
CHAPTER I I

LITERATURE REVIEWS

M e rc u ry  o c c u r s  n a t u r a l l y  i n  th e  e n v iro n m e n t  i n  

th e  fo rm  o f  m in e r a l  d e p o s it s  and a ls o  f ro m  i n d u s t r i a l  and 

a g r i c u l t u r a l  w a s te s . I t  can  a ls o  be  fo u n d  i n  p e t r o le u m  

t o o .

The p re s e n c e  o f  m e rc u ry  i n  n a t u r a l  gas  h a s  been  

d e te c te d  i n  n u m e ro u s  f i e l d s  f o r  many y e a r s .  I t  i s  

g e n e r a l l y  i n  e le m e n ta l  fo rm . I n  n a t u r a l  gas  c o n d e n s a te ,  

m e rc u ry  i s  fo u n d  i n  v a r io u s  fo rm s : e le m e n ta l ,  i o n i c  and 

o r g a n o m e t a l l i c . Q u a n t i t ie s  and ty p e s  o f  m e rc u ry  depend  

on th e  s o u rc e  o f  th e  c o n d e n s a te . F o r  e x a m p le , 

c o n c e n t r a t io n s  a n d  ty p e s  o f  m e rc u ry  c o n t a in in g  i n  v a r io u s  

n a t u r a l  g a s  c o n d e n s a te s  a re  shown i n  T a b le  2 . 1 .  The

T a b le  2 .1  C o n c e n t r a t io n  and ty p e s  m e rc u ry  (Y a m a d a ).

S am ple A B c D E

Hg C one , (p p b ) 1 0 0 -4 0 0 20-40 5 -1 5 2 1 5 0 0 -2 0 0 0

Type  o f  M e rc u ry

E le m e n ta r y ๐ ๐ A X ๐

I o n i c 0 ๐ o X Û

O r g a n o m e ta l l ic ๐ X X ๐ ๐

Hg c o n c e n t r a t io n  o r d e r :  © > ๐ > A » x
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F ig u r e  2 .1  D i s t r i b u t i o n  o f  M e rc u ry  i n  In d o n e s ia n  

C o n d e n s a te

d i s t r i b u t i o n  o f  m e rc u ry  f o r  a In d o n e s ia n  c o n d e n s a te  i s  

show n i n  F ig u r e  2 . 1 .  F o r  t h i s  c o n d e n s a te ,  th e  m a jo r i t y  

o f  m e rc u ry  i s  fo u n d  i n  th e  n a p h th a  a nd  k e r o s in e  f r a c t i o n .

C a t a l y s t  D e a c t i v a t io n

M o s t c a t a l y s t s  u s e d  i n  c a t a l y t i c  p ro c e s s e s  may 

lo s e  t h e i r  a c t i v i t y  o r  t h e i r  s e l e c t i v i t y  when i t  i s  u se d  

f o r  a lo n g  t im e .  I t  i s  know n i n  th e  te rm  o f  

" d e a c t i v a t i o n " . The ca u se s  o f  c a t a l y s t  d e a c t i v a t i o n  may 

be  d i v id e d  i n t o  f o u r  g ro u p s :  p o is o n in g ,  f o u l i n g ,  

s i n t e r i n g  a n d  lo s s  o f  a c t i v e  s p e c ie s .  C a t a l y s t  p o is o n in g  

may r e s u l t  f r o m  an  im p u r i t y  c o n t a in in g  i n  th e  fe e d .  The 

i m p u r i t y  a d s o rb s  on  a c t i v e  s i t e s  o f  c a t a l y s t  a nd  re d u c e s  

c a t a l y s t  a c t i v i t i e s .  F o u l in g  i s  g e n e r a l l y  u s e d  t o  

d e s c r ib e  a p h y s i c a l  b lo c k  s u ch  as th e  d e p o s i t  o f  d u s t  o r
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c o k e . S i n t e r i n g  i s  an i r r e v e r s i b l e  p h y s ic a l  p r o c e s s  

le a d in g  t o  a r e d u c t io n  o f  c a t a ly s t  a c t i v i t y .  F i n a l l y ,  

th e  a c t i v e  s p e c ie s  may be c o n v e r te d  t o  a n o th e r  fo rm  w h ic h  

i s  le s s  a c t i v e  o r  s e l e c t i v e .  D e a c t iv a t io n  o f  c a t a l y s t  

w h ic h  i s  c a u s e d  b y  m e rc u ry  i s  g ro u p e d  i n t o  th e  c h e m ic a l 

p o i s o n in g .

