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The released of heavy metals such as zinc in wastewater is of significant
effect due to its potential to cause environmental and human health problems. The
USEPA has classified zinc as qne of the most common metal of concern at superfund
site. This metal is also_present in streams from industrial processes at concentration of
1.2-1500 mgy/1 which is well above the USEPA standard of 5 my/L. The objectives of
this study were to investigate the column performance of foundry sand as medium for
zinc remioval in a contintious flow system and to generate a Sét of data that can be
used for column design. F,oundn{ sand was, inves |Tgated as a new sorhent for zinc
removal In agueous ‘solutions. 1t was collected from local foundry factories in
Saraburi province, Thailand, and was packed at density between 1.04-1,05 g/cm3in a
column with the depth and diameter of 300 and 25 mim, respectively. The results of
the column study indicated that the removal capacities of various bed heights 25,
215, 18, and 145 cm at flow rate of 6 ml/min were 0.61, 0,66, 0.5 and 0.48 mg/g,
respectively. A bed height of 25 cm and flow rate of 6 mlmin resulted in maximum
zinc removal. Studies carried out to investigate the effect of flow rates (6, 11, and 15
ml/min) at the optimum bed h_elqht of 25 cm indicated removal capacities to be 0,61,
0.45, and 0.48 mg/g respectivély. It was found that the change in concentration
affected breakthrough time and”exhaustion time but posed no effect of column
capacities of foundry sand. An initial_concentration of 60 mg/L caused shorter
breakthrough and exhaustion times than 30 my/L The study on the"effect of pH to the
removal c%pamta/ of foundry sand indicated that at pH 5 removal was higher than a
pH 3 (0.66, and 0.29 mP/g of initial pH 5 and 3, respectively). Finally, the stuay
showed that mode of column operation, up-flow and down-flow, resultéd in almost

%ﬂ%esame removal capacity; however, down-flow mode had shorter breakthrough

Field of study Environmental Management Student’s signature. /Sl ..
Inter-Department

cademic year 2005 Advisor’s signature. [/‘4’\/;1’ L.



VI

ACKNOWLEDGEMENTS

| wish to thank Dr. Pichaya Rachdawong for his guidance and support during
the entire course of this work and for his time, patience and his suggestion and
comments, | am deeply indebted.

| also thank Asst. Prof. Kemarath Osathaphan for his helpful and many
valuable comments.

| thank Mr. Pattapol Chaikul for the confidence that he placed in me and for
constantly encouraging me to proceed my research work. For his attentive and
especially for his good wishes.

Special thanks to Ms. Ramnaree Netvichien and Ms. Chantana Intim, who
were always available for help especially in the analytical work. And Karen Weight,
Ladapom Khunikakom for their encouragement and valuable comments.

Thank also to my fellow petrolium-lab researchers, Srilert, Pipat and
Ronbanchob for making the time enjoyable in the lab.

During the period of my Master degree studies | held a grant from National
Research Center for Environmental and Hazardous Waste Management. Without this
scholarship, this research will not be achieved.

Fortunate | consider myself for having the opportunity to associate with Ms.

Duangpom Thunsiri, | thank her for the support of materials data and suggestion for
this research work.

Last but definitely not least, | especially thank my family, without their
constant support, encouragement | would not have been able to arrive this far,



