  a y p l i c a b l e  f o r  measuring t h e  h a z e  
i n  s h e e t s  which have approx imate ly  p a r a l l e l  s u r f a c e s  and 
a r e  f r e e  from i m p e r f e c t i o n s  which a c t  a s  l e n s e s  o r  p r i s m s .  

2. Tes t  Proced-ure a,nd D e f i n i t i o n s  

To o b t a i n  a measure of t h e  l i g h t  t r a n s m i s s i o n  of t h e  
p l a s t i c ,  t h e  l i g h t  i s  a d j u s t e d  i n  i n t e n s i t y  so t h a t  a cur-  
r e n t  of 100 microamperes i s  o b t a i n e d  from t h e  p h o t o e l e c t r i c  



c e l l .  A f l a t  sample i s  then  p l a c e d  i n  f r o n t  of t h e  c e l l  
a t  a p e r t u r e  a. Of t h e  l i g h t -  i n c i d e n t  on t h e  sample,  a 
f r a c t i o n  i s  t r a n s m i t t e d  u n d e v i a t o d ,  and a  f r a c t i o n  i s  s c a t -  
t e r e d  by t h e  s u r f a c e s  and t h e  i n t o r i o r  of t h e  sample. The 
p h o t o e l e c t r i c  c e l l  r e c e i v e s  t h e  u n d e v i a t e d  f r a c t i o n  of t h e  
l i g h t  and t h a t  p a r t  of t h e  s c a t t e r e d  l i g h t  which i s  n o t  
d - e f l e c t e d  a t  a n g l e s  g r e a t e r  than  about  go0 .  The l i g h t  
t r a n s m i s s i o n  of t h e  p l a s t i c  i s  d e f i n e d  as t h e  f r a c t i o n  of 
t h e  o r i g i n a l  l i g h t  r e c e i v e &  by t h e  p h o t o e l e c t r i c  c e l l  
which c o n t i n u e s  t o  r e a c h  t h e  s e n s i t i v e  element when t h e  
p l a s t i c  i s  p l a c e d  over  t h e  a p e r t u r e  a at  t h e  p h o t o e l e c -  
t r i c  c e l l .  

To o b t a i n  a measure o f  t h e  h a z i n e s s  of' t h e  p l a s t i c ,  
t h e  sample i s  p l a c e d  a t  a p e r t u r e  b, 1 8  i n c h e s  d i s t a n t  
from a p e r t u r e  a. The p h o t o e l e c t r i c  c e l l  s t i l l  r e c e i v e s  
t h e  u n d e ~ i a t e d  f r a c t i o n  of t h e  l i g h t  b u t  c o l l e c t s  on ly  
t h a t  smal l  p o r t i o n  of t h e  s c a t t e r e d  l i g h t  which i s  con- 
f i n e d  t o  t h e  small s o l i d  a n g l e s  subtended by a p e r t u r e  a 
a t  p o i n t s  i n  opening b. The d i f f e r e n c e  between t h e  pho- 
t o e l e c t r i c  c u r r e n t  w i t h  t h e  sample a t  a and at b i s  a  
measure of t h e  l i g h t  s c a t t e r e d ,  assuming t h a t  a  l i n e a r  re-  
l a t i o n  e x i s t s  between t h e  p h o t o e l e c t r i c  c u r r e n t  and t h e  
t o t a l  l i g h t  i n c i d e n t  upon t h e  s e n s i t i v e  element of t h e  
c e l l .  The c u r r e n t  i s  p r a c t i c a l l y  p r o p o r t i o n a l  t o  t h e  to-  
t a l  i n c i d e n t  l i g h t  f o r  no e x t e r n a l  r e s i s t a n c e :  t h e  devia-  
t i o n  i s  o n l y  s l i g h t  f o r  t h e  50-ohm r e s i s t a n c e  i n  t h e ,  m i -  
croarnmeter used .  Haz iness  i s  d e f i n e d  as t h e  p e r c e g t a g e  
of t h e  t o t a l  l i g h t  t r a n s m i t t e d  a t  p o s i t i o n  a which i s  
s c a t t e r e d  when t h e  sample i s  p l a c e d  a t  p o s i t i o n  b e  

3. R e s u l t s  of Measurements of C l a r i t y  

The i n i t i a l  w h i t e - l i g h t  t r a n s m i s s i o n  and h a z i n e s s  o f  
t h e  m a t e r i a l s  s u b m i t t e d  by m a n u f a c t u r e r s  c o o p e r a t i n g  w i t h  
u s  mere n e z s u r e d  mith t h e  hazeometer;  t h e  r e s u l t s  a r e  p r e -  
s e n t e d  i n  t a b l e  I. Each v a l u e  i n  t h e  t a b l e  r e p r e s e n t s  t h e  
averoge  f o r  t h r e e  specimens,  each 1-1/4 by 2-1/2 inches .  
I~Ieasurementc of l i g h t  t r s n s m i  s s i o n  and h a z i n e s s  were a l s o  
mcde on s e v e r a l  v a r i e t i e s  of p l a i n  and l a m i n a t e d  g l a s s  
( t a b l e  11) Lo a f f o r d  a comparison mi th  t h e  r e s u l t s  o b t a i n e d  
f o r  p l a s t i c s .  

g D i g & &  t ~ a n s r n i s s i o n . -  I t  a i l1  b e  no ted  t h a t  t h e  
m h i t c - l i g h t  t r ~ ~ n s m i s s i o n  of a l l  of t h e  p l a s t i c s  t e s t e d  
exceeds  t h e  68-percent  r equ i rement  f o r m e r l y  s p e c i f i e d  by 
t h e  m i l i t a r y  s e r v i c e s .  The h i g h e s t  v a l u e s  mere o b t a i n e d  
w i t h  samples of a c r y l a t e  r e s i n s . ,  t h e  p e r c e n t a g e  t r a n s m i s -  
s i o n  v a r y i n g  Between 93.6 and 94.2 f o r  t h e s e  m a t e r i a l s .  
The samples of c e l l u l o s e  a c e t a t e  which gave white-  



s i o n  v a r y i n g  between 93.6 and 94.2 f o r  t h e s e  m a t e r i a l s ?  
The samples  of c c l l u l o s e  a c e t a t e  which gave w h i t e  l i g h t  
t r a n s m i s s i o n s  exceeding 90 p e r c e n t  d i d  n o t  c o n t a i n  b l u e  
d y e ,  whereas  t h o s e  which gave  v a l u e s  v a r y i n g  between 77 
and 83 p c r c e n t  mere v e r y  o b v i o u s l y  c o l o r e d  blue.  The of- 
f a c t  of t h o  a d d i t i o n  of b l u e  c o l o r i n g  on t h e  t r a n s m i s s i v -  
i t y  i s  shown i n  t a b l e  I1 f o r  t h o  g l a s s  p r o d u c t s  and  i n  
t a b l e  I11 f o r  a s p e c i a l  s e r i e s  of c e l l u l o s e - a c e t a t e  t r a n s -  
p a r e n t  p l a s t i c s ,  Because of t h i s  pronounced l o n e r i n g  of 
p e r c e n t a g e  l i g h t  t r a n s m i s s i o n ,  t h e  p r a c t i c e  of a d d i n g  b fuo  
dye t o  c o l l u l o s e - a c o t a t c  t r a n s p a r e n t  s h e e t  h a s  been d i s &  
c o n t i n u e d  by some manufac tu re r s .  For  undyed m a t e r i a l s  ap- 
p r o a c h i n g  t h e  t r a n s p a r e n c y  of p o l i s h e d  g l a s s ,  most of t h e  
l o s s  i s  due t o  r o f l o c t i o n  at t h e  two s u r f a c e s  and can be 
approx imate ly  c a l c u l a t e d  from t h o  r e f r a c t i v e  index .  

b )  Haziness.-  The hazk v a l u e s  f o r  tmo of t h e  a c r y l a t e  
samples ,  namely,  1.8 and 1.9 p e r c e n t ,  compare f a v o r a b l y  
w i t h  measurements made on l a m i n a t e d  s a f e t y  g l a s s  and w e r e  
t h e  lowes t  of any of t h e  p l a s t i c s  s t u d i e d .  The v a l u e s  
f o r  t h e  c e l l u l o s e - a c e t a t e  p r o d u c t s  shorn c o n s i d e r a b l e  v a r i -  
a t i o n ,  Apparen t ly  a minimum of abou t  4  p e r c e n t  h a z e  f o r  
s h e e t s  up t o  100 n i l s  t h i c k  i s  t h e  b e s t  t h a t  can b e  done 
and f o r  t h i c k e r  s h e e t s  t h i s  mould be  somewhat h i g h e r .  The 
f o g  o r  c l o u d i n e s s  p r e s e n t  i n  s h e e t s  w i t h  haze  v a l u e s  of 
t h i s  o r d e r  i s  q u i t e  e a s i l y  d e t e c t e d  by t h e  6ye and i s  a 
much more s e r i o u s  d e f e c t  t h a n  t h e  lower ing  of w h i t e - l i g h t  
t r a n s m i s s i o n  by b l u e  dye. The cause  i s  p robab ly  i n h e r e n t  
i u  t h e  f i b r o u s  n a t u r e  of t h e  r a w  m a t e r i a l ,  c e l l u l o s e ,  
r a t h e r  t h a n  i n  t h e  chance i n c l u s i o n  of f o r e i g n  m a t t e r .  
The v a l u e s  r e c o r d e d  i n  t a b l e  I f o r  t h e  m a t e r i a l s  o t h e r  t h a n  
c e l l u l o s e  n i t r a t e ,  c e l l u l o s e  a c e t a t e ,  and a c r y l a t e  r e s i n ,  
were o b t a i n e d  on e x p e r i n e n t a l  samples o n l y ,  such p r o d u c t s  
n o t  b e i n g  a v a i l a b l e  i n  s h e e t  form f o r  a i r c r a f  t - w i n d s h i e l d  
u s e  a t  t h e  p r e s e n t  time. 

111. INDEX OF REFRACTION 

The i n d e x  of r e f r a c t i o n  i s  of i n t e r e s t  i n  c o n s i d e r i n g  
t h e  l i g h t - t r a n s m i s s i o n  c h a r a c t e r i s t i c s  of p l a s t i c s .  T h i s  
p r o p e r t y  w a s  measured by means of an Abbe r e f r a c t o m e t e r  On 
t h e  same samples  used  i n  t h e  l i g h t  t r a n s m i s s i o n  and h a z e  
t e s t s .  Two c o n t a c t  l i q u i d s ,  b r o m n q h t h a l e n e  and m e r c u ~ i c  
i o d i d e ,  more employed i n  o r d e r  t o  guard  c g a i n s t  i n c o r r e c t  
v a l u e s  r e s u l t i n g  from r e a c t i o n  between t h e  sample and t h o  
contac! l i q u i d .  The d a t a  o b t a i n e d  are p r e s e n t e d  i n  t a b l o  
I. The r e f r a c t i v e  i n d i c e s  f o r  t h e  m a t o r i a l s  s t u d i e d  range  
from 1.47 t o  1.58. 
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D i s t o r t i o n  t e s t s  n e r e  made on 12-by 12- inch s h e e t s  of 
t h e  v a r i o u s  n a t e r i a l s  i;l accordence  r r i th  t h e  p r o c e d u r e  sUg* 
g e s t  ed by t h e  American S t a n d a r d s  A s s o c i a t i o n  f o r  l a m i n a t e d  
s a f e t y  g l a s s .  A l i n e  i s  p r o j e c t e d  w i t h  a  l a n t e r n  so a s  t o  
f a l l  midway between two p c r a l l e l  l i n e s  marked on a s c r e e n ,  
t h e s e  l i n e s  b e i n g  one i n c h  a p a r t .  The t e s t  sgecimon i s  
25 f e e t  from t h e  s c r c e n  and t h c  l a n t e r n  i s  a d j u s t e d  s o  
t h a t  t h e  c e n t e r  10- by 10-inch s q u a r e  f i l l s  t h o  be~:m. Thc 
sample i n  a s u i t a b l e  f rame i s  moved a c r o s s  t h e  beam and 
t h e  novenent  of t h e  p r o j e c t e d  l i n e  observed;  t h e  s a f e t y  
g l a s s  s p e c i f i c a t i o n  r e q u i r e s  t h a t  t h e  ~ r o j e c t e d  l i n e  s h a l l  
n o t  devi2 , te  more than  1 / 2  i n c h  a s  t h e  s h e e t  i s  moved a c r o s s  
t h e  beam. S e v e r a l  m a t e r i a l s  were t e s t e d  bu t  none f a i l e d  
t o  n e e t  t h e  s p e c i f i c a t i o n .  Then measurements were made on 
each sample of t h e  d e v i a t i o n  of t h e  p r o j e c t e d  l i n e  a s  t h e  
s q u a r e  v a s  moved an i n c h  a t  a  t ime  a c r o s s  t h e  beam. T h i s  
measurement was made a t  t h e  t o p ,  c e n t e r ,  and bottom of t h e  
s c r e e n  f o r  t h e  sample normal t o  t h e  i n c i d e n t  l i g h t ;  t h i s  
mas r e p e a t e d  J u s t  a t  t h c  c e n t e r  of t h e  s c r e e n  f o r  a n g l e s  
of ? s o ,  6 0 ° ,  45O, and 30°. The d a t a  d i d  n o t  p r o v e  s u i t a -  
b l e  f o r  g i v i n g  an e s t i m a t e  of t h e  v i s i b i l i t y  because  a  
specimen  IT^ t l i  many r e l a t i v e l y  smal l  r i p p l e s  s imply c a u s e s  
t h e  15rojec ted  l i n e  t o  move back and f o r t h  r a p i d l y  a s  n e l l  
a s  c a u s i n g  i t  t o  g e t  o u t  of f o c u s ;  a sample which i s  
s l i g h t l y  wedge-shaped o r  one a i t h  a l a r g e  wave i n  i t s  sur-  
f a c e ,  might cause  t h e  l i n e  t o  d e v i a t e  a s  much o r  more, 
y e t  i t  riould be  f a r  s u p e r i o r  as r e g a r d s  d i s t o r t i o n .  

The above c o n s i d e r a t i o n s  l e d  t o  t h e  f o l l o w i n g  method 
f o r  e v a l u a t i n g  t h e  d i s t o r t i o n  of t h e  t r a n s p a r e n t  p l a s t i s  
s h e e t s .  A p r o j e c t i o n  l a n t e r n  i s  f o c u s e d  on a s c r e e n  40 
f e e t  d i s t a n t ;  t h e  specimen i s  p l a c e d  i n  f r o n t  of and p a r a l -  
l e l  t o  t h e  s c r e e n ,  The sample i s  moved toward t h e  l i g h t  
and i t s  shadow observed.  When l i g h t  and d a r k  p a t c h e s  be- 
g i n  t o  a p p e a r  i n  t h e  shadow, t h e  d i s t a n c e  of t h e  specimen 
from t h e  s c r e e n  i s  n o t e d  and i s  t a k e n  a s  a  measure of t h e  
r e l a t i v e  d i s t o r t i n g  c h a r a c t e r i s t i c s  of t h e  s h e e t .  The 
b e t t e r  t h e  m a t e r i a l ,  t h e  g r e a t e r  i s  t h e  d i s t a n c e  a t  which 
t h e  shadow becomes nonuniform. O b s e r v a t i o n s  were made by 
t h r e e  i n d i v i d u a l s  on 12- by 12-inch samples of t h e  p l a s -  
t i c s .  The r e s u l t s  a r e  shown i n  t a b l e  I V ,  The a c r y l a t e  
r e s i n  s h e e t s  a r e  found t o  be c o n s i d e r a b l y  b e t t e r  t h a n  0 t h -  
e r  p l a s t i c  n a t e r i a l s  i n  t h i s  t e s t .  



8. BPSISTABCE TO VEATHERING 

Samples of t r a n s p a r e n t  p l a s t i c s  7 by 7 i n c h e s  y e r e  
p r e p a r e d  f o r  a e a t h e r - e x p o s u r e  t e s t s  by f a s t e n i n g  them i n  
b r a s s  f r ames  curved c y l i n d r i c a , l l y  t o  a r a d i u s  of 5 i n c h e s .  
Biost of t h e  m a t e r i a l s  mere f l e x i b l e  enough t o  bend t o  t h e  
c u r v a t u r e  of t h e  frame w i t h o u t  s p e c i a l  h e a t  t r e a t m e n t  and 
cou ld  be d r i l l e d  i n  t h e  f l e x e d  p o s i t i o n  wi thou t  c r a c k s  form- 
i n g  a t  t h e  h o l e s .  Two samyles of t h e  a c r y l a t e  r e s i n  s h e e t s ,  
J 2  and K l ,  a e r e  s o f t e n e d  i n  water  warmed t o  about  60' C, f o r  
15 minu tes  and then  ben t  and d r i l l e d .  Another a c r y l a t e  
snmgle,  K3, mas s o f t e n e d  by h e a t i n g  f o r  1 0  minu tes  at '70' 
C. i n  2,n oven. One manufac tu re r  of t h e s e  r e s i n o u s  s h e e t s  
ha.s r e c e n t l y  recommended bending them by warming a t  90' t o  
125O C . ,  de?ending on t h e  t h i c k n e s s ,  u s i n g  a s  t h e  h e a t i n g  
mcdiun e i t h e r  h o t  ma tc r  o r  ? r e f e r a b l y  h o t  a i r ,  p r e s s i n g  
t h e  s h e e t  a round a mood o r  me ta l  form covered  n i t h  rubber  
o r  g l o v e  c l o t h ,  and a l l o w i n g  i t  t o  coo l  i n  t h e  b e n t  p o s i -  
t i o n .  I n i t i a l  a h i t c - l i g h t  t r a n s n i s s i o n  and haze  d e t e r n i -  
n c t i o n s  mere made on t h e  specimens i n  t h e  f rames  b e f o r e  
p l a c i n g  them on t h o  r o o f ,  I n  a d d i t i o n  t h e  l i g h t  t r ansmis -  
s i o n  n a s  mc2,sured n i t h  r e d ,  g r e e n ,  and b l u e  f i l t e r s  i n  o rU 
d c r  t o  f o l l o w  any c o l o r  chczgcs i n  t h e  v a r i o u s  m a t e r i a l s  
d u r i n g  exposure .  The f rames  were f a s t e n e d  t o  exposure  
r a c k s  on t h e  roof  of t h e  I n d u s t r i a l  B u i l d i n g  of t h e  Ma- 
t i o n s l  3 u r c a u  o f  S t a n d a r d s ,  t h e  r a c k s  f a c i n g  s o u t h  and be- 
i n g  i n c l i n e d  a t  nn a n g l e  of 450 t o  t h e  h o r i z o n t a l .  The 
samplcs were p l a c e d  on t h e  roof d u r i n g  March 1 9 3 6 ,  and t h o  
changes  i n  c l a r i t y  a f t e r  1, 2 ,  3 ,  6 ,  9 ,  and 12 months were 
determined.  q u a n t i t a t i v e l y .  The samples were c l e a n e d  w i t h  
l e n s  p a p e r  soaked i n  t a p  w a t e r  and f o r  some of t h e  matc r i -  
a l s  i n  kerosene. 

