
CHAPTER I

INTRODUCTION

The Flammability Problem

F ire  is  o n e  o f  th e  m a in  p ro b le m s  a f fe c t in g  m o d e m  life , its  

d e s t ru c t iv e  p o te n t ia l  m a n if e s t in g  i t s e l f  p r in c ip a l ly  in  te rm s  o f  h u m a n  

s u f f e r in g  a n d  in  lo s s  o f  p ro p e r ty .  A s a  r e s u lt ,  c o n s id e ra b le  a t te n t io n  is 

b e in g  p a id  th r o u g h o u t  th e  w o r ld  to  re d u c e  th e  r is k s  a s s o c ia te d  w ith  fire . 

T h e re  c a n  b e  l i t t le  d o u b t  th a t  th e  in t ro d u c t io n  o f  p la s t ic s  h a s  b e e n  a  m a jo r  

fa c to r  in  th e  in c re a s e d  in c id e n c e  an d  s e v e r i ty  o f  m o d e m  f ire s . A s  th e  u se  

o f  th e s e  s y n th e t ic  p o ly m e rs  h a s  g ro w n , ta k in g  th e  p la c e  o f  t r a d i t io n a l  

c o n s tru c t io n  m a te r ia ls ,  f ire  b r ig a d e s  h a v e  r e p o r te d  s ig n if ic a n t  c h a n g e s  in 

th e  n a tu re  o f  f i r e s ,  p a r t ic u la r ly  w ith  re g a rd  to  th e  e v o lu t io n  o f  g re a tly  

in c re a s e d  q u a n t i t ie s  o f  sm o k e  a n d  to x ic  g a s e s . R e c e n t  s ta t is t ic s  c le a r ly  

in d ic a te  th a t  sm o k e  in h a la t io n ,  a n d  n o t  f ire  i t s e l f ,  is th e  k i l le r  th a t  a c c o u n ts  

fo r  o v e r  8 0 %  o f  f ire  fa ta l i t ie s .  A lth o u g h  th e  a c tu a l  c a u se  o f  d e a th  is  l ik e ly  

to  b e  a s p h y x ia t io n  b y  to x ic a n ts  su c h  as c a rb o n  m o n o x id e  a n d  h y d ro g e n  

c y a n id e , p a r t ic u la te  sm o k e  im p e d e s  e s c a p e  b y  o b s c u r in g  v is io n ,  d u e  to  its  

o p a c ity  a n d  its  i r r i ta t in g  e f fe c ts  o n  th e  e y e s  a n d  re s p ir a to ry  sy s te m . H e n c e , 

c u r r e n t  r e s e a rc h  in  f ire  s a fe ty  p la c e s  g re a t  e m p h a s is  o n  th e  d e s ig n  o f  

p ro d u c ts  th a t  h a v e  lo w  fla m e  s p re a d  p ro p e r t ie s  an d  a re  lo w  sm o k e  

p ro d u c in g .



B e c a u s e  p la s t ic s  a re  s y n th e t ic  o rg a n ic  m a te r ia ls  w ith  h ig h  c a rb o n , 

a n d  o f te n  h ig h  h y d ro g e n  c o n te n ts ,  th e y  a re  c o m b u s tib le .  F o r  v a r io u s  

a p p lic a t io n s  in  th e  b u i ld in g ,  e le c tr ic a l ,  t r a n s p o r ta t io n ,  m in in g , a n d  o th e r  

in d u s tr ie s ,  p la s t ic s  h a v e  to  fu lf i l l  f la m e  re ta rd a n c y  r e q u ire m e n ts  la id  d o w n  

in  m a n d a to ry  re g u la t io n s  a n d  v o lu n ta ry  s p e c if ic a t io n s .

C o m p lia n c e  w ith  th e  f la m e  r e ta rd a n c y  re q u ire m e n ts  fo r  p la s t ic s  is 

s u b s ta n tia te d  a n d  c o n tro l le d  w ith  th e  a id  o f  a p le th o ra  o f  d i f f e r e n t  

f la m m a b il i ty  te s ts .  A  m u lt i tu d e  o f  f ire  r e ta rd a n t  fo rm u la t io n s  h a v e  e v o lv e d  

b e c a u s e  p la s t ic s  h a v e  to  b e  tr e a te d  w ith  f ire  re ta rd a n ts  to  m e e t f la m m a b il i ty  

re q u ire m e n ts .

