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1 . S c o p e

T h i s  s t a n d a r d  s p e c i f i e s  t e s t i n g ’ m e t h o d s  f o r  a c i d  v a l u e ,  
s a p o n i f i c a t i o n  v a l u e ,  e s t e r  v a l u e ,  e s t e r  v a l u e ,  i o d i n e  v a l u e  
a n d  h y d r o x y  v a l u e  o f  c h e m i c a l  p r o d u c t s .

2 .  M e t h o d  o f  T e s t  2

2 .  1 Ac  i d  Va 1u e  ะ T h e  a c i d  v a l u e  i s  d e f i n e d  b y  t h e  
n u m b e r  o f  m i l l i g r a m s  o f  p o t a s s i u m  h y d r o x i d e  r e q u i r e d  t o  
n e u t r a l i z e  f r e e  f a t t y  a c i d s , r e s i n  a c i d s  a n d  o t h o r s  c o n t a i n e d  
i n  1 g  o f  t h e  s a m p l e .

( 1 )  R e a a g e n t s

( a )  S o l v e n t s  A ( l - r - l )  o r  ( 2 + 1 )  m i x t u r e  o f  
b e n z e n e  a n d  e t h y l  a l c o h o l  s h a l l  b e  u s e d .  T h e s e  m i x t u r e s  
s h a l l  p r e v i o u s l y  b e  n e u t r a l i z e d  p r i o r  t o  u s e  w i t h  N / 1 0  e t h y l  
a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  s o l u t i o n  u s i n g  p h e n o 1p h t h a 1e i n  
a s  t h e  i n d i c a t o r .

( b )  P h e n o 1 p h t h a 1 e i ท S o l u t i o n  : D i s s o l v e  1
g  o f  p h e n o p h t h a  1 e i ท i n  1 0 0  c m 3 o f  e t h y l  a l c o h o l  ( 9 5  v / v % )

( c )  N / 1 0  e t h y l  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  
s o l u t i o n  ะ D i s s o l v e  7 . 0  g  o f  p o t a s s i u m  h y d r o x i d e  i n  mi ni mum,  
a m o u n t  o f  w a t e r  a n d  d i l u t e  w i t h  e t h y l  a l c o h o l  ( 9 5  v / v « )  t o



1 0 0 0  c m 3 . A f t e r  s t a n d i n g '  f o r  2  t o  3 
s t a n d a r d i z e  i n  a c c o r d a n c e  w i t h  2 . ( 1 0 )  
8 0 0 6 - F u n d a m e n t a l  A r t i c l e s  o n  V o l u m e t r i c

d a y s , f i l t e r  a n d  
o r  2 .  ( 1 1 )  o f  J I ร K 
D e t e r m i n a t i  o n s .

( 2 )  P r o c e d u r e  ( s e e  s e c t i o n  5 . 3 . 2 . 1  i n  C h a p t e r  V)

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

E x p e c t e d  a c i d  v a l u e w e i g h t  o f  s a m p l e  t o  b e  t a k e n  ( g )

l e s s  t h a n  5 
5 t o  15  e x c l .  

15 t o  3 0  e x c l .  
3 0  t o  1 0 0  e x c 1 .  

1 0 0  a n d  o v e r *

2 0  ( t o  2  s i g n i f i c a n t  d i g i t s )  
1 0 . 0  ( t o  3 s i g n i f i c a n t  d i g i t s )

5 . 0  ( t o  3 s i g n i f i c a n t  d i g i t s )
2 . 0  ( t o  3 s i g n i f i c a n t  d i g i t s )
1 . 0 0 0  ( t o  4 s i g n i f i c a n t  d i g i t s )

)r F o r  s a m p l e s  h a v i n g  a c i d  v a l u e  1 0 0  a n d  o v e r ,  t h e  
t i t r a t i o n  s h a l l  b e  m a d e  w i t h  N / 2  e t h y l  a l c o h o l i c  
p o t a s s i u m  h y d r o x i d e  s o l u t i o n .

( 3 )  C a l c u l a t e  t h e  a c i d  v a l u e  ( s e e  s e c t i o n  5 . 3 . 2 . 1  
i n  C h a p t e r  V)

R e m a r k s  1 I f  t h e  s a m p l e  i s  i m p a r t e d  w i t h  d a r k  c o l o u r ,  t h e  
f o l l w i n g  p r e c a u t i o n s  s h a l l  b e  e x e r c i s e d .

( a )  A l k a l i  b l u e  6 E o r  t h y m o 1 p h e t a 1e i ท s h a l l  b e
u s e d  a s  t h e  i n d i c a t o r .

( b )  P h e n o 1 p h t h a 1 e i ท t e s t  p e p e r  s h a l l  b e  u s e d  a s  
t h e  e x t e r n a l  i n d i c a t o r .



( c )  An E r l e n m e y e r  f l a s k  p r o v i d e  w i t h  s i d e  t u b e  
s h E l l  b e  u s e d  f o r  d e t e r m i ท i n g  e n d  p o i n t  a s  
r e v e e l e d  b y  t h e  c o l o u r  c h a n g e  o f  t h e  s o l u t i o n  
i n  t h e  s i d e  t u b e .

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

( e )  T h e  s a m p l e  s h a l l  b e  t a k e n  i n  m i n i m u m  a m o u n t  
a n d  t h e  c o n s i d e r a b l e  a m o u n t  o f  t h e  s o l v e n t  
s h a 11 b e  u s e d .

( f )  D i s s o l v e  t h e  s a m p l e  i n  t h e  s o l v e n t  a n d  a d d  
s a t u r a t e d  s o d i u m  c h l o r i d e  s o l u t i o n .  T i t r a t e  
w i t h  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  s o l u t i o n  
u s i n g  p h e n o 1 p h t h a  1e i ท i n d i c a t o r  s o l u t i o n  u n t i l  
t h e  s o d i u m  c h l o r i d e  s o l u t i o n  l a y e r  i s  i m p o r t e d  
w i t h  p i n k  c o l o u r .

2 . 2  S a p o n i f i c a t i o n  V a l u e  : T h e  s a p o n i f i c a t i o n  v e l u e  
i s  d e f i n e d  b y  t h e  n u m b e r  o f  m i l l i g r a m s  o f  p o t a s s i u m  h y d r o x i d e  
r e q u i r e d  f o r  c o m p l e t e  s a p o n i f i c a t i o n  o f  1 g  o f  t h e  s a m p l e .

( 1 ) R e a g e n t s

( a )  K / 2  e t h y l  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  
s o l u t i o n  ะ D i s s o l v e  2 5  g  o f  p o t a s s i u m  h y d r o x i d e  i n  m i n i m u m  
a m o u n t  o f  w e t e r  a n d  d i l u t e  w i t h  e t h y l  a l c o h o l  ( 9 5  v / v /น์) t o  1 0 0 0  
c m 3 . S t a n d  f o r  2 t o  3 d e y s  a n d  f i l t e r .

( b )  N / 2  h y d r o c h l o r i c  a c i d  ะ D i l u t e  5 0  c m 3 
o f  h y d r o c h l o r i c  a c i d  w i t h  1 0 0 0  c m 3 o f  w a t e r  a n d  s t a n d a r d i z e  i n  
a c c o r d a n c e  w i t h  2 . ( 2 )  o f  J I S  K 8 0 0 6 .

( c )  P h e n o 1p h t h a  1 e i ท s o l u t i o n  ะ D i s s o l v e  1 
g  o f  p h e n o 1p h t h a  1 e i ท i n  1 0 0  cm o f  e t h y l  a l c o h o l  ( 9 5  v / v c2 ) .



< 2 )  P r o c e d u r e

ใ 09

W e i g h  a c c u r a t e l y  1 . 5  t o  2 . 0  £  o f  t h e
s a m p l e  i n t o  a 2 0 0  c m 3 o r  3 0 0  c m 3 E r l e n m e y e r  f l a s k ,  a n d  a d d  
i n  a c o n s t a n t  p e r i o d  o f  d r o p p i n g  e x a c t l y  2 5  c m 3 o f  N / 2  e t h y l  
a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  s o l u t i o n .  A t t a c h  a n  a i r  
c o n d e n s e r *  t o  t h e  f l a s k  a n d  g e n t l y  h e a t  t h e  f l a s k  f o r  3 0  
m i n u t e s ,  w i t h  o c c a s i o n a l  s w i r l i n g  r e g u l a t i n g  t h e  h e a t  s o u r c e  
s o  t h a t  t h e  r i n g s  o f  a l c o h o l  v a p o u r  d o  n o t  r i s e  o n  t h e  u p p e r  
e n d  o f  t h e  c o n d e n s e r .  I m m e d i a t e l y  a f t e r  t h e  r e a c t i o n  h a s  
c e a s e d ,  a l l o w  t h e  f l a s k  t o  c o o l  a n d  r u n  s m a l l  a m o u n t  o f  w a t e r  
t h r o u g h  t h e  u p p e r  e n d  o f  t h e  c o n d e n s e r  w h i l e  t h e  c o n t e n t  
r e m a i n s  u n g e l a t i n i z e d  t o  r i n s e  t h e  i n s i d e  o f  t h e  c o n d e n s e r .  
D e t a c h  t h e  c o n d e n s e r  f r o m  t h e  f l a s k  a n d  t i t r a t e  w i t h  N / 2  
h y d r o c h l o r i c  a c i d  u s i n g  1 c m 3 o f  p h e n o p h t h a  1 e i ท s o l u t i o n  a s  
t h e  i n d i c a t o r  u n t i l  t h e  c o l o u r  r e m a i n s  c o l o u r l e s s  f o r  1 
m i n u t e .  Ru n  t h e  b l a n k  t i t r a t i o n .

