
CHAPTER IV 

RESULT

Flammability Measurement

1. Limiting Oxygen Index (LOI) measurements

Table 4 - 1  Effect of ZHS, z s ,  Sb2Og and AS as fire retardant in hard 
film (LOI)

F i r e  r e t a r d a n t L O I

Z H S Z S S b , 0 3 A S

N o  a d d i t i v e 2 4 . 2 0 2 4 . 2 0 2 4 . 2 0 2 4 . 2 0

1 %  a d d i t i v e 2 6 . 9 0 2 7 . 0 0 2 6 . 9 0 2 4 . 7 0

2 %  a d d i t i v e 2 8 . 0 0 2 9 . 0 0 2 9 . 0 0 2 5 . 0 0

3 %  a d d i t i v e 2 9 . 5 0 3 0 . 2 0 3 0 . 0 0 2 5 . 4 0

4 %  a d d i t i v e 3 0 . 6 0 3 1 . 0 0 3 0 . 3 0 2 6 . 0 0

5 %  a d d i t i v e 3 1 . 5 0 3 1 . 8 0 3 0 . 7 0 2 6 . 4 0

1 0 %  a d d i t i v e 3 6 . 5 0 3 6 . 5 0 3 0 . 7 0 2 6 . 8 0
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T a b le  4 - 2  E ffe c t o f  Z H S , z s ,  S b „ 0 3 a n d  A S a s  f ire  r e t a r d a n t  in so ft

film  (L O I )

F i r e  r e t a r d a n t L O I

Z H S Z S ร ๖ 2 0 3 A S

N o  a d d i t i v e 2 2 . 0 0 2 2 . 0 0 2 2 . 0 0 2 2 . 0 0

1 %  a d d i t i v e 2 4 . 5 0 2 4 . 0 0 2 5 . 0 0 2 2 . 8 0

2 9 b  a d d i t i v e 2 5 . 5 0 2 5 . 0 0 2 6 . 0 0 2 3 . 2 0

3 9b a d d i t i v e 2 7 . 0 0 2 6 . 5 0 2 7 . 5 0 2 3 . 4 0

4 9 b  a d d i t i v e 2 8 . 0 0 2 7 . 5 0 2 8 . 2 0 2 3 . 8 0

5 %  a d d i t i v e 2 9 . 0 0 2 8 . 7 0 2 9 . 0 0 2 4 . 2 0

1 0 9 b  a d d i t i v e 3 0 . 5 0 3 0 . 5 0 2 9 . 2 0 2 4 . 4 0
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T a b le  4 -3  E ffe c t o f  Z H S , z s ,  ร b „ 0 3 a n d  A S a s  f i r e  r e t a r d a n t  In
h ig h ly  so f t film  (L O I)

F i r e  r e t a r d a n t L O I

Z H S Z S Sb2°3 A S

N o  a d d i t i v e 2 1 . 0 0 2 1 . 0 0 2 1 . 0 0 2 1 . 0 0

1 %  a d d i t i v e 2 2 . 2 0 2 1 . 5 0 2 2 . 5 0 2 1 . 5 0

2 %  a d d i t i v e 2 2 . 7 0 2 2 . 0 0 2 3 . 7 0 2 2 . 0 0

3 %  a d d i t i v e 2 3 . 0 0 2 2 . 7 0 2 4 . 4 0 2 2 . 4 0

4 %  a d d i t i v e 2 3 . 2 0 2 3 . 0 0 2 5 . 2 0

ov5ci(N

5 %  a d d i t i v e 2 3 . 6 0 2 3 . 3 0 2 5 . 7 0 2 2 . 8 0

1 0 %  a d d i t i v e 2 5 . 0 0 2 4 . 5 0 2 6 . 5 0 2 3 . 0 0
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4.1.2 Flammability Measurement

Table 4 - 4  Effect of Z H S , z s ,  S b „O g and A S  as fire retardant in hard 
film (Burning Rate)

F i r e  r e t a r d a n t

B u r n i n g  R a t e  

( m m / ' m i n .  )

