
CHAPTER I I I  

EXPERIMENTAL APPARATUS AND ANALYSIS TECHNIQUES

3 .1  E x p e r im e n ta l  A p p a r a tu s .

I n  t h i s  s t u d y ,  a f i x e d - b e d  f l o w  r e a c t o r  s y s te m  i s  

u s e d  f o r  h y d r o d e s u l f u r i z a t io n  o f  t h io p h e n e .  T h is  s y s te m  

was d e s ig n e d  and  u s e d  b y  e a r l i e r  i n v e s t i g a t o r s  a t  

C h u la lo n g k o r n  U n i v e r s i t y .  M o d i f i c a t i o n  o f  some p a r t s  was 

made i n  t h i s  s t u d y .  The  s y s te m  was d e s ig n e d  a nd  c o n ­

s t r u c t e d  i n  o r d e r  t o  w i t h s t a n d  a m axim um  o p e r a t in g  te m ­

p e r a t u r e  o f  350°c (66 2 °F ) and  a maxim um  o p e r a t in g  p r e s s u r e  

o f  1600 p s ig  (1 1 .0 3  M P a ). S t a in le s s  s t e e l  t u b e s ,  f i t ­

t i n g s  a n d  v a lv e s  w e re  u s e d  t o  p r o t e c t  t h e  s y s te m  f ro m  

c o r r o s io n .  A s c h e m a t ic  d ia g ra m  o f  t h e  s y s te m  i s  show n i n  

F ig u r e  3 . 1 .

Gas and  l i q u i d  fe e d  f lo w  i n t o  t h e  t o p  o f  f i x e d -  

b ed  f lo w  r e a c t o r  f ro m  tw o  s e p a r a te d  s e c t io n s ,  c a l l e d  g a s  

s e c t io n  and  l i q u i d  s e c t io n .  I n  t h e  g a s  s e c t io n ,  h y d ro g e n  

g a s  i s  f e d  t o  b y -p a s s  v a lv e  17 a nd  18 t h r o u g h  a m ass f lo w  

m e te r  t o  m e a su re  u p s tre a m  h y d ro g e n  g a s  f lo w  r a t e  b e fo r e  

g o in g  t o  t h e  t o p  o f  t h e  r e a c t o r .  M ass f lo w  m e te r  i s  

A l l b o r g  In s t r u m e n t  M o d e l A F M -2600 h a v in g  a c a p a b i l i t y  t o  

be u s e d  f o r  maximum p r e s s u r e  o f  500 p s ig  ( 3 . 4 4 7  MPa) .

N i t r o g e n  g a s  i s  f e d  t h r o u g h  v a lv e  16 i n t o  t h e  t o p  

o f  t h e  r e a c t o r .  I n  t h e  l i q u i d  s e c t io n ,  e a c h  fe e d  i s  

f i l l e d  i n  a b u r e t t e  ( f e e d  t a n k  w h ic h  show s l i q u i d  l e v e l )  

and  i s  pum ped th r o u g h  v a lv e  1  and  l i q u i d  f i l t e r  i n t o  

E ld e x  P r e c is io n  M e te r in g  Pump w h ic h  h a s  a b i l i t y  t o
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g e n e r a te  h ig h  p r e s s u r e  a t  lo w  f l o w  r a t e .  The fe e d  p r e s ­

s u re  i s  m o n ito r e d  b y  p r e s s u r e  g a u g e  4 lo c a te d  u p s tre a m  

f ro m  c h e c k  v a lv e  2 0 . S a fe t y  l i n e  lo c a t e d  b e fo r e  p r e s s u r e  

g a u g e  4 i s  e q u ip p e d  w i t h  r u p t u r e  d i s k ,  r a t e d  a t  2000  p s ig  

( 1 3 . 8  MPa) a n d  s u rg e  t a n k  i s  u s e d  t o  p r o t e c t  fe e d  s y s te m  

f ro m  e x c e s s iv e  p r e s s u r e .  F e e d s  a n d  h y d ro g e n  g a s  f l o w  

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

t h e  m id d le  p a r t  w i t h  3 g ra m s  o f  c a t a l y s t  s u p p o r te d  b y  

g la s s  b e a d s . T he  r e a c t o r  c o n s i s t s  o f  a 17 in c h  ( 4 3 . 2  

c m. )  lo n g ,  0 .5  in c h  ( 1 . 2 7  c m . )  o u t s id e  d ia m e te r ,  a nd  

0 . 0 3 5  in c h  ( 0 . 0 8 9  c m. )  t h i c k ,  316 s t a i n l e s s  s t e e l  t u b e .

