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Removal of arsenic and rnerrmry compounds from hquid hydrocarbon was investigated. 

.'lh exprimam ume conducted at srmosphcdc pnssure and at mperanues of 30'12, 5 0 ' ~  and 

7 0 ' ~ .  Mercuric chloride, diphenylmercury, arsenic oxide and phenylarsine oxide are uscd to 

xepresent ionic mercury, organic mercury, ionic metic and organic aneaic. AMnic and mercury 

cornpounds wns dissolved in toluene to obtain solutions conrairdng 10 ppm of arseaic end 1 ppm 

ofrmxny- The d ~ ~ ~ r b e n t s  wns etmnirra; NiOIAtp-,, W/Al ,O,  and Ni-Cu/%O, prrpsrad ~IY 

impregnation techniques. 

Ths ~ t r l t s  showed that mooual of and mercury compounds dcpendendtd on 

oanprrantre. Adsorption efficiency of adsoents for removal of both menury and arsenic 

umqads hcmscs in thc fuhwing 0- cnppr 7 nichl. ahnnina. Mercuric CNorida can be 

removed more efficiency than diphenylmercury. Wcnylarsioc oxide is adsort& on copper and 

fonned coppsr arscnids (cuprs). 



ACKNOWLEDGEMENTS 

'Ihe author would like express hi gratitude and appreciation to his edviscr, Dr. 

JirdsaL Tschcikuna for his @dance, valuable help and super vision during this 

mdy. He is also grateful to Rof. Dr. Wiwut T-haluml, Asaietance 

Pmf. Sasithom Boon-Long, and Dr. Deacha Chatsiriwech f a  severing as 

chairman and member of the thesis committee, mspectivcly. In addition, he is 

also thanLful to the staffs in the Instrument Laboratory of Dcpartmcnt of 

Environmental, ~~. Hb is also thankful to his friads for their help. 

FinallyhewouldliLetocxprcsshisgratitudctohisparcntsandthemembsrof 

his family for their morale s w t t .  



CONTENTS 

C 

PAGE 

..... ABSTRACT (IN THAI) .,., ............................................................................... .. iv 

ABSTRACT (IN ENGLISH) .......................................................................... v 

ACKNOWLEDGEMENTS ............................................................................................ vi 

LIST OF TABLES .............................................................................. ............. - - . iX 
LIST OF FIGURES ., .......................................................................... xiv 

CHAPTER 

I . INTRODUCTION ....................................................................... 1 
I1 . LITERATURE REVEWS ..................... .. ..-...... ..... ...--.-.- 3 

2.1 Mercury ............................... " . ................................................ 3 
Mercury in Petroleum ...-...-.-. .. .... ..............-.... .... -- .. - . 3 

Catalyst Deactivation by mercury ................................. 4 

Mercury Corrosion ., ........-.... - -..-...-.-.--.. . 5 
Removal of mercury ........,.... .. ." ............. -- .. - ................. 5 

Chemical Treatment , ....................................................... 5 
.... Adsorption ...................................... - . . .  7 

2.2 Arsenic .......................................... -- ......--. ........ 9 
. . 

Arsen~c m pctro1eum ....................... ...... -.- .... - .... -- .......... -9 

.. Catalyst Deactivation by arsenic .- ......................... - .. .- 10 
Removal of arsenic .,- ........................................................... 10 
Thennal Treatment ................................................... .... - ..... 11 
Chemical Treatment ............................................................. 11 

Adsorption ..................................................................... 12 
m . EXPERIMENTS AND ANALYSIS TECNIQUE ............................. 15 

3.1 Experiments ............................................................... - ......... 1 5 
Adsorbents Reparation ............................................... 15 



CONTENTS (continue) 

.............................................. Adsorption Experiments 16 

3.2 Analysis Techniques .................................................................... 17 

Arsenic content ................................................................. 17 

................................................................ Mercury content 17 

.............. ......... Adsorbent characterization ............-.... 19 

IV . RESULTS AND DISCUSSION ..................................................... .... 36 

Blank test .......................................................... ... ... ............ 37 