The d a t a  f o r  l i g h t  t r a n s m i s s i o n  znd haze  measuremcnf s 
mado on t h o  t r a n s p n r c n t  p l a s t i c s  a r e  g iven  i n  t a b l e s  V ,  
VI,  and TIT. The c o n d i t i o n  of t h e  samples a f t e r  1 2  months1 
exposure  on t h e  roof  i s  shown i n  f i g u r e s  3 t o  6. Examins- 
t i o n  of t h c  pho tographs  i n d i c c t e s  c l c n r l y  t h a t  t h o  samples 
of c c r y l n t e  r o s i n s ,  numbers 1 5 ,  1 6 ,  1'7, and 1 8 ,  ar@ i n  t h e  
b e s t  c o n d i t i o n  a f t e r  t h e  y e a r  f s  exposure .  T h i s  same con- 
c l u s i o n  i s  reached  from a  c o n s i d e r a t i o n  of t h e  l i g h t -  
t r a n s m i s s i o n  d a t a  i n  t a b l e s  V and V I  and t h e  h a z e  d a t a  i n  
t a b l e  V I I .  The s u r f a c e s  of t h r e e  of t h e s e  samples ,  horn& 
e v e r ,  had begun t o  c r a z e  and c rack .  These c r a c k s  a r e  n o t  
r e a d i l y  v i s i b l e  when viewed by d i r e c t l y  t r a n s m i t t e d  l i g h t ,  
h u t  become v e r y  pronounced when i l l u m i n a t e d .  so t h a t  t h e  
l i g h t  s c a t t e r e d  by them can be observed.  F i g u r e  '7 shows 



p a n e l s  16, 1 7 ,  and 1 8  t a k e n  a t  s u i t a b l e  a n g l e  t o  show 
t h i s  c r a c k i n g ,  1% shou ld  be k e p t  i n  mind t h a t  t h e s e  
f rames  a r e  curved and t h a t  t h e  c r a c k s  which show up a t  
t h e  c e n t e r  p o r t i o n  of p a n e l s  16 and 1 8  a r e  p r e s e n t  through-  
o u t  t h e  whole shee t .  Sample 17  ( ~ 1 )  did. n o t  show any ev- 
i d e n c e s  of c r a c k i n g ;  however,  i t  c o n t a i n e d  a p l a s t i c i z e r  
which r e s u l t e d  i n  a  s l i g h t  y e l l o w i n g  of t h e  s h e e t  upon 
exposure. T h i s  d i s c o l o r a t i o n  i s  p a r t i c u l a r l y  i n d i c a t e d  by 
t h e  r e s u l t s  of t h e  l i g h t  t r a n s m i s s i o n  measurements u s i n g  
a b l u e  f i l t e r ,  shown i n  t a b l e  V I .  Some samples of acry-  
l a t e  r e s i n  which had ,been k e p t  i n  s t o r a g e  f o r  approximate-  
l y  18  months have  developed similar c r a z i n g ,  a s  shown i n  
f i g u r e  8 .  One of t h e  m a n u f a c t u r e r s  of t h i s  t y p e  of p l a s -  
t i c  has informed u s  t h a t  t h e y  have  modif ied  t h e i r  p r o d u c t  
so as t o  a v o i d  t h i s  f a i l u r e .  T e s t s  on t h e s e  new samples 
a r e  i n  p r o g r e s s .  

The c e l l u l o s e  a c e t a t e  t r a n s p a r e n t  s h e e t s  t e s t e d  a r e  
shown i n  f i g u r e s  3 and 4 ,  p a n e l s  1 t o  9 ,  a f t e r  1 2  months'  
exposure.  The p r o d u c t s  of d i f f e r e n t  manufac tu re r s  and of 
d f f  f  e r e n t  samples from t h e  same manufac tu re r  v a r i e d  con- 
s i d e r a b l y  i n  t h e i r  b e h a v i o r  upon wea the r ing .  P a n e l s  1 t o  
3 had c razed  b a d l y ,  d i s c o l o r e d ,  and become p r a c t i c a l l y  
opaque. P a n e l s  4 and 5 were i n  t h e  b e s t  c o n d i t i o n  of any 
of t h e  c e l l u l o s e  a c e t a t e  samples a f t e r  1 y e a r  on t h e  r o o f .  
Even t h e s e  had become c o n s i d e r a b l y  more hazy and i n  one 
c a s e  had c r a c k e d  a t  t h e  t o p  of t h e  frame because  of s h r i n k  
age ,  These two samples t e n d  t o  become c o a t e d  w i t h  a 
f r o s t y  l a y e r  when l e f t  untouched f o r  s e v e r a l  weeks. T h i s  
s u r f a c e  c o a t i n g  was r e a d i l y  removed w i t h  l e n s  p a p e r  soaked 
i n  kerosene, and mould b e  c o n s t a n t l y  e l i m i n a t e d  by normal 
c l e a n i n g  i n  s e r v i c e .  P a n e l  6 mas a  sample s u b m i t t e d  as a 
supposedly  improved p r o d u c t ,  b u t  i t  i s  q u i t e  a p p a r e n t l y  
i n f e r i o r  t o  p a n e l s  4 and 5 ,  mado by t h e  same f i r m .  P a n e l s  
7 c n 8  8 were beg inn ing  t o  shorn l a r g e  s u r f a c e  c r a c k s  a f t e r  
one yc?;:r and t h e i r  s u r f a c e s  had become roughened o r  ''peb- 
b l e d , "  t h e r e b y  r e s u l t i n g  i n  d i s t o r t i o n  of v i s i o n  th rough  
them, P a n e l  9 had beconc p r a c t i c e l l y  opaque af  t o r  one 
y e a r ;  @he c r a c k i n g  which caused t h i s  had t aken  p l a c e  f a i r -  
l y  r e g u l a r l y  over  t h e  ~ e r i 0 d  of exposure  as i n d i c a t e d  by 
t h c  haze  v a l u e s  i n  t a b l a  V I I .  

I t  i s  w e l l  known t h a t  c e l l u l o s e  n i t r a t e  i s  decomposed 
by u l t r a v i o l e t  l i g h t ,  Samples 1 0  and 11 show how Com- 
p l e t e l y  opaque t h i s  p l a s t i c  becomes a f t e r  one y e a r ' s  ex- 
p o s u r e  t o  s u n l i g h t .  Table  V I I  i n d i c a t e s  t h a t  t h e  major 
p o r t i o n  of t k e  breakdown o c c u r r e d  betmeen t h e  3- and. 6- 
months p e r i o d ,  namely, d u r i n g  J u n e ,  J u l y ,  and August.  



The c o n d i t i o n  of t h e s e  samples a f t e r  3 months'  exposure  
i s  shown i n  f i g u r e  9.  The c r a z i n g  which o c c u r s  i s  con- 
f i n e d  t o  t h e  o u t e r  s u r f a c e  of t h e  m a t e r i a l ,  t h e  back r e -  
maining smooth and t r a n s p a r e n t .  

The e t h y l c e l l u l o s e  s h e e t s  t e s t e d  mere among t h e  f i r s t  
samples of t h i s  p l a s t i c  mhich became a v a i l a b l e  i n  t h i s  
coun t ry .  A s  i n d i c a t e d  i n  t a b l e  V I I ,  f i g u r e  9 ( p a n e l  12  
a f t e r  3 months)  and f i g u r e  5 ( p a n e l  1 4  a f t e r  1 2  months) ,  
t h e s e  m a t e r i a l s  n e r e  n o t  r e s i s t a n t  t o  exposure  on t h e  
r o o f ,  A marked i n c r e a s e  i n  t h e  h a z i n e s s  of two of t h e  Sam- 
p l e s  took  p l a c e  w i t h i n  3 months; t h e  t h i r d  sample d e t e r i -  
o r a t e d  r a p i d l y  d u r i n g  t h e  f o l l o w i n g  t h r e e  months. I t  i s  
o u r  u n d e r s t a n d i n g  t h a t  m a n u f a c t u r e r s  of t h e s e  m a t e r i a l s  
have  imj roved  t h e  s t a b i l i t y  of e t h y l c e l l u l o s e  s h e e t s  dur- 
i n g  t h e  i n t e r v a l  mhich h a s  e18,psed s i n c e  t h e s e  m a t e r i a l s  
were r e c e i v e d ,  PJew samples a r e  bei.ng t e s t e d  t o  de te rmine  
whether  a g r a d e  which would bo s u i t a b l e  f o r  a i r p l a n e  u s e  
h a s  becn developed.  

None of t h e  v i n y l  r o s i n  s h o o t s  t e s t e d ,  a l l  of which 
s e r e  e x p e r i m e n t a l  samples ,  had s a t i s f a c t o r y  r e s i s t a n c e  t o  
n o a t h e r i n g ,  The p o l y v i n g l  c h l o r i d e - a c e t a t e  s h e e t s  ( p a n e l s  
19  and 20 i n  f i g .  6 )  d i s c o l o r e d  r a p i d l y ,  becoming da rk  
p u r p l e .  T h i s  p u r p l e  d i s c o l o r a t i o n  mas ' e n t i r e l y  a s u r f a c e  
l a y e r  e f f e c t  and extended on ly  o n e - f i f t h  of t h e  nay th rough  
t h e  sample, t h e  remainder  b e i n g  apparerrt  l y  u n a f f e c t e d .  
The v i n y l  a c e t a l  samples ( p a n e l  22  i n  f i g .  6 a f t e r  1 2  
months and p a n e l  24 i n  f i g .  4 a f t e r  9 months) d i d  n o t  d i s -  
c o l o r  bu t  became opaque and showed ev idences  of s u r f a c e  
craclcing. 

The s h e e t  of c e l l u l o s e  a c e t o b u t y r a t e  ( p a n e l  23 i n  f i g .  
6 )  was c a s t  from a  s o l u t i o n  i n  v a r i o u s  o r g a n i c  s o l v e n t s .  
The b u b b l e s  mhich a r e  seen  mere p r e s e n t  i n  t h e  s h e e t  as i t  
w a s  r e c e i v e d .  A s  i n d i c a t e d  i n  t a b l e s  V ,  V I ,  and V I I ,  no 
marked changes  i n  t h e  l i g h t  t r a n s m i s s i o n  and h a z e  charac-  
t e r i s t i c s  t o o k  p l a c e  d u r i n g  t h e  exposure  p e r i o d .  The 
s t r e a k  which i s  p r e s e n t  on one s i d e  of t h e  p i c t u r e  of pan- 
e l  2 3  i s  an o p t i c a l  e f f  e c t  o n l y ,  no c r a c k s  h a v i n g  appeared  
i n  thc exposed scmple. 

The sample of g l y c e r y l - p h t h a l a t e  r e s i n  which was r e -  
c e i v e d  was too  b r i t t l e  t o  be  ben t  t o  t h e  5- inch r a d i u s  of 
c u r v a t u r e  of t h e  t e s t  f rames .  Accord ing ly ,  a f l a t  p i e c e  
mas exposed,> on t h e  roof  and  i s  shown i,n f i g u r e  6  (number 

4 2 6 )  a f t e r  n i n e  months. N o  craclr ing o r  c r a z i n g  i s  e v i d e n t  
b u t  t h e  m a t e r i  a1 h a s  d i s c o l o r e d  c o n s i d e r a b l y .  



The p o s s i b l e  e f f e c t  of t h e  b o l t i n g  of t h e  m a t e r i a l s  
i n  n s t r e s s e d  s t a t e  i n  t h e  t e s t  f r ames  on c r a z i n g  was 
s tudied .  by exgosing f l a t  s h e e t s  of c e l l u l o s e  a c e t a t e  and 
c e l l u l o s e  n i t r a t e  s i m u l t ~ n e o u s l y  w i t h  t h e  same m a t e r i a l s  
f a s t e n e d  i n  t h e  curved p a n e l s .  F i g u r e  1 0 ,  which was 
t aken  a f t e r  9 n o n t h s l  exposure  on t h e  r o o f ,  i n d i c a t e s  
t h a t  t h e  c r a z i c g  took p l a c e  e q u a l l y  r a p i d l y  under  t h e  two 
c o n d i t i o n s .  The c r a c k  down t h e  middle  of p a n e l  30 was 
t h e  r e s u l t  of s t r a i n  caused by s h r i n k a g e  due t o  l o s s  of 
v o l a t i l e  m a t e r i a l ,  

The e f f e c t  of one y e a r t s  exposure  out  o f  d o o r s  on 
t h e  l i g h t  t r a n s m i s s i o n  and h a z i n e s s  of l a m i n a t e d  and o r -  
d i n a r y  g l a s s  i s  shomn i n  t a b l e  V I I I .  No marked breakdown 
of t h e s e  p r o d u c t s  took  p l a c e  d u r i n g  t h i s  p e r i o d .  The l a m -  
i n a t e d  g l a s s  %ade v i t h  an a c r y l a t e  p l a s t i c  g i v e s  somewhat 
e r r a t i c  r e s u l t s  i n  t h e  measurement of haze  because  t h e  
p l a s t i c  t ended  t o  squeeze  o u t  a t  t h e  edges ,  t h e r e b y  leav-  
i n g  t h e  p r o d u c t  s l i g h t l y  wedge-shaped. However, t h e r e  
was no a p p a r e n t  change a t  t h e  end of one y e a r  on t h e  roof  
i n  t h e  c l a r i t y  o r  appearance  of t h i s  t y p e  of l a m i n a t e d  
g l a s s .  

V I ,  ACCELERATED A G I N G  

A c c e l e r a t e d  a g i n g  t e s t s  mere conducted on samples 6 
i n c h e s  by 1-1/2 i n c h e s ,  i n  a  Weather-0-Meter h a v i n g  a 
carbon a r c  l i g h t .  A p o r t i o n  of t h e  sample was covered  

' w i t h  aluminum t o  o b t a i n  a ready  comparison of exposed and 
unexposed m a t e r i a l .  The samples were r o t a t e d  about  t h e  
carbon a r c  a t  a d i s t a n c e  of 2 f e e t ,  making one r e v o l u t i o n  
every  20 minutes. .  Tap wa te r  mas sp rayed  on t h e  p l a s t i c s  
a t  one l o c a t i o n  i n  t h e  Weather-0-Meter; t h e  d u r a t i o n  of 
i t s  a p p l i c a t i o n  t o  each sample m a s  sbou t  15 seconds.  The 
samples  were removed and t e s t e d  z f t e r  500 and 1 , 0 0 0  h o u r s .  
The r e s u l t s  of t h e s e  t e s t s  a r e  shown i n  t a b l e  I X .  F i g u r e  
11 shows t h e  c o n d i t i o n  of t h e  samples a f t e r  1 ,000  h o u r s t  
exposure.  The unex;posed p o r t i o n  i s  a t  t h e  top  of t h e  sam- 
p l e s  i n  t h e  photograph,  

The c e l l u l o s e  a c e t a t e  m a t e r i a l s  i n  g e n e r a l  were i m -  
p roved  i n  r e g a r d  t o  l i g h t  t r a n s m i s s i o n ,  because  of bfench- 
i n g  of t h e  b l u e  dye added t o  t h e  o r i g i n a l  p l a s t i c .  The 

samples were h e l d  on ly  by l i g h t  s p r i n g  clamps and many of  
t h e  a c e t a t e  samples warped d u r i n g  t h e  t e s t .  The n i t r a t e  

samples were l e s s  a f f e c t e d .  by 1 , 0 0 0  h o u r s  i n  t h e  Weather- 
0-Meter t h a n  by t h r e e  months '   arch, A p r i l ,  and M ~ Y )  ex- 



p o s u r e  o u t  of doors .  One sample of e t h y l c e l l u l o s e  mas i n  
a v e r y  f r i a b l e  s t a t e  a f t e r  1 , 0 0 0  h o u r s 1  exposure  t o  t h e  
carbon a r c  l i g h t .  The acry1a.t e  r e s i n s  mere p r a c t i c a l l y  
unchanged a f t e r  t h i s  t r e a t m e n t .  The e f f e c t  of t h e  carbon 
a r c  l i g h t ,  on t h e  p o l y v i n y l  c h l o r i d e - a c e t a t e  samples m a s  
v e r y  pronounced,  c o n v e r t i n g  them from t h e  t r a n s p a r e n t  con- 
d i t i o n  t o  p u r p l i s h - c o l o r e d  opaque masses.  T h i s  chane w a s  
c o n f i n e d  t o  a  t h i n  l a y e r  a t  t h e  s u r f a c e  of t h e  sample,  i n -  
d i c a t i n g  p r a c t i c a l l y  complete a b s o r p t i o n  of t h e  harmful  
l i g h t  r a d i a t i o n .  The s t y r e n e  and v i n y l  a c e t a l  samples 
mere r a p i d l y  a t t a c k e d  by t h e  carbon a r c  l i g h t .  The c e l l u -  
l o s e  a c e t o b u t y r a t e  mas u n a f f e c t e d .  S a l t  de- 
p o s i t e d  d u r i n g  t h e  a l t e r n a t e  w e t t i n g  and d r y i n g  c y c l e s  
p r e v e n t e d  a c c u r a t e  d e t e r m i n a t i o n  of haze  changee.  