A 1 / 2 - in c h  S w a g e lo k  c r o s s  i s  c o n n e c te d  t o  t h e  t o p  o f  t h e  

r e a c t o r .  Two 1 / 2 - in c h  t o  1 / 4 - in c h  r e d u c e r s  a r e  c o n n e c te d  

t o  b o th  s id e s  o f  c r o s s  jo in e d  w i t h  l i q u i d  and  g a s  l i n e s ,  

r e s p e c t i v e l y .  A 1 / 8 - in c h  o u t s id e  d ia m e te r ,  316 s t a i n l e s s  

s t e e l  t u b e ,  w i t h  one  end  w e ld e d  s h u t  i s  u s e d  as  a th e r m o ­

w e l l .  The th e r m o w e l l  i s  s e c u re d  i n  t h e  m id d le  o f  t h e  

r e a c t o r  b y  m eans o f  a 1 / 4 - in c h  t o  1 / 8 - in c h  r e d u c in g  u n io n  

w h ic h  i s  d r i l l e d  f o r  i n s e r t i n g  t h e  t h e r m o w e l l .  A s m a l l  

th e rm o c o u p le  i s  in s e r t e d  i n t o  t h e  th e r m o w e l l  t o  m e a s u re  

th e  te m p e r a tu r e  o f  t h e  c a t a l y s t  b ed  d u r in g  t h e  r e a c t i o n .

Two i r o n  b lo c k s ,  w i t h  g ro o v e s  o f  r e a c t o r  d ia m e te r  

r u n n in g  a c r o s s  t h e i r  e n t i r e  le n g t h  a r e  u s e d  as  t h e  h e a t ­

in g  b lo c k s .  T he  h e a t in g  b lo c k s  a r e  made t o  be  f i t t e d  

w i t h  h e a t in g  b a n d s  w h ic h  a r e  p la c e d  a ro u n d  t h e  a s s e m b le d  

b lo c k s .  Two h e a t in g  b a n d s , r a t e d  a t  800 w a t t  and  220 

v o l t  a r e  u s e d  t o  s u p p ly  h e a t  f o r  t h e  r e a c t o r .  F ib e r g la s s  

i s  a ls o  w ra p p e d  a ro u n d  t h e  r e a c t o r  a s  i n s u l a t o r  t o  k e e p  

s y s te m  is o t h e r m a l  and  p r o t e c t  p e r s o n n e l  f ro m  h o t  s u r f a c e .  

Two th e r m o c o u p le  a r e  p la c e d  o u t s id e  t h e  r e a c t o r  w a l l ,  one
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f o r  m e a s u re m e n t o f  te m p e r a tu r e  a t  o u t s id e  r e a c t o r  w a l l  

a nd  t h e  o t h e r  f o r  t h e  te m p e r a tu r e  p r o g r a m m e r / c o n t r o l1 e r .

The b o t to m  o f  t h e  r e a c t o r  i s  f i t t e d  w i t h  a 1 / 2 -  

in c h  t o  1 / 4 - in c h  r e d u c e r  t o  e n a b le  i t  t o  be  c o n n e c te d  t o  

t h e  s a m p lin g  s y s te m .

P r o d u c t  o i l  and  g a s  f lo w  th r o u g h  s a m p le  bomb 1 

i n t o  t h e  s a m p le  bomb 2 w h e re  th e y  a r e  s e p a r a te d .

U p s tre a m  p r e s s u r e  o f  t h e  s y s te m  i s  m o n ito r e d  b y  p r e s s u r e  

g a u g e  1 . D o w n s tre a m  p r e s s u r e  o f  t h e  s y s te m  i s  m o n i t o r e d  

b y  p r e s s u r e  g a u g e  2 and  3 , w h ic h  a r e  c o n n e c te d  t o  s a m p le  

bomb 1 a n d  s a m p le  bomb 2 , r e s p e c t i v e l y .  T he  u p s t re a m  

p r e s s u r e  i s  c o n s id e r e d  as  t h e  r e a c t o r  o r  s y s te m  p r e s s u r e .  

