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A l t h o u g h  th e  c o r r o s io n  o f  p r o c e s s  e q u ip m e n t  m a d e  o f  c o p p e r  a n d  e s p e c ia l l y  

a lu m in u m  a n d  s o m e  p o i s o n in g  o f  n o b le  m e ta l  c a t a ly s t s  c a u s e d  b y  m e r c u r y  h a s  b e e n  

k n o w n  fo r  d e c a d e s ,  l i t t le  r e s e a r c h  h a s  b e e n  p u b l i s h e d  o n  th e  f e a s i b i l i t y  a n d  e f f i c i e n c y  

o f  a d s o r b e n ts  in  m e r c u r y  r e m o v a l.  In  th is  r e g a r d , th e  s tu d y  o f  m e r c u r y  r e m o v a l  fr o m  

a  s u b s t itu te  c o n d e n s a t e  o f  d ip h e n y lm e r c u r y  c o n t a m in a te d  in  n - h e p ta n e  o n  3 A ,  4 A ,  
5 A ,  N a X  a n d  N a Y  z e o l i t e s  a n d  a c t iv a t e d  c a r b o n  w a s  c a r r ie d  o u t  in  b a tc h  a n d  

c o n t in u o u s  o p e r a t io n s .  In  a  b a tc h  a d s o r p t io n  s y s t e m ,  th e  a d s o r p t io n  c h a r a c te r is t ic s  

s u c h  a s  p o r e  s i z e  e f f e c t  a n d  a d s o r p t io n  is o th e r m  r e v e a le d  th a t  th e  d ip h e n y lm e r c u r y  

m o le c u l e s  c a n  p e n e tr a te  in to  th e  s u p e r c a g e  o f  th e  N a X  a n d  N a Y  z e o l i t e s  b u t o n ly  

p a r t ia l ly  o f  th e  5 A  z e o l i t e ,  a n d  a  b i -L a n g m u ir  m o d e l  c a n  f i t  w e l l  w it h  th e  

e x p e r im e n t a l  d a ta . T h e  a d s o r p t io n  o f  th e  d ip h e n y lm e r c u r y  o c c u r s  o n ly  o n  th e  

e x te r n a l  s u r f a c e s  o f  th e  3 A  a n d  4 A  z e o l i t e s .  In  th e  k in e t ic  s tu d y  o f  th e  a d s o r p t io n  a t  

2 5 ° c ,  v e r y  l o w  d i f f u s iv i t y  c o n s t a n t s  in d ic a t e  th e  l im ita t io n  o f  d ip h e n y lm e r c u r y  

m o le c u l e  a d s o r p t io n . In  a  c o n t in u o u s  a d s o r p t io n  s y s t e m ,  th e  r e s u lt s  o f  

d ip h e n y lm e r c u r y  a d s o r p t io n  o n  N a X  a n d  N a Y  z e o l i t e s  r e v e a le d  th a t  th e  a d s o r p t io n  
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V

ACKNOWLEDGEMENTS

This work would not have been possible without the assistances of the 
followings.

First of all, I am grateful for the partial scholarship and partial funding of the 
thesis work provided by Postgraduate Education and Research Programs in Petroleum 
and Petrochemical Technology (PTT Consortium).

I am deeply indebted to Assoc. Prof. Chintana Saiwan, Dr.Sophie Jullian and 
Dr. Patrick Briot for providing useful recommendations, creative comments, and 
encouragement throughout the course of my work.

I would like to extent my special thanks to Prof. Vincent Coupart and Dr. 
Charles-Phillippe Lienemann of Institut Français du Pétrole, France, for providing 
useful recommendations while I carried on a part of the research work in France.

I would like to thank Asst. Prof. Pomthong Malakul and Prof. Pramote 
Chaiyavech who kindly served as the thesis committee.

Furthermore, I would like to take this important opportunity to thank all of 
my friends for their unforgettable friendship and hospitality, especially Ms.Somlak 
Ittisanronnachai, Mr.Frederic Capuano, Ms. Julie Ginatta and Mr. Laurent Lemaitre.

Two years in The Petroleum and Petrochemical College, Chulalongkom 
University, will be meaningless to me, if there will not be my friends and PPC’s staffs 
who support, encourage and welcome me all the time. Thank you very much to have 
all of you in this college. I had the most enjoyable time working with all of them.

Finally, I would like to express my whole-hearted gratitude to my parents and 
family for their love, endless encouragement, and measureless support.



TABLE OF CONTENTS

PAGE

Title Page i
Abstract (in English) iii
Abstract (in Thai) iv
Acknowledgements V

Table of Contents vi
List of Tables ix
List of Figures X

CHAPTER
I INTRODUCTION 1

II BACKGROUND AND LITERATURE SURVEY 3
2.1 Properties of Mercury and Mercury Compounds 4
2.2 Mercury in Hydrocarbons 5
2.3 Effects of Mercury on Processing 7
2.4 Mercury Removal Systems 8
2.5 Background of the Invention 12

III EXPERIMENTAL 16
3.1 Materials 16
3.2 Experimental 16

3.2.1 Surface Area Analysis 16
3.2.2 X-Ray Diffraction (XRD) Analysis 17
3.2.3 Thermo Gravimetric Analysis 17
3.2.4 Cold Vapor Atomic Absorption Spectrometric

Analysis 17



CHAPTER PAGE

3.2.5 Mercury Standard Solutions for Cold Vapor
Atomic Absorption Spectrometric Analysis 18

3.2.6 Preparation of Diphenylmercury in n-Heptane 19
3.2.7 Preparation of Other Reagents for Cold Vapor

Atomic Absorption Spectrometric Analysis 20
3.2.8 Adsorption of Diphenylmercury in Plastic

