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NEW PHOSPHORUS-CONTAINING FLAME RETARDANTS FOR POLY- 
URETHANES AND POLYESTERS, 

GUEORGUI BORISSOV, HRISTO SIVRIEV, K O L J O  TROEV,  

B u l g a r i a n  Academy o f  S c i e n c e s ,  C e n t r a l  L a b o r a t o r y  
f o r  Polymers ,  1 0 4 0  S o f i a ,  B u l g a r i a .  

A b s t r a c t  N e w  phosphorus - c o n t a i n i n g  monomers and 
o l igomers  from tetrakis(hydroxymety1)phosphonium 
c h l o r i d e  and d i a l k y l p h o s p h i t e s  are  s y n t h e s i z e d .  On 
t h e  b a s i s  of  new p r o d u c t s  phosphorus-conta in ing  po- 
l y e s t e r s , p o l y u r e t h a n e s  and polyuretanesemicazbazides 
wi th  improved f i r e  r e s i s t a n c e  are o b t a i n e d .  The de- 
pendence of f i r e  r e s i s t a n c e  of  t h e  polymers on t h e  
s t r u c t u r e o f t h e u s e  f lame retardantsisinvestiqated. 

INTRODUCTION 
The phosphorus -con ta in ing  a c t i v e  and i n a c t i v e  a d d i t i v e s ,  
a r e  some o f  t h e  best-known f lame r e t a r d a n t s  and t h e y  a re  
be ing  p r o d u c e d i n  a l r e a d y  c o n s i d e r a b l e  q u a n t i t i e s . T h e  i n -  
t r o d u c t i o n  of newphosphorus-containing r e t a r d a n t s  i s  co* 
f i n e d  by t h e  r e l a t i v e l y  low a v a i l a b i l i t y  of  t h e  raw mate- 
r i a l s .  W i t h t h e  v i e w o f  b roaden ing  t h e  f lame r e t a r d a n t s ,  
a s s o r t m e n t  and improving t h e i r  q u a l i t y , o u r  r e s e a r c h a c t i -  
c i t y  has  been aimed a t  s y n t h e s i z i n g  new f lame r e t a r d a n t s  
from t h e  i n d u s t r i a l l y  produced t e t r a k i s l h y d r o x y m e t h y l )  
phosphonium c h l o r i d e  and d i a l k y l p h o s p h i t e s .  

R A W  MATERIALS-TETRAKISHYDROXYMETHYLPHOSPHONIUM C H L O R I D E  - 
Tetracis(hydroxymethy1)phosphonium c l o r i d e  and  i t s  d e r i -  
v a t i v e s  a r e  conven ien t  s t a r t i n g  compounds f o r  t h e  s y n t h e -  
s i s  o f  monomers and polymers ,  c o n t a i n i n g  C-P bonds,  Kaba- 
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c h i n i k  and Tsvetkov have shown t h a t  under  c e r t a i n c o n d i -  
t i o n s  tris(ch1oromethyl)phosphine undergoes  t h e  so  c a l -  
l e d  p s e u d o a l l y l  rearrangmentl 'and i s  t r a n s f o r m e d  i n t o  b i s  
(ch  1 orme t h y  1) me t h y  lpho  sph i n e  o x i d e  : 

I 1  

n 

B i func  t iona  1 compounds , s u i t  ab l e  f o r  po 1 ycondensa t  ion 
p r o c e s s e s , h a v e  been o b t a i n e d b y  s u b s t i t u t i n g  w i t h  d i f f e -  
r e n t  f u n c t i o n a l  groups  the  c l o r i d e  atoms i n  b is (ch1orome-  
t h y l )  methylphosphosphine o x i d e :  

