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This research investigated removal of nickel from metal plating wastewater with iron 
scrap column. Batch experiments and continuous flow experiments were conducted. The 
batch experiments were performed to determine the effect of pH on the nickel removal 
efficiency. The continuous flow experiments were used to study the effect of column height, 
influent flow rate, and nickel concentration on column performance.

Batch experimental results indicate that pH was an important factor affecting nickel 
removal. The maximum nickel adsorption by iron oxide occurred in the pH range of 6 to 7 
and the hydroxyl group was the dominant adsorbable species. The continuous flow 
experiment was conducted with a two-month operation period. Three columns were placed 
in series and three column heights, 30 cm, 40 cm, and 50 cm were tested. Only 12% of the 
data obtained from the tests with column height 30-cm could reach a nickel concentration of 
less than 1 mg/L in effluent. Whereas the percentage removal achieved at the same level with 
column height of 40 cm and 50 cm were 38% and 29%, respectively. The optimum column 
height was 40 cm. Longer column height would increase nickel sorption, however, it also 
resulted in insufficient oxygen to oxidize iron, which affected HFO sorption capacity. Three 
flow rates, 5 L/d, 10 L/d, and 15 L/d, were tested and nickel removal efficiencies were 
86.27%, 84.92%, and 75.80%, respectively. Larger flow rate decreases removal efficiency. 
During the study of the effect of nickel concentration on column performance, the maximum 
nickel sorption for influent nickel concentrations at 10, 20, 50, and 100 mg/L were 10.07, 
9.04, 14.83, and 20.15 mg-Ni/gram iron, respectively.



VI

ACKNOWLEDGEMENTS
I would like to firstly thank the E.N.C. Co., Limited, Samutprakam, Thailand 

for providing my opportunity to conduct my research on their wastewater.

I would like to express my sincerely thank to Assistant Professor Dr. 
Chaovalit Ratanatamskul, my advisor, for his continued guidance throughout this 
research. I would also like to thank Professor Dr. Hsin Neng Hsieh, my co-advisor, 
NJIT, for his supports and suggestions. I would like to take this opportunity to thank 
Assistant Professor Dr. Sutha Khaodhiar, Chairman of the committee, and Dr. 
Manaskom Rachakomkij, a member of thesis committee, for many valuable 
comments. This thesis would not have been accomplished without their excellent 
contributions.

And many thanks for the Pollution Control Department (PCD) laboratory and 
all staff there for their kind assistance for sample analysis as well as all Environmental 
Research Institute of Chulalongkom University (ERIC) students and staff for their 
friendship and warm supports.

Finally, personal thanks go to my family especially my two beloved kids, 
Nong Meta and Mooky, for their love, care, understanding and words of 
encouragement.



CONTENTS

ABSTRACT (IN THAI)..............................................................  iv
ABSTRACT (IN ENGLISH)........................................................  V

ACKNOWLEDGEMENT............................................................  vi
CONTENTS....................................................................................  vii
LIST OF FIGURES........................................................................  xi
LIST OF TABLES.........................................................................  xiii
NOMENCLATURE......................................................................  xiv
CHAPTER 1 INTRODUCTION.................................................  1
1.1 General....................................................................................................................... 1

1.2 Objectives of the study...........................................................................................  3

1.3 Hypothesis................................................................................................................  3

1.4 Scopes of the study.................................................................................................  3

1.4.1 Wastewater collection..........................................................................  3

1.4.2 Characteristics of wastewater............................................................  3

1.4.3 Batch experiment...................................................................................  3

1.4.4 Continuous flow experiments.............................................................. 4

Pages

1.4.5 Nickel analysis 4



V111

CHAPTER 2 LITERATURE REVIEWS.................................... 5
2.1 Nickel chemistry....................................................................................................... 5

2.2 Metal plating process.............................................................................................. 6

2.2.1 Waste generation..................................................................................... 6

2.2.2 Treating metal plating wastewater......................................................  9

2.3 The iron solubility.................................................................................................... 10

2.4 Oxygenation of ferrous iron (II) in highly buffered waters............................ 12

2.5 Surface coordination of iron mineral..................................................................  12

2.6 Inner-sphere and outer-sphere surface complexes.......................................... 14

2.7 The coordination chemistry of the hydrous oxide water interface............... 16

2.8 The theoretical adsorption..................................................................................... 16

2.9 Surface complexation model................................................................................ 18

2.10 Related study........................................................................................................... 20

CHAPTER 3 METHODOLOGY.................................................  22
3.1 Wastewater.............................................................................................................  22

3.2. Iron scrap preparation............................................................................................. 22

3.3 Experimental Methodology.................................................................................  23

3.3.1 Characteristics of Wastewater............................................................ 23

CONTENTS (Cont.)