*  A g l a s s  t u b e ,  0 . 6  cm i n  d i a m e t e r  e n d  
1 0 0  c m 3 i n  l e n g t h ,  s h a l l  b e  u s e d  a s  t h e  c o n d e n s e r .  I f  a 
r e f l u x  c o n d e n s e r  i s  u s e d ,  t h e  a l c o h o l i c  s o l u t i o n  s h a l l  b e  
b o  i 1 e d  ร 1 i g h t 1 y .

( 3 )  C a l c u l a t e  t h e  s a p o n i f i c a t i o n  v a l v e

s . v .  = ( E - C )  X f  X 2 6 . 0 5
ร

W h e r e  B

c

f
ร

ร v o l u m e  o f  N / 2  h y d r o c h t o r i c  a c i d  c o n s u m e d  i n  
b l a n k  t i t r a t i o n  ( c m 3 ) .

ะ v o l u m e  o f  N / 2  h y d r o c h t o r i c  a c i d  c o n s u m e d  i n  
a c t u a l  t i t r a t i o n  ( c m 3 ) .

! f a c t o r  o f  N / 2  h y d r o c h l o r i c  a c i d .
: w e i g h t  o f  s a m p l e  ( g ) .



2 . 3  E s t e r  Val ue ะ The e s t e r  v a l u e  i s  d e f i n e d  by
t h e  n u m b e r  o f  m i l l i g r a m s  r f  p o t a s s i u m  h y d r o x i d e  r e q u i r e d  f o r  
c o m p l e t e  s a p o n i f i c a t i o n  o f  e s t e r  c o n t a i n e d  i n  1 g  o f  t h e  
s a m p l e  a n d  t h i s  v a l u e ,  A,  i s  c a l c u l a t e d  b y  t h e  f o l l o w i n g  
f  o r m u 1 a ะ

A = B -  c

w h e r e  B ะ S a p o n i f i c a t i o n  v a l u e  c a l c u l a t e  
C Î a c i d  v a l u e  c a l c u l a t e d  i n  2 .  1

2 . 4  1o d  i n e  V a l u e  ร T h e  i o d i n e  v a l u e  i s  d e f i n e d  by
t h e  a m o u n t  o f  h a l o g e n  ( c a l c u l a t e d  t o  t h e  n u m b e r  o f  g r a m s  o f  
i o d i n e )  a b s o r b e d  b y  1 0 0  g  o f  t h e  s a m p l e  u n d e r  t h e  p r e s c r i b e d  
c o n d  i t  i o n s .

( 1 )  R e a g e n t s

( a )  W i j ร ’ s o  1 u t i o n , p r e p a r e d  a l t e r n a t i v e l y  
b y  M e t h o d  A o r  M e t h o d  B a s  d e s c r i b e d  b e l o w

W i j ร ' s o  1 u t i o n  i s  m o r e  s t a b l e  i f  
i o d i n e  i s  c o n t i n u e d  i n  s l i g h l y  e x c e s s  a n d  i t  o f t e n  g i v e s  
h i g h  r e s u l t  o f  i o d i n e  v a l u e  i f  c h l o r i n e  i s  c o n t a i n e d  i n  
e x c e s s .  T h i s  s o l u t i o n  s h a l l  b e  s t o r e d  i n  a b r o w n  b o t t l e ,  i n  
a d a r k  p l a c e .  Wh e n  i t  m i g h  f r e e z e  a t  v . ' i n t e r ,  i t  s h a l l  b e  
h e a t e d  t o  a t e m p e r a t u r e  n o t  h i g h e r  t h a n  4 0  c  p r i o r  t o  u s e .

M e t h o d  A D i s s o l v e  13 g  o f  i o d i n e  
i n  1 0 0 0  c m 3 o f  a c e t i c  a c i d .  P i p e t t e  2 0  c m 3 o f  t h e  s o l u t i o n  
a n d  t i t r e t e  w i t h  N / 1 0  s o d i u m  t h i o s u l f a t e  s o l u t i o n  t o  d e t e r m i n e  
t h e  c o n c e n t r a t i o n  u f  i o d i n e .  A f t e r  d r i e d  C h l o r i n e  i s  i n t r o d u c e d  
i n  t h e  s o l u t i o n ,  p i p e t t e  2 0  c m 3 o f  t h e  s o l u t i o n ,  a d d  15  c m 3 o f



p o t a s s i u m  i o d i n e  s o l u t i o n  ( 1 0  w / v %)  a n d  1 0 0  c m 3 o f  w a t e r ,  a n d
t i t r a t e  w i t h  N / 1 0  s o d i u m  t h i o s u l f a t e  s o l u t i o n  s o  t h a t  t h e  t i t r e  
m e a s u r e s  t w i c e  t h e  i n i t i a l  t i t r e .  T h e  t i t r a t i o n  s h a l l  b e  m a d e  
a f t e r  C h l o r i n e  g a s  i s  i n t r o d u c e d  i n  t h e  s o l u t i o n  u n t i l  t h e  
c o l o u r  o f  l i b e r a t e d  i o d i n e  d i s a p p e a r s ,  r e v e r s i n g  s m a l l  
p o r t i o n s  o f  t h e  s o l u t i o n  a s i d e  b e f o r e  i n t r o d u c i n g  c h l o r i n e .
I f  c h l o r i n e  i s  c o n t a i n e d  e x c e s s i v e l y ,  i t  s h a l l  b e  r e m o v e d  b y  
a d d i n g  a p p r o p r i a t e  a m o u n t  o f  i o d i n e  s o l u t i o n  r e v e r s e d .

M e t h o d  B W e i g h  7 . 9  g  o f  i o d i n e  
t r i c h l o r i d e  a n d  B . 7  g  o f  i o d i n e  i n t o  s e p a a r a t e  f l a s k s .  
D i s s o l v e  t h e m  i n  a c e t i c  a c i d ,  m i x  w e l l  a n d  d i l u t e  w i t h  
a c e t i c  a c i d  t o  1 0 0 0  c m 3 .

( b )  P o t a s s i o m  i o d i n e  s o l u t i o n  ( 1 0  w / v %)  ะ 
D i s s o l v e  1 0 0  g  o f  p o t a s s i u m  i o d i d e  i n  1 0 0 0  c m 3 o f  w a t e r .

( c )  N / 1 0  S o d i u m  t h i o s u l f a t e  s o l u t i o n  l 

D i s s o l v e  2 4 . 8  g  o f  s o d i u m  t h i o s u l f a t e  i n  w a t e r  a n d  d i l u t e  
w i t h  w a t e r  t o  1 0 0 0  c m 3 . T h i s  s o l u t  i o n  s h a l l  b e  s t a n d a r d i z e d  
a s  f o i l o w s .

S t a n d a r d i z a t i o n  T e k e  10  c m 3 o f  
p o t a s s i u m  i o d i d e  s o l u t i o n  ( 1 0  w / v « )  i n t o  a g l a s s - s t o p p e r e d  
E r l e n m e y e r  f l a s k  a n d  a d d  5 c m 3 o f  h y d r o c h l o r i c  a c i d  a n d  
s h a k e  w e l l .  And e x a c t l y  2 5  c m 3 o f  N / 1 0  p o t a s s i u m  d i c h r o m a t e  
s o l u t i o n  ( p r i m a r y  s t a n d a r d  s u b s t a n c e ) ,  t i g h t l y  s t o p p e r  w i t h  
a g l a s s  s t o p p e r  w e t  w i t h  p o t a s s i u m  i o d i d e  s o l u t i o n  ( 1 0  w / v %)  
a n d  g e n t l y  s h a k e  t h e  f l a s k .  Ad d  1 0 0  c m 3 o f  w a t e r ,  s h a k e  a n d  
x t i t r a t e  w i t h  N / 1 0  s o d i u m  t h i o s u l f a t e  s o l u t i o n  u n t i l  t h e  
y e l l o w  c o l o u r  d i s a p p e a r s  a l m o s t l y .  Add 1 c m 3 o f  s t a r c h  
s o l u t i o n  a n d  c o n t i n u e  t h e  t i t r a t i o n  u n t i l  t h e  b l u e  c o l o u r  o f  
i o d i n e - s t a r c h  c h a n g e s  t o  g r e e n .  Ru n  t h e  b l a n k ,  t i t r a t i o n  a n d



c a l c u l a t e  t h e  f a c t o r  o f  N / 1 0  s o d i u m  t h i o s u l f a t e  s o l u t i o n ,  f  
b y  t h e  f o l l o w i n g '  f o r m u l a  l

f  = 2 5
A -  B

w h e r e  A ะ v o l u m e  o f  N / 1 0  s o d i u m  t h i o s u l f a t e  s o l u t i o n  
c o n s u m e d  i n  a c t u a l  t i t r a t i o n  ( c m 3 ) .