An e f f e c t  o f  m e rc u ry  on c a t a ly s t s  was s t u d ie d  b y  

m any i n v e s t i g a t o r s .  The s tu d y  o f  e f f e c t  o f  m e rc u ry  on 

h y d ro g e n  a d s o r p t io n  on  Pd was s tu d ie d  b y  P e r e p e l i t s a  e t  

a l .  ( 1 9 7 9 ) .  T h e y  fo u n d  t h a t  Hg i n h i b i t e d  th e  a d s o r p t io n  

o f  h y d ro g e n  w i t h o u t  c h a n g in g  s i g n i f i c a n t l y  t h e  b o n d  

e n e rg y  a n d  th e  i o n i z a t i o n  k in e t i c s  o f  th e  a d s o rb e d  

h y d ro g e n .  The lo s s  o f  a d s o r p t io n  c a p a c i t y  d e p e n d e d  on 

s t r u c t u r e  o f  Pd . M o ra le s  e t  a l .  (1979) s t u d ie d  th e  

p o is o n in g  e f f e c t  on  th e  h y d r o g e n o ly s is  o f  c y c lo p e n ta n e  i n  

w h ic h  P t a lu m in a  was u se d  as c a t a l y s t .  The r e s u l t  show ed 

t h a t  Hg2* c h a n g e d  th e  r e a c t io n  r a t e  c o n s ta n t  and  

a d s o r p t io n  p r o p e r t i e s  o f  P t .  The e f f e c t  o f  Hg p o is o n in g  

on  Rh, Ru c a t a l y s t s  was s tu d ie d  b y  G r ic h in a  e t  a l .

(1 9 9 1 ) . I t  was fo u n d  t h a t  th e  am ount o f  a d s o rb e d  

h y d ro g e n  on c a t a l y s t  was d e c re a s e d  b y  Hg p o is o n in g  and  

th e  h e a t  o f  a d s o r p t io n  was a ls o  d e c re a s e d . T h e y  

s u g g e s te d  t h a t  th e  Hg p o is o n in g  o c c u r re d  b y  c h e m is o r p t io n  

and  b lo c k a g e  o f  s u r fa c e  o f  c a t a l y s t .  The s tu d y  on  Pd 

c a t a l y s t  p o is o n in g  b y  Hg i n  th e  l i q u i d  p h a se  

h y d r o g e n a t io n  o f  p h e n y la c e ty le n e  was c o n d u c te d  b y  

S o k o ls k i i  e t  a l .  ( 1 9 8 1 ) .  The e f f e c t  o f  Hg, p y r i d i n e  and  

u n i t h i o l  on  th e  s e l e c t i v i t y ,  r e a c t io n  o r d e r  a n d  

a c t i v a t i o n  e n e rg y  o f  PhCCH h y d ro g e n a t io n  t o  P h E t on  

P d /B aS 04  was c o n d u c te d  a t  293 -323K  and 1 . 5 1 - 8 . 0 8  MPa. I n



th is  case, Hg was d iscussed o n ly . Mercury had ท๐ 

ap p re c ia b le  e f fe c t  on the s e le c t iv i t y  bu t i t  decreased 

the a c t iv a t io n  energy.
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P la n t C o rros io n  by Mercury

Trace q u a n t ity  o f m e ta ll ic  mercury in  n a tu ra l gas 

can be a p o te n t ia l cause o f problems in  L iq u e fie d  N a tu ra l 

Gas (LNG) p la n t .  The problems o fte n  take p lace  in  the 

presence o f equipment con s truc ted  o f alum inium . Mercury 

can form  an amalgam w ith  aluminium components causing 

s tre s s  f ra c tu re s .  F a ilu re s  occurred a t the LNG p la n t a t 

Skikda, A lg e r ia ,  from  tube co rro s io n  in  the s p ir a l  wound 

exchangers (Leeper, 1980). Corroded tubes con ta ined 

w h ite  d e p o s its : alum inium  oxide , aluminium hydrox ide  and 

alum inium  carbonates, w ith  trace s  o f e lem enta l mercury.

