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SUMMARY 
Th is  paper  conce rns  t he  s tudy  o f  some c h e m i c a l  i n t r i n s i c  

p~ameters governing the fire retardant properties of polystyrenes 
carry~g phosphorus atoms at one or both ends of their macromolecu- 
far chain. It is shown that their low flammability, depends on 

the presence of labile atoms, bonded, either directly to the phos- 
phorus atom or in the ~ position to the phosphorus atom. 

INTRODUCTION 
(1) (2) 

In  a p r e v i o u s  work , t he  f i r e - 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  c a r r y i n g  phosphorus  atoms a t  v a r i o u s  
p l a c e s  o f  t he  m a c r o m o l e c u l a r  cha in  have been d e s c r i b e d ,  I t  was 
shown t h a t  m o r  ~,m phosphonated  p o l y s t y r e n e s  possess h igh  f i r e -  
r e s i s t a n c e  as measured by us ing  a m o d i f i e d  Oxygen I ndex  method.  
However  t h e i r  f i r e - r e s i s t a n c e  was shown t o  depend on some 
intrinsic characteristics o f  the polymer. 

EXPERIMENTAL 

or  ~Z ~ phosphon&ted po l ymers  were p r e p a r e d  as des -  
c r i b e d  in  r e f .  (a). 

The m o d i f i e d  Oxygen Index  o f  t he  phosphonated  p o l y -  
s t y r e g e s  i s  measured a c c o r d i n g  t o  t he  t e c h n i q u e  d e s c r i b e d  in  
re f .  ~ 1 )  

RESULTS AND DISCUSSION 

1. E~2~_s163163163163163163 Z ~ _ ~ s  

Tab le  1 g i v e s  t he  (OE) m d a t a  o f  some ~ o r  ~,m phospho-  
na ted  p o i y s t y r e n e s  w i t h  d i f f e r e n t  end g roups .  One can observe  
f rom t h i s  t a b l e ,  t h a t ,  f o r  t he  same backbone but  w i t h  homologous 
end groups : 

- PO (OR) 2 ( r e f  344 ) ,  - POCI(OCH3), - PO(C1) 2 
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the oxygen index increases when ch lor ine  a~m is  bonded ~ the 
phosphorus atom. This is  another proof of the well-known 
synergism between phosphorus and halogen in the f i r e - re ta rdancy  
of polymeric mate r ia l s (4 ) .  

(OI) 
m 

Ref 

TABLE I 
of ~ or m,m phosphonated polystyrenes with various contents 

of phosphorus and chlorine. 4 ~= Polystyrene 

Structure of polymer ~ Mn % P % C1 (OI) m 
(GPC) (w/w) (w/w) 

344 

/OCH 3 

sBu~ ~!~OCH 3 6,200 0.5 0 45 

CI /CI 

131 CH30~!- ~ ] - ~ .  OCH3 
5,800 1.0 1.17 61 

/ Cl 

sBu~ J-~CI 
39 ~ w/w 

331 2,000 1.55 2.46 65 

/ Cl 

sBu~ ] 
61% w/w ~OCH 3 

atom towards the (0!) m ~!~_s163163163163 

The following comparisons ,reveal that the (OI) m of 

or ~,m phosphonated polystyrenes depend on the nature of the 

phosphorus atom substituents. For the same length of the poly- 
styrene chain, we have seen previously the efficient role of the 

chlorine atom . We have observed that the (OI) m is linearly 
correlated with the chlorine/phosphorus ratio and not with the 
absolute value of the phosphorus content. Then we have investi- 
gated the influence of other susbstituents bonded to the phos- 
phorus atom. 
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Table 2 

(OI)  m o? t e l e c h e l i c  p o l y s t y r e n e s  w i t h  phosphonic and phosphine 
ox ide  end groups 

Res S t r u c t u r e  o? po lymer  M % P % CI (OI) n m 
(GPC) (w/w) (w/w) 

/OCH 3 

344 sBu4 ~ \  6,200 0 .5  0 45 

0 OCH 3 

/ C H  3 

5,500 0 .4  0 52 122 sBu H ~ 

0 CH 3 

EtO OEt 
\ / 

206 EtO / ~ k~ x s  OEt 3,800 1.6 0 50 

Po l ys t y renes  c a r r i n g  - P(O)(CH_) 2 groups (Re? 122, 
Table  2) possess h ighe r  oxygen index than phosphonic compounds 
w i t h  methoxy group ( re? .  344, Table  2 ) .  On the  o t h e r  hand, f o r  
the  same backbone, t h i ophosphon i c  group ( res  206, Table 2) i s  
more r e s i s t a n t  to  f i r e  than phosphonic group ( re? .  344, Table  ~) .  

