
REFERENCES

B a b ic h , I. V . and  M o u lijn , J. A . (2 0 0 3 ) .  S c ie n c e  and te c h n o lo g y  o f  n o v e l  p r o c e s se d  
fo r  d e e p  d e su lfu r iz a tio n  o f  o il  r e fin ery  stream s: a r e v ie w . F u e l  8 2 , 6 0 7 -  
6 3 1 .

B h a n d ar i, V .M ., K o , C .H ., Park, J .G ., H an , ร ., C h o , ร . and K im , J. (2 0 0 6 ) .  D e su fu r i-  
za tio n  o f  d ie s e l  u s in g  io n -e x c h a n g e d  z e o l i te s .  C h e m ic a l E n g in e e r in g  S c i 
e n c e , 6 1 , 2 5 9 9 - 2 6 0 8 .

C h a n sa , J. (2 0 0 4 ) .  R e m o v a l o f  su lfu r  c o m p o u n d s  from  tra n sp o rta tion  fu e ls  b y  ad 
so rp tio n . M.s. T h e s is , T h e  P e tro leu m  and  P e tr o c h e m ic a l C o lle g e , C h u -  
la lo n g k o m  U n iv e r s ity , B a n g k o k , T h a ilan d .

E rtl, G ., K n o z in g e r , H ., an d  W eitk a m p , J. (1 9 9 7 ) .  H a n d b o o k  o f  H e te r o g e n e o u s  C a 
t a ly s is . F ran ce: V C H  V e r là g sg e s e l ls c h a ft  m b H , W e in h e lm  (F ed era l R e p u b 
l ic  o f  G e rm a n y ).

G o ld e n , T .C ., K ratz , W .C ., and W ilh e lm , F .C . (1 9 9 2 ) .  H ig h ly  d isp e r se d  cu p ro u s  
c o m p o s it io n s . U n ite d  S ta tes  P a ten t, 19.

G rant, M .H . (1 9 9 2 ) .  E n c y c lo p e d ia  o f  c h e m ic a l t e c h n o lo g y . U n ite d  S ta tes  o f  A m e r 
ica: J oh n  W il le y  &  S o n s , Inc.

H an , M .S . ,  L e e , B .G ., A h n , B .S .,  M o o n , D .J ., an d  H o n g , ร . I. ( 2 0 0 3 ) .  S u r fa ce  p ro p er
t ie s  o f  C u C 1 2 /A C  c a ta ly s ts  w ith  v a r io u s  C u  co n ten ts: X R D , S E M , T G /D S C  
an d  C O -T P D  a n a ly se s . A p p lie d  S u rfa ce  S c ie n c e , 2 1 1 , 7 6 -8 1 .

H e m â n d e z -M a ld o n a d o , A .J . and Y a n g , R .T . (2 0 0 4 a ) .  D e s u lfu r iz a t io n  o f  d ie s e l  fu e ls  
v ia  7 1 -com p lexa tion  w ith  n ic k e l(I I ) -e x c h a n g e  X -  and  Y - z e o l i t e s .  In d u stria l 
&  E n g in e e r in g  C h e m istry  R e se a r c h , 4 3 , 1 0 8 1 -1 0 8 0 .

H e m â n d e z -M a ld o n a d o , A .J . and Y a n g , R .T . (2 0 0 4 b ) . N e w  so rb en ts  for  d e su lfu r iz a 
t io n  o f  d ie s e l fu e ls  v ia  71 -com p lexation . A IC h E  J o u rn a l, 5 0 , 7 9 1 - 8 0 1 .

H e m â n d e z -M a ld o n a d o , A .J ., Y a n g , F .H ., Q i, G . and  Y a n g  R .T . ( 2 0 0 5 ) .  D e s u lfu r iz a 
t io n  o f  tra n sp o rta tion  fu e ls  b y  7r -c o m p le x a t io n  sorb en ts: C u (I )- , N i( I I ) - ,  and  
Z n (I I ) -z e o lite s . A p p lie d  C a ta ly s is  B: E n v ir o n m e n ta l  5 6 , 1 1 1 -1 2 6 .

H ira i, H ., K u rim a , K ., W a d a , K . and K o m iy a m a , M . (1 9 8 5 ) .  S e le c t iv e  e th y le n e  ad 
so rb en ts  c o m p o s e d  o f  c o p p e r (I )  c h lo r id e  and p o ly s ty r e n e  res in s  h a v in g  
a m in o  g ro u p s. T h e  C h e m ic a l S o c ie ty  o f  Jap an , 1 5 1 3 -1 5 1 6 .



