
CHAPTER IV

RESULTS AND DISCUSSIONS

4 . 1  S o l i d  C o n t e n t  o f  N o n - D e h y d r a t e d  A d h e s i v e

T a b l e  4 . 1  S o l i d  c o n t e n t  (%) o f  r e s o l  a d h e s i v e  f r o m  CNSL

R e f l u x i n g

\ T i m e

F o r m a l i n V

S o l i d  C o n t e n t  (%)

1 0  m i n 2 0  m i n 3 0  m i n 4 0  m i n

20% 6 1 . 4 2 6 1 . 8 6 6 2 . 1 5 6 3 . 1 9

25% 5 8 . 9 1 5 9 . 6 1 6 0 . 9 1 6 2 . 5 7

30% 5 9 . 7 1 5 9 . 5 6 5 9 . 0 6 6 0 . 6 8

35% 5 4 . 6 2 5 6 . 5 7 5 6 . 9 0 5 7 . 5 6

F r o m T a b l e  4 . 1  a n d  F i g u r e  4 . 1 ,  t h e  s o l i d  c o n t e n t  

d e c r e a s e d  w i t h  i n c r e a s i n g  o f  t h e  m o l e  r a t i o  o f  f o r m a l d e h y d e  

a n d  a n a c a r d i c  a c i d  e v e n t h o u g h  t h e  c o n c e n t r a t i o n  o f  f o r m a l d e h y d e  

w a s  r a i s e d .  I n  a d d i t i o n ,  w h e n  r e f l u x i n g  t i m e  w a s  r a i s e d ,  t h e

s o l i d  c o n t e n t  d i d  n o t  c h a n g e d  s i g n i f i c a n t l y .



R eflux ing  Time (min)

20% form alin  
30% form alin

~ 9— 25% formalin  
- 3 5 %  formalin

F ig u re  4 .1  S o lid  c o n te n t  o f r e s o l  ad h esiv e  from

4 .2  V is c o s i ty  o f Non-Dehvdrated Adhesive

T able  4 .2  V is c o s i ty  (p o ise )  o f r e s o l  adh esiv e  from CNSL

' ' R e f l u x i n g  

\  T i m e  

F o r m a l  i r k

V i s c o s i t y  ( p o i s e )

1 0  m i n 2 0  m i n 3 0  m i n 4 0  m i n

20% 1 9 . 2 0 6 0 . 2 4 2 8 8 . 8 0 7 9 9 . 2 0

25% 1 5 . 5 1 1 0 5 . 8 0 8 8 . 8 8 9 2 4 . 2 5

30% 1 2 . 7 9 5 4 . 5 1 3 8 . 5 6 5 4 4 . 8 0

35% 3 . 2 1 5 . 0 7 2 6 . 1 2 9 6 . 8 8
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CNSL.



V is c o s ity  (po ise)

20% form alin  - 2 5 %  formalin
30% fo rm a lin  — 35% formalin

F i g u r e  4 . 2  V i s c o s i t y  o f  r e s o l  a d h e s i v e  f r o m  CNSL.

F i g u r e  4 . 2  s h o w e d  t h e  v i s c o s i t y  o f  a  n o n - d e h y d r a t e d  

a d h e s i v e  f r o m  CNSL .  I n  t h e  e a r l y  s t a g e  a t  1 0 - 2 0  m i n u t e s  r e f l u x i n g  

t h e  v i s c o s i t y  i n c r e a s e d  a  l i t t l e  b i t  b u t  w h e n  r e f l u x i n g  t i m e  w a s  

r a i s e d ,  t h e  v i s c o s i t y  i n c r e a s e d  s h a r p l y .  T h i s  c o u l d  b e  e x p l a i n e d  

t h a t  t h e  r e a c t i o n  b e t w e e n  a n a c a r d i c  a c i d  a n d  o t h e r s  c o m p o s i t i o n s  

o f  CNSL a n d  f o r m a l d e h y d e  w a s  c o n d e n s a t i o n  o r  s t e p  p o l y m e r i z a 

t i o n .  T h e  s i z e  o f  t h e  p o l y m e r  m o l e c u l e s  i n c r e a s e d  a t  a  r e l a t i v e l y  

s l o w  r a t e .  O n e  p r o c e e d e d  s l o w l y  f r o m  m o n o m e r  t o  d i m e r ,  t r i m e r ,  

t e t r a m e r ,  p e n t a m e r ,  a n d  s o  o n ,  u n t i l  e v e n t u a l l y  l a r g e  p o l y m e r  

m o l e c u l e s  h a d  b e e n  f o r m e d .  A n y  t w o  m o l e c u l a r  s p e c i e s  c o u l d  r e a c t  

w i t h  e a c h  o t h e r  t h r o u g h o u t  t h e  c o u r s e  o f  t h e  p o l y m e r i z a t i o n  [ 3 4 ] .  

I n  a d d i t i o n ,  t h e  i n t r i n s i c  v i s c o s i t y  [ r | _ ] )  c o u l d  b e  r e l a t e d  

t o  t h e  m o l e c u l a r  w e i g h t ,  M, a s  s h o w n  b e l o w  [ 3 5 ] :



I

[ ^ ] =  K 'M a  ( 4 . 1 )

K/  a n d  a  -  c o n s t a n t

I t  w a s  o b v i o u s l y  s e e n  t h a t  a t  35% f o r m a l i n  t h e  v i s c o s i t y  w a s  

t h e  l o w e s t .  F o r  t h e  s a m e  r e f l u x i n g  t i m e ,  t h e  h i g h e s t  v i s c o s i t y  

w a s  o b t a i n e d  a t  25% f o r m a l i n .  T h e s e  r e s u l t s  c o u l d  b e  e x p l a i n e d  

f r o m  t h e  e f f e c t  o f  i n c r e a s i n g  w a t e r  q u a n t i t y  a s s o c i a t e d  w i t h  

i n c r e a s i n g  o f  t h e  f o r m a l i n  c o n c e n t r a t i o n  c a u s e d  t h e  r a t e  o f  

p o l y m e r i z a t i o n  t o  o c c u r  s l o w e r .  T h e  h i g h e s t  v i s c o s i t y ,  9 2 4 . 2 5  

p o i s e ,  w a s  a t t a i n e d  w h e n  t h e  q u a n t i t i e s  o f  f o r m a l i n  w a s

2 5  p e r  c e n t  a n d  r e f l u x i n g  t i m e  w a s  4 0  m i n u t e s .