A second group of samples w a s  s u b j e c t e d  t o  t h e  l i g h t  
from t h e  carbon a r c  lamp w i t h o u t  u s i n g  a v a t e r  s p r a y  so 
t h a t  haze  measurements cou ld  be made. The samples were 
s u b j e c t e d  t o  a somewhat h i g h e r  t e m p e r a t u r e  i n  t h i s  t e s t ,  
approx imate ly  55' C.  compared t o  40' C, mhen t h e  w a t e r  
s p r a y  mas employed. Examinat ion of t h e  l i g h t  t r a n s m i s s i o n  
d a t a  a f t e r  500 h o u r s '  exposure  i n  t a b l e s  I X  and X i n d i -  
c a t e s  t h a t  t h e  cellulose n i t r a t e  and v i n y l  ch lo r ide -ace -  
t a t e  r e s i n  samples a r e  d e t e r i o r a t e d  more r a p i d l y  i n  t h e  
d r i e r  and warmer c o n d i t i o n .  Sample J 1 ,  an a c r y l a t e  r e s i n ,  
mas q u i t e  markedly a f f e c t e d  by t h e  h i g h e r  t e m p e r a t u r e ,  be- 
coming t r a n s l u c e n t  r a t h e r  t h a n  t r a n s p a r e n t  because  of s U r -  
f a c e  roughening.  Comparison of t h e  haze  v a l u e s  i n  t a>b les  
V I I  and X shorn t h a t  t h e  r e s u l t s  of t h e  a c c e l e r a t e d  t e s t  do 
n o t  i n d i c a t e  t h e  same r e l a t i v e  o r d e r  of s t a b i l i t y  a s  i s  
found  upon exposure  ou t  of doors .  Thus, t h e  two c e l l u l o s e  
n i t r a t e  s a n p l e s  became c louded a t  a b o u t  t h e  same r a t e  on 
t h e  roof whereas  E l  b r e a k s  down more r a p i d l y  i n  t h e  a c c e l -  
e r a t e d  t e s t .  S i m i l a r  d i s c r e p a n c i e s  a r e  n o t e d  f o r  t h e  
e t h g l c e l l u l o s e  and v i n y l  a c e t a l  r e s i n s .  The amount of d i s -  
c o l o r a t i o n  of t h e  s a n p l e s  by t h e  carbon a r c  l i g h t  can be  
judged from t h e  d a t a  i n  t a b l e  X I  f o r  l i g h t  t r a n s m i s s i o n  
u s i n g  v a r i o u s  c o l o r  f i l t e r s .  There was a  c o n s i d e r a b l e  
drop i n  t h e  l i g h t  t r a n s m i t t e d  u s i n g  t h e  g reen  and b l u e  
f i l t e r s  i n  t h e  c a s e  of t h e  c e l l u l o s e  n i t r a t e  samples and 
t h e  g l y c e r y l - p h t h a l a t e  r e s i n  01. A s l i g h t  drop i s  a l s o  
n o t e d  f o r  a c r y l a t e  r e s i n  K l .  On t h e  o t h e r  hand,  t h e  l i g h t  
t r a n s m i s s i o n  u s i n g  t h e  g r e e n  f i l t e r  showed a marked in-  
c r e a s e  a f t e r  t h e  500 h o u r s 1  exposure  t o  u l t r a v i o l e t  l i g h t  
f o r  t h o s e  szmples which c o n t a i n e d  b l u e  dye', n o t a b l y  i n  t h e  
c a s e  of c e l l u l o s e  a c e t e t e  T 1 .  



V I I  . SCRATCB RESISTANCE 

The compara t ive  e a s e  w i t h  which t r a n s p a r e n t  o r g a n i c  
p l a s t i c s  a r e  s c r a t c h e d  i s  a major o b s t a c l e  t o . t h e i r  sub- 
s t i t u t i o n  - f o r  g l a s s  i n  many a p g l i c a t i o n s  where t h e i r  
t o u g h n e s s  and n o n s p l i n t e r i n g  c h a r a c t e r i s t i c s  mduld be ad- 
vantageous .  However, t h e  p l a s t i c s  v a r y  c o n s i d e r a b l y  among 
themse lves  i n  s c r a t c h  r e s i s t a n c e ,  and i t  i s  d e s i r a b l e  t o  
have  a method. of measur ing  t h i s  p r o p e r t y .  The e f f e c t  of 
tumbl ing  m i t h  sand of a  s t a n d a r d  g r a d e  mas t r i e d  b u t ,  af- 
t e r  a s h o r t  p e r i o d ,  a p o l i s h i n g  a c t i o n  produced by f i n e  
f r a g m e n t s  t ended  t o  undo t h e  a c t i o n  of t h e  c o a r s e  g r a i n s  
of sand, I t  mas a l s o  ve ry  d i f f i c u l t  t o  remove t h e  f i n e  
d u s t  from t h e  samples p r e p a r a t o r y  t o  d e t e r m i n i n g  t h e  
amount of a b r a s i o n  by measuring t h e  l i g h t  t r a n s m i s s i o n  
of t h e  abraded  m a t e r i a l s .  

These d i f f i c u l t i e s  a r e  avo ided  by t h e  u s e  of a s c l e -  
rometer  t o  produce  a band of s c r a t c h e s  on t h e  sample,  from 
which t h e  r e l a t i v e  r e s i s t a n c e  of t h e  m a t e r i a l  can be judged 
by d e t e r m i n i n g  t h e  a v e r a g e  width  of t h e  s c r a t c h e s .  Var ious  
t y p e s  of s c l e r o m e t e r s  have been developed f o r  u s e  i n  mak- 
i n g  s c r a t c h  t e s t s  on m e t a l s .  These were d i s c u s s e d  i n  de- 
t a i l  by O t N e i l l ,  ( r e f e r e n c e  1 ) .  

1, D e s c r i p t i o n  of Appara tus  

The i n s t r u m e n t  u s e d  i n  t h i s  work on p l a s t i c s  mas de- 
ve loped  by Bierbaum and i s  c a l l e d  t h e  u m i c r o c h a r a c t e r "  
( f i g .  1 3 ) .  The c u t t i n g  diamond i s  i n  t h e  form of a Cop- 
n e r  of a  cube ,  mounted s o  t h a t  t h e  d i a g o n a l  of t h e  cube 
i s  normal t o  t h e  t e s t  s u r f a c e  and one edge i s  i n  l i n e  
m i t h  t h e  d i r e c t i o n  of t h e  s c r a t c h .  The diamond i s  sus- 
pended from a ba lanced  arm p i v o t e d  on s a p p h i r e  b e a r i n g s .  
One end of t h e  a r m  i s  p r o v i d e d  w i t h  a s p i r i t  l e v e l  and t h e  
o t h e r  w i t h  a 3-gram meight  which c o n s t i t u t e s  t h e  s t a n d a r d  
l o a d  f o r  t h e  diamond p o i n t ,  The diamond i s  mounted at  
t h e  small end of a  t a p e r e d  s t e e l  s p r i n g ;  t h e  o t h e r  end. of 
t h e  s p r i n g  i s  f a s t e n e d  t o  t h e  lower s i d e  of t h e  suspen- 
s i o n  a r e a .  A v e r t i c a l  r a c k  i s  p r o v i d e d  f o r  r a i s i n g  and 
l o ~ ~ e r i n g  t h e  b r a c k e t  t h a t  c a r r i e s  t h e  c u t t i n g  t o o l ,  T h i s  
b r a c k e t  i s  a t t a c h e d  t o  a microscope mechanical  s t a g e  pro-  
v i d e d  mi th  q u i t a b l e  clamps and screw mechanism t o  p e r m i t  
t h e  specimen t o  be moved s l o w l y  u n d e r  t h e  diamond p o i n t .  
The width  of t h e  s c r a t c h  ( f i g .  1 4 )  i s  measured w i t h  a m i -  
c r o s c o p e  h a v i n g  a  c a l i b r a t e d  f i l a r  n i c r o m e t e r  eyep iece .  
The p l a s t i c s  mere c o n d i t i o n e d  a t  21° C. and 6 5  p e r c e n t  



r e l a t i v e  humid i ty  f o r  a t  l e a s t  24 h o u r s ,  and t h e  t e s t  w a s  
conducted  under  t h e s e  same c o n d i t i o n s .  The s c r a t c h  re-  
s i s t a n c e  i s  r e p o r t e d  n u m e r i c a l l y  a s  t h e  q u o t i e n t  of t h e  
l o a d  i n  k i l o g r a m s  d i v i d e d  by t h e  s q u a r e  of t h e  s c r a t c h  
wid th  i n  m i l l i m e t e r s ,  

2 ,  R e s u l t s  of S c r a t c h  Vid tb  Measurements 

The d z t s  o b t a i n e d  w i t h  t h e  Bierbaum m i c r o c h a r a c t e r  on 
v a r i o u s  p l a s t i c s  a r e  shown i n  t a b l e  X I I .  Each v a l u e  mas 
computed from t h e  averaged  r e s u l t  of t h e  measurement of t h e  
w i d t h s  of f i v e  s c r a t c h e s  a t  t h r o e  l o c a t i o n s  on each s c r a t c h .  
The speed o f  t h e  di,mond p o i n t  r e l a t i v e  t o  t h e  specimen w a s  
approx imate ly  0.2 m i l l  emet e r  p e r  second. To d e t e r m i n e  
~ h c t h e r  o r  n o t  a m a t e r i a l  w a s  a n i s t r o p i c ,  bands of scratches 
mere r u l e d  bo th  p a r a l l e l  and p e r p e n d i c u l a r  t o  t h e  l e n g t h  of 
t h e  sample. A few c e l l u l o s e  a c e t a t e s ,  n o t a b l y  samples A3, 
B5, and C 2  g i v e  some i n d i c a t i o n  of a n i s o t r o p i s m .  The re-  
s u l t s  shon t h z t  most of t h e  m a t e r i a l s  a r e  i s o t r o p i c  as f a r  
a s  s c r a t c h  r e s i s t a n c e  i s  concerned.  

The s c r a t c h  r e s i s t a n c e  of c e l l u l o s e  a c e t a t e  v a r i e d  
mi th  t h e  p r o d u c t s  o& d i f f e r e n t  m a n u f a c t u r e r s ,  presumably 
because  of d i f f e r e n c e s  i n  t y p e s  and amount of p l a s t i c i z e r  
p r e s e n t .  The a c r y l a t e  r e s i n s  were found t o  be t h e  most 
r e s i s t a n t  t o  s c r a t c h i n g  of t h e  m a t e r i a l s  s t u d i e d .  

A v a l u e  of 1 4 , 8  f o r  t h e  s c r a t c h  h a r d n e s s  of a c r y l a t o  
r e s i n  sample K 1  mas o b t a i n e d  when a 6-gram l o a d  on t h e  
diamond p o i n t  w a s  used .  Comparison of t h i s  v a l u e  measured 
w i t h  a  6-gram l o a d  w i t h  t h e  one i n  t a b l e  XI1 o b t a i n e d  w i t h  
a 3-gram l o a d ,  namely, 15.0, shows t h a t  t h e  c a l c u l a t e d  
s c r a t c h  r e s i s t a n c e  v a l u e  i s  s u b s t a n t i a l l y  independen t  of 
t h e  l o a d  u s e d .  Th i s  would b e  expec ted  t o  be  t r u e ,  s i n c e  
t h e  diamond t o o l  i s  of such shape t h a t  t h e  s c r a t c h e s  made 
w i t h  d i f f e r e n t  l o a d s  a r e  g e o m e t r i c a l l y  s i m i l a r .  The w i d t h  
of t h e  m i c r o c u t s  o b t a i n e d  w i t h  t h e  3- and &gram l o a d s  f o r  
t h i s  a c r y l a t e  r e s i n  were ,  r e s p e c t i v e l y ,  14.2 and 20.3 m i -  
c r o n s .  

VI 11. INDENTATION HARDNESS 

A number of i n d e n t a t i o n  t e s t s  p r e v i o u s l y  developed 
f o r  u s e  mi th  m e t a l s  have been a p p l i e d  t o  t h e  d e t e r m i n a t i o n  
of t h e  s o - c a l l e d  h a r d n e s s  of p l a s t i c s ,  i n c l u d i n g  t h e  B r i -  
n e l l ,  Mar tens ,  Rockwel l ,  T i c k e r s ,  and Shore machines. 
Table  XI11 p r e s e n t s  t h e  r e s u l t s  of measurements made On 



uncond- i t ioned samples of p l a s t i c s  w i t h  some of t h e s e  in-  
s t ruments .  There i s  r e l a t i v e l y  good agreement between 
t h e  d e g r e e s  of h a r d n e s s  i n d i c a t e d  by t h e  V i c k e r s ,  Rockwel l ,  
and B r i n e l l  machines. The Shore S c l e r o s c o p e  i s  n o t  con- 
s i d e r e d  v e r y  s a t i s f a c t o r y  because  t h o  h a r d n e s s e s  i n d i c a t e d  
f o r  t h e  p l a s t i c s  wero i n  a l l  c a s e s  much h i g h e r  t h a n  t h o s e  
f o r  a m i l d  s t e e l  specimen, nhose B r i a o l l  h a r a n e s s  w a s  abou t  
t c n  t i m e s  t h a t  of t h e  p l a s t i c s *  The d a t a  i n  t h e . l a s t  two 
columns i n  t a b l e  X I 1 1  show t h e  e f f e c t  of t ime of a p p l i c a -  
t i o n  of t h e  l o a d  on t h e  h a r d n e s s  v a l u e s  ob ta ined .  For t h e  
r e l s t  i v e l y .  s o f t  p l a s t i c s  v e r y  l i t t l e  i n c r e a s e  i n  i n d e n t a -  
t i o n  i s  n o t e d ,  bu t  i q  t h e  c a s e  of t h e  m a t e r i a l s  above 
Brine3.1. No. 15  a c o n s i d e r a b l e  e f f e c t  on t h e  a r e a  of t h e  
i n d e n t a t i o n  i s  noted. 

The T i c k e r s  h a r d n e s s  t e s t i n g  machine ( f i g ,  1 5 )  u s e s  
a s q u a r e  pyramid a s  an indenb ing  t o o l ,  t h e  v a l u e  o b t a i n e d  
t h e r e w i t h  b e i n g  s u b s t a n t i a l l y  independent  of t h e  t e s t i n g  
load .  The l e n g t h  of t h e  d i a g o n a l s  of t h e  i n d e n t a t i o n  ( f i g .  
1 6 )  made mi th  t h i s  t o o l  a r e  more r e a d i l y  measured t h a n  t h e  
d i a m e t e r  of t h e  i n d e n t a t i o n  made by a  s p h e r i c a l  t o o l .  The 
V i c k e r s  h a r d n e s s  t e s t i n g  machine mas, t h e r e f o r e ,  u s e d  f o r  
nak ing  a more d e t a i l e d  s t u d y  of i n d e n t a t i o n  h a r d n e s s  of 
p l a s t i c s .  The t o o l  i n  t h i s  i n s t r u m e n t  i s  a s u a r e  pyramid,  8 h a v i n g  an  a n g l e  between o p p o s i t e  f a c e s  of 136 . A l o a d  of 
5 k i l o g r a m s  mas used ,  The machine i s  c o n s t r u c t e d  so t h a t  
t h e  l o a d  i s  a p p l i e d  s lowly  and p r o g r e s s i v e l y  t o  t h e  t e s t  
n:jccimcn, remains  a p p l i e d  f o r  a  p rede te rmined  t i m e ,  and 
i s  t h e n  a u t o n a t i c a l l y  removed, A s p e c i a l  measur ing  micro- 
scoge i s  t h e n  swung i n t o  p o s i t i o n ,  l o c a t i n g  i t s e l f  e x a c t l y  
over  t h o  i m g r e s s i o n ,  The l e n g t h s  of t h e  d i a g o n a l s  of t h e  
i n d e n t a t i o n  a r e  measured by means of a micrometer  o c u l a r  
i n  t h e  microscope.  The Vickers  h a r d n e s s  number i s  t h e  
q u o t i e n t  of t h e  a p p l i e d  l o a d  i n  k i l o g r a m s  d i v i d e d  by t h e  
pyramida l  a r e a  of t h e  impress ion  i n  square  m i l l i m a t e r s .  
The p l a s t i c s  were c o n d i t i o n e d  a t  21° C, and 65 p e r c e n t  r e l -  
a t i v e  humidi ty  f o r  a t  l e a s t  24 h o u r s  p r i o r  t o  t e s t i n g .  