87

K a ew b o ra n , J. (2 0 0 6 ) .  C o n tin u o u s  r e m o v a l o f  th io p h e n ic  su lfu r  c o m p o u n d s  from  
tra n sp o rta tion  fu e ls  b y  u s in g  X z e o l i te .  M.s. T h e s is ,  T h e  P e tr o le u m  and  P e t
r o c h e m ic a l C o lle g e , B a n g k o k , T h a ila n d .

K im , J .H ., M a , X .,  Z h o u , A . and  S o n g , c. (2 0 0 6 ) .  U ltr a -d e e p  d e su lfu r iz a tio n  and  
d e n itr o g e n a tio n  o f  d ie s e l  fu e l b y  s e le c t iv e  a d so r p tio n  o v e r  th ree  d iffe r e n t  
a d so rb en ts: A  stu d y  o n  a d so rp tiv e  s e le c t iv ity  an d  m e c h a n ism . C a ta ly s is  
T o d a y . 1 1 1 .7 4 - 8 3 .

K in g , D .L . and F a z , c. (2006). D e su lfu r iz a t io n  o f  T ier  2 g a so lin e  b y  d iv a le n t  c o p 
p e r -e x c h a n g e d  z e o l i t e  Y . A p p lie d  C a ta ly s is  B : E n v ir o n m e n ta l. 3 1 1 , 5 8 -  
65 .

L in lî, H .N . (2 0 0 7 ) .  A d so r p tiv e  rem o v a l o f  su lfu r  c o m p o u n d s  fro m  tra n sp o rta tion  fu 
e ls  b y  u s in g  z e o l i t ic  a d so rb en ts . M.s. T h e s is , T h e  P e tr o le u m  and  P e tro 
c h e m ic a l C o lle g e , C h u la lo n g k o m  U n iv e r s ity , B a n g k o k  T h a ila n d .

M a , X .,  รนท, L . an d  S o n g , c. (2 0 0 2 ) .  A  n e w  a p p ro a ch  to  d e e s  d e su lfu r iz a tio n  o f  
g a so lin e , d ie s e l  fu e l an d  je t  fu e l b y  s e le c t iv e  a d so rp tio n  for  u ltr a -c le a n  fu e ls  
and fo r  fu e l c e l l  a p p lic a tio n s . C a ta ly s is  T o d a y . 7 7 ,  1 0 7 -1 1 6 .

Park, J .G ., K o , C .PT, Y i, K .B ., Park, J., H a n , ร ., C h o , ร . an d  K im  , J. (2 0 0 8 ) .  R e a c 
t iv e  a d so r p tio n  o f  su lfu r  c o m p o u n d s  in d ie s e l  o n  n ic k e l su p p o rted  o n  
m e s o p o r o u s  s il ic a . A p p lie d  C a ta ly s is  B: E n v ir o n m e n ta l. 8 1 , 2 4 4 - 2 5 0 .

P r in g p r a y o n g , ร . (2 0 0 6 ) .  A d so r p tiv e  r e m o v a l o f  su lfu r  c o m p o u n d s  fro m  tran sp orta 
t io n  fu e ls  u s in g  z e o l i t ic  a d so rb en ts . M .s .  T h e s is , T h e  P e tr o le u m  and  P e tr o 
c h e m ic a l C o lle g e , C h u la lo n g k o m  U n iv e r s ity , B a n g k o k , T h a ila n d .

R eu t, ร . ,  and P ra k a sh , A . (2 0 0 6 ) .  E v a lu a tio n  o f  so rb en ts  fo r  th io p h e n e  r e m o v a l from  
l iq u id  h y d ro ca rb o n . F u e l P r o c e s s in g  T e c h n o lo g y , 8 7 , 2 1 7 - 2 2 2 .

R o u c o , A .J . (1 9 9 4 ) .  T P R  s tu d y  o f  A I2O 3 - and  SiC>2 -su p p o rte d  C u C U  c a ta ly s ts . A p 
p lie d  C a ta ly s t  A , 1 1 7 , 1 3 9 -1 4 9 .

R o u sse a u , R.w. (1 9 8 7 ) .  H a n d b o o k  o f  sep a ra tio n  p r o c e ss  t e c h n o lo g y . U n ite d  S ta tes  
o f  A m e r ic a : Joh n  W il le y  &  S o n s , Inc.

