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SUMMARY 
Phosphonated p o l y s t y r e n e  f l a m m a b i l i t y  i s  d i s c u s s e d  in  r e l a t i o n  t o  

t h e i r  s t r u c t u r e .  I t  i s  shown t h a t  t he  oxygen I ndex  o f  phosphonated  p o l y -  
s t y r e n e s  depends m a i n l y  on the  p o s i t i o n  o f  t he  phosphorus  atoms on the  
backbone o f  t he  po l ymer  and no t  on the  a b s o l u t e  phosphorus  c o n t e n t .  

INTRODUCTION 
I n v e s t i g a t i o n s  o f  s t r u c t u r e - f l a m m a b i l i t y  r e l a t i o n s h i p s  o f  o r g a n i c  

po l ymers  have a t t r a c t e d  c o n s i d e r a b l e  i n t e r e s t  ove r  the  pas t  y e a r s ,  and 
d i f f e r e n t  r e v i e w s  were devo ted  t o  t h i s  s u b j e c t  ( I - 3 ) .  In g e n e r a l ,  a f l ame 
r e t a r d a n t  u n i t  i n c o r p o r a t e d  i n t o  t he  po l ymer  backbone i s  more e f f e c t i v e  
than  in  a m i x t u r e  w i t h  t he  po l ymer  ( I ) .  However ,  a compar i son  o f  the  
degree  os f l ame r e s i s t a n c e ,  between po l ymers  c a r r y i n g  the  same f lame 
r e t a r d a n t  u n i t ,  a t t a c h e d  t o  v a r i o u s  p o s i t i o n s  o f  the  po lymer  backbone i s  
no t  w e l l  known. 

The aim o f  t h i s  s t u d y  i s  t o  i n v e s t i g a t e  t he  d i f f e r e n c e  in  f l ame 
r e s i s t a n c e  between p o l y s t y r e n e s  c a r r y i n g  phosphorus  atoms f i x e d  a t  
v a r i o u s  p o s i t i o n s  os the  m a c r o m o l e c u l a r  backbone t h r o u g h  a c a r b o n - p h o s -  
phorus bond.  

Th i s  paper  concerns  the  s t u d y  o f  s t r u c t u r e - f l a m m a b i l i t y  r e l a t i o n -  
s h i p s  o f  t he  f o l l o w i n g  two groups ( I ,  I I )  o f  phosphonated p o l y s t y r e n e s .  
In  t h e  second p a r t  o f  t h i s  p u b l i c a t i o n  we w i l l  i n v e s t i g a t e  s i m i l a r  
r e l a t i o n s h i p s  f o r  a n o t h e r  two groups  o f  phosphonated  p o l y s t y r e n e s .  

GROUP I 
Th i s  g roup e n c l o s e s  p o l y s t y r e n e s  c a r p i n g  phosphorus  atoms bonded 

t o  one o r  bo th  ends o f  t he  m a c r o m o l e c u l a r  cha in  
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GROUP II 

The group II contains polystyrenes carrying phosphorus atoms bonded 

directly to the aromatic ring, and distributed statistically along the 

chain 

A = O,S 

B,C = - C1, - OMe, - OEt, - OH 

\ /B 
P 
I 1 \  C 
A 

The f l ame  r e t a r d a n c y  p r o p e r t i e s  o f  t hese  groups o f  phosphonated 
po l ymers  have been i n v e s t i g a t e d  us ing  a m o d i f i e d  oxygen index  method 
(01) m. Th i s  method i s  d e f i n e d  as t he  oxygen p e r c e n t a g e  in  a gas m i x t u r e  
o f  oxygen and n i t r o g e n ,  j u s t  n e c e s s a r y  t o  m a i n t a i n  in  c o m b u s t i o n ,  a t  l e a s t  
f o r  30 seconds,  t he  po l ymer  sample.  We have used t h i s  m o d i f i e d  t e c h n i q u e  
o f  oxygen index  in  o r d e r  t o  a v o i d  d r i p p i n g  o f  the  sample d u r i n g  combust ion ,  
wh i ch ,  in  t he  case o f  t he  p o l y s t y r e n e ,  cou ld  lead  t o  e r r o n e o u s  c o n c l u s i o n s  
on t h e  f i r e  r e t a r d a n t  p r o p e r t i e s  ( 4 ) .  

Wi th t h i s  t e s t i n g  method,  i t  i s  p o s s i b l e  t o  q u a n t i f y  the  b e h a v i o u r  
o f  the  po l ymer  t o w a r d s  f l a m i n g  and i t  i s  a l s o  p o s s i b l e  t o  compare t h e  
b e h a v i o u r  o f  homologous compounds, and t o  o b t a i n  r e l a t i v e  v a l u e s  and a 
f l a m m a b i l i t y  s c a l e .  

EXPERIMENTAL 

The phosphonated  p o l y s t y r e n e s  o f  group I ,  were p repa red  as des -  
c r i b e d  in  r e f .  ( 5 ) .  

The m u l t i p h o s p h o n a t e d  p o l y s t y r e n e s  o f  g roup I I  were p repa red  
a c c o r d i n g  t o  t h e  t e c h n i q u e  used in  r e f .  ( 6 ) .  