B ะ v o l u m e  o f  N / 1 0  s o d i u m  t h i o s u l f a t e  s o l u t i o n  
c o n s u m e d  i n  b l a n k  t i t r a t i o n  ( c m 3 . )

( d )  S t a r c h  s o l u t i o n  : T i t r a t e  1 g  o f
s o l u b l e  s t a r c h  w i t h  s m a l l  a m o u n t  o f  w a t e r  a n d  p o u r  s l o w l y  
w i t h  c o n s t a n t  s t i r r i n g ,  i n t o  2 0 0  c m 3 o f  b o i l i n g  w a t e r .  
A l l o w  t o  c o o l  t o  r o o m  t e m p e r a t u r e  a n d  t h e  s u p e r n a t a n t  l i q u i d  
o r  t h e  f i l t r a t e  s h a l l  b e  u s e d  f o r  t e s t .

( e )  N / 1 0  P o t a s s i u m  d i c h r o m a t e  s o l u t i o n  
( p r i m a r y  s t a n d a r d  s u b s t a n c e )  ะ P u l v e r i z e  p o t a s s i u m  
d i c h r o m a t e  s p e c i f i e d  i n  J I S  K 8 0 0 5  a n d  h e a t  a t  1 0 0  t o  110°c 
f o r  3 t o  4 h o u r s .  D i s s o l v e  4 . 9 0 3 5  g  ( o n  t h e  b a s i s  o f  100%)  
o f  t h i s  r e a g e n t  i n  w a t e r .  T r a n s f e r  t h e  s o l u t i o n  t o  a 1 0 0 0  
c m 3 v o l u m e t r i c  f l a s k  a n d  d i l u t e  w i t h  w a t e r  t o  t h e  m a r k .

( 2 )  P r o c e d u r e  ( s e e  s e c t i o n  5 . 3 . 2 . 2  i n  C h a p t e r  V)

I n  t h i s  m e t h o d  ; t h e  s a m p l e  w e i g h e d  
a c c u r a t e l y  p r o p e r  a m o u n t  s h a l l  b e  t a k e n  a s  d i r e c t e d  b e l o w  i n  
s u c h  a m o u n t  t h a t  n o t  m o r e  t h a n  o n e  h a l f  o f  พ i j  ร ' s o  1 u t  i o n  i s
c o n s u m e d .



1 1 3

E x p e c t e d  i o d i n e  v a l u e W e i g h t  o f  s a m p l e  t o  b e  t a k e n  ( g )

l e s s  t h a n  5 2 . 0 0  ( t o  2  S i g n i f i c a n t  d i g i t s )
5 t o  3 0  e x c 1 . 1 . 0 0  ( t o  3 S i g n i f i c a n t  d i g i t s )

3 0  t o  5 0  e x c 1 . 0 . 5 0  ( t o  3 S i g n i f i c a n t  d i g i t s )
5 0  t o  1 0 0  e x c 1 . 0 . 3 0  ( t o  3 S i g n i f i c a n t  d i g i t s )

1 0 0  t o  1 5 0  e x c 1 . 0 . 2 0  ( t o  3 S i g n i f i c a n t  d i g i t s )
1 5 0  t o  2 0 0  e x c 1. 0 . 1 5 0  ( t o  4 S i g n i f i c a n t  d i g i t s )
2 0 0  a n d  o v e r 0 . 1 0 0  ( t o  4 S i g n i f i c a n t  d i g i t s )  j

l

( 3 )  C a l c u l a t e  i o d i n e  v e l u e ,  I . V . ,  ( s e e  s e c t i o n
5 . 3 . 2 . 2  i n  C h a p t e r  V)

2 . 5  H y d r o x y l  V a l u e  : T h e  h y d r o x y l  v a l u e  i s  d e f i n e d  
b y  t h e  n u m b e r  o f  m i l l i g r a m s  o f  p o t a s s i u m  h y d r o x i d e  r e q u i r e d  
t o  n e u t r a l i z e  a c e t i c  a c i d  w h i c h  h a s  b e e n  c o m b i n e d  w i t h  
h y d r o x y l  r a d i c a l  w h e n  1 g  o f  t h e  s a m p l e  i s  a c e t y l a t e d  b y  a 
s p e c i f i e d  p r o c e d u r e .

( 1 )  r e a g e n t s

( a )  A c e t y l a t i o n  R e a g e n t  ะ W e i g h  2 5  g  o f  
a c e t i c  a n h y d r i d e  i n t o  a 1 0 0 0  c m 3 v o l u m e t r i c  f l a s k ,  a d d  
p y r i d i n e  t o  t h e  m a r k  a n d  s h a k e  v i g o r o u s l y .  T h i s  s o l u t i o n  
s h a l l  b e  s t o r e d  t i g h t l y  i n  a b r o w n  b o t t l e  p r o t e c t e d  f r o m  
a t m o s p h e r i c  m o i s t u r e ,  c a r b o n  d i o x i d e  a n d  a c i d  v a p o u r s .

( b )  P h e n o 1 p h t h a 1e i ท s o l u t i o n :  D i s s o l v e  1 g
o f  p h e n o 1 p h t h a 1e i ท i n  1 0 0  c m 3 o f  e t h y l  a l c o h o l  ( 9 5  v / v % ) .

( c )  N / 2  e t h y l  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  
s o l u t i o n  ะ D i s s o l v e  3 5  g  o f  p o t a s s i u m  h y d r o x i d e  i n  m i n i m u m



a m o u n t  o f  w a t e r  an d  d i l u t e  w i t h  e t h y l  a l c o h o l  ( 9 5  v / v % )  t o  
1 0 0 0  cm . S t a n d  f o r  2  t o  3 d a y s  a n d  f i l t e r ,  s t a n d a r d i z e  t h i s  
s o l u t i o n  i n  a c c o r d a n c e  w i t h  2 . ( 1 1 )  o f  J I s  K 8 0 0 6 .

( 2 )  P r o c e d u r e  ( s e e  s e c t i o n  5 . 3 . 2 . 3  i n  C h a p t e r  V)

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

H y d r o x y l  v a l u e W e i g h t  o f  s a m p l e  t o  b e  t a k e n  ( g )

10 t o  1 0 0  e x c 1. 2 . 0 0  ( t o  3 S i g n i f i c a n t  d i g i t s )
1 00  t o  1 5 0  e x c 1. 1 . 5 0  ( t o  3 S i g n i f i c a n t  d i g i t s )
150  t o  2 0 0  e x c 1. 1 . 0 0  ( t o  3 S i g n i f i c a n t  d i g i t s )
2 0 0  t o  2 5 0  e x c 1. 0 . 7 5  ( t o  3 S i g n i f i c a n t  d i g i t s )
2 5 0  t o  3 5 0  e x c 1. 0 . 7 0  ( t o  3 S i g n i f i c a n t  d i g i t s )
3 5 0  t o  5 0 0  e x c 1. 0 . 5 0  ( t o  3 S i g n i f i c a n t  d i g i t s )

W h e r e  t h e  s mp 1 e h a s  h y d r o x y l  v a l u e  10 o r  
l e s s ,  t h e  a m o u n t  o f  t h e  s a m p l e  s h a l l  b e  i n c r e a s e d ,  a n d  
m i n i m u m  a m o u n t  o f  p y r i d i n e  s h a l l  b e  a d d e d  a d d i t i o n a l l y  t o  
d i s s o l v e  t h e  s a m p l e  i f  i t  i s  h a r d l y  s o l u b l e  i n  a c e t y l a t i o n  
r e a g e n t .  W h e r e  t h e  s a m p l e  h a s  h y d r o x y l  v a l u e  e x c e e d i n g  5 0 0 ,  
t h e  a m o u n t  o f  t h e  s a m p l e  s h a l l  b e  d i m i n i s h e d  i n  a p r o p o r t i o n  
g i v e n  a b o v e .

( 3 )  C a l c u l a t e  t h e  h y d r o x y l  v a l u e .  ( s e e  s e c t i o n
5 . 3 . 2 . 3  i n  C h a p t e r  V)



Remarks 1

2

3

1 1 5

. T h i s  method i s  n o t  a p p l i c a b l e  t o  t e r t i a r y  
a l c o h o l  as  lower  r e s u l t  may c a u s e d .