CONTENTS

Page
ABSTRACT (THAI).ccocvosvvesivnsssesssssssssssssssssssssssssssssssssssssssssssssssssssssssins v
ABSTRACT (ENGLISH)....cc.ccocrvmmmrmsssnssssmssssssssssssssssssssssssssssssssssssssssens Vv
ACKNOWLEDGEMENTS....cc.cocuvvvvmsvmmsssmssssssssssssssssssssssssssssssssssssssssssssssses Vi
CONTENTS .c.oooevessvvssssssssissssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens vii
LIST OF TABLES.......ccoocvvnsssessssssssssssssssssssissssssssssssssssssssssssssssssssssssions X
LIST OF FIGURES.......coccovmscivnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes Xii
ABBREVIATIONS.....ccoccnivmssissssssssssississssssssssssssssssssssssssssssssssssssssssssssssses XVi
CHAPTER | INTRODUCTION. ..cccoouurvtemmsssssmsssssmssmsmsssssssssssssssssssssssssssssenns 2
L1 ODJECtiVes 0Fthe SIUAY.........occiivciesismrssissesssissssssissssssissssssssissenns 2
L2 HYPOMNESES ..o vvvesvnsvsvsnssissssssssssssssssssisssssssssssssssssssssssssssssssssssssens 2
1.3 SC0PES OFt SEUAY....vvvovivvvssritvnssnirmssssmsssssssssrsssssssssssssssssssssssssnens 2
14 Advantages Of thiS WOIK....c..ccurvvrvesmsssssmssssssmsssssmssssssinsssssnnss 2
CHAPTER Il THEORETICAL BACKGROUND AND LITERATURE REVIEW.3
2.1 Water CONTAMINALION.....ccccvivvivvvssssvnsssssssssssssssssssssssssssssssssssssesees 3
2,11 INEOAUCHION. .ovcsvvvvsssrssmsssssmssssssnssnsmssssssesssssssssssssssssssssnssnns 3
2.1.2 Hydrological CYCIE........covmrsvvrsrvvmsssrvnssssessssssssssssssinnn 3
2.1.3 S0UrCE Of CONEAMINANE..vvccvvvvvvrvvscssvrrssssssssssssssssssssssssssssnnnn 5
2.2 ZINCovrrvvvvvvessssisssessssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 5
2.2.1 INIOUUCHION....vvvvvvvvsvvrssssresssssssssssssssssssssssssssssssssssssssssens 5
2.2.2 Chemical and physical Properties............veumvrsrvssssssssrsn 6
2.2.3 Toxicology InfOrmation...........cccceeevvvessssnsssssssssssissssssnens 8
2,24 REQUIBLIONS.....ovvvccvvvvvesvsssessvssssssssssssssssssssssssssssssssssssens 1
2.2.5 ZInC-environmental aSPECES.....cccvvvvevvvvesssissessssssssssssssssssens 1
2.3 TIEAIMENT OPLIONS......vvvvvvvvsssvvvessssssssssssssssssssssssssssssssssssssssssssssssses 12
24 FOUNGTY SANG.....vvvvccvvvvecsisrssssisssssssssssssssssssssssssssssssssssisssssssssssens 13
241 INEEOUUCHION....vvvvvv v evvsnsvessssssssssssssssssssssssssssssssssssessees 13
2.4.2 Binder in foundry San.......cccceeevvveessssnnsssssssesssnssssssinsnns 20

2.4.3 0rganic in foundry San........ccoveevversessvesssnssssssmsssssssninnes 22



Page

2.4.4 Beneficial reuse of spentfoundry Sand..........evvvvevvvessrnne 23

2.5 TreatabIlity teSHING........vvvsrvvversssssrssssssssssmssssssssssssssssssssssssssssssnssens 24
25,1 INEFOUUCHION...vvvcvvvrsvvvesvsnssssssssssssssssssssssssssssssssssssssssnes 24

2.5.2 BALCH BSHING..vvvvvcvvvvvssvsssessissssssvsssssssissssssssssssssssssssssssnses 5

2.5.3 COUMN EBSEING...vvvvvvvrssrvvrsssrvnsssnssssssmsssssmssssssssssssssssssssssns 26

2.0 SOTPHION. coccvvvveescsrsssisssssnssssssssssssssssss st 29
2.6.1 BACKGIOUNG. oocvvvvvvvessssvvsssssssssssssssssssssssssssssssssssssssssssses 29

2.6.2 10N EXCANGR....occcivversvivressssssssssssssssisssssssissssssssssesssisns 30