Experimental Error ..................................................... 39 

..... Compa&on of physical properties of adsorbent 4 2  

... ......... Adsorption by alumina adsorbent ....,...... ... 46 

.......... A w l o n  by copper adsorbent , ..,.... , 5 8  

. Adsorption by nickel adsorben L .....-........... ........... 7 0  

........ Adsorption by nickel-copper adsorben t......... 8 0  

V . CONCLUSlONS AND FSCOMME, ND.4TIONS ....-.. .- .... ... ....... 91 

Conclusion. .......................................................... 9 1  

REFERENCES ............................................................................. .. .............. 9 2  

APPENDIX ..................... ... ............................................................................................... 9 6  

VlTA ............................................................................................................................... 1 1 3  



LIST OF TABLS 

TABLE 

4.1 

4.2 

PAGE 

.. Operating conditions of all experiments "....,.....-..-.".-... -............- 37 

Amount of arsenic and mcscury remaining m a h @ ~ n  

. . ...... repcatabrldy study . . - . - . . -  -..-.,., ............--..40 

Avrragt amcamuh and percent deviation of ~E&C 

and mmcury in -ion rcpeatabi  st~dy..~,.. .... -,-....,. 41 

Average p c ~ ~ x n t  mnoval and pncent deviation calculated 

h m ~ t ~ v a l o f a r s e a i o 8 n d ~ m a d s o r p t i o n  
. . npeatabrlrty d y  ...."........."--. . ........................... 42 

Surface area, pore vohunc and a v q  pore diameter of 

aEumina d flesh admthts  ......................... " 4 3  

Amount of mcmuic chloride, d i p h a ~ y h a ~ r y ,  arscniC oxide 

a n d p I m y ~ o x i d c I c m a i n i n g m s t u d y o f ~ m b y  

alumina admba~t at v& tempml'un.. 4 6  

A m w n t o f m c r a a i c d r l o r i d e , ~ y ~ , ~ o x i d c  

and phcnylarsii oxide mnwd from in study of adsorption 

by alumina adsotbent at various te- ....-,..-..---.-...-1..47 

Amount of mmxuic chloride, diiphenylm~, arsmic oxide 

and phenylarsi oxide on thc dsodmts in study of 

adsolption by alumina adsorbent at various tanpuature-.......-. 47 

Surface area and pon volume of spent adsoltmt in study 

of arsenic and merauy nmoval by alumina adsxba~t,, -..... -.48 

M t  m v a l  of # chloride and diphenylmernuy 

m study of adsoption on alumina adsorbent at various 

temperaaues.., .-....,,, , -, .................-.-- -.SO 

Pncent decrease of anface area and pore volume of 

spent alumina adsohcat in study of adsorprim of rne~curic 

chloride and diphenylmcmuy .... ...-...- ..,. ...................... -.......51 



LIST OF TABU (continue) 

TABLE 

4.12 

4.13 

PAGE 

Amount of mercury removed per gram of alu*rbent..-..52 

Amount of mercury nmovcd per surf- area of 

alumina fuhxtmt. . .  " . .....----.---.. 53 

Perccnt rtmoval of arsenic oxide and phenyhine oxidc 

in study of adsorption on alumina adsorbent at various 

temperaaue.,., ......................... .....-... ......................... 54 

Pcnxntdacnascofauf~~~aruradprevolumcofspent 

a l w i  admba~tin study of adsorption of 

arsenic oxide and phenylarsii oxidc .,,..,.,... ,-...,,,. 55 

Amount of arsenic removed per gram of 

alumina a d s o r b m ~  ..-. .. ..-..-.............- ..... ..A---.......-...-.--55 