Z H S Z S S b 2 0 3 A S

N o  a d d i t i v e 1 3 3 1 3 3 1 3 3 1 3 3

1 %  a d d i t i v e s e l x s e l x s e l x 3 0 0

2 %  a d d i t i v e s e l x s e l x s e l x 2 5 5

3 %  a d d i t i v e s e l x s e l x s e l x 2 4 0

4 %  a d d i t i v e s e l x s e l x s e l x 2 5 2

5 %  a d d i t i v e s e l x s e l x s e l x 3 0 0

1 0 %  a d d i t i v e s e l x s e l x s e l x 2 8 5

s e l x  =  s e l f - e x t i n g u i s h e d



o2

T a b le  4 -5  E ffe c t o f  Z H S , z s ,  SbnO g a n d  A S a s  f ire  r e t a r d a n t  in so ft

film  (B u rn in g  R a te )

F i r e  r e t a r d a n t

B u r n i n g  R a t e

( m m / m i n . )

Z H S Z S ร ๖ 2 0 3 A S

N o  a d d i t i v e 2 1 0 2 1 0 2 1 0 2 1 0

1 %  a d d i t i v e s e l x s e l x s e l x 2 9 0

2 %  a d d i t i v e s e l x s e l x s e l x 3 6 0

3 %  a d d i t i v e s e l x s e l x s e l x 4 0 0

4 %  a d d i t i v e s e l x s e l x s e l x 3 0 0

5 %  a d d i t i v e s e l x s e l x s e l x 3 4 5

1 0 %  a d d i t i v e s e l x s e l x s e l x 3 7 5

selx = self-extinguished



T a b le  4 -6  E ffe c t o f  Z H S , z s ,  S b 2Og a n d  A S a s  f ire  r e t a r d a n t  in

highly soft film (Burning Rate)

B u r n i n g  R a t e

F i r e  r e t a r d a n t ( m m / m i n .  )

1 Z H S Z S ! S b ะ° 3 A S

N o  a d d i t i v e 2 5 7 2 5 7 2 5 7 2 5 7

1 %  a d d i t i v e 2 8 3 2 7 4 3 8 5 3 6 6

2 %  a d d i t i v e 1 2 5 ๐0 3 9 4 3 5 6

3 %  a d d i t i v e s e l x s e l x
i

s e l x Ch ๐

4 %  a d d i t i v e s e l x s e l x s e l x 4 2 4

5 7 c  a d d i t i v e s e l x s e l x s e l x 4 0 2

1 0 %  a d d i t i v e s e l x s e l x s e l x 4 3 3

selx = self-extinguished
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4.2 Evolved Gas Analysis

4.2.1 Pyrolysis GC

Table 4 - 7  Effect of ZHS, z s ,  Sb2Og and AS on Hydrocarbon 
evolution in Pyrolysis of hard film

F i r e  r e t a r d a n t

H y d r o c a r b o n  E v o l u t i o n  

(  % A r e a )

Z H S Z S S b : 0 3 A S

N o  a d d i t i v e 1 9 . 9 6 1 9 . 9 6 1 9 . 9 6 1 9 . 9 6

1 %  a d d i t i v e 3 4 . 5 0 3 3 . 2 1 9 . 9 0 2 7 . 4 4

2 %  a d d i t i v e - - -

3 %  a d d i t i v e - - -
4 %  a d d i t i v e 2 1 . 3 7 3 2 . 7 2 2 5 . 5 0 3 7 . 7 6

5 %  a d d i t i v e - - -
1 0 %  a d d i t i v e 2 2 . 1 1 2 8 . 0 9 2 6 . 5 6 1 8 . 4 2
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Table 4 - 8  Effect of ZHS, z s ,  Sb„Og and AS on Benzene evolution 
in Pyrolysis of hard film

F i r e  r e t a r d a n t

B e n z e n e  E v o l u t i o n  

( % A r e a )

! Z H S Z S S b 2 0 3 A S

N o  a d d i t i v e 2 1 . 6 4 2 1 . 6 4 2 1 . 6 4 2 1 . 6 4

1 %  a d d i t i v e 6 . 2 4 5 . 0 1 2 4 . 6 7 1 7 . 6 4

2 %  a d d i t i v e - -

3 %  a d d i t i v e ' -
4 %  a d d i t i v e 2 . 1 0 4 . 7 0 2 6 . 4 1 1 . 6 8

5 %  a d d i t i v e - -

1 0 %  a d d i t i v e 5 . 4 1 4 . 5 7 2 9 . 1 9 1 0 . 6 8
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Table 4 - 9  Effect of ZHS, z s ,  Sb„Og and AS on Toluene evolution 
in Pyrolysis of hard film