4 . 3  R e l a t i o n  b e t w e e n  V i s c o s i t y  a n d  D r y - t o - T o u c h  T i m e  o f  R e s o l  

A d h e s i v e  f r o m  CNSL ( N o n - D e h y d r a t i n g )

T a b l e  4 . 3  D r y - t o - t o u c h  t i m e  ( m i n )  o f  r e s o l  a d h e s i v e  f r o m  CNSL

' R e f l u x i n g  

\ T i m e  

F o r m a l  i r k

D r y - T o - T o u c h  T i m e  ( m i n )

1 0  m i n 2 0  m i n 3 0  m i n 4 0  m i n

20% 6 0 . 0 0 2 0 . 0 0 2 . 0 0 1 . 5 0

25% 6 2 . 0 0 3 . 0 0 3 . 5 0 1 . 5 0

30% 6 2 . 5 0 2 8 . 0 0 1 2 . 5 0 1 . 5 0

35% 1 0 6 . 0 0 1 0 0 . 0 0 1 7 . 0 0 3 . 0 0
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20% fo rm a lin  25% formalin
30% fo rm a lin  35% form alin

F i g u r e  4 . 3  V i s c o s i t y  a n d  d r y - t o - t o u c h  t i m e  o f  r e s o l  a d h e s i v e  

f r o m  CNSL ( n o n - d e h y d r a t i n g ) .

F r o m T a b l e  4 . 3 ,  t h e  d r y - t o - t o u c h  w a s  f a s t e r  w i t h  

i n c r e a s i n g  o f  t h e  r e f l u x i n g  t i m e .

T h e  r e l a t i o n  b e t w e e n  v i s c o s i t y  a n d  d r y - t o - t o u c h  t i m e  w e r e  

s h o w n  i n  F i g u r e  4 . 3 .  T h e  d r y - t o - t o u c h  t i m e  w a s  f a s t e r

w h e n  t h e  p o l y m e r  m o l e c u l e s  w e r e  b i g g e r  ( h i g h  v i s c o s i t y )  b e c a u s e  

o f  t h e  f o r m a t i o n  o f  a n  o x i d a t i v e  c r o s s l i n k e d  m a t r i x  a f t e r  a i r  

e x p o s u r e  o f  a n  a d h e s i v e  f i l m .  T h e  c r o s s l i n k e d  m a t r i x  o f  t h e  h i g h  

m o l e c u l a r  w e i g h t  o r  l o n g  m o l e c u l e s  o c c u r e d  m o r e  r a p i d l y  t h a n  t h e  

s h o r t  o n e .  T h e  r e a c t i o n  b e t w e e n  u n s a t u r a t e d  l o n g  c h a i n  h y d r o 

c a r b o n  o f  a n a c a r d i c  a c i d  a n d  o t h e r  c o m p o s i t i o n s  o f  CNSL a n d  

o x y g e n ,  w a s  i n i t i a t e d  b y  l i g h t  a n d  h y d r o p e r o x i d e s  a s  i l l u s t r a t e d

i n  ( 4 . 1 ) :
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- c h 2- c h = c h -  + 0  2 -> - C H - C H = C H -  ( 4 . 1  : 

OOH

D e c o m p o s i t i o n  o f  h y d r o p e r o x i d e s  y i e l d e d  t w o  f r e e  r a d i c a l s  w h i c h  

p r o p a g a t e d  t h e  c h a i n  r e a c t i o n  o f  a u t o o x i d a t i o n .

From a  k i n e t i c  s t a n d p o i n t ,  t h e r e  w e r e  t h r e e  s t a g e s  i n  

a u t o o x i d a t i o n :

I ท i t i a t i o n  p r o d u c t i o n  o f  R- a n d  R 0 0 ‘

ROOH + HOOR

ROOH --------------------------- > RO- + HO- ( 4 . 2

+ R --------------------------- > R- + HOH ( 4 . 3

------- > r  ROO- • • HOOR -1 - >  HOH + RO- + ro2-
( 4 . 4 !

P r o p a g a t i o n

R- + 0 2

R 0 2 - + RH

-> ROo

-> ROOH + R •

(4 .5 )
( 4 . 6 )

T e r m i n a t i o n

R- + R- ---------------------> R-R ( 4 . 7 )

R - + ROO - ----------------------> ROOR ( 4 . 8 )

R 00- + ROO - — —--------------> R00R + 0  9 ( 4 . 9 )

T h e  t e r m i a n t i o n  s t e p  w a s  p r i m a r i l y  i m p o r t a n c e  i n  t h e  f i l m  f o r m i n g  

p r o c e s s  ( d r y - t o - t o u c h  ) [ 1 4 ,  2 2 ,  3 6 ] .
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4.4 Shear strength of Resol Adhesive from CNSL (Non-Dehydrating)

T a b l e  4 . 4  S h e a r  s t r e n g t h  o f  w e t - l a m i n a t i n g  a n d  c o l d  p r e s s i n g  

o f  r e s o l  a d h e s i v e  f r o m  CNSL (T = P r e s s i n g  T i m e )