R u th v en , D .M . (1 9 8 4 ) .  P r in c ip le s  o f  a d so r p tio n  and  a d so r p tio n  p r o c e s s e s . U n ite d  
S ta tes  o f  A m erica : J o h n  W ille y  &  S o n s , Inc.

S a tter fie ld , C .N . (1 9 9 1 ) .  H e te r o g e n e o u s  c a ta ly s is  in  in d u str ia l p r a c t ic e . U n ite d  
S ta tes  o f  A m er ica : M c G r a w -H ill,  Inc.



88

T a k a h a sh i, A . Y a n g , F .H . and Y an r, R .T . (2 0 0 0 ) .  A r o m a tic s /a lip h a tic s  sep a ra tio n  b y  
a d sorp tion : N e w  so rb en ts  for  s e le c t iv e  a r o m a tic s  a d so rp tio n  b y  7C- 
c o m p le x a t io n . In d u stria l &  E n g in e e r in g  C h e m istr y  R e s e a r c h , 3 9 , 3 8 5 6 -  
3 8 6 7 .

T a k a h a sh i, A ., Y a n g , F . H . and  Y a n g , R .T . (2 0 0 2 ) .  N e w  so r b e n ts  for  d e su lfu r iz a tio n  
b y  71-com p lexation : T h io p h e n e /B e n z e n e  a d so rp tio n . In d u stria l &  E n g in e e r 
in g  C h e m istry  R e se a r c h . 4 1 ,2 4 8 7 - 2 4 9 6 .

W a n g , Y .,  and L in , Y . s .  (1 9 9 8 ) .  S o l-g e l  s y n th e s is  and  g a s  a d so r p tio n  p r o p er tie s  o f  
C u C l m o d if ie d  m e so p o r o u s  a lu m in a . Jou rn a l o f  S o l-G e l  S c ie n c e  an d  T e c h 
n o lo g y . 11 . 1 8 5 -1 9 5 .

W a n g , Y .,  and Y a n g , R .T . (2 0 0 7 ) .  D e su lfu r iz a t io n  o f  liq u id  fu e ls  b y  a d so r p tio n  o n  
c a r b o n -b a se d  so rb en ts  and u ltr a so u n d -a ss is te d  so rb en t re g e n e r a tio n . 
L a n g m u ir , 2 3 ,  3 8 2 5 -3 8 3 1 .

X u e , M ., C hitrakar, R ., S a k a n e, K . H iro tsu , T ., O o i, K . Y o sh im u r a , Y ., F e n g , Q ., and  
S u m id a , N . (2 0 0 5 ) .  S e le c t iv e  a d so rp tio n  o f  th io p h e n e  and  1- 
b e n z o th io p h e n e  on  m e ta l- io n -e x c h a n g e d  z e o l i t e s  in  o r g a n ic  m e d iu m . Jou r
n a l o f  C o llo id  and In terfa ce  S c ie n c e , 2 8 5 , 4 8 7 - 4 9 2 .

Y a n g , R .T ., and F o ld e s , R . (1 9 9 6 ) .  N e w  so rb en ts  b a se d  o n  p r in c ip le s  o f  c h e m ic a l  
c o m p le x a t io n :  m o n o la y e r -d isp e r se d  n ic k e l(I I )  fo r  a c e ty le n e  sep a ra tio n  b y  
71-com p lexa tion . In d u stria l &  E n g in e e r in g  C h e m istr y  R e s e a r c h , 3 5 , 1 0 0 6 -  
1011.

Y a n g , R .T ., T a k a h a sh i, A ., and Y a n g , F. H . (2 0 0 1 ) .  N e w  so r b e n ts  for  d e su lfu r iz a tio n  
o f  liq u id  fu e ls  b y  71 -com p lexa tion . In d u stria l & E n g in e e r in g  C h e m is tr y  R e 
sea rch , 4 0 , 6 2 3 6 -6 2 3 9 .

Y a n g , R .T . (2 0 0 3 ) .  A d so r b e n ts  F u n d a m en ta ls  an d  A p p lic a t io n s . U n ite d  S ta tes  o f  
A m erica : J o h n  W ille y  &  S o n s , Inc.