Flame-Retardant PVC

A lth o u g h  p o ly v in y l  c h lo r id e  is in h e re n t ly  f ir e - r e ta r d a n t ,  p la s t ic  

c o m p o s i t io n s  b a s e d  o n  th is  p o ly m e r  r e p r e s e n t  o n e  o f  th e  la r g e s t  m a rk e ts  

fo r  f i r e - r e ta r d a n t  a d d it iv e s . In  u n p la s t ic iz e d  fo rm , P V C  is  f i r e - r e ta r d a n t  d u e  

to  its  h ig h  c h lo r in e  c o n te n t  ( a p p ro x im a te ly  5 7 % ). W h e n  P V C  is 

c o m p o u n d e d  w ith  d ie s te r  p la s t ic iz e r s  a n d  o th e r  m o d if ie r s ,  th e  r e s u l ta n t  

c o m p o s i t io n s  w ill u s u a l ly  b e  c o m b u s tib le .  F la m e - re ta rd a n c y  is re a d ily  

r e s to re d  b y  a d d in g  v a r io u s  so lid  o r  l iq u id  a d d i t iv e s ,  c h ie f ly  th o se  

c o n ta in in g  c h lo r in e ,  p h o s p h o r u s ,  o r  a n tim o n y . T h e  m a rk e t  fo r  f i r e - r e ta r d a n t  

P V C  c o m p o u n d s  is g ro w in g  as th e se  p la s t ic s  c o m p e te  fo r  in c re a s in g  

a p p lic a t io n s  in  su c h  in d u s tr ie s  as  r e s id e n t ia l  b u i ld in g ,  in d u s tr ia l  b u ild in g ,  

p u b lic  b u i ld in g ,  a u to m o b ile s ,  a i r c r a f t ,  u p h o ls te r y ,  a n d  c lo th in g . O th e r  

s ig n if ic a n t  m a rk e ts  in c lu d e  e le c tr ic a l  in s u la t io n  a n d  m il i ta ry  e q u ip m e n t. T h e  

r e q u ire m e n ts  fo r  f i r e - r e ta rd a n c e  a re  b e c o m in g  m o re  r ig o ro u s  as  th e s e  

m a rk e ts  a re  p e n e tr a te d ,  as  te s t  m e th o d s  b e c o m e  m o re  re a l is t ic  an d
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s o p h is t ic a te d  , a n d  as  a w a re n e s s  o f  th e  in h e re n t  d a n g e r  in  u s in g  f la m m a b le  

m a te r ia ls  in c re a s e s .  T h is  a w a re n e s s  h a s  b e e n  a c c e n tu a te d  b y  th e  to ta l  

d e s t ru c t io n ,  b y  f ir e ,  o f  b u i ld in g s  th a t  w e re  s u p p o s e d ly  f i r e p r o o f ,  d u e  to  

c o m b u s t ib le  c o n te n ts ,  f u r n is h in g s ,  a n d  d e c o ra t io n s .

Novel Flame Retardants

T h e  m o s t  c o m m o n  f i r e - r e ta r d a n t  a d d it iv e s  fo r  P V C  a re  a n tim o n y  

o x id e ,  o rg a n ic p h o s p h a te s  a n d  c h lo r in a te d  h y d r o c a r b o n s ,  th e  la t te r  tw o  

g ro u p s  p o s s ib ly  a ls o  f u n c t io n in g  as p la s t ic iz e r s ,  d e p e n d in g  o n  sp e c if ic  

s tru c tu re . In  a d d i t io n ,  th e re  is m in o r  u se  o f  a v a r ie ty  o f  o th e r  m a te r ia ls .

A n tim o n y  o x id e  ( a n tim o n y  t r io x id e )  h a s  v e ry  lit t le  f i r e - r e ta r d a n t  

a c t iv i ty  w h e n  u s e d  b y  i t s e l f  b u t  p e r fo rm s  s y n e rg is t ic a l ly  w ith  h a lo g e n s . 

O n e  th e o ry  h o ld s  th a t  a n t im o n y  o x y c h lo r id e  is fo rm e d  d u r in g  b u r n in g ,  an d  

th a t  th is  is th e  a c tiv e  f ir e - r e ta rd a n t .  W ith  P V C , th e  c h lo r in e  in  th e  p o ly m e r  

i t s e l f  s u p p lie s  th is  fu n c tio n .