F i r e  r e t a r d a n t

T o l u e n e  E v o l u t i o n  

( % A r e a )

Z H S Z S S b : 0 3 A S

N o  a d d i t i v e 1 7 . 6 4 1 7 . 6 4 1 7 . 6 4 1 7 . 6 4

1 %  a d d i t i v e 1 6 . 2 8 1 4 . 5 3 1 1 . 5 5 2 . 8 1

2 %  a d d i t i v e - - - -

3 %  a d d i t i v e - - - -

4 %  a d d i t i v e

clOr—H 1 6 . 0 8 8 . 2 4 1 . 6 8

5 %  a d d i t i v e - -

1 0 %  a d d i t i v e 2 4 . 2 0 1 8 . 7 8 1 0 . 8 3 1 0 . 6 8
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Table 4 - 1 0  Effect of ZHS, z s ,  Sb2Og and AS on Hydrocarbon 
evolution in Pyrolysis of soft film

F i r e  r e t a r d a n t

H y d r o c a r b o n  E v o l u t i o n  

( % A r e a )

Z H S Z S ร ๖ ะ0 3 A S

N o  a d d i t i v e 3 1 . 3 0 3 1 . 3 0 3 1 . 3 0 3 1 . 3 0

1 %  a d d i t i v e 2 7 . 2 3 2 7 . 4 6 3 2 . 9 1 1 9 . 1 0

2 %  a d d i t i v e - - - -

3 %  a d d i t i v e - - - -

4 %  a d d i t i v e 2 3 . 9 6 2 1 . 7 2 3 1 . 1 3 1 6 . 4 2

5 %  a d d i t i v e - - - -

1 0 %  a d d i t i v e 1 7 . 2 2 1 7 . 7 7 2 4 . 4 8 8 . 6 7



68

T a b le  4-11  E ffe c t o f  Z H S , z s ,  S b„O g  a n d  A S on B e n z e n e  e v o lu tio n

in P y ro ly s is  o f  so f t film

F i r e  r e t a r d a n t

B e n z e n e  E v o l u t i o n  

( % A r e a )

Z H S z s S b : 0 3 A S

N o  a d d i t i v e 4 0 . 5 0 4 0 . 5 0 4 0 . 5 0 4 0 . 5 0

1 %  a d d i t i v e 4 . 2 7 4 . 2 7 2 2 . 5 3 4 0 . 0 5

2 %  a d d i t i v e - - -

3 %  a d d i t i v e - - -

4 %  a d d i t i v e 2 . 3 7 2 . 4 8 2 0 . 3 6 2 6 . 9 6

5 %  a d d i t i v e - - - -

1 0 %  a d d i t i v e to ๐0 ๐ 3 . 2 0 2 8 . 5 0 3 7 . 1 3
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T a b le  4 -1 2  E ffe c t o f  Z H S , z s ,  SboO g a n d  A S on T o lu e n e  e v o lu tio n

in P y ro ly s is  o f  so f t film

F i r e  r e t a r d a n t

T o l u e n e  E v o l u t i o n  

( % A r e a )

Z H S Z S ร ๖ 20 3 A S

N o  a d d i t i v e 1 0 . 5 0 1 0 . 5 0 ๐ «VI ๐ 1 0 . 5 0

1 %  a d d i t i v e 1 6 . 1 1 1 5 . 4 6 7 . 9 6 6 . 5 1

2 %  a d d i t i v e - - -

3 %  a d d i t i v e - - - -

4 %  a d d i t i v e 1 6 . 7 6 2 0 . 1 2 9 . 8 0 1 3 . 7 9

5 %  a d d i t i v e - - - -

1 0 %  a d d i t i v e 1 9 . 6 6 1 8 . 1 5 1 1 . 2 1 7 . 9 4
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T a b le  4-13  E ffe c t o f  Z H S , z s ,  Sb„Og a n d  A S on H y d r o c a rb o n

e v o lu tio n  in P y ro ly s is  o f  h ig h ly  so ft film

H y d r o c a r b o n  E v o l u t i o n

F i r e  r e t a r d a n t ( % A r e a )