The e f f e c t  of v a r i a t i o n  i n  t h e  t ime  of a p p l i c a t i o n  of 
f u l l  l o a d  on t h e  v a l u e s  o b t a i n e d  f o r  T ickers .  h a r d n e s s  
numbers i s  shown i n  t a b l e  X I V .  J u s t  a s  i n  t b e  c a s e  of 
B r i n e l l  numbers,  i t  i s  seen  t h a t  t h i s  i s  an i m p o r t a n t  f a c -  
t o r  i n  t h e  neasurement ,  A more e x t e n s i v e  examinat ion  of 
t h e  V i c k e r s  h a r d n e s s  of t h e  t r a n s p a r e n t  p l a s t i c s  which were 
a v a i l a b l e  was made on t h e  same samples used  f o r  t h e  s c r a t c h  
h a r d n e s s  t e s t .  A f u l l  l o a d  t ime  of 1 0  seconds was s e l e c t e d .  
I n  some c c s e s  t h e  v a l u e s  o b t a i n e d  which a r e  shown i n  t a b l e  
XT?, d i f f e r e d  somewhat from t h o s e  r e c o r d e d  i n  t a b l e  X I V .  



T h i s  can be a t t r i b u t e d  i n  l a r g e  p a r t  t o  l a c k  of u n i f o r m i t y  
i n  t b c  s h e e t .  Each v a l u e  g iven i n  t a b l e s  X I V  and XV i s  
t h e  a v e r a g e  of f o u r  d e t e r m i n a t i o n s .  

The g l y c e r y l - p h t h a l a t e  r e s i n  m a s  t h e  most r e s i s t a n t  
t o  i n d e n t a t i o n  of t h e  m a t e r i a l s  t e s t e d ;  t h e  c e l l u l o s e ,  
d e r i v a t i v e s  were i n d e n t e d  more r e a d i l y  than  t h e  r e s i n s  
w i t h  t h e  e x c e p t i o n  of t h e  v i n y l  a c e t a l  s h e e t s ,  one of which 
m a s  v e r y  s o f t .  Some ev idence  was a l s o  o b t a i n e d  i n  measure-. 
ments  of t h e  i n d e n t a t i o n  d i a g o n a l s  t h a t  a few of t h e  c e l l u -  
l o s e  a c e t a t e  s h e e t s  were a n i s o t r o p i c ,  bu t  t h e  v a r i a t i o n s  
i n  t h e  two d i r e c t i o n s  were n o t  l a r g e  enough t o  w a r r a n t  re- 
p o r t i n g  i n  d e t a i l .  

I t  i s  i n t e r e s t i n g  t o  compare t h e  Vickers  h a r d n e s s  
v a l u e s  i n  t a b l e  XV w i t h  t h e  s c r a t c h - r e s i s t a n c e  d a t a  i n  ta- 
b l e  X I I .  Good c o r r e l a t i o n  i s  e v i d e n t  f o r  t h e  c e l l u l o s e  
n i t r a t e ,  e t h y l - c e l l u l o s e ,  and a c r y l a t e  r e s i n . g l a s t i c s .  
However, t h e  s c r a t c h - r e s i s t a n c e  v a l u e s  f o r  t h e  v i n y l  and 
s t y r e n e  r e s i n s  a r e  much lower  t h a n  t h e  i n d e n t a t i o n  v a l u e s .  
In  t h e  c a s e  of t h e  a e l l u l o s e  a c e t a t e  samples ,  t h e  two Go- 
e f f i c i e n t s  a r e  n o t  s imilar .  I t  i s ,  t h e r e f o r e ,  b e l i e v e d  
t o  be i m p r a c t i c a l  t o  s u b s t i t u t e  t h e  b e t t e r  known and more 
r a p i d  i n d e n t a t i o n  h a r d n e s s  measurement f o r  s c r a t c h - r e s i s t -  
a n c e  d a t a  o b t a i n e d  w i t h  a s c l e r o m e t e r .  

I X .  IMPACT STRENGTH 

1. Charpy T e s t  

The r e s i s t a n c e  of t h e  t r a n s p a r e n t  p l a s t i c s  t o  impact  
w a s  de te rmined  w i t h  a Charpy impact  machine and a l s o  by a 
f a l l i n g - b a l l  method. For t h e  Charpy t e s t s ,  two s e t s  of 
n o t c h e d  specimens 0.5 i n c h  by 2.5 i n c h e s  wore p repared .  
The n o t c h ,  l o c a t e d  at t h e  c e n t e r  of t h e  specimen,  w a s  0.1 
i n c h  deep and w a s  produced w i t h  an o r d i n a r y  60' t r i a n g u l a r  
f i l e .  One s e t  was t e s t e d  f o r  impact s t r e n g t h  a t  70° F.9 
and t h e  o t h e r  a t  abou t  25O I?. The samples were broken in -  
d i v i d u a l l y  and n o t  as a  composi te  specimen. The c a p a c i t y  
o f  t h e  Charpy machine ( f i g .  1 7 )  w a s  2.9 foo t -pounds ,  w h i l e  
i t s  s t r i k i n g  v e l o c i t y  w a s  about  8 f e e t  p e r  second. The 
r e s u l t s  of t h e s e  t e s t s  a r e  shown i n  t a b l e  X V I .  The c e l l u -  
l o s e  n i t r a t e ,  c e l l u l o s e  a c e t a t e ,  e t h y l c e l l u l o s e ,  and v i n y l  
a c e t a l  samples have r e l a t i v e l y  h i g h  impact s t r e n g t h  a t  r o o ,  
whereas  t h e  v i n y l  c h l o r i d e - a c e t a t e  and a c r y l a t e  r e s i n s  
mere r e l a t i v e l y  weak. A t  25' F. t h e  c e l l u l o s e  a c e t a t e  



samples had from 15 t o  5 0  p e r c e n t  of t h e i r  s t r e n g t h  a t  70' 
F d ;  t h e  c e l l u l o s e  n i t r a t e  had about  55 p e r c e n t  of t h e i r  
o r i g i n a l  s t r e n g t h ;  t h e  v i n y l  r e s i n s  ha$ approx imate ly  30 
p e r c e n t  of t h e i r  impact s t r e n g t h  a t  70 F. For  t h e  ac ry -  
l a t e  r e s i n s  and e t h y l c e l l u l o s e ,  t h e  l o s s  i n  s t r e n g t h  a t  
t h e  s u b f r e e z i n g  t e m p e r a t u r e  mas o n l y  about  20 percent . .  

2, F a l l i n g - B a l l  T e s t  

I n  t e s t s  made by t h e  f a l l i n g - b a l l  method t o  d e t e r m i n e  
t h e  impact  r e s i s t a n c e  of t h e  p l a s t i c s ,  i t  m a s  found  t o  b e  
i m p r a c t i c a l  t o  u s e  t h e  12- by 12-inch frame employed f o r  
t e s t i n g  l a m i n a t e d  s a f e t y  g l a s s  i n  which t h e  specimen i s  
n o t  clamped a t  t h e  edge. I n  such a  frame a  c e l l u l o s e  ace- 
t a t e  sample ,  94  m i l s  t h i c k ,  f a i l e d  on ly  on t h e  2 4 t h  i m -  
p a c t  from n %-?ound s t e e l  b a l l  f a l l i n g  65 f e e t ,  A n i t r a t e  
specimen 64 m i l s  t h i c k  p u l l e d  th rough  t h e  frame on t h e  
f i r s t  impact .  The f o l l o w i n g  t e s t  p rocedure  mas, t h e r e f o r e ,  
adopted .  A s t e e l  b a l l  weighing % pound mas dropped from 
v a r i o u s  h e i g h t s  on 9" d i s k  6$ i n c h e s  i n  d iameter  h e l d  f i rm-  
l y  b e t a c e n  r u b b e r  g a s k e t s  i n  a  me ta l  frame ( f i g .  1 8 )  which 
had a c i r c u l a r  opening of 5% i n c h e s  d iamete r .  The t e s t  
was c o n t i n u e d  u n t i l  t h e  sample mas p e n e t r a t e d  by t h e  b a l l .  
The r e s u l t s  a r e  g iven  i n  t a b l e  X V I ,  The c e l l u l o s e  p l a s -  
t i c s  f a i l e 2  when t h e  b a l l  dropped 50 t o  65 f e e t ,  some re-  
q u i r i n g  s e v e r a l  impac t s  from t h e  l a t t e r  h e i  h t .  A l l  of 
t k e  a c r y l s t e - r e s i n  samples f a i l e d  r h o n  t h e  $-pound b a l l  
was dropncd 1 0  f e e t .  The v i n y l  c h l o r i d e - a c e t a t e  r e s i n  
samples received- f a i l e d  a t  8 f e e t ,  n h e r e a s  a v i n y l  a c e t a r  
r e s i n  now b e i n g  deve loped  p a r t i c u l a r l y  f o r  saf  e t y - g l a s s  
c o n s t r u c t i o n  b roke  on t h o  average  on ly  a f t e r  11* impac t s  
w i t h  t h e  s t e e l  b a l l  f rom 65 f e e t .  

I n  o r d e r  t o  de te rmine  t h e  compara t ive  e f f e c t  of i m -  
p a c t s  of e l a s t i c  and i n o l s s t i c  b o d i e s  on t h e  p l a s t i c ,  a 
t e n n i s  b a l l  p a r t i a l l y  f i l i e d  w i t h  onc pound of s h o t  w a s  
u sed  i n  a s e r i e s  o f  t e s t s .  ~ o s u l t s  of t e s t s  on a few ace-  
t a t e  samples i n d i c a t e  t h a t  a  g iven  sample n i l 1  w i t h s t a n d  
t h r c c  t i m e s  as many i m n a c t s  from t h e  1-pound s h o t - f i l l e d  
t e n n i s  b a l l  a s  from a $-pound s t c c l  b a l l *  Tho s t u d y  of 
t h e  impact  s t r e n g t h  of t h e s e  p l a s t i c s  and of l a m i n a t e d  
g l a s s  i s  b e i n g  c o n t i n u e d  t o  dc tc rmine  t h c  t y p e  of wind- 
s h i e l d  which vou ld  b e  r e q u i r e d  t o  r e s i s t  t h e  impact  of a 
b i r d  d u r i n g  f l i g h t .  



X. SHRINKAGE 

The s h r i n k a g e  which t r a n s p a r e n t  p l a s t i c s  undergo i n  
s e r v i c e  i s  an i m p o r t a n t  f a c t o r  i n  t h e i r  d u r a b i l i t y .  Ex- 
c e s s i v e  s h r i n k a g e  c a u s e s  b u c k l i n g  and i n  some c a s e s  crack-  
i n g  of the. p l a s t i c  ' sheet .  

The s h r i n k a g e  of t r a s n p a r e n t  p l a s t i c s  o c c u r r i n g  dur- 
i n g  exposure  on t h e  roof  and a l s o  as a  r e s u l t  of a c c e l e r -  
a t e d  a g i n g  was s t u d i e d .  Samples approx imate ly  11 i n c h e s  
3g  1 i i ~ c h  were c o n d i t i o n e d  a t  21' 5. and 65 p e r c e n t  r e l a -  
t i v e  humid i ty  and gage l e n g t h s  of 1 0  i n c h e s  mere marked 
o f f .  One s e t  of samples mas p l a c e d  on a roof -exposure  
r a c k  w h i l e  a second s e t  w a s  s u b j e c t e d  t o  a c c e l e r a t e d  a g i n g  
i n  ail oven n i t h  c i r c u l a t i n g  a i r  a t  70' C ,  A f t e r  v a r i o u s  
p e r i o d s  t h e  samples were removed t o  t h e  c o n d i t i o n i n g  room 
and t h e  Change i n  l e n g t h  measured. The r e s u l t s  a r e  pre-  
s e n t e d  i n  t a b l e s  X V I I  and XVIII. 

When t h e  s h r i n k a g e  i s  a c b e l e r a t e d  by h e a t i n g  a t  70' 
C. i n  aa oven,  t h e  d e c r e a s e  i n  l e n g t h  a f t e r  f o u r  days  
ranged be tneen  70 and 100 p e r c e n t  of t h e  v z l u e  o b t a i n e d  
a f t e r  two weeks at t h e  same tempera ture .  For  c e l l u l o s e -  
c c c t z t c  n l a s t i c s  t h e  s h r i n k a g e  a f t e r  tmo weeks mas abou t  1 
p e r c e n t  f o r  120-mil s t o c k ,  and 2 p e r c e n t  f o r  t h e  60-mil 
m a t e r i a l ;  a f t e r  two months t h e s e  v a l u e s  had i n c r e a s e d  t o  
a p p r o x i m a t e l y  2 ,  and 3 p e r c e n t ,  r e s p e c t i v e l y ,  The lowes t  
s h r i n k a g e  of  a l l  t h e  c e l l u l o s e - a c e t a t e  samples mas under-  
gone by sample 312,  2 60-mil - th ick  s h e e t ,  t h e  change i n  
l e n g t h  b e i n g  1.2 p e r c e n t  f o r  two months. The two c e l l u -  
l o s e - a i t r a t e  samples had d e c r e a s e d  0.5 p e r c e n t  i n  l e n g t h  
a f t e r  two weeks, and 1 p e r c e n t  i n  two months, The acry-  
l a t e - r e s i n  p l a s t i c s  which n e r e  f i r s t  s u b m i t t e d ,  sh runk  
a lmos t  2 p e r c e n t  a f t e r  two weeks a t  70° C . ,  and d i d  n o t  
change a p p r e c i a b l y  t h e r e a f t e r ,  A l a t e r  sample of t h i s  
t y p e  of  r e s i n  i d e n t i f i e d  as K5, p h i c h  w a s  g i v e n  a f i n a l  
h e a t  t r e a t m e n t  by t 3 e  manufac tu re r  t o  d r i v e  o f f  v o l a t i l e  
s o l v e n t s ,  sh runk  approx imate ly  0.3 p e r c e n t  i n  two weeks, 
a f t e r  which no f u r t h e r  change i n  t h e  l e n g t h  w a s  obse rved ,  
A sample of u n p l a s t i c i z e d  a c r y l a t e  r e s i n ,  J 2 ,  d e c r e a s e d  
i n  l e n g t h  o n l y  0.2 p e r c e n t  a f t e r  two meeks, b u t  showed 0.7 
p e r c e n t  s h r i n k a g e  a f t e r  two months. The g r e a t e s t  s h r i n k a g e  
d u r i n g  t h e  two monthsf  h e a t i n g  at  70' C, o c c u r r e d  w i t h  a 
v i n y l  c h l o r i d e - a c e t a t e  r e s i n ;  t h e  d e c r e a s e  i n  l e n g t h  b e i n g  
8.2 p e r c e n t .  A g l y c e r y l - p h t h a l a t e  r e s i n ,  0 1 ,  gave  t h e  
l e a s t  s h r i n k a i e ,  namely,  0.1 p e r c e n t  ; a n o t h e r  sample of 
t h i s  r e s i n ,  made by a d i f f e r e n t  company, d e c r e a s e d  0.7 
p e r c o a t  i n  l e n g t h ,  



The s h r i n k a g e  t e s t s  made by expos ing  samples on t h e  
r o o f ,  gave somewhat d i f f e r e n t  r e s u l t s  from t h e  a c c e l e r -  
a t e d  t e s t s .  I n  g e n e r a l ,  t h e  ou tdoor  s h r i n k a g e  of t h e  
s y n t h e t i c  r e s i n s  mas smal l  compared t o  t h a t  of t h e  c e l l u -  
l o s e '  p l a s t i c s .  Reasonably good c o r r e l a t i o n  mas obse rved  
between t h e  - sh r inkages  f o r  t h e  v a r i o u s  c e l l u l o s e  d e r i v a -  
t i v e s  on t h e  roof  and h e a t e d  a t  70' C. The c e l l u l o s e -  
a c e t a t e  samples h a d , d e c r e a s e d  i n  l e n g t h  from 0.7 t o  3.1 
p e r c e n t  a f t e r  n i n e  months on t h e  r o o f ,  whereas t h e s e  
same samples gave 2.0- t o  3 ,4-percent  s h r i n k a g e  when hea t -  
ed f o r  two months a t  70' C. The c e l l u l o s e - n i t r a t e  sam- 
p l e s  ave raged  0.5-percent  s h r i n k a g e  f o r  n i n e  months on 
t h e  r o o f ,  and 1 - p e r c e n t  f o r  two months1  h e a t i n g  a t  70' C.  
The e t h y l c e l l u l o s e  p l a s t i c s  d e t e r i o r q t e d  r a p i d l y  on t h e  
r o o f ,  making measurements i m g o s s i b l e  a f t e r  approx imate ly  
s i x  months. They had shrunk up t o  2.0 p e r c e n t  a t  t h e  end 
of t h r e e  months on t h e  roof  compared w i t h  an a v e r a g e .  
v a l u e  of abou t  3  p e r c e n t  f o r  t h e  a c c e l e r a t e d  t e s t .  The 
a c r y l a t e  r e s i n s  had decreased i n  l e n g t h  only  about  0.2 
p e r c e i l t  a f t e r  n i n e  months on t h e  r o o f ;  t h e  p r e s h r u n k  r e s i n  
had shrunk approx imate ly  0.05 p e r c e n t  a f t e r  s i x  months, 
which was t h e  l a t e s t  d a t a  a v a i l a b l e  f o r  t h i s  p a r t i c u l a r  
sample. The g r e a t e s t  d i s p a r i t y  between t h e  n a t u r a l  and 
a c c e l e r a t e d  a g i n g  mas n o t e d  i n  t h e  c a s e  of t h e  v i n y l  
c h l o r i d e - a c e t a t e  r e s i n  which, a l t h o u g h  i t  shrunk 8.2 p e r -  
c e n t  i n  two months at  70' C. ,  had d e c r e a s e d  i n  l e n g t h  
l e s s  than  0.C25 p e r c e n t  a f t e r  n i n e  months on t h e  r o o f ,  

Presumably i t  mould b e  p o s s i b l e  t o  reduce  t h e  sh r ink-  
age of t h e  c e l l u l o s e  p l a s t i c s  by h e a t  t r e a t m e n t  d u r i n g  
t h e  p r o c e s s  of manufacture ,  as was done f o r  t h e  a c r y l a t e -  
r e s i n  sample H5. The imuact  s t r e n g t h  of sample K5 as 
measu-red on t h e  Charpy a p p a r a t u s  m a s  t h e  same a s  t h a t  f o r  
t h e  o r a i n a r y  a c r y l a t e  s t o c k .  As i n d i c a t e d  i n  t a b l e s  XI1 
and XV, t h e  v a l u e s  of s c r a t c h  and i n d e n t a t i o n  h a r d n e s s e s  
a r e  h i g h e r  f o r  t h e  p r e s h r u n k  than  f o r  t h e  o r d i n a r y  acry-  
l a t e ,  Samples of o r d i n a r y  c e l l u l o s e  a c e t a t e  and c e l l u l o s e  
n i t r a t e  were p r e s h r u n k  by h e a t i n g  a t  100O C. f o r  4- and 
24-hour p e r i o d s .  Impact measurements mere made a t  21' C e  
w i t h  t h e  Charpy a p p a r a t u s  on b o t h  t h e  o r i g i n a l  and h e a t e d  
m a t e r i a l s .  The d e c r e a s e  i n  l e n g t h  w a s  a l s o  de termined;  
t h e  specimens  used  t o  measure s h r i n k a g e  were p l a c e d  on t h e  
roof  t o  d e t e c t  f u r t h e r  sh r inkage .  The r e s u l t s  a r e  g iven  
i n  t a b l e  XIX. The impact  s t r e n g t h  of t h e  c e l l u l o s e - a c e -  
% a t e  sample was d e c r e a s e d  on ly  5  p e r c e n t  by h e a t i n g  f o r  
f o u r  h o u r s ;  t h e  same t r e a t m e n t  h a l v e d  t h e  impact  s t r e n g t h  
of t h e  n i t r a t e  and caused i t  t o  d i s c o l o r .  I t  would seem 
t h e r e f o r e  t h a t  t h i s  method of d r i v i n g  o f f  t h e  v o l a t i l e  



s o l v e n t  r e s i d u e ,  which i s  i n  l a r g e  p a r t  r e s p o n g i b l e  f o r  
t h e  s h r i n k a g e  of t h e  a c e t a t e  p l a s t i c s ,  would y i e l d  a much 
improved a c e t a t e  s h e e t  f o r  m i n d s h i e l  d  purposes .  