2.7 LIETAIUTE TRVIBWS...vvvovvvvvsivvesssismssssssssssssssssssssssssssssssssssssssssssssessens R,
CHAPTER Il METHODOLOGY AND MATERIALS........cccccovmmsirmssissssisnen 37
3.1 Material and PPATALUS....ccovvvvrsccivssrsrsssssssmssssssssssssssssssssssssssesssssses 37
311 EQUIPMENS. .ocoivvevsivrvvssissssssisssssssmsssssssssssssssssssssssssssssens 37

3.1.2 GlaSS WATES....vosvvvvssrcvnssrvnssssisssssnsssssmsssssssssssssssssssssssssrsnns 3

3.1.3 ChemiCal reA0RNS....ccccvvrvessivrmsssssessssssssssssssssssssssssssssens 3

3.LA FOUNAIY SANG....ooscvvvcivrnescrnsissssnsssnsssssssssssssssssssssssssssssnes 3

3.2 Foundry SaNG SBIECHION......vvvcvvvessivvrsssssssssssssssssssssssssssssssssssssssssns 39
3.3 ColUMN BXPRIIMENL......ooccccvevveecvrssissrsssssssssssssssssssssssssssssessssses 40
3.3.1 Glassware Preparation.......cosveermmmssesssmsssssssssssssssssssens 41

3.3.2 Preparation for Synthetic WaSteWater...........cccurvvmssvvsrsssrnnes 41

3.3.3 Effective 0 ParameterS.......ccvvmvvvssmmvsssssssssssssssssssssnnns 43

3.4 Foundry SN ANAIYSIS...vvvvvvvservvrsssrvvsssrsrssssmsssssnssssssmssssssssssssssssenes 49
3.5 DA ANAIYSIS.....vvvvvvvvesssvssssisssssisssssssssssissssssssssssssssssssssssssssssns 49
35.1 Sorption capacity 0f SANU.......vveervvvssrvvmsssmmsssssssssssrsssssresses o

3.5.2 PRICENE TEMOVAL....ovocvvveesvvvvesissnsssssssssssssssssssssssssssssssssnes o

3.5.3 BreakthroUgh time......vvesvvvessmvssssmsssssmssssssmsssssssssssssssssnnen |
CHAPTER IV TEST RESULTS AND DISCUSSION....c..couorvvvmmvmssissmssssmssssesns 52
4.1 Foundry SaNG SEIECHION. ..occvvvcvvvvssvvvssssssssssssssssssssssssssssssssssssssnns 52
4.2 COlUMN EXPEIIMENL...cccccvvvssvvssvesssisssesssisssesssssssesssssssssssssssesssssssssssenss 5%
4.2.1 Effect 0fDRA NEIGNE.......vvoccrveeccsvescsssesssssssssisssssssisssens o7

4.2.2 EffeCt OF flOW 1aE....cccvvcvvvesvrrssssrnssssssssssssssssssssssssssnns 63

4.2.3 Effect of initial CONCENTIALION........ovvvvvvvecersssessssessssssssesessssanns 05



Page

4.2.4 Effect OF INItIAl DH.....ovvvccvvvecsvvnsssvesssisssssssssesssssssssssnns 69

4.2.5 Effect of column operation MOUES.........cccceveervvvvssssisssesssnnnn 12

L 1 Q] OO 6

4.3 Foundry SaNd ANAIYSIS.........oocevvvmssmssesssissssssmssssssmssssssssssssssssssssnss 1

A.4 DAtd ANAIYSIS....coovversrvsressisssessisssssssssssssssssssssmsssssssssssssssssssssssssses 8l

4.3.1 Effect ofbed NRIGNE.........ocociveessressissesssissssssssssssssissnne 8l

4.3.2 EFfeCt OF flOW Fat8......vvvccvvescvvrvsnrnssssssssssssssssssssssssssnnnns &

4.3.3 Effect of initial CONCENLIALION.......ccocvvevverssrvrsssrsssssssssssninns 8

4.3 4 Effect OF INItIAl DH.....covovvvvecevvnssesssessssssssssssessssnssssssnns %0