N. T S h e a r  s t r e n g t h  ( k g / c m ^ )

B a t c h  NcSs. 0  m i n 10 m i n 2 0  m i n 3 0  m i n

2 0 / 1 0 3 . 2 6 . 4 7 . 8 5 . 0

2 0 / 2 0 4 . 7 7 . 6 9 . 6 5 . 2

2 0 / 3 0 1 2 . 7 1 4 . 4 1 5 . 8 8 . 7

2 0 / 4 0 1 4 . 0 1 8 . 0 1 5 . 2 1 6 . 2

2 5 / 1 0 3 . 3 5 . 7 5 . 9 6 . 7

2 5 / 2 0 1 1 . 2 1 1 . 4 4 . 4 4 . 6

2 5 / 3 0 7 . 2 3 . 7 1 . 4 1 . 6

2 5 / 4 0 1 3 . 9 8 . 0 7 . 9 8 . 0

3 0 / 1 0 1 . 4 2 . 3 2 . 0 1 . 8

3 0 / 2 0 6 . 2 1 . 7 1 . 1 1 . 8

3 0 / 3 0 4 . 6 1 . 5 2 . 7 1 . 4

3 0 / 4 0 1 0 . 6 4 . 3 6 . 1 3 . 3

3 5 / 1 0 0 . 1 0 . 6 0 . 3 0 . ,

3 5 / 2 0 1 . 3 1 . 2 0 . 8 0 . 9

3 5 / 3 0 4 . 0 1 . 7 2 . 5 1 . 6

3 5 / 4 0 6 . 3 3 . 2 2 . 2 1 . 9
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Table 4.5 Shear strength of dry-laminating' and cold pressing

of resol adhesive from CNSL (T = Pressing Time)

\
\  T S h e a r  s t r e n g t h  ( kg'/cm“ )

Batcl^NoV^^^ 0 m i n 1 0  m i n 2 0  m i n 3 0  m i ท

2 0 / 1 0 2 . 9 7 .  7 6 .  7 8 . 4

2 0 / 2 0 6 . 5 8. ร 8 . 0 7 . 8

2 0 / 3 0 1 2 . 6 1 4 . 0 1 8 . 0 1 3 . 4

2 0 / 4 0 1 0 . 4 1 8 . 6 1 8 . 4 1 8 . 0

2 5 / 1 0 3 . 2 1 . 2 3 . 9 9 . 3

2 5 / 2 0 1 0 . 5 1 7 .  1 8 . 5 5 . 4

2 5 / 3 0 7 . 3 3 . 4 1 . 8 5 . 2

2 5 / 4 0 1 4 . 2 1 0 . 8 6 . 5 4 . 8

3 0 / 1 0 1 . 5 2 . 6 2 . 2 2 . 7

3 0 / 2 0 6 . 0 0 . 9 0 . 8 3 . 0

3 0 / 3 0 4 . 8 1 1 . 3 1 . 0 1 . 0

3 0 / 4 0 1 0 . 8 9 .  1 5 . 4 7 . 3

3 5 / 1 0 0 . 3 0 . 8 0 . 7 0 . 6

3 5 / 2 0 2 . 2 1 . 1 1 . 2 1 . !

3 5 / 3 0 4 . 1 2 . 0 1 . 9 1 . 7

3 5 / 4 0 8 . 7 2 . 4 2 . 8 2 . 4



Table 4.6 Shear strength of dry-laminating and hot pressing of

r e s o l  a d h e s i v e  f r o m  CNSL (T = P r e s s i n g  T i m e )

T
S h e a r  s t r e n g t h  ( k g / e m - )

B a t c h  N o \ 10 m i n 2 0  ๓ i ท 3 0  m i n

*

2 0 / 1 0 1 . 0 2 . 0 6 . 9

2 0 / 2 0 1 . 2 2 . 5 8 . 4

2 0 / 3 0 1 . 2 3 . 5 1 0 . 9

2 0 / 4 0 2 . 4 6 . 8 7 . 3

2 5 / 1 0 4 . 2 7 . 8 1 2 . 9

2 5 / 2 0 1 . 9 7 . 8 9 . 5

2 5 / 3 0 0 . 8 3 . 7 6 . 7

2 5 / 4 0 0 . 8 1 . 4 8 . 0

3 0 / 1 0 2 . 6 1 3 . 4 1 3 . 9

3 0 / 2 0 2 . 9 1 1 . 7 1 3 . 3

3 0 / 3 0 4 . 0 6 . 8 1 1 . 2

3 0 / 4 0 5 . 2 1 0 . 6 1 4 . 4

3 5 / 1 0 6 . 9 1 5 . 0
1

1 8 . 0

3 5 / 2 0 7 . 0 1 2 . 9 1 5 . 1

3 5 / 3 0 1 0 . 5 1 2 . 9 1 4 . 4

3 5 / 4 0 9 . 6 1 2 . 6 1 4 . 1
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S h e a r  s t r e n g t h  o f  w e t - l a m i n a t i n g '  a n d  d r v - l a m i n a t i n g  a n d  

c o l d  p r e s s i n g  a s s e m b l y  o f  r e s o l  a d h e s i v e  f r o m  CNSL ( n o n 

d e h y d r a t i n g )  w e r e  s h o w n  i n  T a b l e  4 . 4  a n d  4 . 5 ,  r e s p e c t i v e l y .  I t  

w a s  o b v i o u s l y  s e e n  t h a t  w h e n  t h e  p e r  c e n t  o f  f o r m a l i n  w a s  20% 

( m o l e  r a t i o  o f  f o r m a l d e h y d e / a n a c a r d i c  a c i d  ะ 1 . 0 4 ) ,  t h e  o b t a i n e d  

s h e a r  s t r e n g t h  w a s  h i g h e r  t h a n  o t h e r  c o n c e n t r a t i o n s .  T h i s  r e s u l t  

w a s  a l s o  o b s e r v e d  i n  d r y - l a m i n a t i n g  a n d  c o l d  p r e s s i n g  a s s e m b l y .  

T h e r e  w e r e  s o m e  r e a s o n s  t o  s u p p o r t  t h e s e  r e s u l t s .  F i r s t ,  t h e  

m o l e c u l a r  w e i g h t  o f  r e s o l  r e s i n  a t  2 5 ,  3 0  a n d  35% f o r m a l i n  w e r e  

l e s s  t h a n  a t  20% f o r m a l i n .  A l t h o u g h  t h e  v i s c o s i t y  o f  25% f o r m a l i n  

a n d  4 0  m i n u t e s  r e f l u x i n g  w a s  t h e  h i g h e s t  ( 9 2 4 . 2 5  p o i s e ) ,  i t  w a s  

m o r e  d i f f i c u l t  t o  w e t  t h e  p l y w o o d  s u r f a c e  t h a n  r e s o l  r e s i n  f r o m  

20% f o r m a l i n  a t  t h e  s a m e  r e f l u x i n g  t i m e  ( 7 9 9 . 2 0  p o i s e ) .  F i n a l l y ,  

t h e  h i g h e r  c o n c e n t r a t i o n  o f  f o r m a l i n  p r o v i d e d  h i g h e r  c o n c e n t r a 

t i o n  o f  w a t e r  w h i c h  i n t u r n  a f f e c t e d  t h e  a d h e s i o n  b e t w e e n  a d h e s i v e  

a n d  p l y w o o d s  s u r f a c e .  T h e  s t r e n g t h  o f  t h e  a d h e s i v e  w a s  r e d u c e d  

b e c a u s e  i t  w a s  p l a s t i c i z e d  b y  w a t e r .

F rom T a b l e  4 . 6 ,  h i g h e r  c o n c e n t r a t i o n  o f  f o r m a l i n  p r o v i d e d  

t h e  h i g h e r  s h e a r  s t r e n g t h .  T h i s  c o u l d  b e  e x p l a i n e d  t h a t  o n  

h e a t i n g ,  w h e n  t h e  q u a n t i t y  o f  t h e  r e a c t a n t  w a s  r a i s e d  t h e  d e g r e e  

o f  p o l y m e r i z a t i o n  i n c r e a s e d ,  r e s u l t e d  i n  h i g h  d e g r e e  o f  

c r o s s l i n k i n g .  T h e  o p t i m u m  c o n d i t i o n  o f  w e t - l a m i n a t i n g  a n d  c o l d  

p r e s s i n g  a n d  d r y - l a m i n a t i n g  a n d  c o l d  p r e s s i n g  a s s e m b l y  w e r e  

a t t a i n e d  a t  20% f o r m a l i n ,  4 0  m i n u t e s  a n d  1 0  m i n u t e s  p r e s s  

a t  1 8 . 0  a n d  1 8 . 6  k g / c m ^ ,  r e s p e c t i v e l y .
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4 . 4 . 1 ,  S h e a r  s t r e n g t h  o f  2 0  % F o r m a l i n  C o n c e n t r a t i o n  o f  

T h e  R e s o l  A d h e s i v e  f r o m  CNSL

S h e a r  s t r e n g t h  o f  t h r e e  d i f f e r e n t  m e t h o d s ,  w e t -  

l a m i n a t i n g  a n d  c o l d  p r e s s i n g ,  d r y - l a m i n a t i n g  a n d  c o l d  p r e s s i n g  

a n d  d r y - l a m i n a t i n g  a n d  h o t  p r e s s i n g  w e r e  s h o w n  i n  F i g u r e  4 . 4 - 4 . 6 .

Shear s tre n g th  (kg/cm .cm )

-10 0 10 20 30 40
Pressing Time (min)

10 min re flu x ing  ~ 3 ~  20 min re flux ing
— ร>—  30 min re flu x in g  ~ 40 min re flux ing

F i g u r e  4 . 4  S h e a r  s t r e n g t h  o f  w e t - l a m i n a t i n g  a n d  0 - 3 0  m i n u t e s  c o l d  

p r e s s i n g  o f  20% f o r m a l i n  o f  t h e  a d h e s i v e  f r o m  CNSL .

F r o m  F i g u r e  4 . 4 ,  t h e  s h e a r  s t r e n g t h  i n c r e a s e d  w i t h  

i n c r e a s i n g  o f  p r e s s i n g  t i m e  a n d  i t  d r o p p e d  w h e n  t h e  p r e s s i n g  t i m e  

w a s  a b o u t  3 0  m i n u t e s .  T h e  o p t i m u m  c o n d i t i o n  o f  1 0 ,  2 0  a n d  3 0  m i n 

u t e s  r e f l u x i n g  a d h e s i v e  w a s  a t t a i n e d  a t  2 0  m i n u t e s  p r e s s i n g  t i m e .  

W h e r e a s  a t  4 0  m i n u t e s  r e f l u x i n g  a d h e s i v e  a n d  1 0  m i n u t e s  p r e s s i n g  

t i m e  g a v e  t h e  h i g h e s t  s h e a r  s t r e n g t h  ( 1 8 . 0  k g / c m - ) .  T h e  s h e a r  

s t r e n g t h  o f  4 0  m i n u t e s  r e f l u x i n g  a d h e s i v e  w a s  t h e  h i g h e s t .
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-10 0 10 20 30 40
Pressing Time (min)

10 min re flux ing  —S-  20 min re flux ing
30 min re flu x ing  — 40 min re flux ing

Figure 4.5 Shear strength of dry-laminating and 0-30 minutes cold 
pressing of 20% formalin of the adhesive from C'NSL.

The shear strength of dry-laminating and cold 
pressing was shown in Figure 4.5. I t  increased with increasing of 
the refluxing time. When the pressure was not applied the siiear 
st rength of 40 minutes refluxing was lower than that  of 30 min
utes refluxing, although the v iscosi ty  of i t s  resol resin was 
higher. This was not observed in wet-laminating and cold pressing. 
I t  was speculated tha t  the adhesive of 40 minutes refluxing gels 
rapidly when i t  was exposed to the a i r .  The fusion of the two 
adhesive films was less  completed and the a i r  was entrapped into 
the adhesive layer [16,37]. At 30 minutes pressing, the shear 
st rength of 10 minutes refluxing was closed to 20 minutes ref lux
ing. The highest shear strength was 18.6 kg/cjrr. The optimum 
condition was as same as the wet-laminating and cold pressing.
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Figure 4.6 Shear strength of the resol adhesive from CNSL of 20% 
formalin concentration and dry-laminating and hot 
pressing assembly.

Figure 4.6 showed the shear s trength of dry- 
laminating' and hot pressing. I t  increased with increasing of 
refluxing time and pressing time except when the pressing time 
was 30 minutes, the shear strength dropped to 7.3 kg/cm^ when the 
refluxing time was 40 minutes. I t  closed to the shear s trength 
of 20 minutes refluxing (6.9 kg/cm^).

