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In this study, removal of mercury compounds from aqueous solution by
adsorption was investigated. Adsorbents were chitosan 79%, chitosan 87% and chitosan
95% degree of deacetylation. A set of experiments was conducted at atmospheric
pressure; initial solution pH of 5, 6 and 7, and temperature of 10°c, 30°c and 50°c.
Mercuric chloride and phenylmercuric acetate were selected as models of inorganic and
organic forms of mercury compounds. Mercury compounds were dissolved in distilled
water to obtain feedstock solution that contained 1o ppm of mercury.

The results show that all three types of chitosan can be used to remove hoth
mercuric chloride and phenylmercuric acetate from aqueous solution. Removal of
mercury compounds depends on type of mercury compounds. Removal of mercuric
chloride depends on initial pH of the solution and operating temperature. Ability of
chitosan on adsorption of mercuric chloride decreased with increasing initial pH of
solution. Removal of phenylmercuric acetate in some condition depends on initial pH of
the solution and operating temperature. Ahility of chitosan on removal of
phenylmercuric acetate is slightly decreased with increasing initial solution pH and
slightly increased with increasing operating temperature. Removal of mercuric chloride
at some condition depends on degree of deacetylation. Ability of chitosan on removal of
mercuric chloride slightly increased with increasing degree of deacetylation. Effect of
degree of deacetylation on removal of phenylmercuric acetate can not be concluded.

Department.....Chemical Engineering...... Student’ssignature....(’ﬁ% ..... T2k SO
Field of study...Chemical Engineering...Advisor’s signature......... e o cssen

Academic year 2001 Co-advisor’s signature



Vi

ACKNOWLEDGEMENTS

The author would like to express his gratitude and appreciation to his advisor,
Dr.Jirdsak Tscheikuna for his guidance, valuable help and supervision during this study.
He is also grateful to Professor Dr.Wiwut Tanthapanichakoon, Assistant Professor
Dr.Vichitra Chongvisal and Dr.Sutha Khaodhair for serving as chairman and member of
the thesis committee, respectively. In addition, he is also thankful to the staffs in the
Instrument Laboratory of Chulalongkom University and Department of Chemical
Engineering. He is also special thank to his senior graduate student in Hazardous
Lahoratory for their help. Finally he would like to express his gratitude especially to his
parents and the member of his family for their morale support.



CONTENTS

PAGE

ABSTRACT (IN THAI o iv
ABSTRACT (IN ENGLISH)..ooociimrmsssvmsssssssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssseons v
ACKNOWLEDGEMENT .ot sssnisssssssnsssssssssssssssssssssssssssssssssssssssssssssssssssnss Vi
LIST OF TABLES . ...ooorssssssesssssisssssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens IX
LIST OF FIGURES ... sssinssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens X

