
CHAPTER I

INTRODUCTION

H y d ro c a rb o n  fe e d s to c k s  f o r  r e f i n e r y  a nd  

p e t r o c h e m ic a l  p r o d u c t io n  may c o n ta in  some i m p u r i t i e s .  

T he se  i m p u r i t i e s  a r e  u s u a l ly  fo u n d  i n  th e  fo rm  o f  s u l f u r ,  

n i t r o g e n ,  o x y g e n  a n d  m e ta l com pounds. M e rc u ry  i s  one o f  

m e ta l i m p u r i t i e s  w h ic h  can be fo u n d . T ra c e  am o u n t o f  

m e rc u ry  c a n  p r e s e n t  i n  w id e  range  o f  p e t r o le u m  s u c h  as 

n a t u r a l  g a s , c o n d e n s a te  and c ru d e  o i l s .  The q u a n t i t i e s  

o f  m e rc u ry  a r e  fo u n d  i n  v a r io u s  ra n g e s ,  d e p e n d in g  on  th e  

s o u rc e  o f  p e t r o le u m  fe e d s to c k s .  F o r  e x a m p le , n a t u r a l  gas 

and  a s s o c ia t e d  c o n d e n s a te  fro m  one f i e l d  a r e  fo u n d  t o  

h a ve  m e rc u ry  c o n te n ts  o f  15-450 (Yan, 1987) a n d  1 0 -3 0 0 0  

ppb  ( S a r r a z in ,  1 9 9 3 ) ,  r e s p e c t iv e ly .  Low l e v e l  o f  m e rc u ry  

can  be  fo u n d  i n  c ru d e  o i l s  a t  ra n g e  o f  0 .5 - 1 0  p p b  (Yan, 

1990) .

M e rc u ry  i n  n a t u r a l  gas i s  g e n e r a l l y  i n  e le m e n ta ry  

fo rm .  N a t u r a l  g a s  c o n d e n sa te  i s  v e r y  d i f f e r e n t .  T h e re  

a re  v a r io u s  m e rc u ry  s p e c ie s  i n  c o n d e n s a te : e le m e n ta l  Hg, 

i o n i c  a n d  o r g a n o m e ta l l i c  compounds. I o n ic  a n d  o r g a n ic  

fo rm s  a r e  co m m o n ly  fo u n d  more th a n  e le m e n ta l m e rc u ry .  I n  

c ru d e  o i l ,  C a l i f o r n i a  T e r t ia r y  c ru d e  o i l ,  m e rc u ry  i s  

fo u n d  i n  a n o n p h o p h y r in  fo rm  ( F i lb y ,  1 9 7 5 ) .  H o w e v e r, i t  

i s  now know n  t h a t  m e rc u ry , w h ich  i s  d e te c te d  i n  th e  gas 

and th e  a s s o c ia t e d  co n d e n s a te , does n o t  r e s u l t  f r o m  w e l l  

d r i l l i n g  a n d  d o e s  n o t  r e s u l t  by  a c c id e n t .  T he  m e rc u ry  i s
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p ro d u c e d  i n  a s s o c ia t io n  w i t h  th e  gas  and  th e  c o n d e n s a te .  

T h is  m e rc u ry  i s  th o u g h t  t o  o r ig i n a t e  f ro m  g e o lo g ic  

d e p o s i t s  i n  p e t r o le u m  r e s e r v o i r s .

A l th o u g h  m e rc u ry  i s  fo u n d  i n  t r a c e  q u a n t i t y ,  i t  

c a n  b e  a p o t e n t i a l  cause o f  p ro b le m s . C a t a ly s t  u s e d  i n  

c a t a l y t i c  p ro c e s s e s  such  as c a t a l y t i c  h y d r o g e n a t io n ,  i s  

s u s c e p t ib le  t o  m e rc u ry  p o is o n in g  ( S o k o l ' s k i i ,  1983) . 

R e c e n t ly  r e f i n e r s  and p e t ro c h e m ic a l p ro d u c e rs  h a ve  

e x p e r ie n c e d  i n  a s e r io u s  in c re m e n t o f  c a t a l y s t  p o is o n in g  

c a u s e d  b y  m e rc u ry .  I n  a d d i t io n  m e rc u ry  c a n  a ls o  be  a 

m a jo r  s o u rc e  o f  c o n c e rn  i n  l i q u e f i e d  n a t u r a l  gas  p l a n t s .  

T h is  may le a d  t o  a p la n t  h a v in g  t o  s h u t  down f o r  r e p a i r s  

a nd  m a in ta n c e  a t  a c o s t  o f  m i l l i o n s  o f  b a h ts .

