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ABSTRACT 

 
 The objective of this study is to investigate the surface areas and 
functional group of fine coconut coir and the chromium and nickel removal 
efficiencies in simulated solution and industrial electroplating wastewater using 
nitric acid modified fine coconut coir packed in a column. The wastewater passed 
through modified fine coconut coir in a bed of depth 60±0.5 cm. The effluent 
samples were collected every hour for a period of 5 hours. The chromium and nickel 
concentrations remaining were analyzed using Inductively Coupled Plasma (ICP). 
 The experiments in simulated solution were carried out at four different 
pH values (2, 4, 6 and 8), at ratios of chromium to nickel (1:0 and 0:1) and three 
different initial chromium and nickel concentrations (50, 75 and 100 mg/L) and at 
ratio of chromium to nickel (1:1) and initial chromium and nickel concentration 
(50:50 mg/L). 
    The results of fine coconut coir characteristic showed that the surface of 
modified fine coconut coir was more porous than that of untreated fine coconut coir. 
The functional group of untreated fine coconut and modified fine coconut coir 
were different. 
 The results in simulated solution indicated that the effect of removal 
depended on the pH value, eluting time and the ratio of chromium to nickel and 
initial chromium and nickel concentrations. It also showed that the chromium (VI) 
and nickel (II) removal efficiencies of modified fine coconut coir at different pH values 
were different. As the chromium and nickel concentrations and eluting time 
increased, the chromium and nickel removal efficiencies decreased. Moreover, the 
presence of nickel (II) had no or very little effect on the chromium (VI) removal 
efficiency and the presence of chromium (VI) had no or very little effect on the 
nickel (II) removal efficiency.     
 The results in industrial electroplating wastewater indicated that the
pattern of the chromium (VI) and nickel (II) removal efficiencies in industrial 
electroplating wastewater was similar to the chromium (VI) and nickel (II) 
removal efficiencies in simulated solution. But the chromium (VI) and nickel (II) 
removal efficiencies in electroplating wastewater were less than in simulated 
solution. The industrial electroplating wastewater contained other ions and 
impurities that could competitively bind to coconut coir 
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CHAPTER 1

INTRODUCTION

1.1 Statement of the problems and the importance of the project.

At present, Thailand’s economic growth is increasing. This expanding 

economy affects the growth of industrialization. Factories continue to expand and 

some factories use heavy metals in the production processes, with the consequence 

that wastewater is contaminated by heavy metals.  Electroplating industry is one of the 

industries that has used heavy metals in the production process. A survey by the 

Department of Industrial Works, Ministry of Industry (1) found that the number of 

electroplating industries in Bangkok and the surrounding areas increased from 246 

factories in 1998 to 280 factories in 1999.

There are various types of electroplating such as chromium plating, copper 

plating and zinc plating.  The amount of discharged wastewater depends upon the size 

and dimension of the materials being plated, the nature of the material, steps in the 

plating process, and the water usage and allocation within the factories.  Wastewater 

that contains heavy metals when discharged without adequate and efficient treatment, 

would endanger public heath and aquatic organisms and can impact the environment 

in acute or chronic ways, depending on the level and type of heavy metal 

contaminants. The effluent standard was announced in the Notification of Ministry of 

Industry No.2 (1993), issued under the Factory Act B.E. 2535 (1992), published in the 

Royal Government Gazette, Vol.109, Part 108, dated October 19, B.E.2535 (1993) 

(2), which are required that the effluent wastewater from factories must not exceed 

0.25 mg/L for hexavalent chromium, 0.75 mg/L for trivalent chromium, and 1.0 mg/L 

for divalent Nickel.

Chromium and nickel are the heavy metals which have been widely used in

electroplating industry.  The typical form of chromium which is used in plating is the
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toxic hexavalent chromium. If wastewater contaminated with hexavalent chromium is 

discharged to waterways without adequate treatment, soil and water resources become 

polluted. It is harmful to humans and other living organisms. Inhalation of hexavalent 

chromium causes an increase in the incidence of lung cancer. Moreover, soluble 

nickel compounds are carcinogenic, giving rise to cancers of the nasal cavities, lungs 

and other organs such as stomach and kidney (3,4,5).

Wastewater that is contaminated with heavy metals can be treated by 

various methods such as chemical precipitation, chemical reduction and adsorption by 

activated carbon.  However, most of the above processes have high operating cost and 

must use trained personnel for the control of wastewater treatment. Most 

electroplating factories are medium and small factories, that have insufficient space 

and finances. The volume of wastewater is small, therefore building a treatment center 

is economically not feasible (6). Attempts have been made to develop new treatment 

processes that are cheaper and easy to control.