. The t e s t  r e s u l t s  may vary  in  w id e  range  i f  
a l d e h y d e s  a r e  c o n t a i n e d  in t h e  sam p le .

. A l k a l i  b l u e  6 B s o l u t i o n  i s  recommened as  t h e  
i n d i c a t o r  when t h e  s o l u t i o n  c o l o u r s  deep on 
t  i t r a t  i o n .
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APPENDIX B

J AP ANES E I NDUS TRI AL STANDARD 

J I S  X 0 0 6 4  -  1 9 6 5

1 . S c o o e

T h i s  s t a n d a r d  s p e c i f i e s  g e n e r a l  t e s t i n g '  m e t h o d s  f o r  
m e l t i n g - p o i n t  o f  c h e m i c a l  p r o d u c t s .

2 .  ร Uïïiïïiar y

T h e  m e l t i n g  p o i n t  o f  c h e m i c a l  p r o d u c t s  i s  d e f i n e d  fay 
a t e m p e r a t u r e  o r  t e m p e r a t u r e  o r  t e m p e r a t u r e  r a n g e  a t  w h i c h  
t h e y  m e l t  c o m p l e t e l y  t o  l i q u i d  s t a t e .  W h e r e  t h e  m e l t i n g -
p o i n t  i s  e x p r e s s e d  b y  a t e m p e r a t u r e ,  i t  s h e w s  t h e  a n d  s t a g e  
o f  m e l t i n g "  a n d  w h e r e  e x p r e s s e d  by  a t e m p e r a t u r e  r a n g e ,  i t  
s h o w s  t h a t  t h e  b e g i n n i n g  a n d  t h e  e n d  s t a g e s  o f  m e l t i n g  f a l l  
w i t h i n  t h i s  r a n g e .

3 .  M e t h o d  o f  M e a s u r e m e n t

T h r e e  m e t h o d s  a r e  d e s e r i b e d  d e p e n d i n g  o n  t h e  
c h a r a c t e r i s t i c s  o f  t h e  p r o d u c t  u n d e r  t e s t .  U n l e s s  o t h e r w i s e  
s p e c i f i e d .  M e t h o d  1 s h a l l  b e  a p p l i e d .

3 . 1  M e t h o d  1 : T h i s  m e t h o d  i s  a p p l i c a b l e  t o  t h e  s a m p l e
w h i c h  i s  r e a d i l y  p u l v e r i z e d .



( î ) Apparatus

( a )  M e l t i n ' ?  p o i n t ,  m e a s u r i n g  a p p a r a t u s ,  a s  
s h o w n  i n  t h e  f o l l o w i n g - f i g u r e .

E
บทน: mm

A ะ Measuring tube 
B ะ Cork stopper 
c  ะ Vent
D : Thermometer
E ะ Auxiliary thermometer 
F ะ Bath liquid
G ะ Capillary tube made of hard glass,70 to 100mm long, 0. a to 1.2mm Internal 

diameter and 0. 2 to 0. 3mm in wall thick
ness

H ะ Side tube

( b )  B a t h  l i q u i d :  S u i t a b l e  l i q u i d  s h a l l  b e
c h o s e n  f r o m  b e l o w  d e p e n d i n g  o n  t h e  m e l t i n g  p o i n t .  S u l f u r i c  
a c i d  o r  l i q u i d  p a r a f f i n  f a r  m e l t i n g  p o i n t  n o t  h i g h e r  t h a n  
2 5 0  ~c. A m i x t u r e  c o n s i s t i n g  o f  3 p a r t s  o f  s u l f u r i c  a c i d  a n d  
2 p a r t s  o f  p o t a s s i u m  s u l f a t e  ( i n  w e i g h t  r a t i o )  f o r  m e l t i n g  
p o i n t  n o t  l o w e r  t h a n  250 c.

( c )  T h e r m o m e t e r s  ร T h r e e  k i n d s  o f  t h e r m o 
m e t e r s  s p e c i f i e d  i n  J I S  K 3 0 0 1 - G e n e r a l  C o n s i d e r a t i o n s  f o r  
T e s t i n g  R e a g e n t  C h e m i c a l s  s h a l l  b e  u s e d  d e p e n d i n g  o n  t h e
me 11 i n g  p o i n t .



N o . l  t y p e  f o r  m e l t i n g '  p o i n t  l o w e r  t h a n  1 2 0  c .
N o . 2  t y p e  f o r  m e l t i n g  r a n g e  f r o m  1 2 0  t o  2 0 0  c .
N o . 3 t y p e  f o r  m e l t i n g  p o i n t  h i g h e r  t h a n  2 2 0  c .

( d )  A u x i l i a r y  t h e r m o m e t e r  : N o . l  t y p e  s h a l l  
b e  u s e d  i n  s u c h  a p o s i t i o n  t h a t  t h e  m e r c u r y  b u l b  l o c a t e s  m i d w a y  
b e t w e e n  t h e  l i q u i d  s u r f a c e  a n d  t h e r m o m e t e r  r e a d i n g  i n d i c a t i n g  
me 11  i n g  p o  i n t .

( 2 )  P r o c e d u r e

P u l v e r i z e  t h e  s a m p l e  i n t o  f i n e s t  p o w d e r  a n d ,  
u n l e s s  o t h e r w i s e  s p e c i f i e d ,  p l a c e  f o r  2 4  h o u r s  i n  a Ho ร อ ^ -  
d e s i c c a t o r .  F i l l  t h e  s a m p l e  i n t o  t h e  d r i e d  c a p i l l a r y  t u b e  
G a n d  f r e e l y  d r o p  i n t o  a g l a s s  t u b e  a b o u t  7 0 0  mm l o n g  p l a c e d  
v e r t i c a l l y  o n  a w a t c h  g l a s s .  C o n t i n u e  t h e  d r o p p i n g  u n t i l  t h e  
s a m p l e  i s  p a c k e d  f i g h t l y  i n  a t h i c k n e s s  o f  2 t o  3 mm.

Now h e a t  t h e  m e a s u r i n g  t u b e  A t o  3 t e m p e r 
a t u r e  a b o u t  3 0  d e g r e e s  b e l o w  t h e  a n t i c i p a t e d  m e l t i n g  p e i n t  
a n d  i n s e r t  t h e  c a p i l l a r y  t u b e  i n t o  a s i d e  t u b e  i n  s u c h  a 
p o s i t i o n  t h a t  t h e  p a c k e d  p a r t  o f  t h e  c a p i l l a r y  t u b e  i s  
b r o u g h t  i n  c o n t a c t  w i t h  m i d d l e  p a r t  o f  t h e  m e r c u r y  b u l b  o f  
t h e r m o c o u p l e  D.  T h e n  r a i s e  t h e  b a t h  t e m p e r a t u r e  r e g u l a t i n g  
t h e  h e a t  s o u r c e  s o  t h a t  t h e  r i s e  i n  t e m p e r a t u r e  i s  a b o u t  3 
d e g r e e s  p e r  m i n u t e .  C o n t i n u e  t h e  h e a t i n g  u n t i l  t h e  b a t h  
t e m p e r a t u r e  r e a c h e s  a b o u t  5 d e g r e e s  b e l o w  t h e  a n t i c i p a t e d  
m e l t i n g  p o i n t ,  a f t e r  w h i c h  t h e  h e a t  s o u r c e  b e i n g  r e g u l a u e d  
s o  a s  t o  r i s e  a b o u t  1 d e g r e e  p e r  m i n u t e .

C a u t i o u s l y  o b s e r v e  t h e  b e h a v i o r  o f  t h e  
s a m p l e  i n  t h e  c a p i l l a r y  t u b e  a n d  r e a d  t w o  t h e r m o m e t e r s  D a n d  
E a t  t h e  b e g i n i n g  a n d  e n d  s t a g e s  o f  m e l t i n g ,  t h e  b e h a v i o r  o f
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t h e  s a m p l e  a t  e a c h  s t a . ? e  b e i n ' ?  r e v e a l e d  b y  t h e  i l l u s t r a t i o n s  
s h o w n  b e l o w .

Stage A Stage B Stage c  Stage D Stage E

£
Ç.■*11

f t

r
g พ

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

s t a ? e  B ( S h r i n k a g e  p o i n t )  ะ A c l e a r a n c e  i s  a p p e a r e d  b e t w e e n  
t h e  s a m p l e  a n d  t h e  i n s i d e  w a l l  d u e  t o  t h e  s h r i n k a g e  
o f  t h e  m e l t .

S t a g e  c ( C o l l a p s e  p o i n t )  ะ T h e  s h r i n  k a g e d  s a m p l e  b e g i n s  t o  
c o l l a p s e  d o w n w a r d  a n d  l i q u e f i e s .

S t a g e  D ( L i q u e f y i n ?  p o i n t )  ะ C o m p l e t e  m e n i s c u s  i s  f o r m e d  a t  
t h e  s u r f a c e ,  b u t  a p p r e c i a b l e  a m o u n t  o f  c o l l a p s e d  
s a m p l e  r e m a i n s  a s  s o l i d  s t a t e .