Amountofarsenicnm~vadpcrsurfaoearcaof 

ahunina adsolblt .-......, L.." . . . . . . . . . . -  " " . . . .  57 

Amount of mn\raic chlcaide, d i i e n y l m ~ ,  arsenio oxide 

and phcnylarsime oxide remaining m study of adsogion by 

..... copper adsorbent at various temperature ,.,-.,,....-... 58 

Amount of memxic chloride, diphmyhmcmy, maic  oxide 

and phenylarsinc oxide lemwed from in study of adsorption 

by copper admbent at various tcmperanuc ..,,,.,,. -.-.... 59 

Amount of mcraaic dhidc,  diphenylntrrwy, srsaric oxide 

and phenylarsine oxide on the adsorbent8 in study of 

adsorption by copper edsorbcnt at VMOW tempmatme .-.-..,.,. 59 

Surface area and pore volume of spent admbent in study 

of arsaric and mercury removal by copper adsorbart..... -.A0 



LIST OF TABLS (continue) 

TABLE 

4.22 

PAGE 

Percent nmoval of mercuric chloride and d i y I m c x c w y  

in study of adsoxption on copper adsoltKnt at various 

m . . . . . . . . . . . . . . .  ....................... 61  

Pucmt dacrease of surface area and pore volume of 

spent copper adsorbent in study of adsorption of 

mercuric chloride and diphmylmnnuy ...,. , --.. -- ....-...... --..---.. 62 

Amount of mcmuy rcmovcd pcr gram of copper adsotbent. .- ..,, -..63 

Amount of mercury ramoved pcr stlrface a m  of 

ooppcr sdsodmt ,,.--..-,.----..---84 

Per#nt m v a l  of arsaric oxide and phmylatsine oxidc 

m study of dsoqtion on coppcr adsoltKnt,,- -...,. -----65 

Perant dccmm of d a c e  area and pore volume of spart 

copper -t in study of adsorption of 

arsenic oxide snd pheaylareine oxide ,,,-,. ,....,..-...La.-.LaLa.66 

Amountofarsenicmnovcdpergnunof 

cqqm adso&nt -.--.--.---..-.. "..--.--.-.-.---..-.-.-...-. 66 

Amount of arsenic nmovcd per surface area of 

coppa ads&en~ .-,,.-.--...-.------.--.-- ,----..-----.-.--,.. 69 

Amount of merwic chloride, d i y l m t r w y ,  d oxide 

and phenylarsinc oxide mmhhg m study of adsorption by 

nickel adsorbent at various temperatun . . . . . . . , - - .  7 0  

Amount of merauic chloride, diihenylmtrwy* arsenic oxide 

and phenylamhe oxide mnwd from in study of adsorption 

by nickel adsorbent at various temperature .................................. 70 

Amount of mcmuic chIoxidc, diienylmernny, arsenic oxide 

and phenylarsii oxide on the adsohts  in study of 

adsorption by nickel adsorben! at various ~ . . , , ~ . 7  1 



LET OF TABLS (continue) 

TABLE 

4.33 

PAGE 

Surface area and porc volume of spcnt adsotbent in study 

of arsaric and mercury nmoval by nickel adsorbent ......,..-.... .. ..-..... 7 1 

Percent removal of mtrcuric chloride and diihenyhercury 

in study of edsolption on nickel adsorba~t at various 

~~ ............................ -... .........".-.........--..-........72 
P e m t  ddcrease of surface a m  and pore volume of 

spent nickel adsorbent in study of adsorption of 

memurk chbride and ~y~ ..,-....-........ :....- .....-. -73 

Amount of lnerc~ry removed per gram of nickel adsohnt,.........- 75 

Amount of mtrauy removed per surface area of 

nickel adrlart#lt ..,...-.......... . . - . . 7 5  

Pacent mnoval of arsenic oxide and phmy1mine oxide 

in study of adsoqth on nickel adso&..,..................-...-.76 

Percent decrcasc of surface area end pom volume of spent 

nickel adsohmt in study of dunption of arsenic oxide and 

..... phenylarsim oxide .,...-."-..,-." ,,,, ..- "....... "..,.... .. ....... -...--.....- 7 

Amount of arsmic moved per gram of nickel adso&nt,..............79 

Amount of arsenic mnoved per surface area of 

nickel admbalt. .................................... "-" ...................... 79 