Agriculture waste materials such as banana pith (7), apple waste (8), 

sawdust (9), rice husk (10) have been used as adsorbents for the removal of heavy 

metals. Previous studies reported that agricultural wastes can efficiently adsorb the 

heavy metals in wastewater. These materials contain cellulose and lignin as major 

components that have functional groups such as carboxylic, phenolic and hydroxyl 

groups and these can exchange ions with the ions of heavy metals. Therefore, the use 

of agriculture wastes is a possible alternative for the removal of heavy metals in wastewater.

Fine coconut coir is a by-product of coir manufacture.  According to the 

statistics complied by the Department of Agricultural Extension (11), the annual 

production of coconut amounts to approximately 1,947,963.59 tons in 1998. Coconut 

coir contains 43.44% of cellulose and 45.84 % of lignin (12), and thus, it makes a 

promising material for agriculture waste in ion exchange application.

This research investigates the efficiency of fine coconut coir in removing 

chromium (VI) and nickel (II) which are found in electroplating wastewater. 

Experiments are designed to use both the simulated solution and the industrial 

electroplating wastewater. It is expected that the primary data of this study will result 

in and give rise to further investigation by using the modified fine coconut coir in 

removing chromium (VI) and nickel (II) in industrial wastewater.
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1.2 Research  Objectives

1.2.1 General Objective

To investigate the efficiency of modified fine coconut coir in 

removing chromium (VI) and nickel (II) in wastewater.

1.2.2 Specific Objectives

1.2.2.1  To investigate the surface area and functional groups of 

coconut coir.

1.2.2.2  To compare the removal efficiency of modified fine coconut

coir in removing chromium (VI) and nickel (II) in wastewater at different pH values.

1.2.2.3  To compare the removal efficiency of modified fine 

coconut coir in removing chromium (VI) and nickel (II) in wastewater at different 

ratio and initial concentration of chromium (VI) and nickel (II).

1.2.2.4  To compare the removal efficiency of modified fine 

coconut coir in removing chromium (VI) and nickel (II) in wastewater at different 

eluting time.

1.3 Research  Hypothesis

1.3.1 Surface area and functional groups of modified fine coconut coir

treated with nitric acid and untreated are different.

1.3.2 The removal efficiency of modified fine coconut coir in removing 

chromium (VI) and nickel (II) in wastewater at different pH values are different.

1.3.3 The lower the removal efficiency of modified fine coconut coir in 

removing chromium (VI) and nickel (II) in wastewater, the higher the ratio and initial 

concentration of chromium (VI) and nickel (II).

1.3.4 The removal efficiency of modified fine coconut coir in removing 

chromium (VI) and nickel (II) in wastewater decreases as the eluting time increases.
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1.4 Research  Variables

1.4.1 Independent Variables

- chromium (VI)  and nickel (II) heavy metals

- the ratio and initial concentration of chromium(VI)and nickel (II) ions

- pH of wastewater

- time of wastewater to pass adsorption column

1.4.2 Dependent Variables

- chromium (VI) and nickel (II) removal efficiencies

1.4.3 Control Variables

- fine coconut  coir  bed  depth

- internal  diameter  of column

- weight of fine coconut  coir

- density of  fine coconut  coir in column

- size of fine coconut  coir

- flow rate of wastewater

- temperature of wastewater

1.5 Scope of the study

This research investigates the removal of chromium (VI) and nickel (II) in 

simulated solution and in industrial electroplating wastewater.  This process uses a 

column designed experimentally and is continuously studied under laboratory 

conditions. The column used is a glass column which has internal diameter of 2.5 cm 

and contains modified fine coconut coir. The effluent samples are collected every hour 

for 5 hours to investigate the removal efficiency of modified fine coconut coir in 

removing chromium (VI) and nickel (II) in wastewater at different ratio and initial 
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concentrations and different pH values and time. Chromium (VI) and nickel (II) ions 

are analyzed in effluent samples in terms of total chromium and nickel by using 

Inductively Coupled Plasma (ICP) instruments in triplicate.