S t a g e  E ( E n d  s t a g e  o f  m e l t i n g )  : S o l i d  p a r t i c l e s  a r e
c o m p l e t e l y  l i q u e f i e d .



( 3 ) C a l  e u  1 a t  i ๐ ท

C a l c u l a t e  t h e  m e l t i n g '  p o i n t ,  T c, h y  t h e  
f o l l o w i n g  f o r m u l a  ะ

T = t  + 0 . 0 0 0 1 6  ( t  -  t ’ ) ท

t e m p e r a t u r e  r e a d  o n  t h e r m o m e t e r  D ( °c ) 
t e m p e r a t u r e  r e a d  o n  a u x i l i a r y  t h e r m o m e t e r  ะ. ( Cl  
n u m b e r  o f  g r a d u a t i o n s  o f  m e r c u r y  t h r e a d  a t  
e m e r g e n t  s t e m .

3 . 2  M e t h o d  2 ะ T h i s  m e u h e d  i s  a p p l i c a b l e  t o  t h e  
s a m p l e  w h i c h  i s  i n s o l u b l e  i n  w a t e r  a n d  h a r d l y  p u l v e r i z e d  
s u c h  a s  f a t s ,  f a t t y a c i d s ,  p a r a f f i n  a n d  w a x e s .

C a u t i o u s l y  m e l t  t h e  s a m p l e  a t  l o w  t e m p e r a t u r e  a s  
p o s s i b l e .  Draw t h e  m e l t  i n t o  a c a p i l l a r y  t u b e ,  w h i c h  i s  o p e n  
a t  b o t h  e n d s  t o  a d e p t h  o f  a b o u t  10 mm, t a k i n g  c a r e  n o t  t o  
e n t r a p  a i r  b u b b l e s .  T h e n  a l l o w  t h e  c a p i l l a r y  t u b e  t o  s t a n d  
f o r  2 4  h o u r s  a t  a t e m p e r a t u r e  n o t  h i g h e r  t h a n  1 0 °c o r  a l l o w  
t o  c o o l  w i t h  i c e  f o r  a t  l e a s t  2 h o u r s ,  k e e p i n g  t o  p r e v e n t  
f l o w i n g  o u t .

w h e r e  t
1

ท

A t t a c h  t h e  c a p i l l a r y  t u b e  t o  t h e  t h e r m o m e t e r  
w i t h  a r u b b e r  b a n d  i n  s u c h  a p o s i t i o n  t h a t  t h e  m i d d l e  p a r t  o f  
t h e  m e r c u r y  b u l b .  I m m e r s e  t h e m  i n  t h e  w a t e r  f i l l e d  i n  a 
b e a k e r  t o  s u c h  a d e p t h  t h a t  t h e  t o p  o f  t h e  s a m p l e  l a y e r  i s  
10 mm, b e l o w  t h e  w a t e r  l e v e l .  H e a t  t h e  b e a k e r ,  w i t h  
c o n s t a n t  s t i r r i n g ,  u n t i l  t h e  w a t e r  t e m p e r a t u r e  r e a c h e s  a 
t e m p e r a t u r e  a b o u t  5 d e g r e e s  b e l o w  t h e  a n t i c i p a t e d  m e l t i n g  
p o i n t .  C o n t i n u e  t h e  h e a t i n g  a t  a r a t e  o f  1 d e g r e e
t h e r m o m e t e r  a t  t h i s  i n s t a n t  and t h i s  t e m p e r a t u r e  s h a l l  be  
t a k e n  a s  t h e  m e l t i n g  p o i n t .



1 2 2

3 . 3  M e t h o d  3 J T h i s  m e t h o d  i s  a p p l i c a b l e  t o  v a s e l i n e s .

G e n t l y  h e a t  t h e  s a m p l e  t o  9 0  t o  9 2 °c w i t h  t h o r o u g h  
s t i r r i n g .  A f t e r  t h e  s a m p l e  i s  m e l t e d ,  d i s c o n t i n u e  t h e  h e a t i n g  
and a l l o w  t o  c o o l  t o  a t e m p e r a t u r e  8 t o  10 d e g r e e s  h i g h e r  t h a n  
t h e  a n t i c i p a t e d  m e l t i n g  p o i n t .

I n s e r t  t h e  t h e r m o m e t e r  w h i c h  h a s  b e e n  c o o l e d  t o  
5 c a n d  w i p e d  d r y ,  i n t o  m e l t e d  s a m p l e  s o  t h a t  t h e  l o w e r  h a l f  
o f  t h e  m e r c u r y  b u l b  i s  i m m e r s e d  t h e r e i n .  I m m e d i a t e l y  w i t h d r a w  
t h e  t h e r m o m e t e r  a n d  a l l o w  t o  c o o l  k e e p i n g  v e r t i c a l l y .  I f  t h e  
s a m p l e  a d h e r e  t o  t h e  t h e r m o m e t e r  i s  t u r b i d , i m m e r s e  i t  i n  w a t e r  
n o t  h i g h e r  t h a n  16 °c f o r  5 m i n u t e s .  T h e n  i n s e r t  t h e  t h e r m o m e t e r  
i n t o  a t e s t  t u b e  a n d  f i x  w i t h  a c o r k  s t o p p e r  s o  t h a t  t h e  e nd  
o f  t h e  m e r c u r y  b u l b  l o c a t e s  15 mm a b o v e  t h e  b o t t o m  o f  t h e  t e s t  
t u b e .  S u s p e n d  t h e  t e s t  t u b e  i n  t h e  w a t e r  o f  a b o u t  16 c
f i l l e d  i n  t h e  b e a k e r  a n d  h e a t  u n t i l  30  c  i s  r e a c h e d  a t  a r a t e  
o f  2  d e g r e e s  r i s e  p e r  m i n u t e .

C o n t i n u e  t h e  h e a t i n g  a t  a r a t e  o f  1 d e g r e e  r i s e  
p e r  m i n u t e  u n t i l  f i r s t  d r o p  f a l l s  down f r o m  t h e  t h e r m o m e t e r .
Re a d  t h e  t h e r m o m e t e r  a t  t h i s  i n s t a n c e  an d  t h i s  t e n p e r a t u r e  
s h a l l  b e  t a k e n  a s  t h e  m e l t i n g  p o i n t .

T r i p i c a t e  t e s t s  s h a l l  b e  made  a n d ,  i f  t h e i r  
v a l u e s  a g r e e  w i t h i n  t h e  t o l e r a n c e  o f  1 d e g r e e ,  t h e  me an  
v a l u e  s h a l l  b e  t a k e n  a s  t h e  m e l t i n g  p o i n t .  I f  t h e y  d o  n o t  
a g r e e  w i t h i n  t h e  t o l e r a n c e  o f  1 d e g r e e ,  a d d i t i o n a l  t w o  t e s t s  
s h a l l  b e  made  a n d  t h e  m e a n  v a l u e  s h a l l  b e  t a k e n  a s  t h e
m e l t i n g  p o i n t .



APPENDIX c

HYDROGEN CONSUMPTION DATA



1 2 4

E x p t .  No .  ะ 1 
O p e r a t i n g  C o n d i t i o n  ะ

1 5 0  ° c ,  1 5 0  p s i g ,  0 . 2 0  % N i / o i l ,  5 h r s . , 8 0 0  r p m.
Room T e m p e r a t u r e  J 3 0 4 . 6  K

T i me
(mi n)

Consumed h y d r o g e n  
( p s i )

0 0 . 0 0
16 1 . 0 0
20 1 . 5 0
25 2 . 0 0
35 3 . 7 5
40 5 . 0 0
45 6 . 0 0
50 7 . 5 0
55 8 . 5 0
60 1 ก.  00
65 1 1 . 5 0
70 1 3 .  กก
75 1 4.  กก
รก 1 5 . 5 0
85 1 6 . 5 0
90 1 7 . 5 0
95 1 9 .  กก

1 ก 5 2 ก . 5ก
' น ก 22.  กก

1 20 24. กก
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E >: P L . K o .  ! 2
O p é r a i  i US' C u l i d i i i o i i  ;

150 °c ,  150 P  B i g , อ.  
Room T e m p e r a t u r e  ะ 3 0 4 .  1 K

20 "oN i /  บ i 1 , 5 h r  ร . 1 soo rpin

T i me C o n e  unie d h y d r o g e n
( m i n ) ( p ธ i )

0 0 . 0 0
6 4.  50

10 6 .  50
1 5 7 . 5 0
25 9 . 5 0
3 0 1 1 . 5 0
4 5 1 4 . 5 0
5 0 1 5 . 5 0
5 5 1 7 . 0 0
7 0 2 1 . 5 0
8 0 2 2 .  5 0
8 5 2 4 . 5 0
9 5 2 6 . 5 0