Table 3 

Comparison o f  (OI) between phosphonic and phosphonamide groups m 

Ref S t r u c t u r e  o f  po lymer  M % P % C1 (OI)  n m 
(GPC) (w/w) (w/w) 

EtO OEt 
k / 

137 / 1 ~  F ~  10,000 0.62 0 47 

EtO 0 0 OEt 

Me2N NMe 2 \ / 
139 P~ I-P 10,000 0.68 0 42 

/ h i  . \  
Me2N 0 0 NMe 2 
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The comparison between the oxygen index values of 
po lystyrenes w i th  phosphonic groups (res 137, Table 3) and 
phosphonamide groups (per.  139~ Table 3) ind• tha t  the 
synergism which e x i s t ,  between phosphorus and n i t rogen in c e l -  
l u l o s i c  compounds (5) i s  not observed in the ease os the ~ 
phosphon&ted polystypenes.  

Table 4 

Oxygen index comparisons between hydroxychlorophosphonic groups 
and chlorophosphonic groups 

Ref St ructure o f  polymer M % P % Cl (01) 
n m 

(GPC) (w/w) (w/w) 

/ C 1  

342 sBu 4 p ~  6,500 0.47 0.52 70 

0 OH 

CI 
/ 

331 sBu 4 F ~  2,000 1.55 2.46 65 

0 CI(OCH 3) 

The hydroxychlorophosphoryl  group (res 342, Table 4) 
attached at the end os the po l ys t y rene ' s  chain e x h i b i t s  the 
highest index (OI) observed in the case o f  ~ phosphonated 

m 
po lys ty rene.  

3. E~s163163163163163163 

The data (Table 5) reveal  tha t  the presence o f  benzy l ic  
hydrogen in the ~ pos i t i on  to the phosphorus &tom induces a 
s i gn i s  increase o~ the oxygen index values (OI) m. 

The polymer (res 135) has been prepared in adding 
1 ,1-d ipheny le thy lene on a l i v i n g  po lys ty rene.  This monomer does 
not polymerize and so, we decrease the po l ys t y ren i c  carb&nion 
r e a c t i v i t y .  I t  is  poss ib le  in t h i s  cond i t ion  to add methylmetha- 
c r y l a t e  monomer bes the h&logeno oxyphosphoryl deac t i va t i on .  

On these polymer chains (per.  135 and 321) we have no 
hydrogen in the ~ pos i t i on  to the phosphorus atom. 
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T a b l e  5 

I n f l u e n c e  o f  t h e  p o l y m e r  u n i t  i n  t h e  ~ p o s i t i o n  t o  t h e  p h o s -  
p h o n i c  g r o u p s  t o w a r d s  t h e  ( 0 I )  v a l u e s  

m 

Nature of Structure of the end of the 

Ref phosphonted macromolecular chain 

polystyrene 

M % P % CI (OI) 
n m 

(GPC) (w/w)  (w/w) 

I @ [ Me I CI 

OM~] n 

0.76 40 

@ CI 
I / 

321 m,co ~ CH 2 - ~ - ~ \  7,000 

r 0 OH 

0.80 i .0 4# 

Ci 
/ 

342 co ~ },, CH 2 - CH - P 6,500 0.47 0.52 70 
, , \  
r ~ OH 

CONCLUSIONS 
co o r e e p h o s p h o n a t e d  p o l y s t y r e n e  a r e  h i g h l y  e f f e c t i v e  

flame retardant materials . We observe that their flame retar- 

dant effectiveness depends strongly on some intrinsic parameters 

of the polymer, such as : 

�9 the presence of labile chiorine atoms on the phos- 

phorus a t o m ,  

�9 the presence of labile benzylic hydrogen atom at the 

position to the phosphorus atom, 

�9 the chemical nature of the other substituents of the 

phosphorus atom (-Me, -Et, -OH, -NMe 2) 

I t  i s  ~ u n d  t h a t  t h e  mQst e f f e c t i v e  f i r e - r e t a r d a n t  
p h o s p h o n a t e  g r o u p ,  when i t  i s  b o n d e d  a t  t h e  end o f  t h e  m a c r o -  
m o l e c u l a r  c h a i n  o f  p o l y s t y r e n e ,  i s  t h e  - P O ( C I ) ( O H )  g r o u p .  
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