Pages

3.3.2 Nickel adsorption on hydrous ferric oxide (HFO) 23



IX

3.3.3 E ffe c t o f  pH  on n icke l rem ova l......................................................... 24

3.3.4 E ffe c t o f  co lum n height on n icke l rem ova l e ff ic ie n c y .................. 24

3.3.5 E ffe c t o f  in fluen t f lo w  rate on n icke l rem ova l e ff ic ie n c y ............  26

3.3.6 E ffe c t o f  n icke l load ing  on co lum n perfo rm ance ........................... 26

CHAPTER 4 RESULTS AND DISCUSSIONS......................... 30
4.1 The characteristic o f  w astew ater.................................................................... 30

4.2 N ic k e l adsorption on hydrous fe rric  ox ide  (H F O ) ........................................  31

4.3 E ffe c t o f  pH  on n icke l rem oval percentage....................................................  33

4.4 E ffe c t o f  co lum n he ight on n icke l rem ova l e ff ic ie n cy ................................  35

4.5 E ffe c t o f  in fluen t f lo w  rate on n icke l rem ova l e ff ic ie n c y ............................  43

4.6 E ffe c t o f  n icke l load ing  on co lum n perfo rm ance .........................................  49

4.7 X -R a y  D if fra c t io n ............................................................................................... 51

4.8 Propose design crite ria  fo r iron  scrap co lu m n ................................................ 51

CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS 53
REFERENCES............................................................................... 55
APPENDICES................................................................................  58

CONTENTS (Cont.)

Pages

BIOGRAPHY 72



X

2.1 T y p ic a l metal p lating  process step.......................................................................  6

2.2 P rec ip ita tion  and filtra tion  techniques are ava ilab le  fo r treating

wastewater from  metal p la ting  process..............................................................  10

2.3 The so lu b ility  d iagram  o f  ox ide  and hyd rox ide  form s o f  iro n .........................  11

2.4 Structura l arrangements in  surface com plexes at an ox ide  su rface ................  13

2.5 Surface com p lex  fo rm a tion ...................................................................................  15

2.6 Surface com plexes at ox ide-w ater in terfaces....................................................  17

3.1 The iron  scrap from  industria l m anufacturing process.....................................  22

3.2 (a) The s ize  o f  iron  scrap was about 4.4 m m  X 6.5 m m  X 0.1 m m

(b) Iron o x id e ........................................................................................................ 22

3.3 The experim enta l apparatus fo r the study n icke l adsorption w ith  H F O .........  23

3.4 Experim en ta l apparatus fo r the study o f  the effect o f  co lum n  height

on n icke l rem ova l...................................................................................................  25

3.5 Experim en ta l apparatus fo r the study o f  the e ffect o f  in fluen t f lo w  rate on

n icke l rem ova l...........................................................................................................  27

3.6 Experim en ta l apparatus fo r the study o f  the e ffect o f  n icke l load ing  on

co lum n perfo rm ance .............................................................................................. 28

3.7 Experim enta l apparatus fo r the study o f  the continuous f lo w .......................... 29

LIST OF FIGURES

Pages



XI

4.1 F reund lich  isotherm  in loga rithm ic  fo rm  fo r N i adsorbed by  iron  scrap

on 24 hou rs................................................................................................................ 32

4.2 Adso rp tion  o f  n icke l w ith  H F O .............................................................................  32

4.3 E ffe c t o f  in fluen t pH  on n icke l rem ova l at 6.9 m g/L  n icke l concen tra tion ... 34

4.4 The re la tionsh ip  between N i rem ova l percentage and the pH

in  the firs t 200 m inu tes..........................................................................................  34