M e r c u r y - in d u c e d  c o r r o s io n  on a lu m in iu m  h e a t  e x c h a n g e rs  

has  r e s u l t e d  i n  a t  le a s t  f o u r  lo n g  te rm  i n d u s t r i a l  

c o m p le x  s h u td o w n s , one each i n  A lg e r ia ,  The U n i te d  

S t a t e s ,  In d o n e s ia  and  T h a ila n d  ( S to c k w e l l ,  1993) . A l l  

f o u r  s h u td o w n s  r e q u i r e d  c o s t ly  re p la c e m e n ts  a nd  f ro m  

s e v e r a l  w eeks  t o  s e v e r a l m onths o f  l o s t  p r o d u c t io n ,  

r e s u l t i n g  i n  m a jo r  f in a n c ia l  lo s s e s .  When m e rc u ry  

c o n ta m in a te d  i n  t r a n s p o r t a t io n  f u e ls  i s  r e le a s e d  i n t o  

a tm o s p h e re  w i t h  e x h a u s t  gas a f t e r  c o m b u s t io n ,  i t  can  

a f f e c t  p l a n t s ,  human and a n im a l l i f e .  B e ca u se  o f  i t s  

h i g h l y  t o x i c i t y ,  i t  i s  n e c e s s a ry  t o  rem ove  o r  re d u c e  th e  

am o u n t o f  m e rc u ry  i n  p e tro le u m  to  p r o t e c t  th e  c a t a l y s t s  

u s e d  i n  a n y  c a t a l y t i c  p ro c e s s e s  and  t o  m ee t th e  

e n v i r o n m e n ta l  l i m i t a t i o n .

S e v e r a l  m e th ods  have been p ro p o s e d  f o r  m e rc u ry  

re m o v a l f r o m  b o th  gas  and l i q u i d  h y d r o c a rb o n s .  I t  can  be 

c l a s s i f i e d  i n t o  tw o  g ro u p s : c h e m ic a l t r e a tm e n t  and



a d s o r p t io n .  F i r s t  m e th o d , m e rc u ry  r e a c t s  w i t h  some 

c h e m ic a l a n d  c o n v e r t s  t o  a m e rc u ry  com pounds s u c h  as 

m e r c u r ic  s u l f i d e ,  w h ic h  i s  e a s i l y  rem o ved  f ro m  th e  

h y d r o c a rb o n  fe e d s to c k s  (A udeh, 1 9 8 9 ) .  A d s o r p t io n  i s  th e  

m o s t co m m o n ly  u s e d  m e th o d  f o r  re m o v a l o f  m e rc u ry .  T h is  

m e th o d  c o m p r is e s  o f  c o n t a c t in g  h y d ro c a rb o n  c o n t a in in g  

m e rc u ry  w i t h  an  a d s o rb e n t  (F u ru ta ,  1990) . The a d s o r p t io n  

i s  m o re  p r e f e r r e d  f o r  h ig h  e f f i c i e n c y  o f  m e rc u ry  re m o v a l 

(Y an , 1 9 8 7 ) .

S in c e  n a t u r a l  gas  has been  fo u n d  t o  be 

c o n ta m in a te d  w i t h  e le m e n ta l m e rc u ry , h ig h  e f f i c i e n c y  o f  

m e rc u ry  re m o v a l c a n  be a t t a in e d  b y  u s in g  s u l f u r  s u p p o r te d  

on  a c t i v a t e d  c a rb o n  (L e e p e r ,  1 9 8 0 ) .  E le m e n ta l m e rc u ry  

c o n ta in e d  i n  n a p h th a  can  be a d s o rb e d  b y  u s in g  an  

a d s o rb e n t  d e v e lo p e d  b y  G o to  (1992) . B u t i t  i s  n o t  a lw a y s  

s u f f i c i e n t  t o  ta k e  th e  h ig h  e f f i c i e n c y  t o  rem ove  m e rc u ry  

f ro m  c ru d e  c o n d e n s a te .  T h is  p ro b le m  i s  b e l ie v e d  t h a t  i t  

may r e s u l t  f r o m  v a r io u s  s p e c ie s  o f  m e rc u ry  i n  th e  

c o n d e n s a te .  As m e n t io n e d  a b o ve , some c o n d e n s a te  c o n ta in s  

n o t  o n ly  e le m e n ta l  m e rc u ry  b u t  a ls o  i o n i c  and o r g a n ic  

m e rc u ry  co m p o u n d s . T h u s , some s tu d y  was c a r r i e d  o u t  on 

th e  d e t a i l  o f  a c t i v i t i e s  o f  m e rc u ry  com pounds ( F u r u ta ,  

199 0 ) . The r e s u l t  shows t h a t  one o f  th e  f a c t o r s  w h ic h  

ca n  a f f e c t  th e  p ro c e s s  f o r  m e rc u ry  re m o v a l f ro m  l i q u i d  

h y d r o c a rb o n  i s  th e  c h e m ic a l n a tu r e  o f  e a ch  ty p e s  o f  

m e rc u ry  com pounds b u t  i t  i s  n o t  w e l l  e s t a b l is h e d .  T h u s , 

t h i s  t h e s i s  w i l l  s tu d y  on  th e  re m o v a l o f  m e rc u ry  

com pounds a n d  th e  e f f i c i e n c y  o f  a d s o rb e n ts  u s e d .