1.6 Research  Specification

1.6.1 Fine coconut coir  treated with nitric acid  solution

1.6.2 Fine coconut coir bed depth is 60±0.5 cm

1.6.3 Weight of fine coconut coir per column  is 23.0 g

1.6.4 Size of fine coconut  coir is 0.850 cm

1.6.5 pH values of simulated solution is  2,4,6,8

1.6.6 pH values of industrial electroplating wastewater were adjusted 

according to the optimum pH values of simulated solution found

1.6.7 Initial concentrations of chromium (VI) and nickel (II) in  simulated

solution are 50 ,75 , 100 mg/L at the ratios of chromium (VI) and nickel

(II) are 1:0 , 0:1

1.6.8 Initial concentrations of chromium (VI) and nickel (II) in simulated

solution is 50:50 mg/L at the ratio of chromium (VI)  and nickel (II) is 1:1

1.6.9 Flow rate of wastewater is 5 ml/min

1.6.10 The effluent samples were collected every hour for 5 hours

1.6.11 The effluent sample were analyzed in triplicate

1.6.12 Room temperature

1.7 Conceptual Framework

This research investigates the factors affecting the adsorption of heavy

metal in simulated wastewater by using fine coconut coir. The factors affecting

adsorption are the surface area and functional groups of fine coconut coir, the ratios

and initial concentration of chromium (VI) and nickel (II) and the pH of wastewater.

The surface area affecting the adsorption of fine coconut coir is studied by the

treatment with 0.5 M nitric acid. Low’s research (7) showed that the treatment using

0.5 M nitric acid adsorbed heavy metal the highest. Treating with nitric acid affects
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functional groups and may effect the removal efficiencies of chromium and nickel in

wastewater.

The effect of the ratio of chromium (VI) and nickel (II) concentrations on the 

chromium (VI) and nickel (II) removal efficiencies would be studied by using the simulated 

solution having the ratio of chromium and nickel at 1:0, 0:1 and 1:1. The contaminated 

chromium and nickel in wastewater may come from different steps of plating process, thus, 

the ratios of chromium and nickel at 1:0 and 0:1 would be studied. Moreover, the ratio of 

chromium and nickel at 1:1 would be studied because the combined amount of chromium 

and nickel may affect the removal efficiency. The study of the removal efficiency of 

modified fine coconut coir at different concentrations of chromium (VI) and nickel (II), 

includes 50, 75, 100 mg/L. This is based on the characteristic of electroplating wastewater 

(1,13,14,15) that most chromium (VI) and nickel (II) concentrations are in the range of 0 – 

100 mg/L. In the preliminary test, the chromium (VI) and nickel (II) removal efficiencies 

using the modified fine coconut  coir in simulated solution at 5, 25 mg/L of chromium (VI) 

and nickel (II) concentrations were highly effective, since it was found that some 

experiment in the first three hours the eluded chromium (VI) and nickel (II) concentrations  

could not be detected by ICP due to the lowest detectable level of ICP for chromium (VI) 

and nickel (II) at 0.005 and 0.003 ppm, respectively, that means of the chromium (VI) and 

nickel (II) concentrations in effluent might be less than 0.005 and 0.003 ppm, respectively. 

Therefore, it was decided to investigate the concentration of chromium (VI) and nickel (II)  

at 50, 75 and 100 mg/L. The pH values of simulated solution should be varied at 2, 4, 6 and 

8 for this investigation. The results of the difference in the pH values affecting adsorption 

were study the removal efficiency at different pH values on chromium (VI) and nickel (II) 

adsorption of the modified fine coconut coir because many researchers (16) found that 

nickel  precipitated at pH 9 – 10 while the chromium (VI) state did not. Moreover, Tan et al. 

(17) reported that the optimum pH for the maximum removal using coconut husk was 2 but 

at pH value lower than 2, they found that coconut husk only adsorbed small amounts of 

heavy metals. Therefore, it was decided to investigate the pH of simulated solution at pH 

values 2-8. In the studies of  the removal of chromium (VI) and nickel (II) in industrial 

electroplating wastewater, the pH values of the wastewater were  adjusted according to the 

optimum pH value of the simulated solution found. Conceptual Framework is shown in 

Figure 1.1
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Figure 1.1  Research conceptual framework

1.8 Definitions

1.8.1 “Column process” or “Packed beds” is the process where wastewater 

continuously passes through the adsorbent, modified fine coconut coir, contained in 

the column in the study of the removal of heavy metal.

1.8.2 “Removal efficiency” is the amount of heavy metal removed by 

modified fine coconut coir from wastewater as compared to the initial concentration of 

heavy metal.  The unit is expressed as the percentage of the material removed.