However, m ercury-induced co rro s io n  has re s u lte d  

in  p la n t  shut-downs. For ins tance , an e thy lene  p la n t 

near A lv in ,  Texas experienced aluminium a l lo y  p ip in g  

fa i lu r e d  (Hydrocarbon A s ia ) . The presence o f mercury in  

the e th y len e  p la n t was f i r s t  n o tice d  when A lg e r ia n  

condensate was used as a feedstock in  e a r ly  1985. An 

in l in e  s t r a in e r  began to  p lug  where mercury was de tected .

Removal o f  M ercury

The removal o f mercury has been in v e s t ig a te d  fo r  

many ye a rs . I t  was f i r s t  s tu d ie d  fo r  removal o f 

e lem enta l m ercury from  gaseous hydrocarbon. Leeper 

(1980) proposed c o rro s io n  o f LNG p la n t caused by mercury



10

and a lso  method fo r  Hg removal. For example, n a tu ra l gas 

contam inated w ith  mercury is  contacted w ith  a f ix e d  bed 

o f m eta l s u l f id e  on a lu m in a -s ilic a  support. Another 

method comprises passing the gas over a c tiv a te d  carbon 

impregnated w ith  s u l fu r .  However, the la t t e r  method is  

no t s u ita b le  fo r  t r e a t in g  liq u id s  because s o lu b i l i t y  o f 

the s u l fu r  in  hydrocarbon is  ra th e r low . Yan (1991) 

proposed the  re a c t io n  o f trace  mercury in  n a tu ra l gas 

w ith  p o ly s u lf id e  s o lu t io n  in  a packed column. The 

re s id u a l Hg in  the gas phase can be removed from about 

0.1 to  below 0.01 ppb. P o ly s u lfid e  re a c t w ith  Hg in  the 

gas phase to  form  in s o lu b le  m ercuric s u lf id e ,  HgS, and 

thus remove Hg from  the gas.

In  a d d it io n  to  mercury present in  n a tu ra l gas, 

mercury is  g e n e ra lly  present in  a wide range l iq u id  

hydrocarbon feeds tock  and in  various forms, which 

c o n tr ib u te  to  the d i f f i c u l t y  o f i t s  removal.

E lem ental mercury is  e lim in a te d  by us ing  s u lfu r  

supported on s o l id  m a te r ia l.  Io n ic  o r in o rg a n ic  mercury 

can be removed by io n  exchange or reduced to  e lem ental Hg 

us ing  a reduc ing  reagent such as รท( I I ) . However, 

ion-exchange cannot remove elemental m ercury. The 

removal o f a l l  Hg species from l iq u id  hydrocarbon is  more 

com p lica ted  because o f o rganom eta llic  compounds. 

O rganom e ta llic  mercury cannot be removed by io n  exchange 

because o f the cova len t nature o f Hg-C bonds.

From the above reasons, many processes fo r  

removal o f mercury from l iq u id  hydrocarbon feedstocks



have been purposed. I t  can be c la s s i f ie d  in to  two 

methods: chem ical treatm ent and a d so rp tio n .
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Chemical Treatment

Chemical treatm ent is  a method which converts 

mercury in  pe tro leum  by re a c tin g  w ith  some chem ica ls.