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



E X P t . No.  ะ 3 
O p e r a t i n g  C o n d i t i o n  ะ

150  “c ,  150 p s i g ,  0 . 2 0  % N i / o i l ,  5 h r s . ,  8 0 0  r-prn.
Room T e m p e r a t u r e  ะ 3 0 1 . 6  K

1 26

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p s  i )

0 0 . 0 0
10 0 . 5 0
20 1 . 0 0
50 2 . 0 0
7 0 2 . 5 0
9 0 3 . 0 0

1 00 3 . 5 0
1 20 4 . 0 0
130 4 . 5 0
150 5 . 0 0
1 80 6 . 5 0
2 1 0 7 . 5 0
2 4 0 8 .  25
2 5 0 9 . 5 0
2 7 0 1 0 . 0 0
3 0 0 1 1 . 5 0



1 2 7

E x p t . N o . ะ 4 
O p e r a t i n g  C o n d i t i o n  ะ

IDO ° c ,  150 p s i g ,  0 . 2 0  % N i / o i l ,  5 h r s . 1 8 0 0  r p m .
Room T e m p e r a t u r e  ะ 3 0 7 . 1  K

T i m e  C o n s u m e d  h y d r o s f e n
( m i n )  ( p s i )

0 0 . 0 0
6 1 . 50

10 2.  50
1 2 3.  50
1 4 4 . 0 0
16 5 . 0 0
18 6.  50
20 7 . 5 0
25 1 1 . 5 0
30 1 5 . 5 0
35 2 0 . 5 0
40 2 3 . 5 0
45 2 7 . 0 0
50 2 9 .  50
60 3 2 . 5 0
70 3 4 . 0 0
8 0 3 4 . 5 0

1 20 ' 3 4 . 5 0
180 3 4 . 7 5
2 4 0 3 5 . 0 0
3 0 0 3 5 .  5 0



128

Ex p i  . N o . ะ โ) 
O p e r a t i n g '  C o n d i t i o n

150 ° c , 150 p s  i g ,  0 .  
Room T e m p e r a t u r e  : 3 0 0 .  G K

20 “ÔN i / u  i 1 , 5 In'S . , 8 0 0  r  pill

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p s  i )

0 0 . 0 0
5 0 .  50

10 0 .  50
20 1 . 0 0
30 1 . 25
40 2 . 0 0
60 3 . 0 0
7 0 4 . 0 0
8 0 4 . 5 0
90 5 .  50

100 6 . 0 0
1 20 8 . 0 0
1 30 9 . 0 0
1 50 1 2 . 0 0
1 60 1 3 . 0 0
170 1 4 . 5 0
180 1 6 . 0 0
2 1 0 1 9 . 0 0
2 4 0 2 3 . 0 0

•270 2 6 . 0 0
3 0 0 2 9 . 0 0



E X P t  . N O . : G
O p e r a t i n g  C o n d i t i o n  ะ

1 2 9

150 °c ,  150 p a l s ' ,  0 
Room T e m p e r a t u r e  ะ 3 0 3 . 6  K

. 2 0  /oN i / U i i , 5 h r  b . , 8 0 0  r-ptn

T i me C o n s u m e d  h y d r o j e n
( m i n ) ( p s i )

0 0 . 0 0
4 1 . 0 0
6 2.  50
8 5 . 0 0

10 8 . 0 0
12 1 1 . 0 0
14 1 4 . 5 0
16 1 9 . 0 0
18 2 3 . 0 0
20 2 7 . 0 0
25 3 2 . 0 0
30 3 4 .  50
35 3 5 . 5 0
40 3 6 . 0 0
45 3 6 . 5 0
50 3 7 . 0 0
60 3 7 . 0 0

1 20 3 7 . 0 0
180 3 7 . 0 0
2 40 3 7 . 0 0
3 0 0 3 7 . 0 0



1 3 0

E X P i . N o .  ะ 7 
O p é r a i ,  i tt g1 C o n d i t i o n  :

110 c 1 150 P  ธ i Vf, 0 . 0 3  /• N i /  O i I , 2 h  r  s  . , 8 0 0
Room T e m p e r a t u r e  ะ 3 0 4 . G K

T i m e  C o n s u m e d  h y d r o g e n
( m i n )  ( p s i )

J p m .

N0 REACTION



O p e r a t i n g  C o n d i t i o n  ะ

13]

£ X P G . N o .  : 8

i 30 c , 150 P b i g ,  0.  
Room T e m p e r a t u r e  ะ 3 0 4 . c K

, 0 3  % N i /  O i J , 2 111 ' b . , S 0 0 r  P II I

T i me C o n s u m e d  h y d r o g e n
( m i ท ) ( p s i )

0 0 . 0 0
1 6 1 . 0 0
20 i . ov
r> t L. \J 2 . V,:.
3 6 3 . 7 5
40 5 . 0 0
45 6 . GG
50 7 . 5 0
5 5 8 . 5 0
60 1 0 . 0 0
65 1 1 . 5 0
70 1 3 . 0 0
75 1 4 . 0 0
80 1 5 . 5 0
85 1 6 . 5 0
SO 1 7 . 5 0
95 1 9 . 0 0

105 2 0 . 5 0  ..
110 
1 20

2 2 . 0 0  
24 . o c24 . OC



132

E X P t . No.  : 9
O p e r a t i n g  C o n d i t i o n  ะ

150  c , 150 p ร i g . 0 . 0 3  % N i /  O i 1 , 2 I l l ' S . ,  3 0 0  r  p III 
Room T e m p e r a t u r e  ะ 3 0 3 . 1  K

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p s  i )

0 0 . 0 0
6 1 . 0 0

1 4 2.  50
20 5 . 0 0
30 1 1 . 0 0
35 1 5 . 0 0
40 18 .  50
45 2 2 . 0 0
50 2 4 .  50
55 26 .  50
60 28 .  50
65 29 .  50
70 3 1 . 0 0
7 5 3 1 . 5 0
3 0 3 2 .  50
85 3 3 . 0 0
9 0 3 3 . 5 0
95 3 3 . 5 0

1 00 < 3 4 . 0 0
1 10 3 4 . 5 0
1 20 3 5 . 0 0



1 3 3

E X P b  . N o .  ะ 1 ü  

Operat i ng '  C o n d i t i o n  :
170 ° c ,  150 p s i g ,  0 . 0 3  % N i / o i l ,  2 h r ร . 1 8 0 0  r p m.

Room T e m p e r a t u r e  ะ 3 0 4 . 1  K

T i me
( m i n )

C o n s u m e d  h y d r o g e n  
( p s  โ )

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

10 7 . 7 5
12 1 0 . 7 5
14 1 2 . 2 5
16 13 .  25
18 1 7 . 7 5
20 2 1 . 2 5
25 2 6 .  25
30 2 9 . 2 5
35 3 1 . 0 0
45 3 3 .  25
50 3 3 . 7 5
60 3 4 . 7 5
65 3 4 . 7 5
85 3 4 . 7 5
00 3 5 . 2 5

105 3 5 .  25
1 10 3 5 .  50
1 2 0 3 5 . 5 0



E X P t . No . ะ 11

O p e r a t i n g  C o n d i t i o n  ะ

1 3 4

180 c , 150  p s  i g ,  0.  
Room T e m p e r a t u r e  ะ 3 0 4 . 1  K

, 0 3  % N i / o i l ,  2 h r - s . ,  8 0 0  1-prii

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p s i )

0 0 . 0 0
6 3 . 0 0

10 5 . 0 0
14 7 .  25
20 1 0 . 2 5
24 12 .  25
30 1 4 . 5 0
35 1 5 . 7 5
40 1 7 . 2 5
45 1 8 . 7 5
50 1 9 . 7 5
55 2 0 . 7 5
60 2 1 . 7 5
65 2 2 . 5 0
7 0 2 3 . 5 0
75 2 4 . 2 5
80 2 4 . 7 5
85 2 5 . 7 5

๐CD 2 6 . 7 5
100 2 7 . 2 5
1 1 0 2 8 . 0 0
1 20 2 9 . 0 0



135

O p e r a t i n g  C o n d i t i o n  ะ
E X P  t . No.  : 12

2 0 0  °c, 1 50  p s i g ,  0.  
Room T e m p e r a t u r e  ะ 3 0 G.  1 K

. 0 3  % N i /  o i 1 , 2 l i r a . ,  8 0 0  r  pin

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p s  i )

0 0 . 0 0
2 1 . 0 0
4 4 . 0 0
6 6.  50
8 8 . 0 0

10 1 1 . 0 0
1 2 1 3 . 0 0
16 1 5 . 0 0
20 2 0 . 0 0
24 2 2 . 0 0
SO 2 5 . 0 0
35 2 7 . 0 0
40 2 8 . 5 0
45 2 9 . 5 0
50 3 0 . 0 0
60 3 1 . 0 0
7 0 3 2 . 0 0
80 3 2 . 2 5
90 3 2 . 5 0

100 3 2 . 5 0
1 10 3 2 . 5 0
1 20 3 2 . 5 0



1 3 6

O p e r a t i n g  C o n d i t i o n  ะ
150 °c, 100 p s i s f ,  0 . 0  3 % N i / o i 1,  2 h r  ธ . ,  8 0 0  r pm.  