4.3.5 Effect of column operation MOUES.........ccccvvrvvvessessserssnsnns 9

4.3.6 The mechanism in COIUMN.........occcveevmssvmssnsssssissssssssses %

CHAPTER V CONCLUSIONS AND RECOMMENDATION.....cccccorrvrrsrrrren %
REFERENCES......ccocoovvvsivvssssisssscsssssssssssssssssssssssssssssssssssssssssssssssssssssss 101
APPENDIX .ooveovvvsvvvsssssesssissssssssssssisssssssssssssssssssssssssssssssssssssssssssssssssssssens 106

BIOGRAPHY



LIST OF TABLES

Table Page
2.1 Chemical and physical properties 0f ZINC.........cuuvvvvmmmvsmssmssmssmsssssrssssssssnns !

2.2 Summary of Treatment technologies for metal-bearing wastewater streams..... 14
3.1 Percent removal of foundry sand from the batch experiment..........vvevvres 3
3.2 Leachability of heavy metals from foundry Sand...........ccccceevvvessssreessns 40

3.3 Variables and values for the bed height eXperiment...........ovvvvvvvmssssssssnnns 4
3.4 Variables and values for the flow rate experment............vvvrrmvrmssrvssssnenne 45
35 Variables and values for the initial concentration eXperiment...........uvvverenn 46
3.6 Variables and values for the initial pH eXPeriment............vvvvmvvmsssvssssnssssen 47
3.7 Variables and values for the effect of mode experiment............vvvmrvvvssninn 43
4.1 The leachability test results of foundry SaNG............cervvmmsrvvmssmsssssissssssnsnns 53
4.2 The percent of Zn removal of each foundry Sand.........cc.covvvrssvnsssvrssssnsnns 4

4.3 Parameters and their designated values under which varying bed heights were
MOMEOTE..cvvvvvvsvvvvrsvvvvsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssessons o7
4.4 Parameters and their designated values under which varying flow rate were
11100 OO 63
4.5 Parameters and their values used to monitor the effect of initial concentration.. 65
4.6 Parameters and their values used to monitor the effect of initial pH................. 69
4.7 Parameters and their values used to monitor the effect of column operation modes
BXPRIIMENE oo vessvsvsssssss st s st s 2
4.8 Parameters and their values used to monitor blank test 6



Table Page
4.9 Compositions of foundry sand before and after column experiment by using

XRF oottt sssssssissssssssssisssins 80
4.10 Parameters and their values used to monitor the effect ofbed height............. 8l
4.11 Result of effect of bed height eXPErimENt..........uvvvvmmvrmsmssmssmmsmssrsssssnnins 83
4.12 Parameters and their values used to monitor the effect of flow rate................ &
4.13 Total zinc sorbed (mg), percent removal, and the removal capacity of sand

(mg/g) calculated from results of effect of flow rate experiment................. 87
4.14 Parameters and their values used to monitor the effect of initial

CONCENTALION. .o vvtsvvvvresvssisssvesssrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssnens 8
4.15 Results of effect of initial concentration eXPeriment..........vvvvvvvvmsrssessnnn %0
4.16 Parameters and their values used to monitor the effect of initial pH................ 0
4.17 Results of effect of initial pH EXPEIIMENL.........ccvvvvvvsvvsssnvrsssssssssssssssssnes 92
4.18 Parameters and their values used to monitor the effect of column operation

MOES...vvvcrererrsessers b emssmrrresemmmrreertrzrcss e sessesssssssssessssssesssssessosns 9
4.19 Results of mode of operation eXPErmENt...........vvvvmmmvvmsmmsmssmssmssmssssssnnnns 9%

4.20 Amount of zinc sorbed on foundry sand and calcium released into solution... 9
4.21 Physical properties of the spent foundry Sand..........uuuvvvremvvssmvrmssssssssrnsns %