The chem ical used is  u su a lly  a s u l fu r  compounds, such as 

a lk a l i  p o ly s u lf id e .  The re a c tio n  between s u l fu r  and 

mercury is  shown below

Hg + รx2~ —> HgS + รx.12' ; where x= 3-6

The occu rred  m ercu ric  s u lf id e , HgS, is  a s o l id  m a te r ia l 

which cannot d is s o lv e  in  hydrocarbon and is  removed 

e a s ily  from  the feed stream. By th is  method, n a tu ra l gas 

condensate is  contacted w ith  aqueous s o lu t io n  o f s u lf id e  

in  se ve ra l d i f f e r e n t  ways, both in  ba tch -w ise  o r 

con tinuous processes.

Yan (1988) proposed a method fo r  removing mercury 

from n a tu ra l gas condensate. The method comprise 

c o n ta c tin g  the contaminated condensate w ith  d i lu te  

aqueous s o lu t io n  o f a lk a l i  m etal s u lf id e  s a l t ,  Na2Sx. The 

mercury con ten t in  the condensate was 220 ppb. The study 

was c a r r ie d  out by m ixing the condensate w ith  Na2S.{ and 

aqueous NaOH s o lu t io n  of v a rie d  co n ce n tra tio n  a t 

tem perature o f 75°c. A fte r  hom ogenization, the m ix tu re  

was a llow ed to  s e t t le  fo r  1-5 m inutes. The re s u lt  shows 

th a t the  im p o rta n t va ria b le s  in  removing mercury from the
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condensate are in te n s i ty  o f m ix ing , co n c e n tra tio n  o f 

Na:รx, volume r a t io  o f ca u s tic  s o lu t io n  o f Na2Sx, and 

e f f ic ie n c y  o f phase separa tion . For example, Na2Sx 

s o lu t io n  c o n ta in in g  2,000, 1,000, 500 and 100 ppm o f 

s u l fu r ,  each c o n ta in in g  0.8wt% o f NaOH were mixed w ith  

the condensate. The mercury co n ce n tra tio n  decreased 

co rre sp o n d in g ly  from  220 ppb to  66, 133, 77 and 110 ppm, 

re s p e c t iv e ly .  The amount o f mercury removed increases 

w ith  an inc rease  in  sodium s u lf id e  co n ce n tra tio n s  bu t i t  

does no t p ro p o r t io n a l ly  improve mercury rem oval. To 

study the  e f fe c t  o f m ixing in te n s ity ,  the b le n d e r was set 

and connected to  a pow er-sta t which was v a r ie d  from 20% 

to  100%. A t 20 and 30% s e tt in g , the mercury con ten t in  

p roduct was decreased to  180 ppb. As the power s e t t in g  

was increased to  50 and 100%, the removal e f f ic ie n c y  

increased and the mercury co n ce n tra tio n  in  the  products 

decreased to  134 and 71 ppb, corresponding to  33 and 65% 

mercury rem oval. These re s u lts  show the e f fe c t  o f m ix ing  

in te n s i ty  f o r  Hg removal. A re s id u a l mercury co n ta in in g  

in  l iq u id  hydrocarbon was removed by m ix ing  w ith  aqueous 

p o ly s u lf id e  s o lu t io n  (Audeh, 1987). In  th is  process, 

pentane c o n ta in in g  13 ppb o f mercury was mixed w ith  

ap p ro x im a te ly  0.5 cc o f sodium p o ly s u lf id e  which 

con ta ined  22.2 wt% o f s u lfu r .  The process was c a rr ie d  

out a t ambient o r room temperature o f 70 °F. A f te r  

t r e a t in g ,  the  mercury content in  p roduct was le s s  than 

0.01 ppb. However, the b lank was te s te d  by the same 

procedure except m ix ing  the hydrocarbon w ith  s u lf id e  

s o lu t io n .  I t  was found th a t mercury con ten t d id  not 

change bu t remained a t 13 ppb.
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Furuta  e t a l .  (1988) s tu d ie d  the e f fe c t  o f 