The  g a s  f l o w  r a t e  i s  m a in ta in e d  b y  m eans o f  m ic r o m e te r in g  

v a lv e  8 . The g a s  f lo w  i s  m o n ito r e d  and  c o n t r o l l e d  

d o w s tre a m  f ro m  t h e  m ic r o m e te r in g  v a lv e  b y  a lo w  p r e s s u r e  

r o ta m e t e r  a n d  a b u b b le  f lo w  m e te r ,  r e s p e c t i v e l y .

A s c r u b b e r  f i l l e d  w i t h  s o d iu m  s o l u t i o n  (6 0  v o l%  

s o d iu m  h y d r o x id e  i n  w a te r )  i s  lo c a te d  a f t e r  v a lv e  

L iq u i d  t r a p  i s  u s e d  t o  p r e v e n t  l i q u i d  and  p a r t i c l e  f l o w ­

in g  i n t o  t h e  g a s  m e a s u r in g  d e v ic e s .

The l i q u i d  p r o d u c ts  a r e  w i th d r a w n  e v e r y  6 h o u rs  

d u r in g  e a c h  e x p e r im e n t  w i t h o u t  i n t e r r u p t i o n  t o  t h e  s y s te m  

b y  c lo s in g  v a lv e  6 and  4 . L iq u i d  p r o d u c t  g e n e r a te d  

d u r in g  s a m p lin g  p r o c e s s  i s  a c c u m u la te d  i n  s a m p le  bomb 1 

w h i l e  g a s e o u s  p r o d u c ts  f lo w  th r o u g h  v a lv e  3 i n t o  s c r u b b e r  

u n i t  b e fo r e  v e n t in g  t o  a tm o s p h e re .  A t  s a m p le  bomb 2 , 

t h e r e  was b o th  l i q u i d  and  g a s e o u s  p r o d u c ts  w h ic h  a r e  

w i th d r a w n  a f t e r  6 h o u r s .  O n ly  g a s e o u s  p r o d u c ts  a r e  

v e n te d  t o  t h e  o u td o o r  s c r u b b e r  u n i t  t h r o u g h  v a lv e  5 w h i l e



40

l i q u i d  p r o d u c ts  a r e  c o l l e c t e d  i n t o  l i q u i d  s a m p le  b o x  

th r o u g h  v a lv e  9 a n d  1 0 . A f t e r  f i n i s h i n g  s a m p lin g  p r o ­

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

s a m p le  bomb 2 w i t h  n i t r o g e n  g a s  a b o u t  350 p s ig  ( 2 . 4 1  MPa) 

t h r o u g h  v a lv e  1 2 , 2 4 , 11 and  9 , r e s p e c t i v e l y  b e f o r e  

c lo s in g  v a lv e  9 ,  3 and  s lo w ly  o p e n in g  v a lv e  4 a nd  v a lv e  

6 , r e s p e c t i v e l y .  A f t e r  e a c h  e x p e r im e n t , l i q u i d  p r o d u c ts  

and  u s e d  c a t a l y s t s  a r e  la b e le d  and  k e p t  f o r  a n a ly s i s .

3 .2  A n a ly s is  T e c h n iq u e s

A f t e r  e a c h  e x p e r im e n ts ,  l i q u i d  s a m p le s  w e re  

a n a ly z e d  e v e r y  12 h o u rs  f o r  c o n c e n t r a t io n  o f  e a c h  com ­

p o u n d s . F re s h  a n d  s p e n t  c a t a l y s t s  s a m p le s  w e re  a n a ly z e d  

f o r  c o k e  and  t h e i r  c h a r a c t e r i s t i c .

3 . 2 . 1  P r o d u c t  C h a r a c t e r i z a t i o n

Gas C h ro m a to g ra p h ic  A n a ly s is  o f  l i q u i d  p r o d u c t s :

A P e r k in  E lm e r  M o d e l 8700  Gas C h ro m a to g ra p h  e q u ip p e d  w i t h  

GL S c ie n c e  C a p i l l a r y  C o lum n  M o d e l o v - l  i s  u s e d  t o  d e t e r ­

m in e  t h e  a m o u n t o f  t h io p h e n e ,  n -h e x a n e ,  t o lu e n e  and  t h e i r  

h y d r o t r e a t i n g  p r o d u c ts  i n  t h e  l i q u i d  s a m p le s .  A b o u t  0 .5  

m i c r o l i t e r  o f  l i q u i d  s a m p le  i s  i n j e c t e d  w i t h  1 /8  s p l i t  

r a t i o .  The s a m p le  i s  v a p o r iz e d  a t  a h ig h  te m p e r a tu r e  a nd  

m ix e d  w i t h  a c a r r i e r  g a s .  Com pounds i n  t h e  g a s  m ix t u r e  

a d s o rp  and  d e s o rp  i n  t h e  c a p i l l a r y  c o lu m n  a t  d i f f e r e n t  

r a t e s .  L i g h t e r  com pounds a d s o rb  and  d e s o rb  f a s t e r  th a n  

h e a v ie r  co m p o u n d s .

F la m e  i o n i z a t i o n  d e t e c t o r  i s  u s e d  t o  d e t e c t  t h e  

s i g n a l .  The s ig n a l  a r e  p l o t t e d  and  i n t e g r a t e d .  T he n  

t h e y  a r e  p r i n t e d  on  an  E pson  FX 850 d o t  m a t r i c  p r i n t e r .
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T he o p e r a t in g  c o n d i t io n s  o f  t h e  g a s  c h ro m a to g ra p h  a r e  

s u m m a riz e d  i n  T a b le  3 . 1 .

Q u a l i t a t i v e  a n a ly s i s :  The com pounds a r e  i d e n t i ­

f i e d  b y  c o m p a r in g  t h e  r e a c t io n  t im e s  o f  t h e  u n kn o w n  p e a k s  

w i t h  t h e  r e a c t io n  t im e s  o f  s ta n d a r d  com pou nds  s u s p e c te d  

t o  be  i n  t h e  s a m p le s .  The s ta n d a r d  r e t e n t i o n  t im e  w e re  

m e a s u re d  i n  la b o r a t o r y  u s in g  t h e  same c h ro m a to g ra p h  and  

o p e r a t in g  c o n d i t i o n s .

Q u a n t i t a t i v e  a n a ly s i s :  The  r e s u l t s  o b t a in e d  f ro m  

t h e  g a s  c h ro m a to g ra p h  w e re  u s e d  t o  d e te r m in e  c o m p o s i t io n  

o f  t h e  s a m p le s .  The in t e g r a t e d  a re a  show n on  t h e  c h r o ­

m a to g ra m  w e re  u s e d  t o  c a l c u la t e  c o n c e n t r a t io n s  o f  com ­

p o u n d s  i n  t h e  s o l u t i o n .

3 . 2 . 2  C a t a ly s t  C h a r a c t e r i z a t io n

S a m p le s  o f  f r e s h  and  s p e n t  c a t a l y s t s  f ro m  e a c h  

e x p e r im e n t  w e re  e x t r a c t e d  w i t h  t e t r a h y d r o f u r a n  i n  a S o x h -  

l e t  E x t r a c t i o n  u n i t  f o r  6 h o u r s .  E x t r a c t e d  c a t a l y s t s  

w e re  d r i e d  a t  room  te m p e r a tu r e  f o r  12 h o u r s .  T he n  t h e  

e x t r a c t e d  f r e s h  and  s p e n t  c a t a l y s t s  w e re  d i v id e d  i n  tw o  

g r o u p s .  F i r s t  g ro u p  was r e g e n e r a te d  i n  t h e  f u r n a c e  t o  

d e te r m in e  c o k e  c o n t e n t  and  t h e  c a t a l y s t  s a m p le s  a f t e r  

d e t e r m in a t io n  f o r  c o k e  c o n t e n t  a r e  c a l l e d  b u rn e d  c a t a ­

l y s t s .  S econd  g ro u p  was n o t  r e g e n e r a te d  i n  t h e  fu r n a c e  

a n d  t h e  c a t a l y s t  s a m p le s  f ro m  t h i s  g ro u p  a r e  c a l l e d  

u n b u rn e d  c a t a l y s t s .  F re s h  and  s p e n t  c a t a l y s t  s a m p le s  

f ro m  b o th  g ro u p s  w e re  a n a ly z e d  f o r  p o r e  c h a r a c t e r i s t i c  

a nd  t o t a l  s u r f a c e  a r e a .
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TABLE 3 . 1  C o lu m n  C o n d i t i o n s

O p e r a t i n g  C o n d i t i o n s F e e d  I F e e d  I I
I n i t i a l  T e m p e r a t u r e  ( ๐C) 27 32
I s o t i m e  I  ( m in ) 27 32
H e a t i n g  R a t e  (๐ c / m i n ) - 6
F i n a l  T e m p e r a t u r e  ( °C ) 27 150
I s o t i m e  I I  ( m in ) - 10
I n j e c t i o n  T e m p e r a t u r e  ( ๐C) 170 2 0 0
D e t e c t o r  T e m p e r a t u r e  ( ๐C) 170 2 0 0

TABLE 3 . 2  R e t e n t i o n  T im e s

Com pounds F e e d  I F e e d  I I
n - H e x a n e 5 . 9 5 . 4 3
T h i o p h e n e 7 . 8 5 7 . 0 7
T o l u e n e 1 6 . 7 5 1 4 . 2 2
P y r i d i n e 1 2 . 3 3 1 2 . 8 0
Q u i n o l i n e - 4 6 . 8 2
1 , 2 , 3 , 4 - T e t r a h y d r o q u i n o l i n e - 4 6 . 5 0
2 , 6 - L u t i d i n e - 2 7 . 6 6
P y r r o l e 1 2 . 3 0 1 2 . 0 5
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(a )  C oke C o n te n t  C h a r a c t e r i z a t io n

T he c o k e  c o n t e n t  i n  t h i s  s t u d y  i s  d e f in e d  as  th e  

w e ig h t  p e r c e n t  o f  lo s s  o f  c a rb o n a c e o u s  m a t e r i a l  b y  

b u r n in g  t h e  c a t a l y s t  s a m p le  a t  550°c (1 0 2 2 °F ) f o r  60 

h o u r s .  T he  c a t a l y s t  s a m p le s  a r e  w e ig h e d  a t  room  

te m p e r a tu r e  and  p la c e d  i n  a f u r n a c e  a t  550°c (1 0 2 2 °F ) t o  

b u r n  o f f  t h e i r  c a rb o n a c e o u s  m a t e r i a l  f o r  60 h o u r s .  The  

s a m p le s  a r e  a l lo w e d  t o  c o o l  down t o  ro o m  te m p e r a tu r e  th e n  

w e ig h e d .  T he  a m o u n t o f  c o k e  i s  c a l c u la t e d  b y  ะ

W e ig h t%  o f  c o k e  c o n t e n t  = (พ 1 -  พ2) *  (1 0 0 /W j,

W here  พ1 = W e ig h t  o f  s p e n t  c a t a l y s t

พ2 = W e ig h t  o f  b u rn e d  c a t a l y s t

(b )  C a t a l y s t  C h a r a c t e r i s t i c .

F re s h  and  s p e n t  c a t a l y s t s  w e re  c l a s s i f i e d  i n  tw o  

g ro u p s  c a l l e d  b u rn e d  and  u n b u rn e d  c a t a l y s t .  T h e s e  c a t a ­

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

s u r f a c e  a r e a .

(c )  P o re  c h a r a c t e r i s t i c

A m ic r o m e r i t i c s  m o d e l 9320  P o r e s iz e r  was u s e d  t o  

d e te r m in e  t h e  p o re  v o lu m e  and  p o r e  a r e a .  T h is  a n a ly z e r  

u s e d  m e rc u ry  p e n e t r a t io n  m e th o d . T h is  m e th o d  i s  b a s e d  on 

t h e  b e h a v io r  o f  n o n w e t t in g  l i q u i d s  i n  c a p i l l a r i e s ,  a g a in  

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

d e r s .  T h is  a n a ly z e r  h a s  tw o  o p e r a t in g  s t e p s .  The  f i r s t  

s t e p  i s  a lo w  p r e s s u r e  p ro c e s s  i n  w h ic h  n i t r o g e n  g a s  a t  

25 p s ig  was g r a d u a l l y  in c r e a s e d  t o  f o r c e  m e rc u ry  t o
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p e n e t r a t e  i n t o  t h e  p o re  o f  c a t a l y s t .  The s e c o n d  s te p  i s  

h ig h  p r e s s u r e  p r o c e s s  i n  w h ic h  o i l  was u s e d  f o r  h y d r a u l i c  

p r e s s u r i z a t i o n .  s te p  in c r e a s e  i n  p r e s s u r i z a t i o n  was 

a s s ig n e d  b y  a n y  u s e r s ,  c a l l e d  p r e s s u r e  t a b l e  w h ic h  

m e m o rie d  i n  c o m p u te r  p ro g ra m . The  m axim um  a n d  th e  

m in im u m  o p e r a t in g  p r e s s u r e  o f  h ig h  p r e s s u r e  p r o c e s s  a r e  

25 an d  2 8 , 0 0 0  p s ig  w h ic h  i s  a d e q u a te  t o  f o r c e  m e rc u ry  t o  

p e n e t r a t e  i n t o  t h e  p o r e  o f  c a t a l y s t .  T o t a l  d a ta  f ro m  

b o th  s te p s  a r e  c o m b in e d  t o  c a l c u la t e  t h e  p o r e  v o lu m e .

(d )  T o t a l  s u r f a c e  a re a

A m ic r o m e r i t i c s  m o d e l ASAP 2000  w as u s e d  t o  

d e te r m in e  t h e  t o t a l  s u r fa c e  a re a  o f  c a t a l y s t s .  T h e re  a r e  

tw o  o p e r a t in g  s t e p ,  t h e  d e g a s s in g  s te p  a nd  a n a ly s i s  s t e p .

M o s t s o l i d  m a t e r i a ls  a d s o rb  m o is t u r e  and  o t h e r  

c o n ta m in a n ts  when e x p o s e d  t o  t h e  a tm o s p h e re .  The s a m p le  

m u s t be  c le a n  w hen a n a ly s i s  i s  p e r fo r m e d .  T he  s a m p le  i s  

h e a te d  a n d  p la c e d  u n d e r  vacuum  t o  re m o v e  t h e  m o is t u r e  a nd  

o t h e r  c o n ta m in a n ts .  B e fo r e  t a k in g  c a t a l y s t  s a m p le  t o  t h e  

d e g a s  p o r t ,  i t  i s  g o o d  p r a c t i c e  t o  d r y  s a m p le  p r i o r  t o  

t r e a t  th e m  i n  t h e  d e g a s  s t a t i o n s .  A vacuum  o v e n  w as u s e d  

i n  t h i s  t r e a t m e n t  and  c a r r i e d  o u t  a t  1 7 0 ° c  and  vacuum  

p r e s s u r e  o f  1 in c h  o f  Hg f o r  5 h o u r s .  A t  t h e  d e g a s  p o r t ,  

t h e  c o n d i t i o n  i s  f a s t  vacuum  t o  5 0 0  m Hg a t  2 5 0 ° c  f o r  3 

h o u r s .  A f t e r  c o m p le t io n  o f  t h i s  s t e p ,  t h e  c a t a l y s t  was 

w e ig h e d  a n d , th e n  th e  d e g a s e d  s a m p le  was t r a n s f e r  f r o m  

t h e  d e g a s  p o r t  t o  t h e  a n a ly s i s  p o r t .

A t  t h e  a n a ly s i s  p o r t ,  b e f o r e  a s a m p le  c a n  be 

a u t o m a t i c a l l y  a n a ly z e d  i t  m u s t h a v e  an  in f o r m a t i o n  f i l e
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a s s ig n e d  t o  i t .  The f i l e  c o n s is t s  o f  in f o r m a t i o n  g ro u p s  

w h ic h  c o l l e c t i v e l y ,  i d e n t i f y  t h e  s a m p le  (s a m p le  in f o r m a t ­

io n )  , g u id e  t h e  a n a ly s i s  ( r u n  c o n d i t i o n s ,  p r e s s u r e  t a b le )  

a n d  s p e c i f y  t h e  d a ta  r e d u c t io n  ( c a l c u l a t i o n  a s s ig n m e n ts ,  

r e p o r t  o p t i o n s ) .

A n a ly s is  o f  s a m p le s  w e re  c a r r i e d  o u t  a t  vacuum  

p r e s s u r e  o f  15 mmHg and  c o ld  d e w a r f i l l e d  w i t h  l i q u i d  

n i t r o g e n  t o  g e n e r a te  n i t r o g e n  a d s o r p t io n .  A m oun t o f  

n i t r o g e n  a d s o r p t io n  r e la t e d  w i t h  s e t t i n g  o f  P /P 0 (P = 

p r e s s u r e  and  P0 = s a t u r a t e d  p r e s s u r e )  a t  0 .3  c a l l e d  one  

p o i n t  a d s o r p t io n ,  was c h o s e n  t o  c a l c u la t e d  t h e  t o t a l  

s u r f a c e  a r e a .


	CHAPTER III. EXPERIMENTAL APPARATUS AND ANALYSIS TECHNIQUES
	3.1 Experimental Apparatus
	3.2 Analysis Techniques