Z H S Z S S b „ 0 3 A S

N o  a d d i t i v e 4 7 . 0 1 4 7 . 0 1 4 7 . 0 1 4 7 . 0 1

1 %  a d d i t i v e 1 4 . 1 2 1 4 . 9 6 3 7 . 8 3 5 . 4 2

2 %  a d d i t i v e - - - -

3 %  a d d i t i v e - . - -

4 %  a d d i t i v e 1 1 . 8 3 1 2 . 2 4 3 3 . 4 3 1 4 . 7 8

5 %  a d d i t i v e - -

1 0 %  a d d i t i v e 1 0 . 8 1 1 3 . 7 2 2 9 . 2 4 1 4 . 9 9
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T a b le  4 -1 4  E ffe c t o f  Z H S , z s ,  S b„O g  a n d  A S  on B en z e n e  e v o lu tio n
in P y ro ly s is  o f  h ig h ly  so f t film

B e n z e n e  E v o l u t i o n

F i r e  r e t a r d a n t ( % A r e a )

Z H S Z S S b 2 0 3 A S

N o  a d d i t i v e 3 1 . 7 6 3 1 . 7 6 3 1 . 7 6 3 1 . 7 6

1 %  a d d i t i v e 2 . 7 1 2 . 7 6 3 1 . 9 0 3 9 . 3 2

2 %  a d d i t i v e

3 %  a d d i t i v e - - - -

4 %  a d d i t i v e ' า ' ๆ  'ชุ 2 . 4 7 3 0 . 0 6 5 2 . 0 8

5 %  a d d i t i v e - - - -

1 0 %  a d d i t i v e 1 . 4 5 2 . 1 7 2 5 . 0 5 3 1 . 8 5



72

T a b le  4-1 5  E ffe c t o f  Z H S , z s ,  SboO g a n d  A S on T o lu e n e  e v o lu tio n

in P y ro ly s is  o f  h ig h ly  so f t film

F i r e  r e t a r d a n t

T o l u e n e  E v o l u t i o n  

( % A r e a )

Z H S Z S S b X > 3 A S

N o  a d d i t i v e 7 . 0 4 7 . 0 4 7 . 0 4 7 . 0 4

1 %  a d d i t i v e 9 9  2 1 2 1 . 2 0 1 0 . 0 2 3 . 0 5

2 %  a d d i t i v e - -

3 %  a d d i t i v e - - - -

4 %  a d d i t i v e 2 3 . 8 8 2 6 . 6 6 1 2 . 7 9 1 0 . 3 7

5 %  a d d i t i v e ‘
•

-

1 0 %  a d d i t i v e 2 2 . 6 6 2 9 . 4 0 1 0 . 4 3 1 9 . 0 3
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Table 4-10 Mechanical properties of hard film containing ZHS and
z s

T e n s i l e  S t r e n g t h E l o n g a t i o n T e a r  S t r e n g t h

F i r e  r e t a r d a n t ( K g / c m ' l ( % ) ( K g / c m )

M D T D M D T D M D T D

N o  a d d i t i v e s 2 7 0 2 6 0 5 3 7 . 5 5 0 0 . 0 2 . 5 2 . 3

1 %  Z H S 2 6 5 2 4 0 5 2 5 . 0 5 0 0 . 0 2 . 4 ทุ ทุ

2 %  Z H S 2 5 5 2 5 5 5 0 0 . 0 5 1 2 . 5 2 . 4 2 * 2

3 %  Z H S 2 9 5 2 5 5 5 0 0 . 0 5 2 5 . 0 2 . 6 2 . 4

4 %  Z H S 2 8 5 2 5 5 5 1 2 . 5 5 0 0 . 0 2 . 5 2 . 5

5 %  Z H S 2 ช 5 2 4 0 S 1 2  5 4 7 5 . 0 2 . 4 2 . 3

1 0 %  Z H S 2 3 5 2 2 ร 4 7 5 . 0 5 0 0 . 0 2 . 3 0  ว

1 %  Z S 2 4 5 2 5 0 5 1 2 . 5 5 2 5 . 0 ๆ ๆ 2 . 1

2 %  ZS 2 4 5 2 3 5 5 1 2 . 5 5 0 0 . 0 2 . 2 2 . 1

3% ZS 2 5 5 2 2 0 5 5 0 . 0 4 8 7 . 5 2  ๆ 2 . 0

4 %  ZS 2 6 0 ะ 4 5 5 2 5 . 0 5 1 2 . 5 2 . 3 2 . 1

5 %  ZS 2 8 5 2 3 5 5 5 0 . 0 5 0 0 . 0 โ 5 2 . 1

1 0 %  Z S 2 5 5 2 4 5 5 2 5 . 0 5 0 0 . 0 2 . 5  ๆ ' า
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Table 4-17 Mechanical properties of hard film containing S b „O g  

and A S .