1.8.3 “Simulated solution” is a chemical solution prepared in the 

laboratory to represent wastewater.

1.8.4 “Modified fine coconut coir” is fine coconut coir which treated with 

0.5 M nitric acid.

Simulated solution

Pass through to column which containing
modified fine coconut coir

Chromium and nickel concentrations remaining

The efficiencies of modified fine coconut coir in removing chromium (VI)  and nickel (II)

The factors affecting adsorption of modified fine
coconut coir

- ratios and concentrations of chromium and
nickel

- pH values of wastewater
- surface area and functional groups of

modified fine coconut coir
- time

Industrial electroplating wastewater

Comparison of chromium and nickel removal efficiencies between
simulated solution and industrial electroplating wastewater

Test and pre - adjustment
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CHAPTER 2 

       LITERATURE  SURVEY 
 

 

2.1  Source and characteristic of electroplating wastewater 

 

There are various types of electroplating such as chromium plating, nickel 

plating and copper plating. Electroplating processes use different acids, bases and 

heavy metals in each step and type of plating. Therefore, electroplating wastewater is 

contaminated with different heavy metals. Most of the wastewater comes from the 

plating processes and washing the work-piece. If this wastewater is discharged to the 

environment without adequate treatment it will be harmful for humans and living 

organisms. Thus, understanding the plating processes, sources and characteristics of 

electroplating wastewater helps to ensure adequate treatment before discharging 

wastewater to the environment. 

 

2.1.1 Chromium plating processes (18) 

 

 Chromium is a bluish white, hard, brittle and corrosion resistant metal. 

Chromium is used in equipment plating of automobile parts, aircraft and industrial 

piston rings for its hardness, corrosion resistance and decoration. There are two types 

of chrome plating; decorative chromium deposition and hard chromium deposition.       

Before the work-piece is plated with chromium the raw material must be prepared. 

Work-pieces must be polished, smooth, degreased by acid, base and solvent and 

undercoated with nickel and copper plating before chromium plating by chemical 

solution which is composed of chromic acid, followed by electrical treatment and 

washing with deionized water and drying. All of these processes are shown in      

Figure 2.1 

 

 



 

 

  Fac. of Grad. Studies, Mahidol Univ.                   M.Sc. (Technology of Environmental  Management)/ 9 

              chemical                          pollutant 

 
Raw material 

 

HCL  20%         rust removal 

 

water            Rinsing     wastewater (acidic) 

 

NaOH 3%,Na2CO3 10%                   Degreasing     

 

water            Rinsing     wastewater (basic) 

 

Cu(CN)2,CuCN,NaCN,    Copper plating (base)  

NaOH,Rochelle  salt 

 

water            Rinsing    wastewater (basic) 

 

CuSO4 ,H2SO4                Copper plating (acid)   mist   H2SO4 

 

water            Rinsing  wastewater(acidic,Cu+,Cu ++) 

 

NiSO4,NiCl2,H2BO3,       Nickel plating 

 

water            Rinsing           wastewater(acidic,Ni++) 

 

CrO3,H2SO4     Chromium plating   mist  H2CrO4 

 

water             Rinsing           wastewater(acidic,Cr+6) 

 

            Drying 

 

           Product 

 

Figure 2.1 Flowchart of electroplating processes 
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Figure 2.1 shows that the two main sources of wastewater from 

electroplating processes are wastewater before plating and wastewater after plating (15). 

- wastewater before plating is wastewater from degreasing process. 

This wastewater is contaminated with grease, oil, suspended solid of powdered raw 

materials and added chemicals. The pH value of wastewater can be acidic or basic 

with high amount of dissolved solids. 

- wastewater after plating  is rinsed water by the plating solution 

which has mixed heavy metals and has high volume. This wastewater is contaminated 

by heavy metals following the type of plating and at high concentrations. The work-

piece preparation step is contaminated with many heavy metals. For example, the 

chromium plating on an iron work-piece may be coated by copper and nickel before 

chromium plating and cyanide is used to cause solution. Therefore, wastewater is 

contaminated with cyanide. Moreover, wastewater can come from plant or equipment 

clean up and leakage from pipelines. Therefore, this wastewater is contaminated with 

heavy metals, dissolved solids, suspended solids and cyanide. 

The volume and characteristics of plating wastewater has been 

investigated by several investigators. The results showed that wastewater characteristic 

varied considerably depending on different  processes of each factory.   