CHAPTER

L INTRODUCTION oo sisssssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 1

2. LITERATURE REVIEW....cccoiiiiinrsssiiinnnssssisssssssssssssssssssssssssssssssssssssssssssns 4

2.1 Properties and Disadvantages of Mercury Compounds........resmrermnees 4

211 CREMISIIY coovscsvensssssmssssssssssssssssssssssssssssssssssssssssssssssssssssens 4

2.1.2 Disadvantages of Mercury in WasteWater..........ummmmmrmsssrsssnen 4

2.2 Properties 0f CRILOSAN.......uuvvvcmmvvmsmsssssmssmssssmssssssssssssssssssssssssssssssns 5

2.3 Study of Mercury Removal in WaSteWater .........uvvvrmvmmsmsmmsmssssssssssssssnns 1

2.3.1 PhySICAl TreatmeNt. .. .vrmsissvnsssmssssssmssssmssssssssssssssssssssssssnns 1

2.3.2 Chemical TreatMent. ... 1

233 AUSOTPHON.covvvvvvrvrsssrmssrsssssssssssssssssssssssssssssssssssssssssssssssssnens 8

2.4 LIterature SUMMATY ....omuvvesmmvmsssssmssssssssssssssmssssssssssssssssssssssssssssssssssssssssees 12

3. EXPERIMENTAL AND ANALYTICAL TECHNIQUES......ooversciiirrens 13

3.1 AdSOrDENt PreParation. ... 13

3.2 Experimental Apparatus and Adsorption ProCeduresS.....mmmmmmmmmmmsreen 14

3.2.1 EXperimental APParatus.....mmmmmssmsssssmsssssssssssmsssssssssssssssssssens 14

3.2.2 FERA PreParatioN...coevvvssvvsssvvsssvsssssssssssssmsssssssssssssssssssssssssssssssssnen 15

3.2.3 AASOIPLION PTOCEUAUIES..ovvvvvsvvvrsrvrssrsrsssssssssssssssssssssssssssssssssssssssssnens 16



3.3 Analysis technigue and Errors 0f EXperiments.........vmmmmsmsssnnnn 16

331 Adsorbent CharaCterizations.......wmrmmmssmmmsmessmmsmesssessnen 16

3.3.2 Standard Test Method for Total Mercury in Water. ... 18

3.3.3  Experimental and ANalYSIS ErTOT......ovvvmmmsmmssmssssssssssssssssinnns 20

. RESULTS AND DISCUSSIONS ..o 24

4.1 Experimental Procedure and Preliminary ReSUILS.......covuvvesvvesvvsssssssinn 25

4.1.1  AdSOrption EXPeriment. ... 25

4.1.2  Adsorption Behavior at Low Mercury Concentration................. 21

4.1.3  Determination of AdSOrption Period.......vmmvmemvessmssssssssssssnns 30

4.2 EXPEIIMENTA] RESUIES...ccovevvessvvmssssvsssssssssssssssssssssssssssssssssssssssssssssssssnns 32

4.3 Effects ofpH on Adsorption of Mercury Compounds.......vrvmssssnnn 39

4.4 Effect Of TEMPEIAtUIES...coivivrcsvvssrmssssssssssssssssssssssssssssssssssssssssns 42

4.5 Effect of Degree 0f DEACRtYIAtioN.......comvvvssvmssmsnmssmsssssssssssssssssssssnns 44

. CONCLUSIONS AND RECOMMENDATIONS.....cooovmsmsrmsrmsssssssssssens 46

5.1 CONCIUSTONS...vvvvrvcvvevsnsesesssestis e 46

5.2 RECOMMENUALIONS...ocovvvvsvrssirss s 47
REFERENCES...........0 MARINSNBAINYAR G rrrrrermermssmesmssmsensessssssssen 48
APPENDICES....... A HULALONGKORN SMINIVERSITY. ... rmnsermesnssssen 50



Table
11
2.1
31
3.2

3.3

34
41

411
412

413
414

421
4.2.2
423
4.2.4

LIST OF TABLES

page
Level of Mercury in INdustrial WaSteWater..........vvvvrvvmmssmmsssmmsssssssssssssssssnen 2
Summary of Treatment Technology for MEICUIY .....uvmuvvmmmvmmvsmsmssssmssssmsssrnn 12
Variables of the adsorption eXPerimeNt. ... 14
Average of mercury remaining and percent deviation in adsorption on

CNItOSAN FEPELILIVE STUAY ...vvvrvvvsrvvsssvvssrvsssrssssrsssssssssssssssssssssssssssssssssssssssssssssssrsnes 21
average concentration and maximum deviation of mercury compound

from chemical 0Xidation ProOCEAUTE. . .cvvmrrvrrvvmsrvrssrmsssrssssrssssssssssssssssssrssssssssnes 22
Percent of mercury compounds losses from feed at varioustemperatures............. 23
Comparison of BET surface area, pore diameter and total pore volume

I many types 0f AdSOTDENL.......vvwsrvveivrivsrrssmsssmsssssssssssssrssssssssrsssnen 24
Operating conditions in adsorption of HgCh in solution containing ppm.......... 21
Percent removal and percent deviation in adsorption of HgCh in solution
CONAINING 1 PPM coisirvrsvmssssssssssssssssssssssssssssssissssssssssssssssssssssessssssssssssssssssssssssssons 28
Operating conditions in study of effect 0f CONEACE tIME..c..vvcvvvcvvvsvrssrvrssssessnn 30
The results of adsorption of mercury compounds in solution

CONEAINING 10 PPM cvrrvrrvvrrsrvrssrrsssrssssmssssmssssssssssssssssssssssssssssssssssssssrssssssssssses 3
Operating condition 0f all eXPEIIMENES.......vvvvvcsivmssivmssssssmssssssssssssssssssssnssenns 32
Percent removal in adsorption of mercury CompouUNdS......vvverersrmsssmvsssesssrenen 33
pH values before and after adsorption ofHgCh at temperature 0f30°c.............. 31
Percent recovery of mercury compounds from digested adsorbent and

ABSOTPEION o vvsvvvsrvrssssssssssssssssssssssssssssssssssssssssssssssssss s 38



LIST OF FIGURES

Figure page
2.1 Comparison ofthe molecular structure of cellulose, chitin and

010 O 6
31 Schematic diagrams 0f vacuum appParatus........wsmrvmmmsmmsssmssssmssssrsssssssssssns 13

3.2 Schematic diagrams ofthe experiment apparatus, a. for temperature
controlled at 30°c and 50°c. b. for temperature controlled at 10°C.......crvne 15
33 Schematic diagram of apparatus for converts all mercury to the mercury ions... 19

4.1.1 Effect ofcontact time on adsorption of mercury compounds in solution

CONEAINING 10 PPM cvvvrvvsssvrssssssssssssssmssssmssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 3l
42,1 Solubility 0FPMA In UNUEIWALET .vvcvvvvcrvrssivvsssssmsssssssssssssssssssssssssssssssssssssssssenss 34
4.2.2  XRD pattern of mercuric chloride on Spent adSOrDENt........c.vvvmsvmssisssssnnnn 35
4.2.3 XRD pattern of phenylmercuric acetate on spent adsorbent..........vvvvmsrvsesnn 36
4.3.1  The comparison of initial pH of feed in adsorption 0fHYCE ......vvvrssvrsinns 39
4.3.2 The comparison of initial pH of feed in adsorption 0fPMA......cvvecvncrvsinn 39
4.4.1  The comparison of operating temperature in adsorption 0fHGCD..ocoocvvvcvren 42
4.4.2  The comparison of operating temperature in adsorption 0f PMA........cccvvciien 42

45.1 The comparison of degree of deacetylation of chitosan on HgClz2 removal
at various pH of feed and teMPEIATUES.....cvvvvvsmssssssmsssssssssssssssssssssssssens 44
45.2 The comparison of degree of deacetylation of chitosan on PMA removal

at various pH of feed and teMPEIAtUIES.....vvvvvvrvrmrvrrmrssrsssrssssssssssssssssssmsssnens 45



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