T e n s i l e  S t r e n g t h E l o n g a t i o n T e a r  S t r e n g t h

F i r e  r e t a r d a n t ( K g / c m  ) ( % ) ( K g / c m )

M D T D M D T D M D T D

N o  a d d i t i v e s 2 7 0 2 6 0 5 3 7 . 5 5 0 0 . 0 2 . 5 2 . 3

1 %  S b , 0 3 2 6 5 2 6 0 5 5 0 . 0 5 1 2 . 5 2 . 3 ท ท

2  ฯ c  S b , 0 3 2 8 5 2 4 5 5 2 5 . 0 5 0 0 . 0 2 . 3 ๆ ๆ

3 %  S b : 0 3 2 7 0 2 6 0 5 5 0 . 0 5 3 7 . 5 1 ๆ ^

4 %  S b ; 0 3 2 7 5 2 8 5 5 1 2 . 5 5 3 7 . 5 'ๆ2 . 3 2 . 4

5 %  S b , 0 3 2 5 0 2 5 5 5 0 0 . 0 5 0 0 . 0 2 . 3 ท ทุ

%  S b : 0 3 2 4 0 2 ^ 6 5 1 2 . 5 5 0 0 . 0 2  'า '■ ไ ชุ

1 %  A S 1 6 0 , 5 3 6 2 . 5 3 7 5 . 0 1 . 9 1 . 8

2 %  A S 1 6 0 1 6 0 3 3 7 . 5 3 3 7 . 5 1 . 9 1 . 8

3 %  A S 1 7 0 1 5 0 3 0 0 . 0 3 3 7 . 5 1 . 7 1 . 9

4 %  A S 1 5 0 1 4 0 2 5 0 . 0 2 5 0 . 0 1 . 9 1 . 9

5 %  A S 1 5 0 1 4 5 2 5 0 . 0 2 7 5 . 0 1 . 8 1 . 8

1 0 %  A S 1 4 0 1 3 5 2 0 0 . 0 2 2 5 . 0 1 . 6 1 . 7
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T a b le  4-18  M e c h a n ic a l  p r o p e r t ie s  o f  so f t film  c o n ta in in g  ZHS a n d  z s

F i r e  r e t a r d a n t

T e n s i l e  S t r e n g t h

( K g / c m " )

E l o n g a t i o n

( % )

T e a r  S t r e n g t h

( K g / c m )

M D T D M D T D M D T D

N o  a d d i t i v e s 2 2 0 2 0 5 6 5 0 . 0 6 3 7 . 5 1 . 5 1 . 4

1 %  Z H S 2 1 0 2 0 5 5 5 0 . 0 5 7 5 . 0 1 . 5 1 . 6

2 %  Z H S 2 0 5 1 9 5 5 5 0 . 0 5 6 2 . 5 1 . 5 1 . 4

3 %  Z H S 1 9 5 1 9 5 6 2 5 . 0 6 0 0 . 0 1 . 6 1 . 3

4  %  Z H S 2 1 0 2 1 5 5 5 0 . 0 6 2 5 . 0 1 . 7 1 . 5

5 %  Z H S 2 0 5 2 1 0 6 0 0 . 0 6 2 5 . 0 1 . 4 1 . 5

1 0 %  Z H S 2 0 5 1 9 5 6 0 0 . 0 6 3 7 . 5 1 . 6 1 . 5

1 %  Z S 2 3 5 » 6 3 7 . 5 6 3 7 . 5 1 . 5 1 . 4

2 %  Z S 2 2 0 1 9 5 6 5 0 . 0 6 0 0 . 0 1 . 5 1 . 4

3 %  Z S 2 1 0 1 8 0 6 1 2 . 5 6 0 0 . 0 1 . 5 1 . 4

4 %  Z S 2 1 0 1 8 0 6 5 0 . 0 5 8 7 . 5 1 . 5 1 . 3

5 %  Z S 2 2 0 1 9 5 6 3 7 . 5 6 1 2 . 5 1 . 5 1 . 4

1 0 %  Z S 2 1 5 1 9 5 5 7 5 . 0 5 7 5 . 0 1 . 7 1 . 6



T a b le  4 -1 9  M e c h a n ic a l  p r o p e r t ie s  o f  so f t f ilm  c o n ta in in g  SbnO g

and AS.