Adsorbents used fo r  removing o f mercury from

l iq u id  hydrocarbon u s u a lly  have a m etal as a c t iv e  species



f o r  a d s o r b in g  o f  m e rc u ry .  From some o b s e r v a t io n s ,  i t  i s  

fo u n d  t h a t  c o p p e r  i s  f r e q u e n t ly  u se d  f o r  m e rc u ry  re m o v a l.  

C o p p e r h a l i d e  was u se d  f o r  th e  re m o v a l o f  m e rc u ry  

( T a k a s h i,  T o r ih a t a ,  1 9 8 9 ) .  The C u 0 -Z n 0 /A 1 2 0 3  was u s e d  t o  

a d s o rb  m e rc u ry  c o n t a in in g  i n  h y d ro c a rb o n  c o n d e n s a te  (Y an, 

199 0 ) . The r o l e  o f  Cu and Zn i n  m e rc u ry  re m o v a l p ro c e s s  

was s t u d ie d  a n d  com pared  w i t h  o th e r  m e ta ls  ( T a k a s h i,

198 9 ) . H o w e v e r, t h e r e  i s  no i n d i c a t i o n  t h a t  w h a t fo rm s  

o f  m e rc u ry  ca n  be  a d s o rb e d  b y  C u -Z n /A 1203  . S in c e  th e s e  

a d s o rb e n ts  was p re p a re d  b y  d i f f e r e n t  t e c h n iq u e ,  i t s  

p r o p e r t i e s  a re  a ls o  d i f f e r e n t .  I t  i s  v e r y  d i f f i c u l t  t o  

co m p a re  th e  e f f i c i e n c y  o f  th e s e  a d s o rb e n ts .  Good r e s u l t s  

s h o u ld  be  o b ta in e d  b y  m a tc h in g  w i t h  th e  a d s o rb e n t  w h ic h  

i s  p r e p a r e d  b y  th e  same m e th od . From  th e  a b o ve  re a s o n s ,  

t h i s  r e s e a r c h  c o n c e rn s  w i t h  th e  a c t i v i t y  o f  a d s o rb e n ts  

f o r  m e rc u ry  com pounds re m o v a l and th e  c o m p o s i t io n  o f  

a d s o r b e n ts ,  w h ic h  i s  r e la t e d  to  th e  m e ta l c o n te n t  on 

s u p p o r t .

A c c o r d in g ly ,  t h i s  re s e a rc h  was c o n d u c te d  on th e  

re m o v a l o f  m e rc u ry  compounds b y  a d s o r p t io n .  The 

a d s o rb e n ts  a re  p re p a re d  b y  d r y  im p r e g n a t io n  o f  n e u t r a l  

a c t i v a t e d  a lu m in a  w i t h  s o lu t io n  o f  c o p p e r  n i t r a t e  and  

z in c  n i t r a t e .  M e r c u r ic  c h lo r id e ,  p h e n y lm e r c u r ic  a c e ta te  

and  d ip h e n y lm e r c u r y  a re  s e le c te d  as m ode l c o m p o u n d s . 

T o lu e n e  i s  u s e d  as l i q u i d  c a r r i e r  b e ca u s e  o f  i t s  

s o l u b i l i t y .

L i q u id  fe e d  and p ro d u c t  i n  e a ch  e x p e r im e n t  a re  

d ig e s t e d  w i t h  p e rm a n g a n a te -p e r s u lfa te  s o l u t i o n  i n  o r d e r  

t o  c o n v e r t  e a ch  t y p e  o f  m e rc u ry  t o  i o n i c  fo rm .  Q u a n t i t y  

o f  i o n i c  m e rc u ry  i s  d e te rm in e d  b y  u s in g  c o ld  v a p o r



t e c h n iq u e  a to m ic  a b s o r p t io n  s p e c t ro s c o p y .  F re s h  

a d s o rb e n ts  a r e  d ig e s t e d  a c c o rd in g  t o  ASTM D 1 9 7 7 -9 1  i n  

o r d e r  t o  d e te r m in e  c o p p e r  and z in c  lo a d e d  on e a c h  

a d s o r b e n t .  M ic r o m e r i t i c s  ASAP 2000 i s  u s e d  t o  a n a ly s  

t o t a l  s u r fa c e  a r e a ,  t o t a l  p o re  vo lu m e  and  p o re  s iz e  

d i s t r i b u t i o n  o f  e a c h  f r e s h  and s p e n t a d s o r b e n t .
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