Shear strength of 3 d i f fe ren t  methods to cure the 
resol adhesive from CNSL at 20% formalin and 40 minutes refluxing 
were shown in Figure 4.7. For no press assembly, the wet- 
laminating was indeed bet te r .  This was explained by the a b i l i t y  
of the polymer molecules to diffuse across the adhesive in terface
of wet-laminating was be t te r  than the dry-laminating'. Therefore





aa

at  120°c pressing were lower than cold pressing because on 
heating the gels produced rapidly arid water was trapped in the 
adhesive bulk resulted in the porous adhesive film. The highest 
shear s trength of 18.6 kg/cm2 was obtained from dry-laminating’ 
at 10 minutes cold pressing which was not s ign i f ican t  difference 
from the wet-laminating at the same condition (18.0 kg/cm2 ).

4.4.2 Shear strength of Dry-Laminating and Cold Pressing 
of 20-35% Formalin and 40 Minutes Refluxing Time 
Figure 4.8, The shear strengths obtained from 

20-35% formalin were compared. I t  was found tha t ,  when the 
pressure was employed the quantity of formalin was raised while 
the shear strength decreased. This could be caused by the water 
content tha t  remained within the adhesive matrix. When the
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5

-10 0 10 20 30 40
Pressing Time (min)

— 20% fo rm a lin  — 3 ~  25% formalin
30% fo rm a lin  —*— 35% formalin

F i g u r e  4 . 8  S hea r  s t r e n g t h  o f  d r y - l a m i n a t i n g  and c o l d  p r e s s i n g  o f

20-35% f o r m a l i n  o f  40 m i n u t e s  r e f l u x i n g .

Shear s tre n g th  (kg/cm .cm )
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concentration of formalin was increased the quanti ty  of water was 
also incresed, resul ted in decreasing of adhesion between the 
wood surface and the adhesive. In case of non-pressing, the
shear strength depended on the viscosi ty of resol adhesive. When 
the pressure was applied the shear strength of 20% formalin 
adhesive was the highest.

4.5 Properties of Dry-Laminating and Cold Pressing of The 
Adhesive Batch No.20/40 and D20/40

Table 4.7 Proper t ies  of dry-laminating and cold pressing of the 
adhesive batch no.20/40 and D20/40

—

Properties Non-Dehydrating
----------------------- 1

Dehydrating
j

Shear st rength (kg/cm“ )
i1
!

0 min pressing 10.4 12.2
10 min pressing 18.6 18.0
20 min pressing 18.4 18.7
30 min pressing 18.0 16.2

*Lost shear st rength (%)
0 min pressing 17.3 37.7

10 min pressing 16.1 44.4
20 min pressing 29.9 26.7
30 min pressing 30.6 24.1
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Table 4.7 (Contimitée!)

Propert i es [Non-Dehydrating Dehydrati ng

Solid content (%) 63.19 51.60
Viscosity (poise) 799.20 94.85

I Dry-to-touch time (min) ! . 50 1.50
1

* After 3 days submerged in water
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Figure 4.9 Shear strength and los t  shear st rength a f te r  3 days 
submerged in water of dry-laminating and coi l  
pressing of the adhesive batch no.20/40 and D20/40.

From Table 4.7, the dry-to-touch time of non-dehydrated
and dehydrated adhesive were equal.



Shear strength of 20% formalin and 40 minutes refluxing

of noil-dehydrated and dehydrated adhesive were compared in Figure 
4.9. Optimum condition of non-dehydrated adhesive was at ta ined 
when pressing time was 10 minutes (18.6 kg/cm^), while the 
dehydrated adhesive at  20 minutes gave 18.7 kg/cnr. For consi- 
•dering lost  shear strength a f te r  3 days submerged in water, 
the optimum condition of non-dehydrated adhesive had % lost, 
lower than that  of dehydrated adhesive. Therefore, the non- 
dehydrated adhesive were more practical  than the dehydrated one.

4.6 Effect of Linseed Oil on Properties of The Adhesive Batch 
No.20/40

Table 4.8 Proper ties  of dry-laminating and 10 minutes cold 
pressing of the adhesive batch no.20/40 a f te r  adding 
linseed o i l

Properties Linseed Oil (%)
0 5 10 15

j

Shear strength (kg/cm-) 18.6 17.2 16.6 14.2
Shear strength (kg/cm“) 15.6 15.8 12.3 13.2

a f te r  3 days in water
los t  shear s trength (%) 16.1 8.1 25.9 7.0
Solid content (%) 63.19 64.98 66.87 69.92
Viscosity (poise) 799.20 511.56 307.10 203.68
Dry-to-touch (min) 1.50 3.80 8.00 16.30

.
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Figure 4.10 Effect of linseed o i l  on solid content of the
adhesive batch no.20/40.
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F i g u r e  4 .1 1  E f f e c t  o f  l i n s e e d  o i l  on v i s c o s i t y  and d r v - t o - t o u c h

t im e  o f  t h e  a d h e s i v e  b a t c h  n o . 2 0 / 4 0 .
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Figure 4.12 Effect of linseed o i l  on shear strength of dry- 
laminating and 10 minutes cold pressing of the 
adhesive batch no.20/40.

The e f fec t  of linseed oi l  on sol id content and v iscosi ty  
and dry-to-touch time of the adhesive bath no.20/40 were shown 
in Figure 4.10 and 4.11, respectively.