Xl

LIST OF FIGURES

Figure Page
2.1 HYAIOIOGIC CYCIB......vvvvvrrivverscvreessssesssssssssssssssssssssssisssssssssssssssssssssssens 4
2.2 Heavy Metal SOIUDIILY.......cccvvvvvvescsisrnssssssesssssssssnssssssissssssssssssssssssssssenss 8
2.3 BIBAKENIOUGN CUINVE..ovoocvvversesssessssssesssisssssssssssssssssssssssssssssssssssssssssssssssssees 21
3.1 Column experimental SELUD....cccvvvvessivvessssssssssssssssimssssssssssssssssssssssssssssees 41
4.1 Particle size distribution curves of spent foundry SaNGS.........ccvvvvveeseivsnsssnns 55
4.2 Elements concentration in the samples under the following conditions:

bed 25 cm, flow 6 mi/min, cong. 60 m/L, pH 5, UP-FIOW.......occcivvvcccrvversiinn 58
4.3 Elements concentration in the samples under the following conditions:

bed 21.5 cm, flow 6 ml/min, cone. 60 mg/L, pH 5, UP-FIOW.....vvvvccriverccivrerinns 59
4.4 Elements concentration in the samples under the following conditions:

bed 18 cm, flow 6 mi/min, cone. 60 mg/L, pH 5, UP-FlOW.......occciivecccrvrecsiinn 59
4.5 Elements concentration in the samples under the following conditions:

bed 14.5 cm, flow 6 ml/min, cone. 60 my/Z, pH 5, Up-flOW......vvcccivverccrvrerinn 60
4.6 pH in the samples under the following conditions: bed 25 cm, flow 6 ml/min,

cong. 60 Mg/L, pH 5, UP-TIOW...c.vvvvvvcivvrcsvressisssssssssssssssssssssssssnsssssanss 61
4.7 pH in the samples under the following conditions: bed 21.5 cm, flow 6 mi/min,

cone. 60 MY/L, PH 5, UP-FIOW...ccccvvvvvcvversssssvssssssssssssssssisssssssssssssssssees 61
4.8 pH in the samples under the following conditions: bed 18 cm, flow 6 ml/min,

cong. 60 m/L, PH 5, UP-FIOW...c.vvvvvrcvvrrcsvressssssssssssssnssssssssssssssnsssssans 62

4.9 pH in the samples under the following conditions: bed 14.5 cm, flow 6 mi/min,
cong. 60 mg/L, pH 5, UP-FIOW.....ovvvccvveccsisvesssssssssissesssissssssnsssssssnsssssenss 62



Figure

4.10 Elements concentration in the samples under the following conditions:
bed 25 cm, flow 6 ml/min, cone. 60 mg/Z, pH 5, UP-FIOW..ovocvvvccvvescrirne
4.11 Elements concentration in the samples under the following conditions;
bed 25 cm, flow 11 ml/min, cone. 60 mg/L, pH 5, Up-FlOW...cccccevcrvvrcrnn
4.12 Elements concentration in the samples under the following conditions:
bed 25 cm, flow 15 mi/min, cone. 60 mg/L, pH 5, Up-flOW......vcccrvvccvrrnn
4.13 Elements concentration in the samples under the following conditions:
bed 21.5 ¢m, flow 6 mi/min, cone. 60 mg/L, pH 5, Up-flow........cccvcrccrvren
4.14 Elements concentration in the samples under the following conditions;
bed 21.5 ¢m, flow 6 mi/min, cone. 30 mg/L, pH 5, Up-flOW.......vcccvvvccrvren