Amount of mmrnic chloride, diphcnyhmmuy, arsenic oxide 

and phenylarsine oxide mmaining in study of adsorpoion by 

nickel-copper adsohent at various temperatme ...................... ,... 80 

Amount of m d  chloride, diphenyhcmq, arsenic oxide 

and phenylarsii oxide removed from in study of adsorption 

by nickel-copper a d s o h t  at v& tanperattuc ....,..,,,,. .. -.".. 81 



TABLE 

4.44 Amount of mnaaic chloride, diphmyhcmny, 

arsenic oxide and pharyhhe oxide on the adsorbents 

PAGE 

m study of edsorption by nickel-copper adswbcnt 

at vari0~9 &mpuahm .,.,.,....--~....- - ...... ,., . . . . 8 1  

4.45 Surface area and porc volume of spent adsokmt in study 

of arscnir: and tnmmy removal by nickel-copper 

. . . .  - -  . . . . . . . .  ................ . . . . . . . 8 2  

4.46 Perant ranoval of mernuic chloride and diphenylmcrcury 

in study of dso@on on nickel-copper adsorbmt at 

various temperatuns .,.,....,-..-... - - . - . - - - . . . . . . .83  

4.47 Perceat decnasa of ana and porc volume of 

spent nickel-w~lper adsorbent in study of d ~ r p t i ~ n  of 

mgcuricchbrideanddiphcnyknacury ......................... 

4.48 Amount of merany removed per gram of n idre l -Cq~  

- - . -  ..--,,,,, .... ..,,,..86 
4.49 Amount of mmury lanoved per surfwe area of 

.... nickel-copper adsorbent -.-....- ,,, ,.-.-.....rben...-rbenrben... 86 

4.50 Pacent  mnoval of arsmic oxide and phenylatsine oxide 

in study of adsaq&~~ on nir?kel-copper & ~ ~ b t ,  ,,... ,..a8 

4.51 Percent decnase of aurfece arw and pre volume of spent 

nickel-copper adsorbent m study of adsorption of 

arsenic oxide and phenylarsme oxide ,.-...-...,. .....--- ....... 
4.52 Amount of m i c  removed per gram of 

nickel-copper adsnbcnt. -........ ........................................ ........SO 

4.53 Amount of arsaric moved per surface area of 

nickel-copper dsorbu~t. ,.,,...,....t.t......-.t.t.t.t.t.......................-.... 90 



LIST OF FIGURES 

FIGURE 

2.1 

PAGE 

M b u t i o n  of mercury in natural gas condensate found 

.......... .... .... .... in South East Asi an..... .... -...- ....... .. .......... -..-.-- ... .....- -.-... 4 

W b u t i o n  of arsenic compounds found in condensate ........-.... -..lo 
Amount of mtrauy remaining using Blank test at various 

t m p m t ~ ~  ................................................. ......................... 38 
Amount of arscnic remaining using Blank test at various 

tmpcratum .....,.,-. - -..-,......-.--.-.... ................................................. 38 

Comparison of total surface ana betwem alumina and 

impre@ adsoltent ................................. " ..-...... 44 

Corn.- of total pore volume between alumina and 

impregnated adsorbent. ,....-.... -...........-.- ... ............................. 44 

Comparison of pore average dieter between alumina 

and fresh adsorbent-..... . - . .  ....-.. ,.. ...--. ..--........---..45 

Comparison of pore size distribution between alumina 

and impregna(ed ~ts--~..-,-..tstststs....--ts..-...... ...... 45 

Amount of mercuric c h l m b  and dicnyImcmuy 

remaining in study of adsoption on alumina adsorbent 

at various tanperaaaes ----...,. .. -.....,...-...-.-..-.-. 48 

Comparison of pore size distribution betteen fresh and 

spent alumiina adsorbent in study of removal of 

m c . . . .  ........ ... . . . . . . . . . .  5 1  

Comparison of pore size distribution between fresh and 

spent alumina adsorbent in study of nmoval of 

diphmyImemury.-..- .... --.... ....... - . . .  . ................................... 62 

Amount of arsenic oxide and phmylarsine oxide in 

study of adsorption on alumina adsorbent at 

various temperature.,, -......-...........-,..re.re.re...re................--....-..... 54 