Z h a n g , Z .Y .,  S h i, T .B .,  Jia, C .Z ., Ji, W .J ., C h en , Y . and  H e , M .Y . (2 0 0 8 ) .  A d so r p 
t iv e  r e m o v a l o f  a ro m a tic  o rg a n o su lfu r  c o m p o u n d s  o v e r  th e  m o d if ie d  N a -Y  
z e o l i te s .  A p p lie d  C a ta ly s is  B : E n v ir o n m e n ta l, 8 2 , 1 -1 0 .



A P P E N D I C E S

APPENDIX A Calculation of Sample Preparation

A 1  A m o u n t o f  M eta l C h e m ic a l for  S a m p le  P rep aration
Example: A m o u n t  o f  C u C E  c h e m ic a l fo r  im p r e g n a tio n  o f  m a c r o p o r o u s  a lu m in a  
(C o n c e n tr a tio n  o f  m eta l is  c o rre sp o n d ed  to  m o n o la y e r  o f  C u C E  o n  m a c ro p o ro u s  
a lu m in a  su r fa c e )
F ro m

M o n o la y e r  o f  C u C l o n  a lu m in a  su r fa c e  =  0 .0 9 5  g  C u C l/1 0 0  m 2 o f  a lu m in a  
S u rfa ce  area  o f  m a c r o p o r o u s  a lu m in a  =  1 9 4  m 2/g

M o n o la y e r  o f  C u C l o n  a lu m in a  su r fa c e 0 .0 9 5 x 1 9 4
100

=  0 .1 8 4  g  C u C l/1  g  o f  a lu m in a
=  0 .1 8 4  
=  9 8 .9 9 9
=  0 .0 0 1 8 6  m o le  C u C l/1  g  o f  a lu m in a

S tar tin g  c h e m ic a l:  C u C l2

T o  o b ta in  m o n o la y e r  o n  m a c ro p o ro u s  a lu m in a , C u C E  is  u s e d  a s  th e  sa m e  
m o la r  c o n c e n tr a t io n  o f  C u C l.

M o n o la y e r  o f  C u C E  o n  m a cro p o ro u s  a lu m in a  su r fa 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 ore v o lu m e  o f  m a c r o  p o ro u s  a lu m in a  

A m o u n t o f  C u C E  u s e d  

S o , a m o u n t o f  C u C E  u s e d

=  0 .6 7 4  c m 3/g  o f  a lu m in a
= 0 .2 5 0  

=  0 .6 7 4
=  0 .3 7 1  g  C u C E /c m 3
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A 2  S im u la te d  D ie s e l  F u e l P rep aration
Example: P rep ara tio 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. o f  
P a r a d ie th y lb e n z 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 rom

D e n s ity  o f  D o d e c a n e  =  0 .7 5  g /c m 3

D e n s ity  o f  P a r a d ie th y lb e n z e n e  =  0 .8 7  g /c m 3

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 )  =  1 8 4 .2 6

S o ,

S o ,

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

d e n s ity  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 se 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  P a r a d ie th y lb e n z e n e

^ 8 0 x 0 .7 5  พ 2 0 x 0 . 8 7 ^
V 7100

=  0 .7 7 4  g /c m J 
=  0 .7 7 4 x 1 0 0 0  
=  7 7 4 .0 0  g  

f  8 0  ^

V 100 7

100.
20 ไ

T oo J

X 7 7 4  = 6 1 9 . 2 0  g

X  7 7 4  =  1 5 4 .8 0  g

D ib e n z o th io p h e n e  co n c e n tr a t io n  =  1 5 0  p p m w
1 50
1๙

=  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
=  4 .6 9  X1 0 " 6 m o le  o f  s/g o f  s im u la te d  d ie s e l  

=  (4 .6 9  x l  0 ' 6 ) x  1 8 4 .2 6  

=  8 . 6 4 x l 0 “4 g  o f  D B T /g  o f  s im u la te d  d ie s e l  

=  ( 8 .6 4 x l 0 ' 4 )x  7 7 4 .0 0  

=  0 .6 6 8 5  g
A m o u n t  o f  D ib e n z o th io p h e n e  

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



APPENDIX B Calculations of Amount of Metal Loading on Adsorbents

B 1 A m o u n t o f  M eta l L o a d in g  o n  A d so r b e n t  
F rom

Ci,\ = Q;2 X T  
M  =  c, 2 X  V0 x l 0 ~ 6

% w / =  ~ x ! 0 0 %  ( A l .