X I ,  RESISTANCE TO RATER, ALCOHOL, AND HEROSEBE 

Res3.stance t o  w a t e r  and t o  v a r i o u s  o r g a n i c  s o l v e n t s  
mi th  which i t  i s  l i k e l y  t o  come i n  c o n t a c t ,  i s  an impor- 
t a n t  p r o p e r t y  of a t r a n s p a r e n t  p l a s t i c  which i s  t o  be u s e d  
a s  an a i r p l a n e  windsh ie ld .  Data were t h e r e f o r e  o b t a i n e d  
as t o  t h e  amount of w a t e r ,  a l c o h o l ,  and ke rosene  absorbed  
by t h e  v a r i o u s  p l a s t i c s  and a l s o  as t o  !he e f f e c t  of t h e s e  
chemica l s  on t h e  c o n d i t i o n  of t h e  s u r f a c e  and appearance  
of t h e  samples.  The r e s u l t s  of t h e s e  t e s t s  a r e  p r e s e n t e d  
i n  t a b l e s  XX t o  X X I I .  I t  w i l l  be  n o t e d  i n  t a b l e  XX t h a t  
t h e  a b s o r p t i o n  of water  i s  p a r t i c u l a r l y  pronounced i n  t h e  
c a s e  of t h e  c e l l u l o s i c  p l a s t i c s ,  m i t h  t h e  e x c e p t i o n  of 
c e l l u l o s e  a c e t o b u t y r a t  e. Two of t h e  t h r e e  e t h y l c e l l u l o  s e  
samples become c loudy when exposed t o  wa te r  f o r  48 hours .  
T h i s  b e h a v i o r  would b e  ve ry  o b j e c t i o n a b l e  i n  a m a t e r i a l  
f o r  w i n d s h i e l d  use.  The r e s i n o u s  m a t e r i a l s  a b s o r b  v e r y  
l i t t l e  m o i s t u r e ,  w i t h  t h e  e x c e p t i o n  of t h e  v i n y l - a c e t a l  
sample M 1 ,  which i s  a v i n y l - a c e t a t e  polymer which h a s  been . 
hydro lyzed  and condensed m i  t h  formaldehyde.  T h i s  r e s i n  
a l s o  becomes cloudy when met and warps badly .  The aery-  
l a t e  and v i n y l  r e s i n s  a r e  n o t  a t t a c k e d  by water .  

The d a t a  i n  t a b l e  X X I  i n d i c a t e  t h a t  a l c o h o l  a t t a c k s  t o  
a  v e r y  c o n s i d e r a b l e  e x t e n t ,  a l l  of t h e  t r a n s p a r e n t  p l a s -  
t i c s  s t u d i e d  w i t h  t h e  e x c e p t i o n  of t h e  v i n y l  c h l o r i d e -  
a c e t a t e  r e s i n .  I t  h a s  a  d i s s o l v i n g  a c t i o n  on t h e  c e l l u -  
l o s e  p l a s t i c s  and c a u s e s  t h e i r  s u r f a c e s  t o  become rough- 
ened. A s i m i l a r  a c t i o n  of a l c o h o l  on t h e  a c r y l a t e  r e s i n -  
ous  s h e e t s  mas n o t e d ,  I t  i s ,  t h e r e f o r e ,  a p p a r e n t  t h a t  
a l c o h o l  shou ld  n o t  be used  t o  c l e z n  t h e  s u r f a c e s  of t h e s e  
t r a n s p a r e n t  p l a s t i c s ,  

The a b s o r p t i o n  of k e r o s e n e  w a s  n e g l i g i b l e  i n  t h e  c a s e  
of a l l  t h e  p l a s t i c s  excep t  e t h y l c e l l u l o s e ,  a c c o r d i n g  t o  
t h e  r e s u r t s  shown i n  t a b l e  XXII. The t h r e e  samples  of 
e t h y l c e l l u l o s e  d i f f e r e d  markedly i n  t h e i r  a f f i n i t y  f o r  
ke rosene .  However, no impairment of t r a n s p a r e n c y  o r  rough- 
e n i n g  of t h e  s u r f a c e  on any of t h e s e  samples was n o t e d *  
Kerosene i s ,  t h e r e f o r e ,  a very  s u i t a b l e  r e a g e n t  f o r  c l e a n s -  
i n g  t h e  s u r f a c e s  of p l a s t i c  ~ ~ i n d s h i e l d s .  I t  was found t o  
be v e r y  e f f e c t i v e  i n  removing a f r o s t y  a p p e a r i n g  l a y e r  



n h i c h  accumula ted .on t h e  s u r f a c e  of some of t h e  c e l l u l o s e -  
a c e t a t e  samples ,  and which was n o t  f u l l y  removed by wash- 
i n g  w i t h  ma;t e r .  

X I I .  BURSTING STREgGTH 

T e s t s  of b u r s t i n g  s t r e n g t h  mere made on a few spec i -  
mens of c e l l u l o s e  a c e t a t  e ,  c e l l u l o s e  n i t r a t e ,  and a c r y l a t e  
r e s i n .  Seven-inch c i r c u l a r  Oisks  of t h e  v a r i o u s  m a t e r i a l s  
mere cu t  o u t  and c o n d i t i o n e d  at  21' C, and 6 5  p e r c e n t  r e l -  
a t i v e  l ~ u m i d i t y .  In t h e  t e s t i n g  a p p a r a t u s  t h e  specimen was 
h e l d  be tneon s t e e l  clamping r i n g s  hav ing  an opening 5 
i n c h e s  i n  d iamete r .  H y d r a u l i c  p r e s s u r e  from a hand pump 
mas a p p l i e d  t o  one s i d e  of t h e  i t isk and . the  maximum p r e s -  
s u r e  m i t h s t o o d ,  observed.  The t e s t s  mere r e p e a t e d  w i t h  
t h e  s??ecimen p y o t e c t c d  from t h e  s t e e l  r i n g s  by 1 /16- inch 
t h i c k  r u b b e r  g a s k e t s .  

A 1 1  specimens excep t  t h e  a c r y l a t c  r e s i n s  mere g r e h t l y  
deformed by t h e  t e s t ,  t h e  p o r t i o n  n o t  clamped hav ing  a 
domelilce anpearance .  The resu1t.s a r e  p r e s e n t e d  i n  t a b l e  
XXIII. F i g u r e  19  shows samples of c e l l u l o s e  a c e t a t e  ( G )  
and a c r y l a t e  r e s i n  ( I )  a f t e r  t h e  b u r s t i n g  s t r e n g t h  d e t e r -  
minat ion .  Without r u b b e r  g a s k e t s  most of t h e  samples 
f a i l e d  by s h e a r i n g  at  t h e  clamping r i n g s .  Holvever, when 
p r o t e c t e d  by t h e  r u b b e r  g a s k e t s ,  o n l y  t h e  a c r y l a t e  r e s i n  
and one c e l l u l o s e - a c e t a t e  sample f a i l e d  by s h e a r i n g .  The 
o t h e r  specimens f a i l e d  i n  l a t e r a l  t e n s i o n ,  t h a t  i s ,  a l o n g  
r a d i a l  l i n e s .  The g a s k e t s  had ve ry  l i t t l e  e f f e c t  on t h e  
numer ica l  v a l u e  o b t a i n e d  f o r  b u r s t i n g  s t r e i lg th .  

A c i r c u l a r  membrcne under  un i fo rm p r e s s u r e  d-eforms t o  
t h e  shape of a p a r a b o l o i d  of r e v o l u t i o n ,  The l a t e r a l  and  
radia l .  t e n s i l e  s t r e s s  a r e  maximum and equa& a t  t h e  ten- 
t e r ,  t h e  e x p r e s s i o n  be ing :  

f o r  maximum b i l a t e r a l  s t r e s s  a h e r e  a = exposed r a d i u s ,  
d = d e f l e c t i o n  a t  c e n t e r ,  h = t h i c k n e s s  of t h e  s k i n ,  .and 
p  = p r e s s u r e .  Computations f o r  a  few samples mere made 
w i t h  t5 is  formula .  T h ~ ~ e f l e c t i o n  a t  t h e  c e n t e r  w a s  meas- 
u r e d  on ly  f o r  t h e  57-mil t h i c k  c e L l u l o s e  a c e t a t e ;  f o r  t h e  
o t h e r  samples ,  t h e  permanent s e t  was used  i n  p l a c e  of de- 
f l e c t i o n  u-nder l o a d .  S i n c e  t h e  e l a s t i c  r ecovery  w a s  small 
comparerl t o  permanent s e t ,  t h i s  approx imat ion  m i l l  be sat- 



i s f a c t o r y  f o r  o b t a i n i n g  an e s t i m a t e  of t h e  s t r e s s e s  in-  
vo lved ,  The s h e a r i n g  s t r e s s  at  t h e  edge mas a l s o  ca lcu-  
l a t  ed: 

The c a l c u l a t e d  v a l u e s  f o r  maximum t e n s i l e  and s h e a r  s t r e s s -  
e s  a r e  p r e s e n t e d  i n  t a b l e  X X I V .  

The e f f e c t  of c o o l i n g  one s u r f z c e  of t h e  p l a s t i c  t o  
-30' F+ on t h e  b u r s t i n g  s t r e n g t h ,  n a s  a l s o  determined.  
The c q o l i n g  w a s  accom2l ished by a p p l i c a t i o n  of a m i x t u r e  
of s o l i d  and l i q u i d  e t h y l e n e  d i c h l o r i d e ,  which f r e e z e s  a t  
-31' F , ;  d r y  i c e  m a s  u s e d  t o  m a i n t a i n  s o l i d  e t h y l e n e  d i -  
c h l o r i d e  i n  t h e  mix tu re ,  C e l l u l o s e  a c e t a t e  ( f i g .  1 9 , H ) ,  
125 m i l s  t h i c k ,  b u r s t  at 174 pounds p e r  square  i n c h  (aver -  
age  of 2 samples ) ,  whereas a t  room t e m p e r a t u r e  a b u r s t i n g  
s t r e n g t h  of over  400 pounds p e r  s q u a r e  i n c h  was observed.  
An a c r y l a t e  r e s i n ,  M5, of 70 m i l s  t h i c k n e s s  ( f i g .  19 ,J), 
c r a c k e d  b e f o r e  an a p p r e c i a b l e  l o a d  mas a p p l i e d ,  x ~ h e r e a s  
p r e v i o u s  t e s t s  a t  room t e m p e r a t u r e  had shown a b u r s t i n g  
s t r e n g t h  of 26 sounds  p e r  square  i n c h  f o r  t h i s  m a t e r i a l .  
Examinat ion of t h e  specimen i n d i c a t e d  minute c r a z i n g  of 
t h e  coo led  s u r f a c e ,  a p p a r e n t l y  caused  by s t r e s s e s  s e t  up 
by t h e  the rmal  c o n t r a c t i o n .  I t  i s  concluded t h a t  t h e  
spon taneous  c r a c k i n g  of c e l l u l o s e - a c e t a t e  w i n d s h i e l d s ,  
which h a s  been r e p o r t e d  t o  o c c u r  on a i r p l a n e s  which have 
ascended t o  h i g h  a l t i t u d e s ,  i s  due t o  3-oss i n  s t r e n g t h  of 
t h e  p a r t i c u l a r  p r o d u c t  because  of poor  a g i n g  c h a r a c t e r i s -  
t i c s  r a t h e r  t h a n  because  of i n h e r e n t  weakness of t h e  o r i g -  
i n a l  c e l l u l o s e - a c e t a t  e s h e e t .  

A. few samples of l amina ted  g l a s s  and p l a t e  g l a s s  % e r e  
t e s t e d  st 25' C. i n  t h e  same b u r s t i n g - s t r e n g t h  a p p a r a t u s  
u s e d  f o r  t h e  p l a s t i c  s h e e t s .  The r e s u l t s  of t h e s e  t e s t s  
a r e  p r e s e n t e d  i n  t a b l e  X X V ,  and t h e  c o n d i t i o n  of t h e  l a m i -  
n a t e d  g l a s s  p r o d u c t s  a f t e r  t e s t  i s  shown i n  f i g u r e  20. 1% 
w i l l  be n o t e d  t h a t  t h e  b u r s t i n g  s t r e n g t h s  of t h e s e  mate r f -  
a l s  a r e  c o n s i d e r a b l y  l e s s  t h a n  t h o s e  observed f o r  t h e  a c l -  
l u l o s e - a c e t a t e  p l a s t i c  s h e e t s .  

X I I I .  

Two t y p e s  o f  f l a m m a b i l i t y  t e s t s  f o r  t r a n s p a r e n t  p l a s -  
t i c  s h e e t  were mad-o on specimens 5 i n c h e s  l o n g  and 0.5 



i n c h  wide. In  one t e s t  t h c  sgecimen i s  svspended from a 
hook by s h o l e  d r i  l l c d  1 / 8  i n c h  from one end, an a l c o h o l  
f lamc i s  k e p t  i n  c o n t a c t  m i t h  t h e  bottom edge f o r  1 0  scc- 
onds ,  and t h e  t imc r c q u i r o d  f o r  t h e  sample t o  f a l l  from 
t h e  hook o r  t h e  f lame t o  e x t i n g u i s h ,  i s  notcd .  A Navy 
s p e c i f i c a t i o n  r c q n i r o s  t h a t  t h e  samp1.e s h c l l  n o t  f a l l  from 
t h e  hook o r  become complotc ly  enveloped i n  f l a m e s  i n  l c s s  
t h a n  40 seconds  from t h e  t ime  t h e  f l s m c  w a s  f i r s t  a p p l i e d .  
I n  t h e  o t h c r  t e s t  t h e  sample i s  clamped a t  one end i n  a 
h o r i z o n t a l  p o s i t i o n  L o n g i t u d i n a l l y  and a t  an a n g l e  of 45' 
t o  t h e  h o r i z o n t a l  l a t e r a l l y ,  i g n i t e d  a t  t h e  f r e e  end m i t h  
an a l c o h o l  f l ame  i n  c o n t a c t  w i t h  i t  f o r  1 0  seconds ,  and 
t h e  t ime  r e q u i r e d  t o  burn  3 i n c h e s  o r  f o r  t h e  f l a m e  t o  
e x t i n g u i s h ,  i s  de termined.  An Army s p e c i f i c a t i o n  r e q u i r e s  
t h a t  t h e  t i m e  t o  burn 3 i n c h e s  s h a l l  n o t  be l e s s  t h a n  
13 minutes .  