T e n s i l e  S t r e n g t h E l o n g a t i o n T e a r  S t r e n g t h

F i r e  r e t a r d a n t ( K g / c m  ) ( % ) ( K g / c m )

M D T D M D T D M D T D

N o  a d d i t i v e s 2 2 0 2 0 5 6 5 0 . 0 6 3 7 . 5 1 . 5 1 . 4

1 %  S b X > 3 2 2 0 2 1 5 6 5 0 . 0 6 2 5 . 0 1 . 4 1 . 5

2 %  S b , 0 3 2 0 0 2 3 5 5 8 7 . 5 6 6 2 . 5 1 . 5 1 . 7

3 %  S b , 0 3 2 2 0 2 0 0 6 7 5 . 0 6 2 5 . 0 1 . 5 1 . 5

4 %  S b , 0 3 2 2 5 2 3 0 6 7 5 . 0 6 6 2 . 5 1 . 5 1 . 7

5 %  S b , 0 3 2 3 0 1 9 5 6 5 0 . 0 5 6 2 . 5 1 . 5 1 . 6

1 0 %  S b ; 0 3 2 0 5 1 3 0 s p  6 5 0 0 . 0 1 . 5 1 . 4

1 %  A S 1 4 5 1 3 5 4 3 7 . 5 4 1 2 . 5 1 , 1 . 0
2%  A S 1 3 0 1 2 5 4 0 0 . 0 3 3 7 . 5 น 1 . 0
3 %  A S 1 5 0 1 5 5 3 7 5 . 0 3 6 2 . 5 1 . 3 1 . 3

4 %  A S 1 3 5 1 1 5 3 1 2 . 5 3 1 2 . 5 1 . 2 1 . 0

5%  A S 1 3 0 1 2 0 3 5 0 . 0 3 0 0 . 0 1 . 2 1 . 0
1 0 %  A S 1 2 0 9 5 2 7 5 . 0 2 7 5 . 0 1 . 3 1 ,
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Table 4-20 Mechanical properties of highly soft film containing ZHS 
and z s

T e n s i l e  S t r e n g t h E l o n g a t i o n T e a r  S t r e n g t h

F i r e  r e t a r d a n t ( K g / c n O ( % ) ( K g / c m )

M D T D M D T D M D T D

N o  a d d i t i v e s 1 6 0 1 5 5 8 7 5 . 0 8 7 5 . 0 0 . 7 0 . 7

1 %  Z H S 1 6 5 1 5 0 9 0 0 . 0 8 5 0 . 0 0 . 7 0 . 7

2 %  Z H S 1 7 0 1 2 5 9 2 5 . 0 8 2 5 . 0 0 . 8 0 . 8

3 %  Z H S 1 7 0 1 4 5 8 7 5 . 0 8 5 0 . 0 0 . 8 0 . 7

4 %  Z H S 1 5 5 1 6 5 8 5 0 . 0 8 7 5 . 0 0 . 7 0 . 8

5 %  Z H S 1 7 0 1 5 0 8 5 0 . 0 8 5 0 . 0 0 . 8 0 . 7

1 0 %  Z H S 1 7 0 1 2 0 8 3 7 . 5 7 0 0 . 0 0 . 8 0 . 7

1 %  Z S 1 5 0 1 6 0 8 0 0 . 0 9 1 2 . 5 0 . 8 0 . 6

2 %  Z S 1 5 5 1 3 5 8 0 0 . 0 8 7 5 . 0 0 . 8 0 . 6

3 %  Z S 1 5 0 1 5 5 8 2 5 . 0 8 5 0 . 0 0 . 7 0 . 8

4 %  Z S 1 6 0 1 5 5 8 3 7 . 5 9 1 2 . 5 0 . 7 0 . 7

5 %  Z S 1 6 0 1 3 0 8 7 5 . 0 8 1 2 . 5 0 . 8 0 . 7

1 0 %  Z S 1 3 5 1 2 5 6 7 5 . 0 7 7 5 . 0 0 . 7 0 . 7
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Table 4-21 Mechanical properties of highly soft film containing S b „O g  

and A S .