mercury compounds on mercury removal by us ing  aqueous 

s o lu t io n  o f s u l fu r  compound. The s u lfu r  compound was 

represen ted  by a general form ula MM'SX where M is  se lec ted  

from a group c o n s is tin g  o f a lk a l i  m etal and ammonia 

ra d ic a l,  M' is  se lected  from a group c o n s is t in g  o f a lk a l i  

m eta l, ammonium ra d ic a l and hydrogen and X  is  a number o f 

a t le a s t  1. The th ree  model l iq u id  feeds were prepared 

by d is s o lv in g  th re e  types o f mercury compounds in  l ig h t  

naphtha. The mercury compounds were e lem enta l, in o rg a n ic  

as m ercu ric  c h lo r id e  and o rg an om e ta llic  as 

d ie th y lm e rc u ry . A f te r  shaking w ith  5 wt% o f Na2S4 

s o lu t io n  fo r  10 m inutes, each l iq u id  feed was de tected  

fo r  m ercury co n te n t. I t  was found th a t o n ly  e lem ental 

and m ercu ric  c h lo r id e  were removed from l iq u id  feed. 

Moreover, a model l iq u id  co n ta in in g  200 ppb o f e lem ental 

Hg, 200 ppb o f m ercuric c h lo r id e  and 200 ppb o f 

d ie th y lm e rc u ry  was mixed w ith  the Na:ร4 s o lu t io n  fo r  10 

m inutes. Then, 0.5 wt% o f MoS/y-Al203 c o n ta in in g  7% o f Mo 
was added and shaken fo r  60 m inutes a t tem perature below 

200°c. A f te r  t re a t in g ,  the l iq u id  hydrocarbon phase was 

found to  have Hg content o f 6 ppb. I t  was found th a t 

MoS/y-AljOj can remove o rganom eta llic  mercury from the 
l iq u id  feed .

In  a d d it io n  to  the use o f MoS, CoMo s u lf id e  was 

used fo r  Hg removal (Nakayama e t a l . ,  1989) . Hg and Hg 

compounds in  n a tu ra l gas condensate were removed by 

t r e a t in g  the hydrocarbon w ith  SH-contained o rg an ic  

compound such as Cysein and then e x tra c t in g  Hg w ith  the 

s u lf id e  s o lu t io n ,  MM'Sx (Furuta, 1990) .
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There is  an evidence th a t o rgan ic  so lve n t can be 

used to  e x tra c t  mercury from hydrocarbon feedstock . The 

hydrocarbon o i l  was mixed w ith  an o rgan ic  pe rox ide  and 

then the o i l  m ix tu re  was contacted w ith  a c id ic  in o rg a n ic  

substances o r m ix ing  w ith  an aqueous s o lu t io n  o f o rgan ic  

s o lv e n t. A f te r  th a t,  the aqueous phase was e x tra c te d  

w ith  a c t iv a te d  carbon. (Arakawa, 1991).

A d so rp tio n

The removal o f mercury by ad so rp tion  is  an 

e x t ra c t iv e  method. I t  p rovides a h igh  e f f ic ie n c y  o f Hg 

removal and does no t contaminate w ith  o th e r chem ical as 

described  in  p rev ious  method. The a d so rp tion  method 

comprises c o n ta c tin g  the hydrocarbon w ith  an adsorbent a t 

v a rio u s  c o n d itio n s , depending on type o f adsorbent used. 

Mercury is  adsorbed and remains in  the adsorbent. Thus, 

the tre a te d  hydrocarbon is  re a d i ly  fre e  from mercury 

c o n ta m in a tio n .

L ite ra tu re  survey was conducted to  screen the 

removal o f mercury by adsorp tion  method. Koyama (1976). 

used an a c t iv a te d  c la y  to  remove Hg from waste o i ls .  The 

o i ls  contam inated w ith  350 ppm o f mercury were s t i r r e d  

w ith  a c t iv a te d  c la y  a t tem perature o f 80°c fo r  30 m inutes. 

The m ercury con ten t was decreased to  2 ppm. Schnegula e t 

a l .  (1985) proposed an adsorbent fo r  Hg removal from 

gases and l iq u id s .  The adsorbent comprised a c la y  

support which co n s is ts  o f a c tiv a te d  c and s u l fu r  as an 

a c t iv e  components. The 40wt% o f a c tiv a te d  c was mixed 

w ith  30wt% o f c la y  and s u lfu r .  Then the m ix tu re  o f
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a c tiv a te d  c was kneaded w ith  20-30wt% o f w a te r. 