W h ere ,
Cj;i =  C o n c e n tr a tio n  b e fo r e  d ilu t io n  (p .g /m l)
Cj;2 =  C o n c e n tr a tio n  a fter  d ilu t io n  o f  m e ta l s o lu t io n  (p g /m l)  
T  =  T im e s  o f  d ilu t io n
M  =  A m o u n t o f  m e ta l lo a d in g  o n  a d so rb en t (g )
V o =  In itia l v o lu m e  o f  m eta l s o lu t io n  (m l)
% w t =  W e ig h t  p e r c e n t (% )
A 0 =  W e ig h t o f  in itia l a d so rb en t (g )

E xam ple: A m o u n t o f  N i2+ lo a d in g  o n  m a c r o p o r o u s  a lu m in a  

R e su lt  d ata  fro m  A A S  (CNi,2) =  2 .3 0  p g /m l
T im e s  o f  d ilu tio n  (T ) =  5
T h e r e fo r e , c o n c e n tr a t io n  b e fo r e  d ilu t io n  (CiMi,i)

=  2 . 3 0 x 5  

=  1 1 .5 0  p g /m l
In itia l v o lu m e  o f  m eta l s o lu t io n  ( V 0)  =  1 0 0  m l  
S o , a m o u n t o f  m eta l lo a d in g  o n  m a c r o p o r o u s  a lu m in a

=  1 1 . 5 0 x l 0 0 x l 0 -6 
- 0 . 0 0 1 1 5 0  g  
=  0 .0 2 6 3  gW e ig h t  o f  in itia l a d so rb en t (A 0)
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W e ig h t  p e r c e n t (% w t) = 0.001150 
" 0.0263
= 2.04 %

xioo
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APPENDIX c  Calculation of Amount of Adsorption of Sulfur Compounds in 
Dynamic Adsorption Experiment

C l  D e a th -V o lu m e  o f  F ix e d  B e d  R ea c to r
T o  fin d  o u t th e  d e a th -v o lu m e  o f  f ix e d  b e d  rea cto r , th e  b rea k th ro u g h  

cu rv 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  an d  1 5 0  
d ib e n z o th h io p h e n e ) w ith o u t  a d so rb en t w a s  p e rfo rm ed  in  th is  s tu d y . B y  a p p ly in g  first 
m o m e n t o f  th e  b rea k th ro u g h  cu rv e  (p ) ,  w e  can  d e term in e  th e  d e a th -v o lu m e :

Ml = M =  Jo -  y )^ v  y  =

W h ere  p: m ea n  b reak th rou gh  v o lu m e
C: c o n c e n tr a tio n  o f  su lfu r  c o m p o u n d s  in  th e  fe e d  (m o le  o r  g )

Figure C l .  B r ea k th ro u g h  cu rv e  w ith o u t  ad sorb en t.

H e n c e , D e a th -v o lu m e  =  P  =  1 .9 3 2  m l



94

C 2 A m ou n t o f  A d sorp tion  o f  Sulfur C om poun ds in D y n a m ic  A dsorption  
E xperim ent
Example: A dsorp tion  o f  d ib en zoth iop h en e in sim ulated d iese l fuel (72 .6%  d od ecane, 
20%  p arad iethylben zen e, 7%  naphthalene, 0 .4%  phenanthrene, 150 p p m w  sulfur  
content) on N i2+ im pregnated on m esoporous alum ina  
S ettin g  param eter o f  breakthrough adsorption experim ent:

N u m b er o f  th e co llected  v ia ls =  80
C o llec ted  tim e =  4 .5 0  m in
W aste  tim e =  4 .8 3  m in
W ait tim e =  5 .9 4  m in
F lo w  rate (F ) =  0 .4  c m 3/m in
D ea th -vo lu m e =  1 .932  cm 3

D iam eter  o f  grain =  0 .2 5  m m
Structural d en sity  ( p 6.) =  2 .7 3 9  g /c m 3

M acroporou s v o lu m e (V m) =  0 .0 0 9  cm 3/g
M eso p o ro u s v o lu m e (V m) =  0 .6 5 4  cm 3/g
M icroporO us v o lu m e (Vp) =  0 . 0 0 0  cm 3/g
M a ss  o f  adsorbent =  5 .93  g
D e n sity  o f  sim u lated  d iese l fuel (d) =  0 .7 7 4  g /c m 3