T e n s i l e  S t r e n g t h E l o n g a t i o n T e a r  S t r e n g t h

F i r e  r e t a r d a n t ( K g / c n f ) ( % ) ( K g / c m )

M D T D M D T D M D T D

N o  a d d i t i v e s 1 6 0 1 5 5 8 7 5 . 0 8 7 5 . 0 0 . 7 0 . 7

1 %  S b 2 0 3 1 6 5 1 5 5 8 2 5 . 0 9 0 0 . 0 0 . 7 0 . 7

2 %  ร ๖ 2 ( ว 3 1 5 0 1 4 0 8 7 5 . 0 8 0 0 . 0 0 . 7 0 . 6

3 %  S b : 0 3 1 5 5 1 4 5 9 0 0 . 0 8 3 7 . 5 0 . 7 0 . 6

4 %  S b : 0 3 1 6 0 1 1 5 8 6 2 . 5 7 5 0 . 0 0 . 7 0 . 7

5 %  ร ๖ 2๐ 3 1 7 0 1 3 5 8 8 7 . 5 8 5 0 . 0 0 . 7 0 . 6

1 0 %  ร ๖ 2 ๐ 3 1 5 5 1 2 5 7 5 0 . 0 7 6 2 . 5 0 . 7 0 . 7

1 %  A S 1 2 0 1 1 0 6 7 5 . 0 6 6 2 . 5 0 . 7 0 . 6

2 %  A S 1 2 0 1 0 5 5 7 5 . 0 6 2 5 . 0 0 . 9 0 . 8

3 %  A S 1 1 5 9 5 6 5 0 . 0 5 3 7 . 5 0 . 8 0 . 7

4 %  A S 1 0 0 9 5 5 2 5 . 0 5 5 0 . 0 0 . 8 0 . 7

5 %  A S 8 5 9 5 5 2 5 . 0 5 5 0 . 0 0 . 7 0 . 6

1 0 %  A S 7 0 6 5 4 7 5 . 0 5 0 0 . 0 0 . 7 0 . 5
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Figure 4-1 Effect of ZHS, z s ,  Sb,,03 and AS as fire retardant in hard 
Film (LOI)
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Figure 4 - 2  Effect of ZHS, z s ,  Sb20 3 and AS as fire retardant in soft 
Film (LOI)
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Figure 4 - 3  Effect of ZHS, z s ,  Sb„Og and AS as Fire retardant in 
highly soft film (LOI)
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F ig u re  4 - 4  P y ro g ra m  o f  h a r d  f ilm  c o n ta in in g  n o  f i r e  r e t a r d a n t
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F ig u re  4 -5  P y ro g ra m  o f  so ft f ilm  c o n ta in in g  n o  f i r e  r e t a r d a n t
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F ig u re  4 -6  P y ro g ra m  o f  h ig h ly  so f t film  c o n ta in in g  n o  f i r e  r e t a r d a n t
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F igu re 4 - 9  P yrogram  o f  h ard  film  co n ta in in g  1% o f  Z H S
F ire-retardan t
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F igu re 4 - 1 0  Pyrograrn o f  h ard  film  c o n ta in in g  1 %  o f  z s
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F igu re 4 -1 2  P yrogram  o f  h ard  film  c o n ta in in g  1% o f  A S
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F igu re 4 -1 3  E ffect o f  Z H S , z s ,  S b jO g  an d  A S  on H yd ro ca rb o n
E vo lu tio n  in p y r o ly s is  o f  h ard  film
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Figure 4 - 1 4  Effect of ZHS, z s ,  Sb„Og and AS on Hydrocarbon 
Evolution in Pyrolysis of soft film