A lte rn a t iv e ly ,  the c la y  was ground to  90% p a r t ic le s  a t 

below 0.04 mm. and then sw elled in  water to  s p e c if ic  

su rface  area o f 500-700 m2/g  (1985). D uring s w e llin g , the 

c la y  undergoes c a tio n  exchange. In  a d d it io n , an 

a c t iv a te d  c adsorbent is  used fo r  removal o f Hg from 

l iq u id  hydrocarbons, i . e . ,  naphtha (McNamara, 1989). The 

a c t iv a te d  c was impregnated w ith  a re a c ta n t m eta l h a lid e  

such as K, Cu, Fe, and Zn o r o th e r reducing  h a lid e s . The 

use o f Cu2* and รท2* was s tu d ie d  by T o rih a ta  (1988) . The 

process comprises co n ta c tin g  hydrocarbon o i l  w ith  a Cu2‘ 

and /o r รท2* in  3 ways ะ

1) l i q u id - l iq u id  con tac t w ith  a s o lu t io n  o f 

Cu2* o r รท2* compound.

2) con tac t w ith  a powder o f Cu2* o r รท2* 

compound

3) co n ta c t w ith  Cu2' o r รท2* supported on 

porous m a te r ia l such as alum ina, 

s i l ic a -a lu m in a .

The p re fe ra b le  m etal compound was in  a h a lid e  

form, e .g . ,  CuCl2, C u l2, SnCl3 and Snl2. Heavy condensate 

was f i l t r a t e d  to  remove sludge and a f i l t r a t e  co n ta in in g  

ap p ro x im a te ly  130 ppb o f Hg. A powder o f S n l2 1.0 g was 

added to  the f i l t r a t e  and the m ix tu re  was s t i r r e d  fo r  1 

h r .  The Hg co n ce n tra tio n  o f tre a te d  f i l t r a t e  was 2.7 

ppb, correspond ing  to  97.9% Hg removal. When 10 mL o f 1% 

SnCl4 s o lu t io n  was added, the Hg content was decreased to  

79 ppb w ith  39.2% Hg removal. A 10 wt% o f CuCl2 supported
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on a c t iv a te d  carbon was used, mercury content was 2.9 ppb 

w ith  97.8% Hg removal.

D u is te rs  e t a l .  (1987) s tud ied  a process fo r  

removing mercury from organic media, e .g . ,  n a tu ra l gas 

condensate. The process comprises co n ta c tin g  the 

condensate w ith  an io n  exchange re s in . The io n  exchange 

re s in  used is  a macroporous copolymer o f s tyrene and 

d iv in y lb e n ze n e  which contains a c tiv e  t h io l  groups, fo r  

example, IMAC TMR o f Rohm & Hass Company. A n a tu ra l gas 

condensate c o n ta in in g  35 ppb o f mercury was passed in  

up flow  d ir e c t io n  through a glass column, which is  packed 

w ith  IMAC TMR io n  exchange re s in , a t tem perature o f 25GC 

and a pressure  o f 1 bar. The condensate was passed 

through the column a t flow  ra te  o f 500 g /h r .  The 

e f f lu e n t  condensate was found to  have mercury con ten t o f 

le ss  than 1 ppb.

stuewe e t a l .  (1989) suggest a process fo r  

removing tra c e  element, e .g ., Hg, As and Pb, from 

hydrocarbons a t temperature o f -20 to  70°c. The adsorbent 

used was a polym er con ta in ing  th io u re id o  group, e .g .,  

L e w a tit TP 214, and polyaminomethyl s ty re n e . The polymer 

had an average g ra in  s ize  o f 0 .3 -1 .3  mm. and a v a ila b le  

c a p a c ity  o f 1 .3 -2 .0  e q u iva le n t/L . Th is polymer was 

tre a te d  w ith  Na:ร. A f i l t e r  bed o f the polymer was used 

to  t r e a t  the  hydrocarbon m ixture a t 1-25 ba r, 10-40°c and 

LHSV o f 1-10 h r '1. Arakawa (1991) used a f ix e d  bed o f 

c a tio n  exchange re s in s . A f ix e d  bed o f c a tio n  exchange 

re s in  was p re tre a te d  w ith  the 5 wt% CuCl2 aqueous s o lu t io n  

a t f lo w  ra te  o f 1 mL/min. Hydrocarbon o i l  c o n ta in in g  200
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ppm HgCl, was then passed through the tre a te d  re s in  a t 3 