สุดใจ จําปา (13) summarized the characteristics of electroplating 

wastewater samples collected from 14 plating factories in Bangkok area in 1981 as 

shown in Table 2.1.  The table indicated that the pH values of 14 plating factories were 

in the range of 3 – 9, the volume of wastewater was in the range of 2-33 cu.m./day, the 

chromium concentration was in the range of 0.2 – 60 mg/L, and the nickel 

concentration was in the range of 0.22 – 104 mg/L. 

TISTR (14) summarized the characteristics of electroplating 

wastewater samples collected from 20 plating factories in Bangkok area in 1982 as 

shown in the Table 2.2. The table indicated that the volume of wastewater was in the 

range of 0.5 - 30 cu.m./day, the chromium concentration was in the range of 0.05 – 

447.9 mg/L, and the nickel concentration was in the range of  1.4 – 420.9 mg/L. 

สุชาดา ไชยสวัสดิ์ (15) summarized the characteristics of electroplating 

wastewater samples collected from 2 plating factories in  5 days in 1999 as shown in 
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the Tables 2.3 and 2.4. The table indicated that in factory A, pH values of chromium 

plating factories were in the range of 7.21 – 11.49, the chromium concentrations were 

in the range of 42 - 144 mg/L, and the nickel concentrations were in the range of 0.08 

– 21.01 mg/L. In the factory B, the pH values of chromium plating factories were in 

the range of 1.86 – 6.49, the chromium concentrations were in the range of 3.26 – 

27.16 mg/L, and the nickel concentrations were in the range of 6.36 – 140.43 mg/L. 

The Pollution Control Department (1) summarized the characteristics 

of electroplating wastewater samples collected from 2 chromium plating factories in 

Bangkok area in 1999 as shown in the Table 2.5. The table indicated that the volume 

of wastewater was in the range of 5.93 – 6.48 cu.m./day, the chromium concentrations 

were in the range of 2.51 – 15.73 mg/L, and the nickel concentrations were in the 

range of 33.04 – 50.31 mg/L. 
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Table 2.3 Characteristics of chromium plating wastewater from factory A   

 
Date 

 

pH Cr 

(mg/l) 

Cu 

(mg/l) 

Ni 

(mg/l) 

CN- 

(mg/l) 

 1 7.21 140 0.38 0.29 0.72 

 2 11.49 130 10.44 21.01 35.90 

 3 7.40 42 0.06 0.31 43.38 

 4 7.46 112 0.14 0.18 37.21 

 5 7.61 144 0.07 0.08 0.36 

average 8.23 113.60 2.22 4.37 23.51 

 

Table 2.4 Characteristics of chromium plating wastewater from factory B   

 
Date 

 

pH Cr 

(mg/l) 

Cu 

(mg/l) 

Ni 

(mg/l) 

  1 6.49 16.56 18.99 52.33 

 2 4.31 3.26 2.28 6.36 

 3 6.20 22.59 31.13 140.43 

 4 1.86 27.16 14.55 10.48 

 5 3.16 11.58 12.98 17.19 

average 4.40 16.23 15.99 45.36 

 

Table 2.5 Characteristics of chromium plating wastewater from 2 electroplating factories  

in Bangkok  

                      
 factory A Factory B 

Plating 

Wastewater   Volume , m3/day 

CN-,mg/l 

Cr  ,mg/l 

Ni  ,mg/l 

Cu  ,mg/l 

Au  ,mg/l 

Ag  ,mg/l 

Zn   ,mg/l 

Cr , Ni , Cu 

5.93 

- 

15.73 

50.31 

16.80 

- 

- 

- 

Cr , Ni , Cu 

6.48 

0.17 

2.51 

33.04 

5.06 

- 

- 

- 
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2.2  Chromium and nickel 

 

2.2.1 Chromium (3),(4) 

 

1. Physical and chemical characteristics 

Symbol Cr; atomic weight  52.00, atomic number  24, density 7.2 

g/cm3, Electro-negativity 1.6 (19), a transition metal, very resistant to corrosion, 

insoluble in water, soluble in dilute sulphuric and hydrochloric acids, exhibits valence 

from 2 to 6, commonly occur in +3 and +6 oxidation state. Chemical characteristic and 

toxicity of chromium is very different, depending on oxidation state. The +3 state is 

precipitated at pH 8 – 10 but the +6 state is not precipitated (16).  