The r e s u l t s  o f  t h o s ~  t e s t s  a r e  shovn i n  t a b l e  X X V I I  
I t  w i l l  be n o t c d  t h a t  f o r  most of t h e  m z t e r i s l s ,  two v a l -  
u e s  a r c  g iven .  Thc f i r s t  s e t  of d a t a  w a s  o b t a i n e d  a g t e r  
t h e  s ~ r n p l e s  had been c o n d i t i o n e d  24 t o  48 h o u r s  a t  21 C. 
and 65  p o r c o n t  r e l a t i v e  humid i ty ,  whereas t h e  sccond s e t  
of samples had been i n  t h e  c o n d i t i o n i n g  room f o r  approx i -  
mz tc ly  30 dnys whcn t e s t e d .  Tho l a t t e r  samglcs i n  gen-. 
e r c l  t e n d  t o  e x t i n g u i s h  more q u i c k l y  o r  burn a t  a s l i g h t l y  
s lower  r a t c  than  t h o s a  c o n d i t i o n e d  f o r  t h e  s h o r t o r  timc. 
Thc c e l l ~ ~ l o s e  c c e t a t e ,  c e l l u l o s e  s c c t o b u t y r a t c ,  v i n y l  
c h l o r i d c - a c e t a t e  r e s i n ,  g l y c c r y l - p h t h z l x t c  r e s i n ,  and ?he- 
nol-formcldehydc r e s i n  szvmples p a s s e d  t h e  above r e q u i r e -  
ments f o r  b o t h  t h e  h o r i z o n t a l  and v e r t i c a l  t e s t s .  Some of 
t h e  a c r y l a t e  r e s i n  s t r i p s  were, enveloped i n  f l a m e s  i n  l e s s  
t h a n  t h e  40 seconds s p e c i f i e d  f o r  t h e  v e r t i c a l  t e s t ,  b u t  
t h i s  i s  a ver;r d i f f i c u l t  v a l u e  t o  e s t i m a t e .  Only one acw 
r y l a t e  specimen burned. f a s t e r  t h a n  t h e  r a t e  of 2 i n c h e s  
p e r  minu te ,  a l l  owed. f o r  t h e  h o r i z o n t a l  t e s t .  One v i n y l  ace- 
t a l  and t h e  e t h y l c s l l u l o s e  samples ,  a l l  of which were r e l -  
a t i v e l y  t h i n  m a t e r i a l s ,  burned i n  t h e  h o r i z o n t a l  t e s t  at  a 
somewhat g r e a t e r  r a t c  than  t h e  2 i n c h e s  p e r  minute .  3 0 ~ -  

e v e r ,  i .onc of t h o s e  p l a s t i c s  w a s  found t o  approach  t h e  de- 
g r e e  of f l z m m a b i l i t y  of c e l l u l o s e  n i t r a t e ,  which burned at  
a r a t e  o f  cbou t  17 i n c h e s  p e r  minute  when h e l d  i n  a h o r i -  
z o n t a l  ; ~ o l s i t i o n .  

There i s  c o n s i d e r a b l e  ques t ion-  r e g a r d i n g  t h e  p r a c t i c a l  
v a l u e  of f l z m m a b i l i t y  t e s t s  of t h i s  type.  The d i f f e r e n c e s  
i n  ~ a s e  of i g n i t i o n  of m e l t i n g  p o i n t s  g r e a t l y  influence 
t h e  ~ e s u l t s ,  Some szmyles t e n d  t o  mel t  and s e p n r a t o  t h e  
burni i ig p o r t i o n  from t 3 e  r e s t  of t h e  sample. The mnnncr 



i n  which t h e  s t r i p  i s  mounted f o r  t h e  t e s t  a l s o  i s  a con- 
t r o l l i n g  f a c t o r  i n  t h e  r a t e  of burning.  Data on t h o  r a t e s  
of  b u r n i n g  i n  h o r i z o n t a l  and v e r t i c a l  p o s i t i o n s  of p l a s -  
t i c s  clamped i n  n meta l  frt-.me ( f i g .  21)  a r c  p r e s e n t e d  i n  
t a b 1  c  X X V I I .  A 1 1  of t h o  p l a s t i c s ,  i n c l u d i n g  t h e  cellulose 
n i t r a t e ,  burn more s lowly  under t h e s e  c o n d i t i o n s .  The c e l -  
l u l o s e - a c e t a t e  samples c o n t a i n  f l a m e - r e t a r d i n g  p l a s t i c i z -  
e r s  mhich c a u s e  them t o  e x t i n g u i s h  i n  many of t h e  t e s t s  
shown i n  t a b l e s  X X V I  and XXVII. Sample B5 and a p p a r e n t l y  
Dl d-id n o t  c o n t a i n  t h i s  t y p e  of ~ l a s t i c i z e r .  

T e s t s  made wi th  i n c e n d i a r y  b u l l e t s  a r e  of i n t e r e s t  i n  
c o n n e c t i o n  v i t h  t h e  e s t a b l i s h m e n t  of s p e c i f i c a t i o n s  f o r  t h e  
f i r e  r e s i s t a n c e  of t h e s e  m a t e r i a l s .  T r a c e r  b u l l e t s  of 30- 
and 5 G c a l i b e r  mere f i r e d  through t h e  samples a t  r a n g e s  of 
100 a n d  SO0 y a r d s .  None of t h e  p l a s t i c s ,  which i n c l u d e d  
c e l l u l o s e  n i t r a t e ,  c e l l u l o s e  a c e t a t e ,  v i n y l  c h l o r i d e -  
a c e t a t e ,  and a c r y l a t e  a c i d  r e s i n ,  w a n -  i g n i t e d .  I t  i s ,  
t h e r e f o r e ,  a p p a r e n t  t h a t ,  c o n s i d e r e d  from t h e  vietvpoint  of 
m i l i t a r y  r e q u i r e m e n t s ,  t h e  s a f e  l i m i t s  f o r  t h e  f lammabil-  
i t y  of t h e s e  m a t e r i a l s  shou ld  be b a s e d  on s t o r a g e  and 
h a n d l i n g  ~ r o b l e m s  r a t h e r  t h a n  on t h e  danger of i g n i t i o n  
from t r a c e r  b u l l e t s .  The b reak  caused by t h e  impact  of t h e  
b u l l e t  a f f o r d e d  u s e f u l  i n f o r m a t i o n  on t h e  r e l a t i v e  tough- 
n e s s  of t h e s e  m a t e r i a l s .  Some samples were mere ly  pene- 
t r a t e d ,  l e a v i n g  a  small h o l e  wi th  no r a d i a l  c r a c k s ,  w h i l e  
o t h e r s  were c o ~ n p l e t e l y  s h a t t e r e d  by t h e  l a r g e r  c a l i b e r  
b u l l e t s .  Theso e f f e c t s  of t r a c e r  b u l l e t s  on t r a n s p a r e n t  
p l a s t i c s  a r e  c l e a r l y  shown i n  f i g u r e s  22 t o  30. F i g u r e s  
31 and 32  show t h e  t y p e  of b r e a k  which i s  o b t a i n e d  when 
l a m i n ~ ~ t e d  g l a s s  made w i t h  c e l l u l o s e - a c e t a t e  and a c r y l a t e -  
r e s i n  p l a s t i c s ,  r e s p e c t i v e l y ,  a r e  p e n e t r a t e d  by t r a c e r  
S u l l e t s .  

X I V .  CONCLUSION 

pen din^ t h e  r e s u l t s  of f u r t h e r  t e s t s  on samples  of 
c e l l u l o s e  a c e t a t e ,  a c r y l a t e  r e s i n ,  and o t h e r  p l a s t i c s ,  
which have  been p r e p a r e d  by t h e  m a n u f a c t u r e r s  u s i n g  modi- 
f i e d  compos i t ions  and methods of p r o c e s s i n g  t o  overcome 
t h e  d e f e c t i v e  behav io r  n o t e d  d u r i n g  t h e  c o u r s e  of t h i s  in-  
v e s t i g a t i o n ,  i t  i s  concluded tha t / .z&ha prPob&em of choos ing  
b c t n e e n  c e l l u l o s e - a c e t a t e  and . a c r y l a t e - r e s i n j .  p l a s t i c s  f o r  
a i r c r a f t  windows a t  p r e s e n t ,  q $ e a r s '  . to  be  one of impact-  
s t r e n g t h  requi rement .  I f  s r e l a t i v e l y  h i g h  impact  s t r e n g t h  
i s  a o c e s s a r y ,  t h e  c e l l u l o s e - a c e t a t e  s h e e t s  a r e  much supe- 
r i o r  t o  t h o  a c r y l a t o - r e s i n  i n  t h i s  r e s p e c t .  However, if 



h i g h  impact  s t r e n g t h  i s  n o t  e s s e n t i a l ,  t hen  t h e  s u p e r i o r  
c l a r i t y  and w e a t h e r i n g  r e s i s t a n c e  of t h e  a c r y l a t e  r e s i n  
makes i t  t h e  most d e s i r a b l e  m a t e r i a l ,  Both t h e  c e l l u l o s e  
a c e t a t e  and t h e  a c r y l a t e  r e s i n ,  of c o u r s e ,  have  t h e  ad- 
v a n t a g e s  of b e i n g  l i g h t e r  i n  weight  than  g l a s s  and of be- 
i n g  r e a d i l y  f i t t e d  t o  cu rved  openings.  

N a t i o n a l  Bureau of S t a n d a r d s ,  
Washington, D. C . ,  May 1 2 ,  1937. 
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LEGENDS 

FIGURE 1.- T r a n s p a r e n t  p l a s t i c  c o v e r i n g  on t u r r e t  and 
c o c k p i t  of n bomber. 

FIGURE 2,- Hazeomoter. 

FIGURE 3.- Exposure p G n e l s  a f t e r  one y e a r  ou t  of doors .  

FIGURE 4.- Exposure p a n c l s  a f t e r  one y e a r  o u t  of doors  
(sample 24 exposed f o r  9 months o n l y ) ,  

FIGURE 5,- Exposure p a n e l s  a f t e r  one y e a r  ou t  of d o o r s  
(sample 25 exposed f o r  9 months o n l y ) ,  

FIGURE 6.- Exposure p a n e l s  a f t e r  one y e a r  ou t  of d o o r s  
(sample 26 oxposed f o r  9 months o n l y ) .  

FIGURE 7.- A c r y l a t e  r e s i n  samples a f t e r  one-year  e x p o s u r e ,  
showing c r a z i n g .  

FIGURE 8.- A c r y l a t e  r e s i n  samples a f t e r  approx imate ly  one 
y e a r  i n  s t o r a g e ,  showing ' c raz ing .  

FIGURE 9,- Exposure p a n e l s  a f t e r  3 months ou t  of doors .  

FIGURE 10,- Exposure samples of c e L l u l o s e  a c e t a t e  and 
c e l l u l o s e  n i t r a t e  a f t e r  9 months o u t  of 
doors .  

FIGURE 11.- Condi t ion  of samples a f t e r  exposure  t o  carbon 
a r c  l i g h t  f o r  1 , 0 0 0  h o u r s  w i t h  i n t e r m i t t e n t  
wa te r  sp ray .  

FIGURE 12.d Condi t ion  of samples a f t e r  exposure  t o  carbon 
a r c  l i g h t  f o r  500 h o u r s  wi thou t  w a t e r  spray.  

FIGURE 13.d Bier5au.m s c r a t c h - r e s i s t a n c e  a p p a r a t u s .  
Above: Diamond t o o l  i n  s c r a t c h i n g  p o s i t i o n .  
Below: Diamond t o o l  swung a s i d e  and microw 

scope i n  p o s i t i o n  t o  measure 
s c r a t c h  width.  

FIGURE 14.- S c r a t c h e s  on c e l l u l o s e  a c e t a t e  p l a s t i c  ( ~ 1 5 0 ) a  

FIGURE 15 ,- V i c k e r s  h a r d n e s s  t e s t i n g  machine. 

FIGURE 16.- Pyramidal  i n d e n t a t i o n s  on v i n y l  r e s i n  p l a s t i c  
(X70). 



FIGURE 17.d Appara tus  f o r  d e t e r m i n i n g  Charpy impact  
s t r e n g t h .  

FIGUEE 18,-  Frame u s e d  t o  h o l d  p l a s t i c s  i n  t h e  f a l l i n g -  
b a l l  impact  t e s t ,  

FIGURE 19.- Samples of t r a a s p a r e n t  p l a s t i c s  a f t e r L  b u r s t -  
i n g - s t r e n g t h  t e s t s .  

G. C e l l u l o s e  a c e t a t e  b u r s t  a t  about  25' C r  
H. C e l l u l o s e  a c e t a t e  b u r s t  when one sur-  

f a c e  mas coo led  v i t h  e t h y l e n e  d i c h l o -  
r i d e  a t  -31' C. 

I. A c r y l a t e  r e s i n  b u r s t  a t  about  ' 25"  C. 
J. A c r y l a t e  r e s i n  b u r s t  when one sample w a g  

coo led  m i t h  d l ry lene  d i c h l o r i d e  at  -33. . 
FIGURE 20.- Samples of l a m i n a t e d  g l a s s  a f t e r  b u r s t i n g -  

s t r e n g t h  t e s t s .  

K. Glass bonded m i t h  c e l l u l o s e  n i t r a t e  
p l a s t i c .  

L, G l a s s  bonded w i t h  c e l l u l o s e  a c e t a t e  
p l a s t i c .  

M a  Glass bonded mi th  v i n y l  r e s i n  p l a s t i c .  
8. Glass bonded w i t h  a c r y l a t e  r e s i n  p l a s t i c ,  

Ff GURE 21.- Appara tus  f o r  d e t e r m i n i n g  r a t e  of burning.  

FIGURE 22.- E f f e c t  of t r a c e r  b u l l e t s  on t r a n s p a r e n t  p l a s -  
t i c s :  C e l l u l o s e  a c e t a t e ,  A2,0.095" t h i c k ;  
t h r e e  t r a c e r  b u l l e t s  c a l i b e r  30 ,  111, at  
100 y a r d s ;  one t r a c e r  b u l l e t  c a l i b e r  30, 
M I ,  a t  600 y a r d s .  

FIGURE 2 3 , ~  E f f e c t  of t r a c e r  b u l f e t s  on t r a n s p a r e n t  p l a s -  
t i c s :  G e l l u l o s e ' a c e t a t e ,  C 2 ,  0.095" t h i c k ;  
t h r e e  t r a c e r  b u l l e t s  c a l i b e r  5 0 ,  M1, a t  
100 y a r d s .  

FIGURE 24.- E f f e c t  of t r a c e r  b u l l e t s  on t r a n s p a r e n t  p l a s -  
t i c s :  C e l l u l o s e  a c e t a t e ,  B3, 0.066" t h i c k ;  
t h r e e  t r a c e r  b u l f e t s  c a l i b e r  50 ,  I l l ,  a t  
100 y a r d s .  

FfGURE 25.- E f f e c t  o f  t r a c e r  b u l l e t s  on t r a n s p a r e n t  p l a s t i c s :  
C e l l u l o s e  n i t r a t e ,  F1 ,  0.062" t h i c k ;  t h r e e  
t r a c e r  b u l l e t s  c a l i b e r  30 ,  141, 'at 100  y a r d s ;  
two t r a c e r  b u l l e t s  c a l i b e r  30 ,  M I ,  a t  600 
y a r d s .  



FIGURE 26.- E f f e c t  of t r a c e r  b u l l e t s  on t r a n s p a r e n t  p l a s -  
t i c s :  C e l l u l o s e  n i t r a t e ,  E l ,  0.066" t h i c k ;  
t h r e e  t r a c e r  b u l l e t s  c a l i b e r  50 ,  M 1 ,  a t  
100 y a r d s .  

FIGURE 27.- E f f e c t  of t r a c e r  b u l l e t s  on t r a n s p a r e n t  p l a s -  
t i c s :  A c r y l a t e  r e s i n ,  K1, 0.113" t h i c k ;  
t h r o e  t r a c e r  b u l l e t s  c a l i b e r  30 ,  M 1 ,  a t  
100  y a r d s .  

FIGURE 28.- E f f e c t  of t r a c e r  b u l l e t s  on t r a n s p a r e n t  p l a s -  
t i c s :  A c r y l a t e  r e s i n ,  K g ,  0.067'" t h i c k ;  
t h r e e  t r a c e r  b u l l e t s  c a l i b e r  5 0 ,  M1, a t  
100 y a r d s .  

PIGURE 29.- E f f e c t  of t r a c e r  b u l l e t s  on t r a n s p a r e n t  p l a s -  
t i c s :  Vinyl  c h l o r i d e - a c e t a t e  r e s i n ,  L3, 
0.100" t h i c k ;  t vo  t r a c e r  b u l l e t s  c a l i b e r  
30, M l ,  at  100 yards .  

FIGURE 30.- E f f e c t  of t r a c e r  b u l l e t s  on t r a n s p a r e n t  p l a s -  
t i c s :  Vinyl  c h l o r i d e - a c e t a t e  r e s i n ,  L3, 
0.100" t h i c k ;  t w o  t r a c e r  b u l l e t s  c a l i b e r  
5 0 ,  M 1 ,  a t  100 ya rd s .  

FIGURE 31.- E f f e c t  of t r a c e r  b u l l e t s  on l amina ted  g l a s s ;  
P l a t e  g l a s s  bonded w i th  c e l l u l o s e  a c e t a t e  
p l a s t i c ,  X 5 ,  0.188n t h i c k ;  two t r a c e r  bul -  
l e t s  c a l i b e r  30, M 1 ,  a t  100 ya rd s .  

TIGUBX 32.d E f f e c t  of t r a c e r  b u l l e t s  on l amina ted  g l a s s :  
P l a t e  and s h e e t  g l a s s  bonded w i t h  a c r y l a t e  
r o s i n  p l a s t i c ,  Y 5 ,  0,238" t h i c k ;  one t r a c e r  
b u l l e t  c a l i b e r  5 0 ,  M 1 ,  a t  100 y a r d s .  