~ : m i E ~ i s 1 6 3 1 6 3  (OL)m 
400 - 500 mg o f  po l ymer  powder were p laced  in  a g l a s s  cup 

(d = 25 ,6  mm, h = 4 , 5  mm) whose s u p p o r t  i s  f i t t e d  t o  t he  sample h o l d e r  
o f  a s t a n t o n  R e d c r o f t  I n s t r u m e n t .  

An e x t e r n a l  f l ame  i s  m a i n t a i n e d  in  c o n t a c t  d u r i n g  10 seconds w i t h  
t he  powder o f  the  p o l y m e r .  The (OI )  m was t aken  as t he  c o n c e n t r a t i o n  o f  
oxygen in  t he  a tmosphere  (O2/N 2) s u r r o u n d i n g  the  sample j u s t  necessa ry  t o  
maintain its combustion for at Least 30 seconds after ignition. The flow 

rate of the gas mixture (02/N 2) in the column is equal to 17 l/min. The 

temperature of the polymer's powder before any contact with the flame, 

is 20 ~ The precision of this measurement is • 5 %. 

Pure radical polystyrene possesses (Of) m ~ Ig. For the pure poly- 

styrene prepared by anionic polymerization, we found : (OI) m = 26. 
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TABLE 1 

(01) m of  m or m,m phosphonated po lys ty renes  
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TABLE 2 

Mod is  Oxygen I n d e x e s  (OI)m, o f  p o l y s t y r e n e s  c a r r y i n g  phosphorus  &toms 
d i r e c t l y  bonded t o  t he  a r o m a t i c  r i o g ( g r o u  p II). 

Ref Structure os the polymer Mn % P % CI (OI) 
(GPC) (w/w) (w/w) 
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8,000  2 .29 2 .28  27 

8 ,000 3 ,68  7 .16  27 

8 ,000 8 .5  0 28 

8 ,000  15.41 0 27 

20 ,000 6 .8  7 .8  35 

8 ,000  3 .88  4 .86  29 
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RESULTS AND DISCUSSION 

to If) 

1 - Flame retardant properties of polystyrenes of group I 

Table 1 lists (01) m data for various ~ and ~,~ phosphonated poly- 

styrenes. Qualitatively, from these data it is shown that. 

- All polystyrenes carrying phosphonated end groups possess high 

( o I )  m. [ 4 0  < ( o z )  m < 70] 
- A l l  end -phosphona ted  p o l y s t y r e n e s  c o n t a i n i n g  the  P-C1 bond 

e x h i b i t  t he  h i g h e s t  observed  va lues  o f  ( 0 I )  m 
- An a r o m a t i c  bromine i n t r o d u c e d  on the  end o f  a p o l y s t y r e n e  

cha in  in a - - p /  BP BP 

o Br  

BP 8 r  
group has l i t t l e  e f f e c t  on h i s  f l a m m a b i l i t y  ( po l ymer  33 B) .  

By t h i s  i n v e s t i g a t i o n  one can deduce t h a t  the  phosphorus  atom 
a t t a c h e d  t o  one o r  bo th  o f  the  ends o f  the  m a c r o m o l e c u l a r  cha in  o f  p o l y -  
s t y r e n e  e x h i b i t  i n t e r e s t i n g  f l ame  r e t a r d a n t  p r o p e r t i e s .  

2 - Flame r e t a r d a n t  p r o p e r t i e s  o f  p o l y s t y r e n e s  o f  t he  group I I  
Tab le  2 l i s t s  d a t a  on (OI )  m o f  m u l t i p h o s p h o n a t e d  p o l y s t y r e n e s  o f  

t he  group I I .  
In  s p i t e  o f  t h e  h igh  c o n t e n t  in  phosphorus  and c h l o r i n e  e x i s t i n g  

in  t hese  m u l t i f u n c t i o n a l  p o l y s t y r e n e s  where the  phosphorus atom i s  
d i r e c t l y  bonded t o  t h e  n u c l e u s ,  t h e i r  (OI )  m i s  low and ve ry  c l o s e  t o  
t hose  o b t a i n e d  f o r  t h e  u n m o d i f i e d  a n i o n i c  p o l y s t y r e n e .  

The d a t a  show us t h a t  a phosphorus  atom on the  a r o m a t i c  r i n g  o f  
p o l y s t y r e n e  has o n l y  a s m a l l  e f f e c t  on h i s  f l a m m a b i l i t y .  

CONCLUSION 
The ~ o r  ~,m phosphonated  p o l y s t y m e n e s  e x h i b i t  i n t e r e s t i n g  f i r e  r e -  

t a r d a n t  p r o p e r t i e s ,  in s p i t e  o f  t h e i r  low c o n t e n t  in  phosphorus  ( 0 , 5  - 
1 ,7  %). On the  o t h e r  hand, m u l t i p h o s p h o n a t e d  p o l y s t y r e n e s  c a r r y i n g  h i g h e r  
do not  possess improved f l ame  r e s i s t a n c e .  
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