When the linseed o i l  was employed the solid content 
increased but the viscosi ty  decreased resulted in increasing of 
the dry-to-touch time. There were some reasons to support these 
behavior. F i r s t ,  the const i tu t ions of linseed o i l  is non-volat i le  
matter.  Secondly, I t  acted as a diluent .  Final ly, the main 
compositions (more than 80%) was unsaturated long chain tatty 
acid could be oxidized and converted into the sa turat ion s ta te
[22].
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T h e s h e a r  s t r e n g t h a n d  l o s t s h e a r  s t r e n g t h o f t h e

a d h e s i v e b a t c h  n o . 2 0 / 4 0 a f t e r  a d d i n g  l i n s e e d o i  1 w a s

i 1 l u s t r a t e d i n  F i g u r e  4 . 1 2 .  T h e  s h e a r s t r e n g t h  d e c r e a s e d พ i. t h

i n n c r e a s i n g a m o u n t  o f l i n s e e d  o i l . B e c a u s e  t h e o  i ] h a d

u n s a t u r a t e d l o n g  c h a i n  f a t t y a c i d  m o i e t y , t h e r e f o r e  i t c o u  1d b e

o x i d i z e d  a n d  c o n v e r t e d  i n t o  a n  e l a s t i c  s o l i d  w h i c h  c a u s e d  

t h e  a d h e s i v e  t o  b e  s o f t e n .

4 , 7  E f f e c t s  o f  S t a n n o u s  O c t o a t e  o n  P r o p e r t i e s  o f  T h e  A d h e s i v e  

B a t c h  N o . 2 0 / 4 0

T a b l e  4 . 9  P r o p e r t i e s  o f  d r y - l a m i n a t i n g  a n d  1 0  m i n u t e s  c o l d  

p r e s s i n g '  o f  t h e  a d h e s i v e  b a t c h  n o .  2 0 / 4 0  a f t e r  a d d i n g  

s t a n n o u s  o c t o a t e

Properties

• Stannous octoate (%)
j
I

0 . 0 0 . 1 0.2 0.3 0.4 0 ,

Shear strength {kg/cm“) 18.6 22.0 25.9 18.0 13.0 8.4
Shear strength (kg/cm^l 15.6 18.1 21.8 14.9 11.9 4.0

a f t e r  3 days in water
los t  shear strength (%) 16. 1 17.7 15.8 17.2 8.5 52.4
Solid content (%) 63.19 62.72 63.09 63.08 63.24 63.04
Viscosity (poise) 799.20 - - - - -

Dry-to-touch (min) 1.50 1.00 0.58 0.67 0.67 0.75
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Figure 4.13 Solid content of the adhesive batch no.20/40 at 

various stannous octoate concentration.

4 0
S h e a r  S tr e n g th  (k g /cm .cm ) D ry -to -T o u ch  Tim e (min)

1 .5

ฯ 1

0 .5

Before submerged  
D ry-to -Touch Time

A fter 3 days in H2O

F i g u r e  4 . 1 4  D r y - t o - t o u c h  t im e  and s h e a r  s t r e n g t h  o f  d r y -

l a m i n a t i n g  and 10 m in u t e s  c o l d  p r e s s i n g  o f  t h e

a d h e s i v e  b a t c h  n o . 2 0 / 4 0  a t  v a r i o u s  s t a n n o u s  o c t o a t e .
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The e f fec t  of stannous octoate on sol id  content,  drv-to- 
touch time and shear strength of the adhesive batch no.20/40 
were shown in Table 4.9 and Figure 4.13 and 4.14.

The increasing amount of stannous octoate (0-0.5% of 
adhesive, g/g) was not affected the solid content whereas i t  
reduced the dry-to-touch time. The optimum concentration was at 
0.2% by weight to weight of an adhesive, resulted in the maximum 
shear strength of 25.9 kg/cm^, but the dry-to-touch time was 
reduced to be 0.58 minutes. After 3 days submerged in water the 
shear s trengths was 21.8 kg/cm- (15.8% lo s t ) .

Stannous octoate catalyzed oxidative reaction when the 
adhesive film was exposed to the a i r  as i l l u s t r a t e d  below (scheme 
4.1) [14]. This speeded up dry-to-touch time.

-CH=CH-CH2-CH=CH- + 02 •> -CH=CH-CH-CH=CH-
I00H

-CH=CH-CH-CH=CH
00H

รท Octoate > -CH=CH-CH-CH=CH-
I

+ •OH

-> -CH=CH-CH-CH=CH- + H2Q

Scheme 4.1 Catalyzed oxidative reaction by stannous octoate.

From Table 4.10, the shear strength of the adhesive batch 
no.20/40 without stannous octoate was in the range of the
s h e a r  s t r e n g t h  o f  t h e  a d h e s i v e  f r om  Wanapan Th T h a i l a n d  C o . , L t d . ,
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Table 4.10 Shear strength and storage/pot l i f e  of resol adhesive 
from CNSL and others

Adhesive Shear strength ( kg/citr ) Storage/Pot Life 
(month)before3* af te r"33

20/40 18.6 15.6 1.5 (storage)
20/40 (0.2% 25.9 21.8 1/4 (pot)

รท octoate)
*DYN0 8.2-20.4 - 3.0 (storage)
**L'DC 668.395: - 17.0® -

678.632.652

* Wanapan Th Thailand Co.,Ltd.
** Thai Indus t r ia l  Standards Ins t i tue ,  Ministry of Industry

*  Before submerge in water
^  After 3 days submerged in water (room temperature)
® After 1 day submerged in water (27i2°C)

DYNO. Whereas the one with the stannous octoate gave the shear 
strength higher than that  of DYNO. The resistance of the adhesive 
without stannous octoate was lower than that of the UDC standard 
but the one with the stannous octoate was higher. For the fact  
tha t ,  the number of days in water of the adhesive from CNSL was 
longer than the standard of Thai Industr ial Standards Ins t i tue .  
The storage l i f e  was shorter than the DYNO.
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4.8 Resol Adhesive from CNSL as The Hot-Setting Adhesive
From Figure 4.6, the maximum shear strength of dry- 

laminating and hot pressing, 10.9 kg/cm- was at ta ined a t  30 
minutes refluxing and 30 minutes pressing, and the temperature 
was 120°c.

Shear  s t r e n g th  (kg/cm.cm)

20% fo rm a lin  —s -  25% formalin
30% fo rm a lin  — 35% formalin

Figure 4.15 Shear strength of dry-laminating and hot pressing of 
20 - 35% formalin, 30 minutes refluxing and non- 
dehydrating.