FIGURES 3 . t o  12.  I d e n t i f i c a t i o n  of m a t e r i a l s :  

I. C e l l u l o s e  a c e t a t e  
2 ,  11 11 

3. I1 II 

4. I1 I1 

5 I1 !I 

6 .  I! 11 

'7. I1 I1 

8  I1 11 

9 I I It 

10. C e l l u l o s e  n i t r a t e  
11. II I! 



LEGEMDS (~ont,) 

FIGURES 3 to 12. Identification of materials (~onte) 

Ethylcellulose G1 ' 
11 H1 
II I1 

Acrylat e resin Jl 
I I  5 2  
11 K1 
It K 2  

Vinyl chloride-acetate resin Ll 
I I  I I  I! I f  L 2  

Styrene Rl 
Vinyl acetal resin 14 1 
Cellulose acetobutyrnte Sl 
Vinyl acetal resin N1 
Acrylate resin I13 
Gly cesyl-phthalat e resin 01 
Cellulose nitrate El 

I I  II El 
Cellulose acetate 236 

I I  11 B 6  
Phenol-f ormaldehyde resin U1 
Cellulose acetete B 9  

II 11 B4 
11 11 B 5  

Acrgla-te resln K5 
Glyceryl-phthalate resin 111 



Table 11.- Optical properties of glass windshield products 

Type of glass 1 Type of 1SamplelThick-8 White 1 Haze 
p l a s t i c  Inumbers ness 1 l ight  1 value 

llamination 1 I 1 trans-' 
I I I !mission' 
I '  I 1 I I 

I I mils 'percent 'percent 
1 I I 1 , I  

Thin p la te  1 none 1 X1 1 85 I 8 6  I 0.9 
Thin p la ts  safety Acetate X5 186 82:& : 1.3 
10 oe sheet none X2 53 ' 9 3 . 2  1 .2  
10 oz sheet safety Acetate ' ~6 1 130 ; 91.3 1.2 
1/4" p la te  none ~4 225 91.0 : 0.9 

1 I I I 

PICK) safety Acrylatel Yl 107 92.8 1 .2  
Feathemight  safety Acaylatet Y 2  1 1 0 92.4 
Plate safety rcryla te*  n 2& * a9.4 ::I 
plate safety Nitrate 1 ZI 73.7l : 1.8 
p la te  safety vinyl 1 1;2 : 314 71.6~ 1.4 
sheet safaty Vinyl 23 : 144 1 92.0 1 1.6 

1 I I I 

' ~ l u e  color added t o  glass 

Table 111.- Light transmission and haeinaee values of transparent 
cellulose acetate p las t ics  with and without the ad- 
dit ion of blue dye 

I 

1 

I 

I Light transmission I 
8 I I 

Thickness' Dye 'Sample a t '  Sample 18 in.  Haziness value 
I photo- from photo- 
I ' e lec t r ic  ' electrio c e l l  ' BOO) 
I 1 A - I 
I I 

I percent 
I I I 

53 'B lue1  8 6 . 3 ;  83.9 2.8 
B l u e 1  86.2 83 - i  : 2 N o n e 1  90.7 ' 67. 

68 'None1 91.2 87.5 ' 
".8 

65 'None1 91.0 85.8 
$:1 

67 'None1 90.7 85.3 
67 None' 90.7 ; 

2: 8 
%kg ; 6.1 85 None1 

Blue' 8.8:72 6.4 
3.8 ' {: lB1uet 8 6 . 7 :  78.4 ; 

35 Blue1 86.7 
8:: 

10.5 
Blue1 75.0 ic:; 14.3 ::; : Blue: 75.1 : 63 -8 : 15.0 

Table 1V.- Measurements of distort ion of l i gh t  by transparent 
plastics 

1 , 
Material ' Sample' Distance where shadow be- 

lnumber' comes spotty 
I I 

I I inches , 

Acrylate resin I K4 : 26 
I 

Vinyl chloride-acetate resin1 L1 ; 10.7 

Cellulose n i t r a t e  : n :  6.8 

Cellulose acetate A2 ; 4.7 

Vinyl ace ta l  resin 1 N 1  ; 4.2 
I 

Celluloee acetate 02 ; 3.g 
1 

n n B7 : 2.3 

n n I Dl 1 0.3 
I I 

I I 



Table V.- Effect of outside exposurs on l ight  transmission 
I I Light tranemission I 

Material 'Sample' I n i t i a l '  3 1 6 9 12 'Remarks on con- 
'number1 ~months~monthslmonths'rnonths'dltion a t  l a s t  
I I I I + I I t e s t  period 
I I percentlpercent~peroent;pex:ent:pamntl 

t 

Cellulose aces Al 1 88.2 90.6 ' 83.4 ' 85.5 1 77.l~Crazed;discolored 
ta te1  I I t I , I 

"e$atet A2 : 85.2 ' 88.2 81.7 ' 81.2 ' 7J.1' :: ~t 
n  82.2 ' 86.4 : 84.9 : 83.5 ; 
w 5 90.8 ; 91.6 , 91.2 , 91.3 , i::;:Surface rdghened 

1 cracked - - ~  ~ -~ 

90.7' " ,I 

88 .St Crazed 
89.3'Pebbled;crazed 

I a t  edge 84-68 tl 11 11 N 

57.4' Crazed and 
cracked 

I I t I I I I 

Cellulose 81 : 92.0 : 92.2 : 92.2 : 92.1 : 92.2'Unchanged 
acetobutyratel I I 

1 I I I I 1 I 

Cellulose I E l  ; 91.0 : 84.8 : 43.2 : 37.0 : 35.1'Surface crazed; 
n i t r a t e  opaque " ' Fl : 83.7 : 79.1 : 39.0 : 34.2 : 32.2; "" 

Ethylcellulcs~ 01 79.7 ' 51.8 ' - ' - - '0paque;craclted 
u H 1  85.3 86.2 - - ' - 'Critcked loose 

. . 
I I I I t I I from frame 
I I I I t I a t  6 months 

n  I1 : 90.3: 89 .8 :  60.2;  24.0:  - '0paque;friable 
I 

92.j'Roughened; 
I crazed 

92,6'Crazed 
91.4' Slightly dis- 

l colored 
9j.11Roughened. 

crazdd 
' Slight crazing , 

Vinyl chloriW L l  : 81.6 : 77.4 : 30.0 : 33.4 36.0:Disoolored; 
meta te '  

n n u  I L2 ; 78.9 I 70.2 I 4.1 1 3.9 ; 4.41 ~i%%%ed;  
resin1 opaque 

I I 1 I I I I 

Vinyl m e t a l  1 Kt 88.0 1 87.1 ' 7 6 . 7  57.1 : 52.j1Crazed;opaque 
resin1 I I I 1 I 

n I N l  $4.3 : 69.4 : 53.6 : 43.8 : t u 11 
I I 

Table VI1.-  Effect of outside exposure on haziness of transparent 
plastics 

I I 

Material 'Sample1 Haze Value 
'numberfInitia1 ' 3  monthslb monthst9 months112 months 
I I 9 I , 

percent' percent' percent' peroent' percent 
I 

Cellulose ' A 1  : 4.1 4.7 : 14.4 :, 24.1 : 38.5 

11 11 

II n  

cellulose ' S l  : 5.4 : 4.7 : 4.6 : 4.6 : 6.0 
acetobutyrate: 

I I I I 1 

Cellulose : F1 : 4.2 : 7.5 : $4.8 : 97 : 98 
n i t r a t e  

$1 11 E l  : 3.2 : 7.8 83.8 : 96 : 97 
1 

Vinylchlorides L 1  ' b.3 ; 7.2 ' 31.1 18.2 : 25.9 
acetate resin1 t 

II (I " n L2 : 10.6 : 15.0 ' 38. ' 55 : 64 
t , 

Vinyl m e t a l  MI : 3.2 10.3 : 74 : 95 : 96 
resin' 

11 "1 1 8.4 : 27.8 ; 90 94 : 
1 I 

Glyceryl- 01 : 7.7 : - 9.4 * 10.0 : 
phthalate 1 

I 1 

resin1 I I 1 8 I 

I I I I I I I 

Glyoeryl- 01 : 85.5 : - 82.6 82.4 Isl ightly die- 
phthalate t t I colored 

resin1 I I t I I t 

I I I t I I 
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R.A.O.A. Tables 8,9,27 

Table VII1.- Effect of outdoor exposwe on l i g h t  transmission and haziness of glaee windshield 
products 

Type of g lass  Type. of lSamples Thickness' L i ~ h t  transmission I Haze value 
' p l a s t l c  'number' ' I n i t i a l  After 12: I n i t i a l  ' After 12 
' lamination' t 8 months months 
t I I mils ' percent percent percent pement  
I I I I I I 

Thin p l a t e  I None ' X 1  : ' 86.7 : 86.8 ' 1.3 1.2 
Thin p l a t e  sa fe ty  I Acetate 122 81.6 82.5 : 1.5 1.7 
10 oz sheet sa fe ty  Acetate : :g ' 1% 91.2 : 92.0 1.1 1.3 
12 - 14 oz sheet ' None x3 67 93.1 9 . 1  ' 1.0 ' 1.2 
12 - 14 oz sheet s a f e t y  Acetate 1 2  91.2 ' 91.9 ' 1.4 1.3 
1/411 p l a t e  ' None ' 91.2 ' 91.1 ' 0.8 
1 / 4 1 1 t e n p e r e d ~ l a t p  : None : X8 : :22 : 9 2 . 5 ;  91.7 : P:e : 1.1 

tiicro sa fe ty  ' Acrylate : Y 1  : ' 92.8 : 92.0 
Featherweight sa fe ty  ' Acrylate 
P la te  s a f e t y  ' Acrylate ' 

i0; 92.6 2 . 2  : 
y2 2 t 8  89.5 : 89.2 1.1 0% 

Plate a n d m i c r o s a f e t y  ' Aorylate 1$ ' 22. 91.3 90.7 ' 1.2 1.0 
P la te  and sheet sa fe ty  : Acrylate : Y5 : 238 , 89.9 : 89.3 : 0.9 1.0 

P la te  sa fe ty  
P la te  sa fe ty  
Sheet sa fe ty  

I N i t ra te  : I 7 3 . 0 ~  ' 1.5 l.ka 
I Vinyl gi: $2; ' $?:$ 7 1 . 2 ~ '  : Vinyl 3 , 1 91.8 ; 91 .5~  : ::z a : ::& 
I I I I After 9 months exposure 

Table 1X.- Accelerated aging of t ransparent  p l a s t i c s  by carbon arc l i g h t  with i n t e r n i t t e n t  wata! 
spray 

- 
I I I 

b'ater ial  'Bample'White Lirzht Transmission' Remarks on condition a f t a r  1000 hours 
I nunber' I n i t i a l :  500 hr:  1000hr':  

Cel lulose ace ta te  , 

It I1 I 

Cellulose ecetobutyrate' 
I 

-. -- - 
Iuercent 'percent 'Percent ' 
I 86.2 ' 90.2 ' 89.2 'Warped, cracked and s l i z h t l y  clouded 

: ;;:2: 92 .2 :  91.7 
'Surface roughened 

92. 91.8 'Warped, and s l i g h t l y  olouded 

84;6 $@;8 s l i k h t l y  warped 
76.8 ; 82.5 : 86.0 'Cracked and bleached 

1 t 

I 92.2 : 92.2 ' 92.2 ' S l i g h t l y  warped 
I I , 

Cellulose n i t r a t e  I E l  1 91.2 ' 91.5 ' 8 5 'Wa.rped, discolored and s l i g h t  crazing 
II 11 F l  ; $ 4 . 7 :  8 6 . 0 ;  ;Discolored 

Ethylcel lulose 1 : 8 2 .  8 .  - 'Opaaue a t  800 h r ;  f r i a b l e  
II I H 1  85.0 5 5 . 0 '  $5.0 lWarped,andcloudy 
II 

I1 : 91.3 : 89.6 : 78.3 'Warped; surface f r o s t y  
I I 

Aorylate res in  1 JI 1 93.3 93.4 1 93.3 'Surface p i t t e d  
II II 32 : 93.4 : 93.3 92.7 'No marked change 
II II I K l  92.6 93.1 : 92.5 'No marked change 
II 11 I K2 : 9 .0 : 93.9 93.3 'No marked ohange 

I 

Vinyl chloride-acetate ' I , 1 I 

resin L1 $2.4 ' 62.7 ' 17.1 'Discolored purple 
II II  L2 1 79.2 59.2 : 0.7 'Discolored purple; opaoue 

I I I 

Vinyl ace ta l  res in  k!1 89.0 1 6$.ja: - 'Warped and cloudy 
I I &163 h r  

Styrene 1 R1 1 74.7 : 72.8 : 59.6 'Darkenedandcracked 
I 

b~~~ warped t o  measure 
I I 

Table XXVI1.- Rate of burning of t ransparent  p l a s t i c s  

1 
I Rate of burning of t e s t  s t r i p s  : Rate of b u  tng of; t e s t  s t r i p s  

'samplet 3/4t1 a 311 I ~ E  x ?  
'nmber~8orizontal~'Verticel 1 Vert ical   horizontal^ Ver t ica l  Ver t ica l  

l i a te r ia l  1 s t r i p  8 s t r i p  s t r i p  s t r i p  1 s t r i p  ' s t r i p  
I ' i gn i ted  a t '  ign i ted  1 i m i t e d  ' i g n i t e d  a t '  ign i ted  : i g n i t e d  
I I one end f a t  bottom i a t  top 1 one end ' a t  bottom a t  top  

I 

a inJmin in/min 1 inTm3.n In.  /min 1 in. /min ' in .  /min 
I I 

~ e l l u l o s e  ace ta te  ; CI 0.93 a a a 1.86 : a 
II 11 1 c 3 : 0 . 3 5 ;  a a ' - ' - - 

I , 8 , I 

Celluloee n i t r a t e  ' E l  ' 1 9.75 : 2.22 I 4.28 I 9.90 : 2.12 
II 2.12 5.00 : 10.30 , 2.06 . 

Ethylcel lulose , 1 1.24 2.81 : 0.75 2-10 ' 3-00 1.25 

Vinyl ace ta l  resin '  Nl : 0.53 0.88 0.29 0.83 
I 

Styrene r e s i n  ' R1 ; 0.54 0.58 0.lcl - ' - - 
1 

&Extinguished before burning 3 inches 



Tables 1 0 , l l  

Table X.- Accelerated aging of transparent p las t ics  by carbon arc l i gh t  without water spray 
1 I 1 I 

Material 

Cellulose acetate 
n I1 
n n 
I1 I1 

11 n 
n n 
n II 

n I1 
11 n 

'Sample' White l ight  1 Haze value 'Remarks on condition a t  500 h r  
'numbert Transmission 1 1 

I I n i t i a l1  500 hr' I n i t i a l '  500 hr: 
t Percent 'percent percent ercent 
I A 1  4 . 2  ' 90.1 : ?:By 4 4 'Surface s l ight ly  rou@ened 
' B 1  91.5 I 91.1 d:4 'No marked chanee -. 

: 3 : % i f :  2:: : 4.0 ' S ~ r f a c e s l i ~ h t ~ ~  roughened 
5.5 'Surface slisrhtlv rouhened 

83.3 I 87.0 4.4 '-' do; discolored- yeliow ' :z 91.3 91.8 ' 3.2 ?.:: 'Surface slirrhtlu roughened 
' B8 90.6 ' 90.8 ' 3.8 : 4.1 'Surface s l ight ly  roGhened 
' 01 88.5 : 90.2 ' 6.0 6.0 'Surface s l ight ly  roughened 

03 ' 12.7 14.7 10.0 ' 10.0 'Surface sliplhtlv rwhened  
' D% :, 77.4 : 16.6 : 7.0 : 9.3 :Blue dye fGed;-cracEed 

Cellulose acetobutyrate : 81 : 92.8 : 91.8 : 5.5 : 4.1 :Warped; no marked change 

Cellulose n i t  rate E l  ' 91.7"' 81.4 ' 3.8 I 6.9 'Discolored brown; cracked 
n F1 : 85.2: 73.2: 3.6 4.1 'Discoloredbrown; 

1 I 

Acryla.te resin 
II n 

01 8 8 .l 26.6 1 29.6 Cracked badly and discolored 
I 1 8 9.9 10.2 INomarkedchange 
I I 9 ; 0 . 6  6.1 a 'Cracked badly and became f r iable  

1 8 

' 51  : 93.7:  93 .7 '  6 1 '  10.6~8urfacebad1ypebbbbled 
' 52 93.3 ' 6:lbl I C . ~ ~ ~ N O  marked change 

1 : 91.1 3.5 'Slightly yellowed 
K2 94.4 9 .3  ' ?:$ : 'No marked change : 5 9 . 2  : 9 3 .  : 1.6 ?:J? , I No marked change 

Vinyl chloride-acetate resin' L1 ' 82.6 ca. 0 ' 5.0 ' - ' Opaque; discolored purple 
II n ' L2 80.3 ca. 0 : 8.7 8 - ' Opaque; discoloredpurple 

t I , , I 

Vinyl ace ta l  resin I Ml 8s 85.5 3.9 ; 7.S lDiscolored yellow 
n n 11 1 8 8 3 .  9.5 10.1 'Surface roughened;d.iscolored 

yellow 
a la te  resin ' 01 : 85.8 : 81.0 ' 5.2 1 5.8 'Discolored brown 

II T 1  66.2 65.0 ; c c lDiscolcred yellow 
I I I I 

aSpecimen broke before these values could be determined 
b~pecimen s l ight ly  prismatic, making haze measurement doubtful 
CSurfaces of specimen unpolished 

Table X I . -  Effect of accelerated aging of transparent plastics by carbon arc l ight  
without water spray on l ight  transmission using varioue color f i l t e r s  

Cellulose 
n 

Material 

acetate 
I1 
n 
n 
n 
n 
I1 

I1 

I1 

I Sample 
I numbe r 

Cellulose acetobutyrate ' 51 : 92.8 ' 91.8 : 91.2 ' 90.7 : 91.4 : 90.6 

Cellulose n i t ra te  
If 

I E l  92.0 ' 90 7 ' 8 .8 ' 74.2 : 89.4 72.0 : R : 83 .8 ;  82 :8 : ' 8? .9 ' ,  6 6 . 7 ,  85 .8 ,  b5.6 