W h e n  th e  to ta l  c h lo r in e  c o n te n t  o f  a  P V C  c o m p o u n d  fa lls  b e lo w  

a b o u t  3 0 % , b e c a u s e  o f  d i lu t io n  w ith  p la s t ic iz e r s  o r  o th e r  a d d i t iv e s ,  it can  

b e  re s to re d  to  an  e f fe c t iv e  le v e l b y  th e  u s e  o f  c h lo r in a te d  h y d r o c a r b o n s  as 

a p o r t io n  o f  th e  p la s t ic iz e r  b le n d . R e p re s e n ta t iv e  ty p e s  in c lu d e  c h lo r in a te d  

p a r a f f in s ,  r a n g in g  f ro m  4 0 %  to  7 0 %  c h lo r in e .

T r a n s p a r e n t  f i r e - r e ta r d a n t  P V C  c o m p o u n d s  c a n  b e  m a d e  b y  p a r t ia l  

r e p la c e m e n t o f  p r im a ry  p la s t ic iz e r  w ith  an  o rg a n ic  p h o s p h a te .  T h o s e  m o s t 

c o m m o n ly  u s e d  a re  t r ic r e s y l  p h o s p h a te ,  c re s y l  p h o s p h a te ,  2 -e th y lh e x y l  

d ip h e n y l  p h o s p h a te ,  d e c y l d ip h e n y l  p h o s p h a te ,  a n d  t r is ( b e ta - c h lo ro e th y l)  

p h o s p h a te .  O th e rs  th a t  a re  u s e fu l  a re  t r ip h e n y l  p h o s p h a te ,  t r ib u ty l  

p h o s p h a te ,  t r i s ( 2 - e th y lh e x y l )  p h o s p h a te ,  t r i s ( d ic h lo r o p r o p y l )  p h o s p h a te ,  an d
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t r i s ( 2 ,3 - d ib r o m o p r o p y l)  p h o s p h a te .  W h e n  t r a n s p a r e n c y  is n o t  r e q u ire d ,  

a n t im o n y  o x id e  c a n  b e  a d d e d  to  p h o s p h a te - p la s t ic iz e d  P V C  c o m p o u n d s  fo r  

m a x im u m  f ire - r e ta rd a n c e .  U s e fu l le v e ls  o f  m o s t p h o s p h a te s  ra n g e  f ro m  5 to  

15 p h r  , d e p e n d in g  o n  th e  d e g re e  o f  f la m e p ro o f in g  re q u ire d  1 a n d  o n  the  

s id e  e f fe c ts  o f  th e  p h o s p h a te .  (T h e  la t te r  w ill be  d is c u s s e d  s e p a ra te ly )  T ris  

(d ib ro m o p ro p y l)  p h o s p h a te  is e f fe c t iv e  a t a b o u t  1 p h r.

A ll f i r e - r e ta r d a n t  a d d it iv e s  h a v e  u n d e s ir a b le  s id e  e f fe c ts  o n  P V C , 

m a k in g  th e ir  u se  a  c o m p ro m is e  b e tw e e n  th e  d e g re e  o f  f ire  p ro te c t io n  

n e e d e d  an d  o n e  o r  m o re  o th e r  p ro p e r t ie s .  A n tim o n y  o x id e  p r o d u c e s  v a ry in g  

d e g re e s  o f  o p a c ity  a n d  c o lo r ,  d e p e n d in g  o n  p a r t ic le  s ize  a n d  c o n c e n tr a t io n ;  

it c a n n o t  b e  u s e d  fo r  c le a r  p ro d u c ts .

T h e  c h lo r in a te d  h y d r o c a r b o n s ,  w h ic h  a re  lo w  in  c o s t  a n d  a re  

g e n e ra l ly  c o n s id e re d  as  s e c o n d a ry  p la s t ic iz e r s  w ith  l im ite d  c o m p a t ib i l i ty ,  

m ay  a d v e rs e ly  a f f e c t  h e a t  s ta b il i ty . Im p ro v e d  g ra d e s  re c e n tly  in tro d u c e d , 

h o w e v e r ,  a re  l ig h te r  in  c o lo r  an d  h a v e  le s s  e f f e c t  on  s ta b il i ty  th a n  th e  o ld e r  

ty p e s .

T h e  p h o s p h a te  p la s t ic iz e r s  in  g e n e ra l  h a v e  m a rk e d  a d v e rs e  e f f e c ts  on  

h e a t  s ta b i l i ty  a n d  p o s s ib ly  a ls o  o n  l ig h t  s ta b i l i ty ,  a l th o u g h  th e  la t te r  p o in t  is 

c o n tro v e r s ia l .  M o s t o f  th e m  a ls o  a d v e r s e ly  a f f e c t  lo w - te m p e ra tu re  

f le x ib il i ty .
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