4.15 pH inthe samples under the following conditions: bed 21.5 cm,

flow 6 ml/min, cong. 30 mg/L, pH 5, UP-FIOW.......ovvvccrivveessrresssisrnesnnns

4.16 pH in the samples under the following conditions: bed 21.5 cm,

flow 6 ml/min, cone. 60 my/L, pH 5, UP-FIOW...cccccvvvccrvveescrvvesssisrsesnnn

4.17 Elements concentration in the samples at the following conditions:

bed 21.5 cm, flow 6 ml/min, cone. 65.5 my/L, pH 3, up-flow.......cccocrccrn
4.18 Elements concentration in the samples under the following conditions:
bed 21.5 cm, flow 6 ml/min, cone. 60 mg/L, pH 5, Up-flOW....occovcvvrirrrne

4,19 pH in the samples under the following conditions: bed 21.5 cm,

flow 6 ml/min, cone. 65.5 MYL, pH 3, UP-FIOW......vvvvvccrvrcccrrrressirresnnn

4.20 pH in the samples under the following conditions: bed 21.5 ¢m,

flow 6 mi/min, cone. 60 ML, pH 5, UP-FIOW...ocvvevverrvrssrvrrssvrsssrvssnn

X1

Page



Figure Page
4.21 Elements concentration in the samples under the following conditions:
bed 21.5 cm, flow 6 ml/min, cone. 60 mg/L, pH 5, Up-flOW.........vvccevvvvccrirs 13

4.22 Elements concentration in the samples at the following conditions:

bed 21.5 cm, flow 6 ml/min., cone. 60.0mg/l, pH 5, down- flow............ccvnrn 13
4.23 pH in the samples under the following conditions: bed 21.5 cm,

flow 6 ml/min, cone. 60.0mg/l, pH 5, down- flOW........ccoccevvvevccrirverssrisrrsinn 14
4.24 pH in the samples under the following conditions: bed 21.5 cm,

flow 6 ml/min, cone. 60 My/L, pH 5, UP-FIOW.......vvvvccrrvvrccrresssissesssissessnnn 14
4.25 pH in the samples under the following conditions: bed 21.5 cm,

flow 6 ml/min, cone. 0 m/L, pH 5, UP-FIOW...cc.vvvvvesivverssvvessisnessssssessiinnns 16
4.26 Elements concentration in the samples under the following conditions:

bed 21.5 cm, flow 6 ml/min, cone. 0 mg/L, pH 5, UP-FlOW......vvvvcccivvecccirrerenn 16
4.27 Foundry sand surfaces before column eXperiment..........ovvvvvveessssessssnnnn I
4.28 Foundry sand surfaces after column eXperiment...........oovveeesssssssnsssesssnnns I
4.29 Elements in foundry sand before column experiment..........covverivsesssrnn 18
4.30 Elements in foundry sand after column eXperiment..........cccceevvvveessssensssnn 8
4.31 Comparison of Zn breakthrough curves at different bed height.............ccc....... 8l
4.32 Relationship between the changed ofbed height and percent removal from

effect of bed heignt EXPEITMENL........cccvovvvesscisssssssssssssssssissessssisssssiisees 84
4.33 Relationship between breakthrough time and bed height.........cccceevvesirinnns 8

4.34 Comparison of zinc breakthrough curve at different flow rates.............con. 8



4.35 Relationship between flow rate and percent removal from effect of flow rate

BXPRIMENL .oecvvvvvevvsvsssssssssssssssess st sssssssssssssssssssses 8
4.36 Comparison of zinc breakthrough curve at different initial concentrations......89
4.37 Comparison of zinc breakthrough curve at different initial pH..............crn |

4.38 Comparison of zinc breakthrough curve at different column operation modes..93



Ce.
Co.
Cone.

ICP
mg/g

mi/'min
mmollgy
PCD
2
SEM

. .EPA
Zn
ATSDR
RPI

ABBREVIATIONS

effluent Concentration (mgy/1)

initial Concentration (mg/1)

concentration

gram

Inductively Coupled Plasma

milligram per gram

milligram per litre

millitre per minute

millimole per gram

Pollution Control Department

the square value of correlation coefficient
Scanning Electron Microscope

United States Environmental Protection Agency
Zinc

Agency for Toxic Substances and Disease Registry
Rensselaer Polytechnic Institute



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