to  5 mL/min and a tem perature o f 30 to  75°c. HgCl2 

co n c e n tra tio n  decreased to  below 10 ppm. Anion exchange 

re s in s  loaded w ith  s u lfu r  io n  were a lso  used to  remove 

mercury and i t s  compounds (Arakawa, 1991). The anion 

exchange re s in s  were packed in  a column and tre a te d  w ith  

5 wt% o f NH,S s o lu t io n  a t f lo w  ra te  o f 1 mL/min. 

Hydrocarbon o i l  c o n ta in in g  400 ppm o f Hg was passed 

th rough the ร loaded column a t tem perature o f 50°c and 3-5 

mL/min. The Hg con ten t was decreased to  below 10 ppm.

Audeh used a h y d ro d e s u lfu r iz a tio n  c a ta ly s t  such 

as CoMo c a ta ly s t  fo r  removing m ercury. There are th ree  

a l te rn a t iv e  ways:

1) mix e lem enta l s u l fu r  w ith  the condensate

and a long w ith  hydrogen stream, the condensate 

m ix tu re  was fed through a re a c to r co n ta in in g  

the CoMo c a ta ly s t  (Audeh, 1989),

2) the n a tu ra l gas condensate was passed over 

CoMo c a ta ly s t  in  a re a c to r vesse l and 

s im u ltan eo us ly  the m ix tu re  o f CH4 and H:s were 

fed (Audeh, 1989),

3) H;s was mixed w ith  the condensate and the 

m ix tu re  was passed through the re a c to r , and 

s t r ip p in g  gas (CH4) was s im u ltan eo us ly  passed 

over the c a ta ly s t  (Audeh, 1989)

N a tu ra l gas condensate conta ined 200 ppb o f 

m ercury. The condensate o r condensate m ix tu re s  was fed 

a t a f lo w  ra te  o f 10 m L/hr, 125 p s ig  and 200-270°C. I t
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was found th a t the tre a te d  condensate had m ercury content 

below 10 ppb w ith  95% mercury removal.

Yan (1989) provided a method fo r  Hg removal by 

h igh  tem perature re a c tiv e  adsorp tion . Adsorbent mass 

in c lu d e d  a re a c t iv e  adsorbent such as Ag o r CuS supported 

on a lum ina. F i r s t ,  an e ffe c t o f tem perature was s tud ied  

by us ing  CuS/Al203 and a t LHSV o f 80 h r '- . The re s u lt  

in d ic a te d  th a t  Hg removal increased w ith  tem perature 

which was v a r ie d  from 75-400JF. High tem perature have 

been found to  no t on ly  improve the a d so rp tio n  ra te  but 

a lso  inc rease  the adsorpton capac ity . The e ffe c tiv e n e s s  

o f d i f f e r e n t  adsorbents was also s tu d ie d . I t  was found 

th a t CuS/A1203 and feed ra te  o f 10 h r ': p rov ided  98.6% 

mercury removal as i n i t i a l  mercury co n c e n tra tio n  was 220 

ppb. W hile Cu0/A l,03 and Ag/A l203 decreased mercury 

con ten t to  below 20 ppb. Only Fe/A l202 demonstrated 

inadequate a d so rp tio n  c a p a b ility .