91

F igu re 4 -1 5  E ffect o f  Z H S , z s ,  S b 2O j an d  A S on H yd ro ca rb o n
E vo lu tio n  in P y ro ly sis  o f  h ig h ly  so ft Film
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F igu re 4 -1 6  E ffect o f  Z H S , z s ,  S b jO g  an d  A S  on B en zen e E v o lu tion
in P y ro ly s is  o f  h ard  film
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Figure 4 -1 7  Effect of ZHS, z s ,  Sb„Os and AS on Benzene Evolution 
in Pyrolysis of soft film
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F igu re 4 -1 8  E ffect o f  Z H S , z s ,  S b 20 3 an d  A S  on B en zen e  E vo lu tio n
in P y ro ly s is  o f  h ig h ly  so ft film
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F igu re 4 -1 9  E ffect o f  Z H S , z s ,  S b „ 0 3 an d  A S  on T o lu en e  E vo lu tio n
in P y ro ly s is  o f  h ard  film
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Figure 4 - 2 0  Effect of ZHS, z s ,  Sb„03 and AS on Toluene Evolution 
in Pyrolysis of soft film
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Figure 4-21 Effect of ZHS, z s ,  Sb20 3 and AS on Toluene Evolution 
in Pyrolysis of highly soft film
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F igu re 4 - 2 2  E ffect o f  Z H S , z s ,  SboO g an d  A S  on T en sile  S tren g th

o f  h ard  film  in m ech a n ica l d irection

; r— ZHS zs ;~n Sb203 tm  AS

Figure 4 - 2 3  Effect of ZHS, z s ,  Sb„03 and AS on Tensile Strength 
of hard film in transverse direction
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F igu re 4 - 2 4  E ffect o f  Z H S , z s ,  S b „ 0 3 and  A S on E lo n g a tio n
o f  h ard  film  in m ech a n ica l d irection

PHC OF ADDITIVES
i : ZHS P7771ZS I ! Sb203 M  AS

Figure 4 - 2 5  Effi t of ZHS, z s ,  SboOj and AS on Elongation 
of hard Film in transverse direction
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F igure 4 - 2 6  E ffect o f  Z H S , z s ,  S b 2O a an d  A S  on T ear S tren g th
o f  h ard  film  in m ech a n ica l d irection

; ZHS ZZZZJ 2S rn  Sb203 WM AS

Figure 4 - 2 7  Effect of ZHS, z s ,  Sb2Os and AS on Tear Strength 
of hard film in transverse direction
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F igu re 4 - 2 8  E ffect o f  Z H S , z s ,  Sb„O g an d  A S on T en sile  S tren g th
o f  so ft film  in m ech a n ica l d irection

d  ZKS E S  zs d  Sb203 wm AS

Figure 4 - 2 9  Effect of ZHS, z s ,  SboO g and A S on Tensile Strength 
of soft film in transverse direction
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F igu re 4 - 3 0  E ffect o f  Z H S , z s ,  S b 2Og an d  A S on E lo n g a tio n
o f  so ft film  in m ech a n ica l d irection
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Figure 4 -3 1  Effect of ZHS, z s ,  SboOg and AS on Elongation 
of soft film in transverse direction
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F igu re 4 - 3 2  E ffect o f  Z H S , z s ,  S b „ 0 3 an d  A S on T ear S tren g th
o f  so ft film  in m ech a n ica l d irection

Figure 4 - 3 3  Effect of ZHS, z s ,  SboOj and AS on Tear Strength 
of soft film in transverse direction
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F igu re 4 - 3 4  E ffect o f  Z H S , z s ,  S b 2O s and  A S on T en sile  S tren g th
o f  h ig h ly  so ft film  in m ech a n ica l d irection

iZ ü z æ  223 zs CD  SI>203 ■§ AS

Figure 4 - 3 5  Effect of ZHS, z s ,  SboOg and AS on Tensile Strength 
of highly soft film in transverse direction
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F igu re 4-36 E ffect o f  Z H S , z s , S b „ 0 3 and  A S on E lo n g a tio n
o f h ig h ly  so ft film  in m ech a n ica l d irection

r ~  ZHS EZ3 zs c z  Sb203 ■ ■  AS

-3 7  Effect of ZHS, z s ,  Sb3Os and AS on Elongation 
of highly soft film in transverse direction
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F igu re 4-38 E ffect o f  Z H S , z s ,  S b „ 0 3 and  A S  on T ear S tren g th
o f  h ig h ly  so ft film  in m ech a n ica l d irection
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Figure 4 - 3 9  Effect of ZHS, z s ,  SboOg and AS on Tear Strength 
of highly soft film in transverse direction
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