Room T e m p e r a t u r e  ะ 3 0 4 . 1  K

E x p t .  No.  : 13

T i m e  C o n s u m e d  h y d r o g ' e n
( m i n )  ( p s  i )

0
5

10 
1 5 
20 
25 
30 
35 
40 
45 
55 
60 
65 
70  
75  
80  
8 5  

105 
1 10 
1 1 5 
1 20

0 . 0 0
1 . 0 0
2 . 0 0
3 .  50
5 . 0 0
7 . 0 0
8 . 0 0

1 0 . 0 0
1 1 . 2 5
1 3 . 0 0
1 5 . 7 5
1 7 . 5 0
1 9 . 0 0
2 0 . 5 0
2 1 . 5 0  
2 2 .  50
2 5 . 0 0
2 7 . 0 0
2 7 . 7 5  
2 8 .  50
2 8 .  50



1.T7

E X P t . No.  ะ 14 
O p e r a t i n g  C o n d i t i o n  ะ

150 c , 125  P s i g , 0 . 0 3  %N i /  O i 1 , 2 111 • ร . ,  8 0 0  r  p ถ!. 
Room T e m p e r a t u r e  i 3 0 5 . 1  K

T i m e  C o n s u m e d  h y d r o g e n
( m i n )  ( P 5  i )

0 0 . 00
5 1 . 25

10 5. 50
1 5 7 .00
20 10.00

.25 11.25
so 13.50
35 16.00
40 17.00
45 19.00
50 20. 50
55 22.00
60 23. 25
65 24.00
70 25. 50
75 26.00
80 27.00
85 28.00
90 29.00

1 10 3 1.00
1 2 0 3  1 . 5 0



138

E x p t . N o . ะ 15 
O p e r a t i n g  C o n d i t i o n  ะ

150 °c, 175 p a i e ,  
Room T e m p e r a t u r e  ะ 3 0 5 .  1 K

0 . 0  3 % N i / c i l ,  2 l i r a . ,  8 0 0  r p m.

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p s i  )

0 0 . 0 0
6 3 . 0 0

1 4 7 . 5 0
20 1 1 . 5 0
25 1 6 . 0 0
30 1 6 . 5 0
35 2 1 . 5 0
40 2 4 . 0 0
45 2 5 .  50
50 2 7 . 5 0
55 2 8 . 5 0
60 2 9 . 5 0
65 3 0 . 5 0
75 3 2 . 0 0
80 3 2 . 5 0
85 3 3 . 2 5
90 3 3 . 5 0

1 10 3 4 . 7 5
1 20 3 5 . 0 0



O p e r a t i n g  C o n d i t i o n  ะ
150 Cc ,  150  p s i  g ,  0 . 0 3  %N i / o  i 1 , i l i r s .  1 o'OO r p m.  

Room T e m p e r a t u r e  ะ 3 0 4 . î K

1 7 , 9

E X P  i .  Ko.  : 16

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p s i )

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

10 1 . 2 5
1 2 3 . 2 5
14 4 . 2 5
16 5 . 0 0
18 5 . 2 5
20 6 . 7 5
24 9 . 2 5
28 1 0 . 7 5
32 1 3 . 7 5
36 1 6 . 2 5
40 1 8 . 7 5
44 2 0 . 7 5
48 2 2 .  25
50 2 3 . 7 5
56 2 5 . 7 5
58 2 6 . 5 0
60 2 7 . 2  5



140

E X Pt . No.  ะ 17 
O p e r a t i n g  C o n d i t i o n  ะ

150 c , 150  p s  i 5f,  0.  
Room T e m p e r a t u r e  ร 3 0 5 . 1  K

1 03 %N i / ü  i 1 , 3 h r  a . , 8 0 0  I'PUI

T ime Consumed h y d r o g e n
( mi n) ( p s i  )

0 0 . 0 0
4 1 . 0 0
6 1 . 50

10 2 . 5 0
14 4 . 7 5
16 5 . 5 0
18 6 . 5 0
20 7 . 0 0
25 9 . 5 0
30 1 2 . 0 0
35 1 4 . 0 0
40 1 7 . 5 0
45 1 9 . 5 0
50 2 0 . 2 5
60 2 3 . 5 0
70 2 6 . 0 0
80 2 8 . 0 0

100 3 0 . 5 0
1 20 3 2 . 0 0
140 3 4 . 0 0
1 60 3 4 . 7 5
1 8 0 3 5 .  5 0



O p e r a t i n g  C o n d i t i o n
Ex p i .  No.  : 18

141

150 °c ,  150 p s  i g ,  0,  
Room T e m p e r a t u r e  ะ 3 0 5 . 6  K

, 0 3  % N i / o i l ,  ธ h r s . ,  8 0 0  r pm

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p ร i )

0 0 . 0 0
ธ 0 . 5 0

20 0 . 7 5
25 1 . 5 0
30 2.  50
35 3 . 5 0
40 6 . 0 0
45 9 . 0 0
50 1 1 . 0 0
55 1 4 . 5 0
60 1 6 . 2 5
7 0 2 1 . 5 0
8 0 2 5 . 0 0
90 2 8 . 5 0

100 3 0 . 5 0
1 20 3 2 . 7 5
1 30 3 3 . 7 5
1 40 3 4 . 5 0
180 3 5 . 5 0
2 0 0 3 6 . 0 0
2 1 0 3 6 . 2 5
3 0 0 6 . 2 5



1 4 2

O p é r â t  i n g  C o n d i t i o n  ะ
150 °c, 1 5 0  p s i g ,  0 . 0 3  % N i /  o i 1 , 2 h r s . ,  2 0 0

Room T e m p e r a t u r e  ะ 3 0 5 .  1 K

E X P t . No.  : 19

T i me
( m i n )

C o n s u m e d  h y d r o g e n
( p s  i )

0 0 . 0 0
5 0 . 2 5

1 5 2 . 0 0
2 0 3 . 0 0
30 5.00
35 8 . 0 0
55 13.00
60 15.00
70 18.00
80 2 1 . 0 0
90 24.00

1 0 0 26.00
1 10 28.00
1 2 0 29.50

r  p m .



1 4 3

O p e r a t i n g '  C o n d i t i o n  ะ
150 c, 150 p s i g ,  0 . 0 3  % N i / o i l ,  2 l i r e . ,  4 0 0  r p m .  

Room T e m p e r a t u r e  ะ 3 0 3 . 1  K

E x p t .  No.  : 20

T i m e  C o n b u m e d  h y d r o g e n
( m i n )  ( p  5 i )

0 0 . 0 0
8 1 . 0 0

10 2.  25
1 5 4 . 0 0
25 6.00
30 8.25
35 11.00
40 13. 25
45 16.50
55 21.50
70 24.00
75 26.00
80 27.50
85 28. 00
00 2 9 . 0 0
95 30.00

100 30.00
105 31.50
1 10 31.50
115 3 2 . 0 0
1 20 3 2 . 5 0



144

O p e r a t i n g '  C o n d i t i o n  ะ
150 ° c ,  150 p s i g ,  0 . 0 3  % N i / o i l ,  2 h r ๖ . ,  c o o

Room T e m p e r a t u r e  : 3 0 4 . 1  K

E X JJ t  . No.  : 21

T i me  C o n s u m e d  h y d r o g e n
( m i n )  ( p ร i )

0 0 . 0 0
5 1 . 50

1 0 3 . 0 0
1 5 5.  50
20 8 . 0 0
25 1 0 . 5 0
30 1 3 . 0 0
35 1 5 . 0 0
45 2 0 . 0 0
50 2 2 . 5 0
55 2 4 . 0 0
60 2 5 . 0 0
65 2 7 . 5 0
70 2 8 . 0 0
75 2 9 . 0 0
80 2 9 . 5 0
85 3 0 . 0 0
95 3 1 . 0 0

1 10 3 2 . 0 0
1 1 5 3 3 . 0 0

r  p m.

1 20 3 3 . 5 0



1 45

E x p t . N o . i 2 2 
O p e r a t i n g  C o n d i t i o n  ะ

150 ° c , 150 p s i g ,  0 . 5 0  % N i / G i 1 1 2 h r s .  , 8 0 0  r p m.
Room T e m p e r a t u r e  ะ 3 0 2 . 5  K

T i me
( m i n )

C o n s u m e d  h y d r o g e n  
( p s  i )

0 0 . 0 0
5 3 5 . 7 5

10 3 6 . 7 5
1 5 3 7 . 0 0
2 0 3 7 . 2 5
3 0 3 7 . 5 0
4 0 3 7 . 5 0
5 0 3 7 . 7 5
6 0 3 8 . 0 0
7 0 S 8 .  2 5
8 0 3 8 . 5 0
9 0 3 8 .  5 0

1 0 0 3 8 . 7 5
1 10 3 8 . 7 5
1 2 0 3 9 . 0 0



1 4 6

E x p t . N o . ะ  23
O p e r a t i n g  C o n d i t i o n  ะ

150 ° c ,  1 50  p s i  g ,  0 .  
Room T e m p e r a t u r e  ะ 3 0 6 . 1  K

20 % N i / o i l ,  2 h r s . ,  8 0 0  r p m.