Ou (1990) in ve s tig a te d  a method fo r  removal o f 

mercury by us ing  an adsorbent. This method was d ire c te d  

to  an e f fe c t iv e  way o f removing elem ental an d /o r io n ic  

mercury from  l iq u id  hydrocarbon. The adsorbents used 

were 1) reduced copper on z inc oxide and alum ina and 2) 

reduced n ic k e l on c la y . The hydrocarbon feed was 

A lg e r ia n  condensate con ta in ing  32 ppb o f m ercury. The 

re s u lts  in d ic a te d  th a t Ni adsorbent removed app rox im a te ly  

90% o f m ercury w h ile  Cu adsorbent v i r t u a l l y  removed a l l  

mercury in  the condensate.

N a tu ra l gas condensate was h y d ro re fin e d  to  remove 

mercury and o p t io n a l ly  arsenic by co n ta c tin g  w ith  2
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groups o f c a ta ly s ts  (Roussel, 1988). F ir s t ,  c a ta ly s t 

con ta ined  N i, Co, Fe and /o r Pd was used a t tem perature o f 

130-250°c and pressure  o f 1-50 bar and H /c a ta ly s t volume 

r a t io  o f (1-500) ะ ! .  Second one was a S i- o r ร compound 

c o n ta in in g  so lve n t was used to  removal Hg a t 0-175°C and 

1-50 ba r and space v e lo c i ty  o f 1-50 h r -1. The re f in e d  

p roduct was found to  have Hg con ten t below 20 ppm and 

a rse n ic  con ten t below 1 ppm. B o it ia u x  e t a l .  (1991) 

s tu d ie d  the  removal o f mercury and /o r a rse n ic  from 

feedstocks fo r  so lve n t d e a ro m a tiza tion . Feedstocks 

c o n ta in in g  Hg and /o r As and amounts o f ร were mixed w ith  

hydrogen and reacted  w ith  a m ix tu re  o f m eta ls se lec ted  

from N i, Co, Fe, Pd and Pt, >1 m etal se le c te d  from Cr,

Mo, พ and บ and a porous m a te r ia l to  remove As. The 

re s u lt in g  m ix tu re  was then con tacted w ith  a m etal 

s u l f id e ,  i . e . ,  Cu, Fe and Ag, t o  remove m ercury.
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L i t e r a t u r e  S u m m a r y

1 .  M e r c u r y  i n  p e t r o l e u m  i s  i n  e l e m e n t a r y ,  

i n o r g a n i c  a n d  o r g a n o m e t a l l i c  f o r m s

2 .  M e r c u r y  p r e s e n t  i n  p e t r o l e u m  l e a d s  t o  c a t a l y s t  

p o i s o n i n g ,  e s p e c i a l l y  h y d r o g e n a t i o n  c a t a l y s t .

3 .  M e t h o d s  f o r  m e r c u r y  r e m o v a l  a r e  c l a s s i f i e d  

i n t o  t w o  m e t h o d s :  c h e m i c a l  t r e a t m e n t  a n d  a d s o r p t i o n .  

A d s o r p t i o n  i s  t h e  m o s t  w i d e l y  u s e d  m e t h o d  b e c a u s e  i t  

p r o v i d e s  h i g h  e f f i c i e n c y  o n  m e r c u r y  r e m o v a l  a n d  m o r e  

c o n v e n i e n t .

4 .  D i f f e r e n c e  o f  m e r c u r y  r e m o v a l  b e t w e e n  g a s  a n d  

l i q u i d  p h a s e  m a y  r e s u l t  f r o m  t y p e  o f  m e r c u r y  i n  e a c h  

p h a s e .

5 .  A d s o r b e n t s  u s e d  f o r  r e m o v i n g  m e r c u r y  u s u a l l y  

a r e  t r a n s i t i o n  m e t a l s  s u p p o r t e d  o n  p o r o u s  i n o r g a n i c  

m a t e r i a l s .  C u / A l - O ,  i s  p r e f e r r e d  t o  u s e  a s  a d s o r b e n t .

6 .  O p e r a t i n g  c o n d i t i o n  f o r  m e r c u r y  r e m o v a l  i n  

l i q u i d  d e p e n d s  o n  t y p e  a d s o r b e n t  u s e d .
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