Shear strength at  20-35%. formalin and 30 minutes 
refluxing a f te r  pressing at 120°c was shown in Figure 4.15. The 
st rength was d i r e c t ly  proportional to pressing time and formalin 
concentration. This indicated that more pressing time and 
formalin induced more curing reaction. The shear s trength of 25%
formalin was lower than that  of 20% formalin. The maximum shear
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Figure 4.16 Shear strength of dry-laminating and hot pressing of 
35% formalin and 10-40 minutes refluxing and 
non-dehydrating.

strength of 14.4 kg/cm- was obtained when the concentration of 
formalin was 35% with 30 minutes pressing time and 30 minutes 
refluxing.

The shear strengths of 35% formalin at several refluxing 
and pressing time were i l lu s t r a te d  in Figure 4.16. The shear 
strength increased with pressing time. When the pressing time was 
10 minutes, the adhesive with 30 minutes refluxing gave the best 
shear strength. The highest shear strength, 18.0 kg/cm^, was 
obtained when the refluxing time was 10 minutes with 30 minutes
pressing time and 35% formalin concentration.
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4.9 Properties of Dry-Laminating and 30 Minutes Hot Pressing of 
The Adhesive Batch No. 35/10 and D.35/10

Table 4.11 Proper t ies  of dry-laminating and 30 minutes hot 
pressing of the adhesive batch no.35/10 and D35/10

Properties Non-dehydrating
1

Dehydrating

Shear strength (kg/cm^)
10 min pressing 6.9 9.3
20 min pressing 15.0 13.5
30 min pressing 18.0 14.8

*Lost shear strength (%)
10 min pressing 81.2 92.5
20 min pressing 46.7 83.0
30 min pressing 38.9 77.0

Solid content [ % ) 54.62 49.50
Viscosity (poise) 3.21 54.32
Dry-to-touch time (min)

i_ _ _ _ _ _ _ _ _ _ _ _ _

106.00 1.50

* After 3 days submerged in water.

From Table 4.11, The dry-to-touch time of dehydrating 
adhesive was fa s te r  than non-dehydrating since in the dehydration 
step, anacardic remained active to undergo polymerization with 
formaldehyde and produced the larger molecules.
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Figure 4.17 Shear strength and los t  shear strength of dry- 
laminating and hot pressing of the adhesive batch 
no. 35/10 and D35/10.

In Figure 4.17, i t  was found that  at  10 minutes pressing, 
non-dehydrating adhesive was preferable. However, when the time 
was increased to be 20 and 30 minutes, i t  was found that  a 
reversal  occured and the non-dehydrating had an advantage. It. was 
speculated that  at 10 minutes pressing time the dehydrating 
adhesive cured f a s te r  because i t  contained less water. When the 
time increased i t  cured slower since the concentration of 
formaldehyde was lower. The dehydrating adhesive lost some 
formaldehyde during dehydration step. I t  was seen that  non
dehydrating adhesive had bet ter  water resistance than dehydrating

120

one.
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4.10 Application of The Adhesive Batch No.35/10 and Resorcinol- 
Formaldehyde Adhesive in Bonding Nvlon-6 Fabric and 
Compounded Natural Rubber

D ry -to -T o u ch  T im e (min)
120 I------------------------------------------------------------------------------- — ------------------------

Figure 4.18 Effect  of stannous octoate on dry-to-touch time of 
the adhesive batch no.35/10.

The e f fec t  of stannous octoate on dry-to-touch time of 
35% formalin and 10 minutes refluxing adhesive was shown in 
Figure 4.18. I t  showed that  0.5% stannous octoate was the 
optimum concentration. The dry-to-touch time was improved to
be 22 minutes instead of 106 minutes.
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Table 4.12 Peel s trength of the adhesive batch no.35/10 in 
bonding nylon-6 fabric to compounded natura l  rubber

Adhesive รท octoate 
(%)

Temp.
(°C)

Peel Strength (kg/cm)
Pressing Time (min)
30 40 50 60

- - 150 7.9 6.4 3.0 7.0
35/10 - 150 0.5 0.6 1.0 0.6
35/10 0.5 150 1.0 0.8 0.6 1.2

P e e l S tr e n g th  (k g /cm )
10 

8 

6 

4  

2

°2 0  3 0  4 0  5 0  6 0  7 0
P r e s s in g  Tim e (min)

B lank  - a -  3 5 /1 0  - + * -  3 5 /1 0  (0.5%  รท O c)

Figure 4.19 Peel strength between nylon-6 fabr ic and compounded 
natural rubber (รท Oc = Stannous Octoate ).

Peel st rength of adhesive bonded and non adhesive bonded 
nylon-6 fabric to natural rubber compound were shown in Figure
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4.19. I t  was obviously seen th a t ,  the adhesive from CNSL did not 
improve the adhesion between nylon-6 fabric and compounded 
natural  rubber. By the way, although 0.5% stannous octoate made 
the dry-to-touch time fas te r ,  the shear strength improved very 
l i t t l e .  This could be explained by considering so lu b i l i ty  
parameter (Table 2.1). The so lu b i l i ty  parameter of phenolic resin 
and nylons were very closed, but of phenolic and natural rubber 
were d i f fe ren t ,  11.5 and 7.9-8.3, respectively. Therefore, the 
adhesive from CNSL, a phenolic type, was not compatible to 
compounded natura l  rubber. In the case that  the adhesive was 
employed the peel strength was lower than tha t  of the one without 
adhesive since the rubber matrix penetrated the in te r s t i c e s  of 
nylon-6 fabr ic to give a greater  strength [39].

Table 4.13 Proper ties  of the resorcinol-formaldehyde adhesive

Properties Values

Solid content (%) 87.5
Viscosity (poise) 57.37
Dry-to-touch time (day) >1

Table 4.13 showed the propert ies of re su l t ing  resorcinol-  
formaldehyde adhesive. I t s  speculated s t ruc ture  was shown in 
scheme 4.2. The resin would have improved so lu b i l i ty  in hydro
carbon mixtures such as rubber and were less polar by -CH2CH2CH3
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Scheme 4.2 Chemical s t ructure  of resorcinol-formaldehyde resin 
with butyraldéhyde in a f i r s t  stage and completed 
with formaldehyde.