9 0 
C 1  C H 9 - ! - C H 2 C 1 + 2 H a O a - R  L I  - - R - ~ O C H 2 - ~ - C H 2 0 - ~ R  

C H 3  CH3 
where R = COOH, COOCHij, COCl ,  OH 

The p o s s i b i l i t y  f o r  u s i n g  the  s y n t h e s i z i d  monomers 
a s  r e a c t i v e  f l a m e r e t a r d a n t s  f o r  i n c r e a s i n g  t h e  f i r e r e s i -  
s t a n c e  o f p o l y c o n d e n s a t i o n  polymers has  been dcmons t r a t ed  
and s p e c i a l  a t t e n t i o n  has been p a i d  t o  m o d i f i c a t i o n  o f  t h e  
p r o p e r t i e s  of  well-known and  i n d u s t r i a l l y  produced p o l y -  

Phosphorus - a n d  n i t r o g e n - c o n t a i n i n g  p o l y o l s  have been  

mers such a s  polyethyleneterephthalate,nylon 6 , 6  e t c .  1 . 

of  r i g i d  p o l y u r e t h a n e  foams and l i n e a r  p o l y u r e t h a n e s  2 . s y n t h e s i z e d  and they  have been  used  f o r t h e  m o d i f i c a t i o n  

where -NR1R2=-N( C H 2 C H 2 0 H ) 2 ,  -! "' N C H 2 P (  C H 2 0 H  12 
C H 2  - H2 

Some of t h e  t y p i c a l  p r o p e r t i e s  of t h e m o d i f i e d  p o l y -  
u r e t h a n e s  have been i n v e s t i g a t e d .  A s p e c i a l  a t t e n t i o n  
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has been paid towards examining the dependence of the fire 
resistance of the polymerson structure of the polyols. 
It has been shown that the synthesized polyols are suitable 
flame retardants for rigid polyurethane foams. 

3 0s ITES 
The investigation on the reactivity ofdialkylphosphites, 
carried on by us,showed that the reactions typical for t h e  
se diesters - trans esterification and addition,allowed 
for the synthesis of different in structure and compo- 
sition products. 

For example,polyethylene terephthalatehas been modi- 
fied with the sodium salt of diethylphosphite and the di- 
sodium salt of 1,Z-dicarbomethoxyethanephosphonic acid: 

0 0 CH,OEC~I~-~H-COCH, I t  
C2Ii50-P-OC2H* I 

ONa O=P ( Ma ) 

Organophosphorus compounds,obtained from dialkyl- 
phosphites, have been used for improving the fire resi- 
stence o f  p o l y u r e t h a n e s e m i c a r b a z i d e  ionomers. 

The dihydrazide of the Z-diethylphosphonylbutanedi- 
carboxilic acid has been used as a modificator for poly - 
urethanesemicarbazides and p o l y u r e t h a n e s e m i c a r b a z i d e  io- 

3 9 4  nomers . 
0 0 0 0 H,+Cl- 0 

+ ? 11 H - A r - N H (! ( 0 R 1 O t  N Ii -A r - N H e0 C H CH y CH C H 0 PI H - A r - 

- E! H ? - N Ii NH - C H - C H 2 1 l HNH kn 
0 0 0 CI-13 

O=b(OR)2  

It has been established that the inclusion ofphos- 
phorus in the polymer chain of the ionomer does not influen- 
c e  substrantially its physicomechanical properties but does 
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improve considerahly its fire resistance. 
The high effectivenes o f  the flame retardants ispro- 

bably due also to the structure of  the ionomer andmain- 
ly t o  the existing electrostatic interactions. 

As flame retardants f o r  po lyu re thanesemica rbaz ide  
ionomers have also been used the dihydrazides of  N,N- 
die thylaminomethylphosphonic  and N-morpholinylmethyl- 
phosphonic acid. The phosphorus atom in this case isin- 
cluded in the main polymer chain : 4 

0 0 0 0 0 
d N I 1  -A r-PIH! ( OR) )(O!NH-Ar -FIH?-NHPl t i  - ~~-NHNH+, 

I +  
C H ~ X H ,  c i =  

The modified ionomers possess good physicomechankal 
propertiers and high fire resistance. The limiting oxy- 
gen index has been determined to be 34% 02. 
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