P article  d en sity  (Pp ) =  0 .5 7 5  g /c m 3

B u lk  d en sity  (PB ) =  0 .6 7 5  g /c m 3

Co (D B T ) =  150 ppm

T a =  W aste tim e +  W ait tim e/2
=  7 .8 0 0  min

Tp =  T otal tim e /  N u m b ers o f  v ia ls
=  10 .44 0  m in

น (su p erfic ia l liquid  v e lo c ity  in em p ty  co lum n , cm /m in )
=  flo w  rate /  co lu m n  section  
=  0 .5 0 9  cm /m in
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P article p orosity  (Sp )

Interparticle porosity  (£1 )

=  Partical d en sity  X  V M 
=  0 .005

\ P p  
= 0.000

T otal M acroporou s vo lu m e =  V M X  M a ss o f  adsorbent
=  0 .053  cm 3

T otal M icrop orou s vo lu m e =  V M X  M ass o f  adsorbent
=  0 . 0 0 0  cm 3

T otal M acroporou s and M icroporous v o lu m e
=  0 .053  cm 3

T otal B ed  p orosity  (£1,)  =  Total M acroporou s and M icroporous
vo lu m e/ V o lu m e o f  co lu m n  

=  0 .006

A t the C o llected  v ia ls  num ber i:

A v era g e  tim e T + (  1AxT 0

f  1 V
A v era g e  vo lu m e o f  fuel =  ( r „ x f ) +  /' -  — x Tp x FV 2
Amount o f  treated v o lu m e =  A verage v o lu m e o f  fuel -  D eath  vo lu m e

H en ce, C um u lative efflu en t vo lu m e o f  D B T

— Mdbt
=  6 .9 84  cm 3

=  6 .984  /  m ass o f  adsorbent 
=  1.178 cm 3 g-adsorbent 

M ass o f  cu m u lative  efflu en t vo lu m e o f  D B T

— MdBT x dDBT
=  0 .9 4 6  g
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A m ou n t o f  D B T  in th e co lu m n  (M dbt)

—  M d b t  x  ^ D B T  x  ^ 0  

=  0 .0 6 2  g
A m ou n t o f  D B T  adsorbed =  M dbtx (l - £ 8 )

=  0 .0 6 2  g
=  0 .0 6 2  X 1 o o o /m a ss  o f  adsorbent 
=  6 2  m g/g-ad sorb en t 
=  6 2  /  m olecu lar w e ig h t o f  D B T  
=  0 .3 3 6  m m ole /g -ad sorb en t

C u m u lative  e fflu en t vo lu m e o f  N aph thalene

— Mn
=  6 .8 25  cm 3

=  6 .8 2 5  /  m ass o f  adsorbent 
=  1.151 cm 3/g-ad sorben t 

M ass o f  C u m u lative  effluent v o lu m e o f  N ap h th a len e
=  M N * d N

= 0 .9 2 5  g
A m ou n t o f  N ap h th a len e in the co lu m n  (M n)

— X d N X c  0 

=  7 .0 5 7  g
A m ou n t o f  N aph thalene adsorbed

=  M N X ( l - £ 8 )
=  7 .0 1 5  g
=  7 .0 15  X 1 o o o /m a ss  o f  adsorbent 
=  7015  m g/g-ad sorb en t 
=  7015  /  m o lecu lar  w e ig h t o f  T o lu en e  
=  5 4 .7 3 2  m m ole /g -ad sorb en t
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C um u lative e fflu en t v o lu m e o f  Phenanthrene

= Mp
=  10 .33 6  cm 3
=  10 .33 6  /  m ass o f  adsorbent 
=  1.743 cm 3/g-ad sorb en t 

M ass o f  C um u lative efflu en t v o lu m e o f  Phenanthrene
=  JU 1,  X d p
=  1 .340  g

Amount of Phenanthrene in the column (Mp)
=  n  1, X d  1, X c 0
=  0 .5 7 0  g

A m oun t o f  Phenanthrene adsorbed
= Mp X (l -  £a)
=  0 .5 6 7  g
=  0 .5 6 7  X 1000 /m ass o f  adsorbent 
=  5 6 7  m g/g-ad sorb en t 
=  5 6 7  /  m olecu lar w e ig h t o f  T o lu en e  
=  3 .181  m m ole /g -ad sorb en t

S e lec tiv ity  o f D B T  o v er  N aph thalene

รน/ / Nap
_ 9,๗ ^ รน/

9 Nap  ̂̂  Nap
=  2 .2 75

S e lec tiv ity  o f  Phenanthrene over N aph thalene

— a  phe I Nap
_ 9 phe เ  ç_ Phe 

9 Nap  ̂̂  Nap
= 2.275
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