Table 4.14 Peel strength of the adhesive batch no .35/10 and 
resorcinol-formaldehyed adhesive

Adhesive Hexamine
(%)

Peel strength 
(kg/cm)

- - 7.9
35/10 (0.5% - 1.2

รท octoate)
RF 0 1.4
RF 5 1.7
RF 10 1.1
RF 15 1.2

RF = Resorcinol-Formaldehyde Adhesive from 
section 3.4.2

branch chain. Thus i t s  surface tension would be lower, made the
resin more soluble in rubbers [39].



From T a b le  4 .1 4 , th e op tim um c o n c e n t r a t io n  o f

h ex am ethy lene te t ram ine  was 5 per  c en t  by weight  to  weight  o f  
the  r e s o r c in o l - f o r m a ld e h y d e  adhes ive .  The pee l  s t r e n g t h  of  5% 
hexamine-modified  re so rc in o l - fo rm a ld e h y d e  adhes ive  was a l i t t l e  
b e t t e r  than  the  adhes ive  from CNSL with 0.5% s tannous  o c t o a t e .

The p ee l  s t r e n g t h  of both CNSL adhes ive  and r e s o r c i n o l  -  
formaldehyde a d h es ive  were lower than  those  w i th o u t  adh es ive .  
T h e r e f o r e ,  i t  was s p e cu la t e d  t h a t  no chemical  bonding occur 
between t h e s e  a d h es ive  and compounded n a t u r a l  ru b be r .

4.11 Scanning E l e c t r o n  Microscope
The scann ing  e l e c t r o n  microscope (SEM) was employed to  

i n v e s t i g a t e  t he  s u r f a c e  of  the  shear  a r e a  a f t e r  t h e  s h ea r  t e s t  
and t h a t  o f  the  ny lon-6  f a b r i c  and compounded n a t u r a l  rubber .

From F igure  4 .2 0 -4 .2 3 ,  they  showed t h a t  t he  adhes ive  was 
in t he  i n t e r s t i c s  o f  plywood s u r f a c e .  When the  adhes ive  was 
d e h y d r a t in g ,  i t s  f i lm  on the  plywood s u r f a c e  was more con t inuous  
than t h a t  of  t h e  non -dehydra t ing  one.  The adhes ive  was the  porous  
f i lm  when th e  c u r in g  was employed a t  120°c.

Figure  4.24  showed the  scanning e l e c t r o n  micrograph of 
ny lon-6  f a b r i c  s u r f a c e .  F igure  4.25 and 4.28 showed t h a t  when the  
adh es ive  was no t  employed, the  rubber  mat r ix  p e n e t r a t e d  i n to  the  
space  between th e  f i l a m e n t s  of  nylon-6 f a b r i c .  On t h e  o th e r  hand, 
i t  cou ld  no t  p e n e t r a t e  in to  the  nylon-6  f a b r i c  (F igu re  4 .2 6 ,  
4 .2 7 ,  4.29 and 4 .30 )  when the  adhes ives  were employed. The 
adhes ive  was b e t t e r  more compat ib le  to  the  ny lon-6  f a b r i c  than  
compounded n a t u r a l  rubber.
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F igure  4.20 Scanning e l e c t r o n  micrograph  of the  plywood s u r f a c e .

F igure  4.21 Scanning e l e c t r o n  micrograph of s h e a r  a r e a  a f t e r  
f r a c t u r e  of  d ry - lam ina t ing '  and 10 minutes co ld  
p r e s s i n g  of  the  adhes ive  batch  n o . 20/40
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Figure  4.22 Scanning  e l e c t r o n  micrograph of s h e a r  a r e a  a f t e r  
f r a c t u r e  of  d r y - l a m in a t i n g  and 10 minutes  cold  
p r e s s i n g  of  the  adhes ive  ba tch  no. D20/40.

F igure  4.23 Scanning e l e c t r o n  micrograph of s h e a r  a r e a  a f t e r  
f r a c t u r e  of  d ry - l a m in a t in g  and 30 minutes hot  
p r e s s i n g  (120°C) of  the  adhes ive  b a t c h  no. 35/10.
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Figure  4.24 Scanning e l e c t r o n  micrograph of ny lon-6  fabric-
s u r f a c e  .
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F igure  4.25 Scanning e l e c t r o n  micrograph of (a) ny lon-6  f a b r i c  
s u r f a c e  and (b) compounded n a t u r a l  rubbe r  s u r f a c e  
a f t e r  t he  pee l  t e s t  w i thou t  adhes ive .
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Figure  4.26 Scanning e l e c t r o n  micrograph of (a)  employed nylon-6 
f a b r i c  su r f a c e  and (b) compounded n a t u r a l  rubber 
a f t e r  t he  pee l  test ,  with adhes ive  ba tch  MO .  35/10 
and 50 minutes p r e s s in g  t ime a t  150°c.
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F ig ure  4.27 Scanning e l e c t r o n  micrograph of (a)  ny lon-6  fabric-  
s u r f a c e  and (b) compounded n a t u r a l  rubber  s u r f a c e  
a f t e r  the  pee l  t e s t  with  0.5% s tannous  o c t o a t e -  
modif ied  adhes ive  ba tch  no. 35/10 and 60 minutes 
p r e s s i n g  t ime a t  150°c.



Figure  4.28 Scanning e l e c t r o n  micrograph of l o n g i t u d i n a l  s e c t i o n  
of  t he  t e s t  panel  w i thou t  the  adhes ive .
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F igure  4.29 Scanning e l e c t r o n  micrograph of l o n g i t u d i n a l  s e c t i o n  
of  t he  t e s t  penal  with  the  adhes ive  ba tch  no. 35/10 
with  50 minutes p r e s s i n g  t ime a t  150°c.

F igure  4.30 Scann ing 
of  the  
modif ied

e l e c t r o n  micrograph  of l o n g i t u d i n a l  s e c t i o n  
t e s t  penal  with  0.5% s tannous  o c t o a t e -  
adhes ive  ba tch  no. 35/10 and 60 minutes

p r e s s i n g  t ime a t  150°c
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