LIST OF FIGURES (continue) 

PAGE 

Cornparism of p size disrnition between f m h  

and spent alumha adsorbent in study of removal 

of atsenic oxide .-.-. ......................................... 5 6  

Comparisonof~simdis~tionbetwcenfreshand 

splt  alumina adsorbent in study of removal 

.......... of phmylmhc oxide ,~.,,.,,.,,,~. "-...... ".--.. 56 

Amount of merarric.chloride and diiylmexcury in study 

of adsorption on cogpcr adsobnts at various tanpcraaue.--.-61 
. . Comparisonofporesizediibetween 

f r r s h a n d s p a r t o a p p o r ~ t m g u d y o f  

nmoval of mannic chl~~.,----.----- .-.. .... ....-.. --..62 
. . .  C a m p a r i s o n ~ f ~ s i z e ~  between 

fmhandspcntmppcradsolkntmstudyof 

removal of diphcnylmcauny ,.,,.---..--.--.~-~. 63  

Amount of arsenic oxide and phnylarsine oxide in shdy of 

adsoqtion on copper adsorhts  at various tnnperatures.~~.66 

XRDpaacmofspcntcoppersdsoibenton 

phcnylarsi~w oxide study ............................ -....67 

Camparisoa of pore size distribution between 

~andspcntcopperedmrbentmstudyof 

removal of arsenic o L - . . . . - -  ...........- ..-... 68 

Comparison of pore size diitribution between 

f m h  and spent wppcr adsorht in study of 

removal of rusenic oxide..,, ,.,...."... ,. ........................ ............... 68 

Amount of mercuric chloride and diphcnylmcrcury in study 

of adsolption on nickel adwrbent at various temperatuxc.~.... 73 



PAGE FIGURE 

.4.21 Comparison of pore size distribution betwecn fresh 

and spent nickel adsorbent in study of removal of 

mercuric chhotide. .................................... -..-.......... ............ 7 4  

C o m  of pore size disrlibution between fresh 

and spent nkkel adsorbent in study of mnoval of 

diphmylmernay ................. ..m...m ....-........... . . .  .......... .. ........ 74 

Amount of arsenic oxide and phmylarsiine oxide m study of 

adsotpian on nickel adsorbent at various temprraaurs.---.--. 77 

Compaiscu~ of pore size distribution betwear fresh and 

spart nickd ;dsorbmt m study of rcmo~al of arsenic oxidc.,78 

Comparisoll of pore size -Man betwear fresh and 

spent niche1 rdsorbcnt m sbdy of nmwal of 

phenykdte oxide ...- ----.-.-..-- 78 

Amormtofmeranicchlorhieenddiphenylmercvryinsbrdy 

of adsorption on nickel-capper adsorhats at various 

tern- .,....,.--w.-..--,.-...--......-. .......-.. ...-..-......... ..--.83 
C o m p b  of port size distribution between fresh and 

spent n i c k c l - ~  fdsoxht in study of lanoval of 

merrnrric chloride .,,,.....-- . - . . .  .,..... .. ...... - ...- -..-.. 85 
. . 

Comparison of pole size distnbuhon between fmh  and 

spent nickol-copper admrht  m study of removal of 

diphmylmcmuy ..-.--.......w..... ......................... .. ..................... 85 

Amount of arsaric oxide and phcnylarsine oxide m study 

of adxqtion on nickel-copper adsorbcnts at various 

taperahms ,....-,...,,... .... ............................... 87 

Comparison of pore siw distribution betwear fresh 

and spent nickel-copper a d s o h t  in study of removal 

of arsenic oxide. .......................................................... "..--.. 89 



FIGURE PAGE 

4.31 Comparison of pore size distribution b&vm lid and 

spent nickel-copper adswbart in study of removal of 

phenyWme oxide. ...... ........................................ .. ............. ".."... ..... 89 


	Cover (Thai)�������������������
	Cover (English)����������������������
	Accepted���������������
	Abstract (English)�������������������������
	Abstract (Thai)����������������������
	Acknowledgements�����������������������
	Contents���������������

