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APPENDICES
A P P E N D IX  A  C alculation  o f  Sam ple P reparation

A 1  A m o u n t  o f  M e ta l  C h e m ic a l  f o r  I m p r e g n a t io n
Example: Amount o f 100% monolayer o f CuCE chemical for impregnation on 
macroporous alumina (Concentration o f metal is corresponded to monolayer o f  
CuCE on macroporous alumina surface)
F ro m

M o n o la y e r  o f  C u C l o n  a lu m in a  s u r fa c e  
S u r fa c e  a r e a  o f  m a c r o p o r o u s  a lu m in a

M o n o la y e r  o f  C u C l o n  a lu m in a  s u r fa c e  

M o le c u la r  w e ig h t  o f  C u C l

T h u s ,  m o n o la y e r  o f  C u C l o n  a lu m in a  s u r f a c e  =  v '
9 8 .9 9 9

=  0 .0 9 5  g  C u C l /1 0 0  m 2 o f  a lu m in a
=  1 9 4  m 2/g  
= 0 .0 9 5 x 1 9 4
= loo
=  0 .1 8 4  g  C u C l/1  g  o f  a lu m in a  
=  9 8 .9 9 9  g /m o le

=  0 .0 0 1 8 6  m o le  C u C l/1  g  o f  a lu m in a
F ro m

C u C E  w a s  u s e d  a s  th e  s a m e  m o la r  c o n c e n t r a t io n  o f  C u C l. 
M o le c u la r  w e ig h t  o f  C u C E  =  1 3 4 .4 5  g /m o le
T h u s , m o n o la y e r  o f  C u C E  o n  m a c r o p o r o u s  a lu m in a  s u r f a c e  

=  0 .0 0 1 8 6  m o le  C u C E  / I  g  o f  a lu m in a
=  0 .0 0 1 8 6 x 1 3 4 .4 5

F ro m
=  0 .2 5 0  g  C u C E  / I  g  o f  a lu m in a

P o r e  v o lu m e  o f  m a c r o p o r o u s  a lu m in a  =  0 .6 7 4  c m 3/g  o f  a lu m in a
0 .2 5 0A m o u n t  o f  C u C E  u s e d

T h u s , a m o u n t  o f  C u C E  u s e d  
T h e n ,  7 5 %  m o n o la y e r  
A n d , 5 0 %  m o n o la y e r

0 .6 7 4
=  0 .3 7 1  g  C u C E /c m 3 o f  a lu m in a  
=  0 .2 7 8  g  C u C E /c m 3 o f  a lu m in a  
=  0 .1 8 6  g  C u C E /c m 3 o f  a lu m in a
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A 2  S im u la te d  D ie s e l  F u e l  P r e p a ra t io n
E xam ple:  P r e p a r a t io n  o f  1 0 0 0  c m 3 s im u la te d  d ie s e l  ( 8 0 % w t.  D o d e c a n e ,  2 0 % w t. 
T o lu e n e  a n d  1 5 0  p p m w  o f  D ib e n z o th io p h e n e )
F ro m

D e n s i ty  o f  D o d e c a n e  =
D e n s i ty  o f  T o lu e n e  =
M o le c u la r  w e ig h t  o f  D ib e n z o th io p h e n e  ( D B T )  =

0 .7 5  g /c m 3 

0 .8 6 6 9  g /c m 3 

1 8 4 .2 6

S o ,

S o ,

D e n s i ty  o f  s im u la te d  d ie s e l

d e n s i ty  o f  s im u la te d  d ie s e l  
W e ig h t  o f  s im u la te d  d ie s e l  
w e ig h t  o f  s im u la te d  d ie s e l

A m o u n t  o f  D o d e c a n e  

A m o u n t  o f  T o lu e n e

^ 8 0 x 0 . 7 5 ^  +  f 2 0 x 0 . 8 6 6 9 ^
VV 100 

=  0 .7 7 3 3 8  g /c m 3 

=  0 .7 7 3 3 8 x 1 0 0 0  
=  7 7 3 .3 8  g  

(  8 0  ^
100

X  7 7 3 .3 8
/

20
100

X  7 7 3 .3 8
7

100 y

=  6 1 8 .7 0 4  g  

=  1 5 4 .6 7 6  g

D ib e n z o th io p h e n e  c o n c e n t r a t io n - 15 0  p p m w

=  150  
= 106

=  0 .0 0 0 1 5  g  o f  s/g o f  s im u la te d  d ie s e l
=  0 .0 0 0 1 5
= 3 2

S o ,

= 4.6875 X 1 O'6 m o le  o f  s/g o f  s im u la te d  d ie s e l

A m o u n t  o f  D ib e n z o th io p h e n e  =  

a m o u n t  o f  D ib e n z o th io p h e n e  =

(4 .6 8 7 5  x l 0 “6 )x  1 8 4 .2 6

8 .6 3 7 4  x l O "4 g  o f D B T / g  o f  s im u la te d  d ie s e l

(8 .6 3 7  X 1 0 ' 4 ) x  7 7 3 .3 8

0 .6 6 8 0  g
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A PP E N D IX  B C alculation  o f  A m ount o f  A dsorption  o f  Su lfur C om pounds in 
D ynam ic A dsorption  E xperim ent
B 1 D e a th - V o lu m e  o f  F ix e d  B e d  R e a c to r

T o  f in d  o u t  th e  d e a th - v o lu m e  o f  f ix e d  b e d  r e a c to r ,  th e  b r e a k th r o u g h  
c u r v e  o f  s im u la te d  d ie s e l  fu e l (8 0 %  d o d e c a n e ,  2 0 %  p a r a d ie th y lb e n z e n e  a n d  15 0  
d ib e n z o th h io p h e n e )  w i th o u t  a d s o rb e n t  w a s  p e r f o r m e d  in  th i s  s tu d y . B y  a p p ly in g  f ir s t  
m o m e n t  o f  th e  b r e a k th r o u g h  c u r v e  ( p ) ,  w e  c a n  d e te r m in e  th e  d e a th - v o lu m e :

/h = f* = J (i -  yflv y = ป ี-

W h e r e  p : m e a n  b r e a k th r o u g h  v o lu m e
C : c o n c e n t r a t io n  o f  s u l fu r  c o m p o u n d s  in  th e  f e e d  ( m o le  o r  g )

F igure B l .  B r e a k th r o u g h  c u r v e  w i th o u t  a d s o rb e n t .

H e n c e ,  D e a th - v o lu m e  =  p  =  1 .591  m l



8 6

B 2  A m o u n t  o f  A d s o r p t io n  o f  S u l fu r  C o m p o u n d s  in  D y n a m ic  A d s o r p t io n  E x p e r im e n t  
Example-. A d s o r p t io n  o f  d ib e n z o th io p h e n e  in  s im u la te d  d ie s e l  fu e l  ( 8 0 %  d o d e c a n e , 
2 0 %  T o lu e n e  a n d  1 5 0  p p m w  s u l fu r  c o n te n t)  o n  1 0 0 %  m o n o la y e r  o f  C u C l2 o n  m -  
A I2O 3 w h ic h  c r u s h e d  a f te r  im p re g n a t io n  a t  d i a m e te r  s iz e  3 0 0 - 5 0 0  p m .
S e t t in g  p a r a m e te r  o f  b r e a k th r o u g h  a d s o rp t io n  e x p e r im e n t :

N u m b e r  o f  th e  c o l le c te d  v ia ls =  6 0
C o l le c te d  t im e =  0 .5 0  m in
W a s te  t im e =  3 .9 8  m in
W a i t  t im e =  5 .3 9 m in
F lo w  r a te  (F ) =  0 .4  c m 3/m in
D e a th - v o lu m e =  1 .591  c m 3

D ia m e te r  o f  g r a in =  0 .2 5  m m

S tr u c tu ra l  d e n s i ty  (p s ) =  3 .0 8 5  g /c m 3

M a c r o p o r o u s  v o lu m e  (V m ) =  0 .0 1 3  c m 3/g
M e s o p o r o u s  v o lu m e  (V m) =  0 .5 4 5  c m 3/g
M ic r o p o r o u s  v o lu m e  (V p ) =  0 . 0 0 0  c m 3/g
M a s s  o f  a d s o r b e n t =  6 . 0 0  g
D e n s i ty  o f  s im u la te d  d ie s e l  fu e l (d ) =  0 .7 7 4  g /c m 3

P a r t ic le  d e n s i ty  (P p  ) =  1 .0 9 6  g /c m 3

B u lk  d e n s i ty  (P B ) =  0 .7 4 0  g /c m 3

Co ( D B T ) =  1 5 0  p p m

T a =  W a s te  t im e  +  W a i t  t im e /2
=  6 .6 7 5  m in

Tp =  T o ta l  t im e  / N u m b e r s  o f  v i a l s
=  5 .8 6  m in

น ( s u p e r f ic ia l  l iq u id  v e lo c i ty  in  e m p ty  c o lu m n , c m /m in )
=  f lo w  r a te  /  c o lu m n  s e c t io n  
=  0 .5 1 0  c m /m in
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P a r t ic le  p o r o s i ty  {ร p ) =  P a r t ic a l  d e n s i ty  X V M 

=  0 .0 1 4

I n te r p a r t ic le  p o r o s i ty  (£ 1 ) - 1.  h i
kP p y 

=  0 .3 2 6

T o ta l  M a c r o p o r o u s  v o lu m e =  V M X M a s s  o f  a d s o r b e n t  
=  0 .0 7 8  c m 3

T o ta l  M ic r o p o r o u s  v o lu m e =  V ,1 X M a s s  o f  a d s o r b e n t  
=  0 . 0 0 0  c m 3

T o ta l  M a c r o p o r o u s  a n d  M ic ro p o r o u s  v o lu m e

T o ta l  B e d  p o r o s i ty  ( £ 3 )

=  0 .0 7 8  c m 3

=  T o ta l  M a c r o p o r o u s  a n d  M ic r o p o r o u s  

v o lu m e /  V o lu m e  o f  c o lu m n
=  0 .3 3 5

A t  th e  C o l le c te d  v i a l s  n u m b e r  i

A v e r a g e  t im e =  ^ + ( / - i j x r P

A v e r a g e  v o lu m e  o f  fu e l

A m o u n t  o f  t r e a te d  v o lu m e =  A v e r a g e  v o lu m e  o f  f u e l  -  D e a th  v o lu m e

H e n c e ,  C u m u la t iv e  e f f lu e n t  v o lu m e  o f  D B T

— M d b t  

=  4 9 .3 5 1  c m 3

=  4 9 .3 5 1  c m 3 /  6  g  o f  a d s o r b e n t  
=  8 .2 2 5  c m 3g - a d s o r b e n t



Amount of DBT in the column (Mdbt)

A m o u n t  o f  D B T  a d s o r b e d

— M d b t  x d D B T  x Q)
=  0 .0 3 1  g  

=  M d b t x ( 1 - £ 5 )

=  0 .0 3 1  g
=  0 .0 3 1  X 1 0 0 0 /6  g  o f  a d s o r b e n t  
=  5 .1 2 3 8  m g /g - a d s o r b e n t  
=  5 .1 2 3 8  /  m o le c u la r  w e ig h t  o f  D B T  
=  0 .0 2 7 8  m m o le /g - a d s o r b e n t
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