Containers (HDPE) 20
3.2.9 Kinetic Studies of Diphenylmercury Removal 20
3.2.10 Effect of Pore Size on Diphenylmercury Adsorption 20
3.2.11 Adsorption Isotherms of Diphenylmercury on

Adsorbents 21
3.2.12 Pilot Operations 21

IV RESULTS AND DISCUSSION 23
4.1 Adsorbents 23

4.1.1 BET Surface Areas 23
4.1.2 Chemical Composition 24
4.1.3 Thermo Gravimetric Analysis 25

4.2 Adsorption of Diphenylmercury on Plastics (HDPE)
Containers 25

4.3 Kinetic Studies of Diphenylmercury 26
4.4 Effect of Pore Size on Diphenylmercury Adsorption 30
4.5 Isothems of Diphenylmercury Adsorption on Adsorbents 31

4.5.1 Langmuir Model 32
4.5.2 Bi-Site Langmuir Model 36

4.6 Breakthrough Curve Study 38

vii



Vlll

CHAPTER PAGE

V CONCLUSIONS AND RECOMMENDATIONS 41
5.1 Conclusions 41
5.2 Recommendations 42

REFERENCES 43

BIBLIOGRAPHY 39

APPENDICES 45
Appendix A The quantity of cages based on NaY characteristic

calculation 45
Appendix B The experimental data 45

CURRICULUM VITAE 57



IX

LIST OF TABLES

TABLE PAGE

2 .1  P h y s ic a l  p r o p e r t ie s  o f  e le m e n t a l  m e r c u r y  4
2 .2  B o i l i n g  p o in t s  o f  v o la t i l e  m e r c u r y  c o m p o u n d s  6
2 .3  S o lu b i l i t y  o f  s o m e  m e r c u r y  c o m p o u n d s  in  h e x a n e  6
2 .4  M e r c u r y  r e m o v a l  s y s t e m s  fo r  h y d r o c a r b o n s  9
4 .1  T h e r m o  g r a v im e t r ic  a n a ly s i s  r e s u lt s  2 5
4 .2  C a lc u la t io n  o f  in tr a c r y s ta l l in e  d i f f u s iv i t y  c o n s t a n t  2 9
4 .3  S u r v e y  o f  lite r a tu r e  fo r  in tr a c r y s ta l l in e  d i f f u s iv i t y  c o n s ta n t  2 9
4 .4  L a n g m u ir  m o d e l  c o e f f i c i e n t s  v e r s u s  t y p e s  o f  s o l id s  3 4
4 .5  B i - s i t e  L a n g m u ir  m o d e l  c o e f f i c i e n t s  v e r s u s  t y p e s  o f  s o l i d s  3 6
4 .6  C o n tr ib u t io n  o f  e a c h  k in d  o f  s i t e s  to  th e  to ta l  d ip h e n y lm e r c u r y

a d s o r p t io n  3 7



X

LIST OF FIGURES

FIGURE PAGE

3 .1  S m a l l  p i lo t  p la n t  u n it  n u m b e r  U 8 4 4 ,  IF P  L y o n ,  F r a n c e  2 2
4 .1  B E T  c h a r a c te r iz a t io n  o f  a d s o r b e n ts :  3 A ,  4 A ,  5 A ,  N a X  a n d  N a Y

z e o l i t e s  a n d  a c t iv a t e d  c a r b o n  ( A C ,c o c o n u t  s h e l l  b a s e d  c a r b o n )  2 3
4 .2  X - R a y  d i f f r a c t io n  o f  z e o l i t e  a d s o r b e n ts  2 4
4 .3  A d s o r p t io n  o f  d ip h e n y lm e r c u r y  in  n - h e p ta n e  in  p la s t ic  ( H D P E )  2 6

c o n t a in e r s
4 .4  K in e t ic s  o f  d ip h e n y lm e r c u r y  a d s o r p t io n  o n  v a r io u s  a d s o r b e n ts  2 7
4 .5  E v o lu t io n  o f  q/qmax r a tio  v e r s u s  t im e  2 8
4 .6  E f f e c t  o f  z e o l i t e  p o r e  o p e n in g  s i z e  o n  d ip h e n y lm e r c u r y  a d s o r p t io n  3 0
4 .7  D ip h e n y lm e r c u r y  m o le c u l e  m o d e l  31
4 .8  D ip h e n y lm e r c u r y  a d s o r p t io n  v e r s u s  e q u i l ib r iu m  d ip h e n y lm e r c u r y

c o n c e n t r a t io n  ( e x p e r im e n t a l  r e s u lt s )  3 2
4 .9  D e t e r m in a t io n  o f  th e  o n e  s it e  L a n g m u ir  m o d e l  c o e f f i c i e n t s  3 3
4 .1 0  C o m p a r is o n  b e t w e e n  e x p e r im e n ta l  r e s u lt s  a n d  th e  o n e  s it e

L a n g m u ir  m o d e l  3 4
4 .1 1  C o m p a r is o n  b e t w e e n  e x p e r im e n ta l  r e s u lt s  a n d  b i - s i t e  L a n g m u ir  m o d e l  3 7
4 .1 2  B r e a k th r o u g h  c u r v e s ,  p lo t t in g  th e  r a tio  o f  th e  e f f lu e n t  c o n c e n t r a t io n  

o f  D P M , c, to  in it ia l  c o n c e n tr a t io n , Co ( 2 1 0 0  p p b ) ,  v e r s u s  t im e  fo r
N a X  a n d  N a Y  z e o l i t e s  in  c o n t in u o u s  s y s t e m  t e s t e d  in  u n it  U 8 4 4  3 8

4 .1 3  L o g a r i th m  o f  c o n c e n tr a t io n  v e r s u s  t im e  4 0


	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents 