4.5 The re la tionsh ip  between N i adsorbed per gram o f  iron  and in fluen t p H ... . 35

4.6 E ffe c t o f  co lum n height on n icke l rem ova l co lum n  h ight = 30 cm.

w ith  3 co lum ns in  series. In fluent N i = 10 m g/L  and pH  7 .........................  37

4.7 E ffe c t o f  co lum n height on n icke l rem oval co lum n h ight = 40 cm.

w ith  3 co lum ns in  series. In fluent N i = 10 m g/L  and pH  = 7 ......................  38

4.8 E ffe c t o f  co lum n  height on n icke l rem ova l co lum n h ight = 50 cm.

w ith  3 co lum ns in  series. In fluent N i = 10 m g/L  and p H  = 7 ......................  38

4.9 The re la tionsh ip  between N i residue and t im e ..................................................  39

4.10The re la tionsh ip  between N i rem ova l percentage and tim e fo r the co lum n

height 30 cm  w ith  3 co lum ns in  series................................................................ 39

4.1 IThe  re la tionsh ip  between N i rem ova l percentage and tim e fo r the co lum n

height 40 cm  w ith  3 co lum ns in  series................................................................ 40

LIST OF FIGURES (Cont.)

Pages



4.12 The re la tionsh ip  between N i rem ova l percentage and tim e fo r the co lum n

height 50 cm  w ith  3 co lum ns in  series...........................................................  40

4.13 The re la tionsh ip  between N i rem ova l percentage and tim e

fo r the three series............................................................................................. 41

4.14 N ic k e l concentration less than 1 m g /L  in  the effluent

(Tested w ith  3 co lum ns in  series).....................................................................  41

4.15 The re la tionsh ip  between accum ulate N i and t im e ........................................  42

4.16 E ffe c t o f  in fluen t f lo w  rate 5 L /d  on n icke l rem ova l e ff ic ie n c y ...................  45

4.17 E ffe c t o f  in fluen t f lo w  rate 10 L /d  on n icke l rem ova l e ff ic ie n c y . 45

4.18 E ffe c t o f  in fluen t f lo w  rate 15 L /d  on n icke l rem ova l e ff ic ie n c y . 46

4.19 The re la tionsh ip  between N i residue and tim e fo r three in fluen t f lo w  rate.. 46

4.20 E ffe c t o f  in fluen t f lo w  rate 5 L /d  on n icke l rem ova l percentage...................  47

4.21 E ffe c t o f  in fluen t f lo w  rate 10 L/d  on n icke l rem ova l percentage. 47

4.22 E ffe c t o f  in fluen t f lo w  rate 15 L /d  on n icke l rem oval percentage. 48

4.23 E ffe c t o f  in fluen t f lo w  rate on n icke l rem ova l percentage...............................  48

4.24 E ffe c t o f  n icke l load ing  on co lum n perfo rm ance ...............................................  49

4.25 The re la tionsh ip  between accum ulate N i and t im e ............................................. 50

4.26 The d iffractogram  o f  iron m aterial before reaction w ith  n ic k e l......................  52

4.27 The d iffractogram  o f  iron  m aterial after reaction w ith  n ic k e l.........................  52

X ll

LIST OF FIGURES (Cont.)

Pages



X ll l

LIST OF TABLES

Pages

Tab le  2.1 A  sum m ary o f  the waste generated by the metal p la ting  industry .......  8

Tab le  2.2 A d so rp tio n  (surface com p lex  form ation) e q u ilib r ia ................................  18

Tab le  4.1 Characte ris tic  o f  wastewater......................................................................  30

Tab le  4.2 U s in g  curve fitt ing  to p red ict the n icke l e ffluent concen tra tion ..........  36

Tab le  4.3 P red ic tion  o f  n icke l concentration in  in fluen t in  terms o f  f lo w  ra te .... 43

Tab le  4.4 N ic k e l load ing  rate on co lum n perfo rm ance ............................................. 51



NOMENCLATURE

H M O  = H yd rou s metal ox ide

H F O  = H yd rou s fe rric  ox ide

IC P Inductive  coup led plasm a

IC P -M S  = Inductive  coup led plasm a mass spectrometer

N a O H  = Sod ium  hyd rox ide

HC1 H yd ro ch lo r ic  acid

N i N ic k e l

m g/L m ill ig ra m  per lite r

m l m ill ite r


	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