Ethylcellulose 
n 

Acrylate reiin 

Vinyl chloride-acetate resin ' L 1  8 5 ' 0s. 0 $3.6 ca.0 ' 87.2 : c& 0 
In 11 0 L2 1 1i:31 c a . 0 1  77.3:  CLO 79 .2 ,  C ~ O  

Vinyl acetal  resin 
n n I 

MI. 89.3 : 88.3 ; 86.2 ; 82.3 : 85.6 : 80.4 
I N 1  86.8 85.7 , 82.4 , 80.3 , 81.4 78.6 

Glyceryl-phthalate resin 01 ' 88.5 86.6 ' $1.2 : 74.8 : 80.6 : ~ 6 . 4  
II w n T1 8 69.3 1 70.3 57.2 58.8 62.4 3.0 

a Specimen broke before these values could be d rained 
b pyrometer red f i l t e r .  c NO. 61 wratten %fter. d No. 47 Wratten f i l t e r .  
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Table X1V.- Variation of Vickers hardness with time of loading 

I I 1 inches ' inches 
Ya te r ia l  'Sample' 5 kg load1 5 kg load '5 kg, loaa  

1 number' appl ied ' applied 1 appl led f o r  
I I f o r  10 8 f o r  30 1 90 seconds 
t I seconds seconds 

Cellulose ace ta te  ' 5.9 
I! I I rn B1 I I 6 . ;  2:; : 6.7 
II II I B2 : g:g 6.3 4.8 6.3 
II 11 I CI 5.6 ' 
n It I c3 ; 5.2 a:: 4.2 

I 

Cellulose n i t r a t e  I E l  1 .  I 11.2 ' 10.5 
I n ; 10.5 : 10.4 9.3 
I 

Ethylcel lulose I 01 : 5.2 4.9 : 4.6 
I 

Acrylate r e s i n  
n II 
II n 

Vinyl chloride-acetate  ' I I I 
r e s in  ' L1 : 14.9 : 14.7 : 13.4 

I 

Styrene Rl 8 20.1 I 18.7 I 16.6 
I I I I 

Phenol-formaldehyde I Ul : 13.0 : 11.3 : 9.3 

Table XV1.- Charpy and dropped b a l l  impact t e s t s  on t ransparent  p l a s t i c s  

Materral 8 Sample' Thick-' Charpy impact 1 Bal l  i m  a c t  s t r e n  t h  
I ness ' s t r e n g t h  (Notched)' Bal l  8 A " , r a i ? h  
I I . I 70°F 1 25" F 'He igh t 'ba l l s  required 
I t t t f o r  f a i l u r e  , mils ' f t  l b i n ' f t  l b  i f t  : 
I I 1 of not/ch'of n o k f  1 

I 

Cellulose acetate:  0 . 1  2 2.5 
II n : $2 : ::: 0.37 7 
II 0.25 : 
n :: : 2 : : I 0.33 2; : 2 
II " ' B4 ' 96 3.0 :::f : k z  j 1E.5 
II ; ; ;z ; l o o  ; z . 6  
n 67 ' o.rr9 : 65 1 
11 I I B7 ' 95 ' 2 : i  ' 1.16 65 ' 6 
11 " : 9 : 5 5 
n 57 6 5 3 
11 0 g; : 125 : 2.4 0.44 ' 65 ' 
11 n I 165 , 2.3 : 0.30 : 50 2 

4.5 - 
2 

n - 
Il II I 

Vinyl chloride-  ' 
ace ta te  res in '  L3 : 102 ; 0.4 ' 0.15 : 6 ; 2 , 1 

Vinyl a c e t a l  ' 8 I I I 

resin1 NL : 122 : 2.9 ; 0.65 ; 65 : 11.5 
8 - 

Table XV.- Vickers indentat ion hardness numbers of various tra.nSparent 
~ l a a t i c s  (Samples condit ioned a t  21° C and 65% r e l a t i v e  
6umidity; 5 kg load appl ied f o r  10 seconds) 

I t , 
Material  'Sample' Thickness Vickers number 

'number' I 
I I I 

I 1 mils kg/sqmm 
I 

Cellulose ace ta te  
I1 

11 II 

II !I 

$8 I1 

I1 I8 

!I ,I 

II n 
II It 

II I1 

11 n 
It II 

I1 I1 

I1 11 

Cel lulose acetobutyrate  

Cel lulose n i t r a t e  
11 

E thy lce l lu lose  
I1 

Acrylate r e s i n  
I1 II 

,I It 

I1 ,I 

Vinyl chloride-acetate  r e s i n  ' L1 ' 50 15.3 
n 11 11 L2 ' 100 15.0 
II 11 II II ' L j  ; 100 : 15.0 , 

Vinyl m e t a l  r es in  1 M 1  1 63 1 ca. 0.5 
11 I1 N 1 :  100 ; 11.0 

t 

Glyceryl-phthalate r e s i n  1 0 1 :  125 : 27.1 

Styrene r e s i n  R l :  80 19.8 

Phenol-formaldehyde r e s i n  I u l  : 125 ; 13.0 
- 
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B.A.C.A. Tables 19,20,21 

Table X1X.- Effect  of heating c e l l u l o s i c  p l a s t i c s  a t  100° C on impact s t rength and shlinkaye 

'SamplelThickness' Charpy impact s t reng th  on Shrinkage 
K a t e r i a l  number' I notched suecimen 1 

I I ' Original  After 4 ! After 24 ' After 4 Aft= 
1 1 I ' hours a t  ' hours a t  ' hours a t  ' hours a t  
I 1 I ' 1000 C ' 1000 C ' looo C 1000 C 
I m i l s  ' f t  lb / in .  : f t  1Mn. l?, lb/ in .cf '  percent ' percent 
I ' of notch of notch : notch : I 
I 

Cellulose ace ta te '  C 5  : 92 1.9 ; 1.8 1.4 2.0 3.3 
I I t 

Table XX.- Vater absorption by t ransparent  p l a s t i c s  a t  70° F 
- 

t 8 I 

P a t e r l a l  ' Samplet Thick-' Gain i r ;  .reisbt ' Remarks 
'number1 ness 'Af te r  'Af te r  'Af te r  ' 
I v I 2 h r  ' 24  h r  :7 days: 

- 
t I mils  ' p e r c e n t ' p s ~ e n t ' p ~ n t ~  

I , I 

Cellulose acetate '  
I1 11 I 

11 It I 

11 11 t 

It 11 I 

11 I1 I 

Cellulose n i t r a t e '  
I1 !I I 

Cel lulose aceto- ' , I 

butyrate  : 91 ; 36 : 0 .4 j  : 0.85 0.76 ' 
I I 

Ethylcel lulose ; !& : z; $ : $  , ' 1.91 2.91 'Cloudy a t  48 h r  
2.71 9.52 

It ' I1 : 35 ; 2.50 ' 3.21 ' 3.61 ' S l i z n t l y  cloudy 
I I 

I rt'4S h r  , I I I 

Acrylate resin ' J1 ' 79 ' 0.05 ' 0.21 : 0.51 ' 
B I' ' 52 ' 70 ' 0.06 : 0 2 0 79 
II ' ~ 1 ~ 1 1 6  ' 0 . 0 4  0 : 1 ? . ' 0 : 4 j t  
II ' K2 : 8S : 0.07 : 0.27 : 6 - 4 0 :  

Vinyl chloride-  ' I I 3 

ace ta te  res in '  L1 ' 57 ' 0.02 ' 0.05 : 0.07 ' 
" I' "  " ' L2 : 100 : 0.01 : 0.03 , 0.04 : 

Vinyl a c e t a l  ' I I 

res in  ' L l  b l  : 0.59 : 2.45 : 5.70 : Cloudy a f t e r  
2 3 r  

I I 

Table XX1.- Absorption of e t h y l  r lcohcl  (95%) by t ransparent  o l e s t i c s  a t  70° f 

I I I 

biater ial  'Sample' Gain i n  weight Remarks 
'number1 After  ' A f t e r  
I I 2 h r  ' 24  h r  :$zrs: 
I peccent :p~.-cent peroeEtr 
9 I I 

Cellulose ace ta te  I A 1  1 4.08' 15.72' 10.66'Surface r ipnled.  S l i g h t l y  cloudy 
I1 I >  I1 !I I1 

I1 I1 11 I, I1 

I1 I1 I /  ,I 11 

I1 I1 I1 ,I I1 

I1 I1 WiCe cloudy 
I I I 

Cellulose n i t r s t e  
1 I 

,I I1 

: El ; 3.21: 36.5 ' - 'Surface roughened i n  2 h r ;  s ro l l en  

: F1 : 4.98: 
n f t e r  1 week - 8 - 'Surface roughened i n  2 h r ;  swollen 
a f t e r  24 h r  

Cel lulose acetobutyrate  ' S1 : 6.43:1 6.02: 3.79:1!0 e f f e c t  on appearance 

Ethylcel lulose G 1  ' I t ' Dissolves 
' HI. ' I 1 1 I1 

I1 ' I1 ; I I I I1 
I 

Acrylate res in  ' J1 ' 0.22' 8.51' 16.49'Surface p i t t e d  
11 It ' 32 ' -0.02' 9.67' 9.65' " roughened 
11 I1 ~1 ' 0.00' 3 .23 '20.92 '  " a f t e r  2 h r ;  smooth a t  1 wk 
I1 11 a K2 ' 10.15: 80.901 'Softened i n  2 hr;swollen a f t e r  1 wk 

I I t 

Vinyl chloride-acetate  ' I I I I 

r e s i n  L1 : -0.01' -0.03' O.OOIIo &tack 
n " " " ' L2 , - 0 . 0 1 ' - 0 . 0 1 ;  0 . 0 4 : "  " 

I 

Vinyl a c e t a l  r es in  Ln 5.70' 18.16' 11.7Y1blilk-white and opaque a t  one ~ e e k  
1 



Table XXI1.- Kerosene absorption by transparent p las t ics  a t  70° F 

I I 

1 sample' Gain in  weixht 
'number' After 1 After 1 After 
I 2 hr : 24 hr : 7 days 

I 1 pement 'percent 'percent 
I I t 

Celluxose acetate AZ 8 -0.12 1 -0.22 I -0.38 
B1 1 0.01. 8 -0.03 ' -0.14 

n n -006 1 -0.10' -0.22 
I# I : :? 1 -0:14 -0.31 - 0 5  
n n I -0.08 -0.17 ' -0:32 
I I : E? 1 -0 .04 '  -0.11 I -0.23 

Cellulose acetcbutyrate : 81 : -0.14 ' -0.22 : -0 .u  

cellulose n i t ra te  El : 0.00 : -0.03' -006 
n F1 , -0.01 0.00 ; -0:04 

Acrylate resin 
I 
I1 I1 

I1 n 

Vinyl chloride-acetate resin: L1 ' 0.00 ' 0.02 ' -0.02 
n II v $1 LZ : -0.03 : -0.04 : -0.06 

Vinyl acetal  reein I MI : 0 .00 :  -0.03' -0.08 
I 
I 1 I I 

Table XXII1 . -  Bursting t e s t s  on transparent p las t ics  

I t I I 

Material '88~nple'Thick-' Maximum 1 Type of fa i lure  
Inumber' nese 'Dressure 
I mils ' l b /  sq i n t  
I I 0 I 

A. Without rubber gasketst I I I 
I I I I 

Cellulose acetate ' B2 ' 93 ' 295 'Shear 
n I : :;f : 6575 : 200 (Latera l tens ion 
n I 165 'Shear a t  edge 
v n D j  : 125 : 400 'Lateral  tension 

I 

Cellulose n i t r a t e  : W 1  : 93 : 375 :Shear 

Acrylate resin 110 : 98 : 46 'Shear 
I 

Vinyl me ta l  resin En : 49 : 100 'Pinhole developed 
1 between center sod 
I I I edge 

II I n 1 9 115 :Shear 
I 

1 I I a 

B. With mbber gaskets t I I 
I I I I 

Cellulose acetate ' C 1  : 56 : 'Lateral  tension % , 125 i$ Lateral tension 
II v 93 'Shear a t  edge 

I :(sl ipped in grips) 

Cellulose n i t r a t e  1 ; 93 3gO :Lateral teneion 
I 

Acrylats resin K10 ' 97 : 44 *Shear i n  grips 
I I I 

TablsXX1V.- Calculated maximum tens i le  and shear s t ress  for  bursting 
t e s t s  on transparent plastics 

t 1 I I I 

Material Isample' Maximum Maximum d p 'Failure 
'number' tens i le  shear ' 
I I s t r e s s  s t r e s s  I 9 

I 1 lb/sq in .  1 lb/eq in .  ' inch ' lb/sq in.  ' 
I I 1 1 1 

Cellulose acetate: C 1  4000 1.14 165 'Shear 
11 03 : 3600 1.4 ; 400 :Tension 

Cel lu loss~ni t ra te :  W 1  : 5000 : 5000 : 1-25 : 375 :Shear 

Acrylate resin ' K10 : --- 590 -- 46 :Shear 
I , 

Table XXV.- Bursting strength of laminated and plate glass 

I 0 I I 

Type of glass 1 Type of plastic 'Sample"l'hicknesst Bursting 
lemination 'numbert strength 

1 t I I 

I I mile : lb/sq in 
I t I 

Hicro safety  cryl late Y 1  ; 106 12 
1 I 

Sheet safety I Vinyl I ~3 : 117 ; 19 
I 1 

Plate safety loellulose n i t r a t e  21 : 196 ; 33 
I , 

Sheet safety lCellulose acetate ' X6 : 129 ; 32 

Thin p la te  I Kone 1 x l  ; 63 : 12 
I t 

l / 4 "  plate 1 Bone 1 4 ; 225 60 
I 
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N.A.C.A.  Figs. 1.2 

.Figure 1. Transparent plastic covering on turret and cockpit of a bomber. 

Figure 2. Hazeometer. 
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Diamond tool  swung aside and microscope 
in position to measure scratch width 

Figure 13.- Bierbarn ecratch-resisternce 
apparatus. 



Figure 17 .  Apparatus for determining 
Oharpy impact strength. 

- --- - 

Figure 21. Appueal&uu for detemining rate of  burning. 



G, Cellulose ace ta te  burs t  a t  about 25O C 
H ,  Cellulose ace ta te  burs t  when one surface was cooled 

with ethylene dichloride a t  -31" C 
I, Aarylate r e s i n  burs t  at about 25O C 
J, Acrylslte r es in  burs t  when one sample was cooled 

with ethylene dichloride at -31" O 

Figure 19. Samples of transparent p l a s t i c s  a f t e r  burs t ing 
s t rength t e s t s .  

K, Glass bonded with ce l lu iose  n i t r a t e  p l a s t i c  
L, Glasa bonded with ce l lu lose  aoeta te  p l a s t i o  
M, Glaes bonded with v iny l  r e s i n  p l a s t i o  
N ,  Glass bonded with ac ry la te  r e s i n  p l a s t i o  

Figure 20. Samples of laminated g lass  a f t e r  burs t ing 
s t rength t e s t s .  



N.A.C.A. Figs. 22.23.24.25.26.27 

Figure 22. Effect of tracer bullets 
on transparent plastics. 

Cellulose acetate. A2. 0.095* thick: 
three tracer bullets caliber 30. M1. 
at 100 yards: one tracer bullet 
caliber 30. MI. at 600 yards. 

Figure 23. Effect of tracer bullets 
on transparent ~lastics. 

Cellulose acetate. C2. 0.095H thick: 
three tracer bullets caliber 50. MI. 
at 100 yards. 

Figure 25. Effect of tracer bullets 
on transparent plastics. 

Cellulose nitrate. F1. 0,062" thickr 
three tracer bullets caliber 30. MI. 
at 100 yards: two tracer bullets 
caliber 30. MI. at 600 yards. 

Figure 26. Effect of tracer bullets 
on transparent plastics. 

Cellulose nitrate. El. 0.066n thick: 
three tracer bullets caliber 50. MI. 
at 100 yards. 

Figure 24. Effect of tracer bullets 
on transparent plastics. 

Cellulo~e acetate. 83. 0.066" thick: 
three tracer bullets caliber 50. MI. 
at 100 yards. 

gigure 27. Effect of tracer bullets 
on transparent plastics. 

Acrylate resin. K1, 0.113Vhbck: 
three tracer bullets caliber 30. MI. 
at 100 yards. 



N.A.C.A. Figs. 28,29,30 

Figure 28.- Effect 
of 

t racer  bu l le t s  on 
transparent p las t ics ,  
Aorylate resin, Kg, 
0.067tt thick; three 
t racer  bu l le t s  
cal iber  50, XI., a t  
100 yards. 

Figure 29 .- Effect 
of 

t racer  bu l le t s  on 
transparent p las t ics .  
Vinyl chloride-acetate 
resin,  L3, 0.100" 
thick; two t racer  
bu l le t s  cali'oer 30, 
M 1 ,  a t  100 yards. 

Figure 30.- Effect 
0 f 

t racer  bu l le t s  on 
t ranswrent  plast ics .  
Vinyl chloride- 
acetate  resin, L3, 
0.100" thick; two 
t racer  bul let8 
cal iber  50, M l ,  
a t  100 yards. 



N . A . C . A .  Figs. 31,32 

Fi,pre 31.- Effect 
of 

t racer  bu l le t s  on 
laminated glass. 
Plate  glass bonded 
with cellulose 
acetate  p las t ic ,  
X5, 0.188If thick; 
two tracer bu l le t s  
cal iber  30, M I ,  
a t  100 yards. 

Figure 32.- Effect 
of 

t racer  bu l le t s  on 
laminated glass. 
Plate  and sheet 
glass bonded with 
acrylate  res in  
p las t ic ,  Y5, 0.238" 
thick; one t racer  
bu l le t  caliber 50, 
Ml, a t  100 yards. 