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p s i )

0 0 . 0 0
4 1 . 7 5
6 3 . 7 5
8 6.  25

10 9 . 2 5
1 2 1 3 . 2 5
14 1 7 . 2 5
16 2 1 . 2 5
18 2 5 .  2 5
2 0 2 8 . 7 5
2 2 2 9 . 7 5
2 4 3 1 . 2 5
2 6 3 2 .  2 5
2 8 3 3 .  2 5
3 0 3 3 . 7 5
3 4 3 4 . 7 5
4 0 3 5 .  5 0
5 0 3 5 . 7 5
8 0 3 6 .  25
9 0 3 6 . 5 0

1 20 3 6 . 0 0



1 4 7

150 c , 150  P 5 i g , 0 . 1 0  % N i / o  i 1,  2 h r  b . , 8 0 0  ! prn
Room T e m p e r a t u r e  ะ 3 0 5 . 1  K

Ex p i . N o . ะ 2 4
O p e r a t i n g  C o n d i t i o n  ะ

T i me C o n s u m e d  h y d r o s f e n
( mi n) ( p s i )

0 0 . 0 0
4 1 . 25
8 5 . 0 0

10 7 . 5 0
1 2 1 1 . 5 0
14 1 4 . 5 0
16 1 7 . 5 0
18 2 1 . 0 0
2 0 2 3 . 5 0
25 2 8 . 0 0
30 3 1 . 0 0
35 3 3 . 5 0
40 3 4 . 5 0
45 3 5 . 0 0
50 3 5 . 2 5
55 3 5 . 5 0
60 3 5 . 7 5
70 36.  25
80 3 6 . 0 0
90 3 6 . 0 0

1 20 3 6 .  25



148

O p e r a t i n g  C o n d i t i o n  :
150 °c, 150 p s i g ,  0 . 0 6  % N i / o i l ,  2 l i r a . ,  8 0 0

Room T e m p e r a t u r e  ะ 3 0 5 . 1  K

E x p t . N o . : 25

T i me
( m i n )

C o n s u m e d  h y d r o g e n
< p s  i )

0 0 . 0 0
10 1 . 50
1 4 3 . 50
1 6 5 . 0 0
18 6 . 7 5
20 8 . 5 0
22 10 .  25
24 12.  50
26 1 4 . 5 0
28 1 6 . 5 0
30 1 8 . 5 0
35 2 2 . 0 0
40 2 6 . 0 0
45 2 8 . 0 0
50 3 0 .  50
60 3 3 . 5 0
7 0 3 4 . 5 0
8 0 3 5 . 2 5
90 3 5 . 2 5

1 00 3 5 . 5 0
1 10 3 5 . 7 5

r  p m .

1 20 3 6 . 0 0



149

E x p t .  No.  ะ 26 
O p e r a t i n g  C o n d i t i o n  ร

IDO °c, 1 DO p s i g ,  0 . 0 1  % N i / o i l ,  2 l i r a . ,  8 0 0  r p m.
Room T e m p e r a t u r e  ะ 3 0 1 . 1  K

T i me  C o n s u m e d  h y d r o g e n
( m i n )  ( p s  i )

0 0 . 0 0
2 1 . 0 0
4 1 . 50
6 2 . 7 5
8 3 . 7 5

10 4.  25
12 4 . 7 5
14 5.  25
16 5 . 7 5
18 6 .  50
20 7 . 0 0
25 8 . 7 5
30 1 0 . 0 0
40 1 2 . 0 0
50 1 3 . 7 5
60 1 5 . 7 5
70 1 7 . 2 5
80 1 8 . 5 0
•90 1 0 . 7 5

100 2 0 . 7 5
1 10 2 1 . 7 5
120 2 3 . 0 0



1 5 0

O p e r a t i n g  C o n d i t i o n  ะ
150  °c, 150  p s i  ร-, อ. 0 3  %N i / o  i 1 , 2 h r s . ,  8 0 0

Room T e m p e r a t u r e  ะ 3 0 4 . G K

E X P t . N o .  : 2 7

T i me
( m i n )

C o n s u m e d  h y d r o g e n
( p s i )

0 0 . 0 0
5 0 . 2 5

10 0 . 5 0
20 1 . 7 5
25 3 . h  G
30 i .* • i  Lf

WW O . 7 น
- i tL % 5 0

4 5 1 7 . 0 0
50 2 1 . 5 0
5 5 2 4 .  25
60 2 7 . 2 5
65 2 9 . 7 5
7 0 3 1 . 0 0
7 5 3 2 . 5 0
80 3 3 . 5 0
9 0 3 4 . 7 5

100 3 5 . 2 5
1 10 ' 3 5 . 7 5
1 1 5 3 6 . 0 0
1 20 3 6 .  25

9

1' pin.



1 5 1

Room T e m p e r a t u r e  ะ 3 0 3 . 1  K

E x p t . No .  ะ 2 8
O p e r a t i n g '  C o n d i t i o n  :

1 t o  ° c , 1 t o  p s i g ,  0 . 0 7  / i N i / o i l ,  2 h r  ร . 1 8 0 0  r p m

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p s  i )

0 0 . 0 0
5 0.  50

10 1 . 0 0
1 5 2 . 0 0
20 4 . 0 0
25 8 . 0 0
30 1 2 . 0 0
35 1 7 . 0 0
40 2 1 . 5 0
45 2 5 . 5 0
50 2 8 . 5 0
55 3 1 . 0 0
60 3 3 . 0 0
7 0 3 6 . 0 0
8 0 3 6 . 5 0
0 0 3 7 . 5 0

100 3 8 . 0 0
1 10 3 8 . 5 0
1 20 3 8 .  50



152

E x p i .  No .  ะ 29
O p e r a t i n g  C o n d i t i o n

ISO °c ,  150  P s i g , 0 .  
Room T e m p e r a t u r e  1 3 0 4 . 6  K

07 % N i / o i l ,  2 h r s . ,  8 0 0  rpin

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p ร i )

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

10 1 3 . 0 0
12 1 6 . 0 0
14 1 9 . 0 0
16 2 1 . 0 0
18 2 3 . 0 0
20 2 5 . 0 0
25 2 8 . 0 0
30 3 0 . 0 0
35 3 2 . 0 0
45 3 3 . 5 0
50 3 3 . 5 0
55 3 4 . 0 0
65 3 5 . 0 0
85 3 5 . 5 0

105 3 6 . 0 0
1 20 3 6 . 0 0



1 5 3

1 50  c ,  1 50  p s i g ,  0 . 0 3  % N i / o i l ,  2 h r s . ,  8 0 0  r p m.  
Room T e m p e r a t u r e  ะ 3 0 3 . 6  K

E x p i .  No .  ะ 3 0
O p e r a t i n g  C o n d i t i o n  :

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p s  i )

0 0.00
5 0 . 5 0

10 1 . 0 0
1 5 1 . 5 0
20 2.00
25 3.50
30 4 1 50
35 6. 50
40 8 .00
45 9 .00
50 11.00
60 15.00
70 19.00
80 22.00
90 25.50

100 28.00
1 10 29.50
120 31.50

1



154

E x p t . N o . ะ 31
O p e r a t i n g  C o n d i t i o n  ะ

150  ° c ,  150  p s  i g ,  
Room T e m p e r a t u r e  ะ 3 0 4 . 6  K

0 . 0 3  % N i / o i l ,  2 h r s . , 8 0 0  r p m .

T i me C o n s u m e d  h y d r o g e n
( m i n ) ( p s  i )

0 0 . 0 0
5 3 . 0 0

10 6 . 0 0
15 8 . 0 0
20 9 . 5 0
25 1 2 . 0 0
30 15 .  50
35 1 8 . 0 0
40 2 0 . 5 0
45 2 1 . 5 0
50 2 3 . 5 0
55 2 5 . 0 0
60 2 7 . 0 0
7 0 2 9 . 0 0
8 0 3 1 . 5 0
9 0 3 3 . 0 0

100 3 4 . 5 0 .
1 10 3 5 . 0 0
1 20 3 6 . 0 0



1 5 5

VI TA

Mr .  S u r a p o l  Da o p  i s e t  w a s  b o r n  o n  J a n u a r y  1 4 ,  1 9 5 7  i n
B a n g k o k .  He r e c i e v e d  h i s  B . S c .  i n  C h e m i s t r y  f r o m  F a c u l t y  o f  
S c i e n c e ,  Chu  1 a 1o n g k o r n  U n i v e r s i t y  i n  1 9 8 1 .
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