 

2. Uses 

The most important use of chromium is for chromium 

electroplating, in a wide range of equipment such as automobile parts and electrical 

equipment. Chromium is used extensively for alloying with iron, nickel, cobalt, 

titanium and other metals for corrosion inhibition, hardness, strength and decorative 

properties. Inorganic chromium compounds which are used commercially has 2 forms; 

- The +3 state (Cr2O3 and Cr2(SO4)3) is used as alloys and in 

tanning industry. 

- The +6 state is used in the manufacture of important inorganic 

pigment. Chromium compounds of lead, zinc and barium are called chrome pigments 

and are used in pigment industry.   

 

3. Exposure 

Chromium is absorbed by inhalation, ingestion and absorption 

through the skin. Chromium in the +3 oxidation state is slightly absorbed by 

inhalation. Inhalation of hexavalent chromium salts  which are soluble in water such as 

chromic acid, sodium chromate and potassium dichromate may be absorbed in the 

human body.  Trivalent chromium are absorbed by ingestion about 1 –25 % of are 

consumed, depending on the kind of salt and its environment. Hexavalent chromium 

salt reacts with enzymes in the stomach and is changed to trivalent, then it  is   
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absorbed into the body. Trivalent chromium salt is absorbed little through the skin. 

After being absorbed to the body, most of chromium combine with protein and 

hemoglobin in plasma and are collected in liver, fat, kidney and bone. Inhalation of 

chromium dust which is insoluble in water, is collected  in the lung. 

 

4. Toxicity 

- Chrome ulceration; this is the most common lesion resulting 

from occupational exposure to chromium. It is due to the corrosive action of +6 

chromium which penetrates the skin through cuts and abrasions. The lesion begins as a 

painless papule, commonly on the hands, forearms and feet, which maybe ignored 

until the surface ulcerates. Usually the ulcers are circular, the edge is raised and hard 

and the base is covered with exudate or firmly adherent crusting. 

- Dermatitis; the +6 chromium compounds of chromium cause 

both primary skin irritation and sensitization. In the chromate –producing industry 

some people develop skin irritation, particularly at points of contact with clothing such 

as the neck or wrists.  

- Acute respiratory effects; Inhalation of dust or mist containing 

+6 chromium is irritating to the mucous membranes. Sneezing, rhinorrhoea, lesions of 

the nasal septum, irritation and redness of the throat and generalised bronchospasm are 

well-documented effects. 

- Chronic respiratory effects; the confirmed long term effect of 

occupational exposure to chromium is an increase in the incidence of lung cancer of 

men employed in the manufacture of dichromates from the ore.  

 

2.2.2   Nickel  (3),(5) 

 

1. Physical and chemical characteristics 

Symbol Ni; atomic weight 58.7, atomic number 28, density 8.9 

g/cm3, Electro-negativity 1.8 (19), a transition metal, white, ferromagnetic, lustrous, 

hard metal insoluble in water, soluble in nitric acid, exhibits valence from 1 to 6, 

commonly occur in +2 oxidation state. Nickel is precipitated at pH 9 – 10  (16). 
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2.   Uses 

More than 3000 nickel alloys are used for industrial applications. 

Stainless steel constitutes the largest single alloy, with the automotive industry the largest 

single consumer. Chief among the nickel – copper alloys is Monel metal containing about 

66% nickel and 32% copper and  is resistant to corrosion. Monel metal has widespread 

use in the dairy and food manufacturing industries. Nickel itself has many uses in 

electroplating; in the manufacture of acid –resistance and magnetic alloys. 

 

3. Exposure 

Nickel is absorbed by inhalation and ingestion.  Inhalation of 

Nickel are collected at the lung, bone, kidney, liver and brain. 

   

4. Toxicity 

- Allergy; In the nickel exposed workers nickel dermatitis 

usually begins as a popular erythema of the hands. The skin gradually becomes 

eczematous and in the chronic stage, lichenification frequently develops. Nickel 

sensitisation also causes conjunctivitis, eosinophilic pneumonitis, asthma and host 

rejection of nickel containing protheses. 

- Rhinitis and sinusitis; Workers in nickel refineries and nickel 

electroplating shops exposed to nickel dust and aerosol of soluble nickel compounds 

frequently develop chronic hypertrophic rhinitis and nasal sinusitis. Associated 

findings are anosmia, nasal polyposis and perforation of the nasal septum.  Chronic 

pulmonary irritation has also been reported. 

- Cancers of the nasal cavities, lungs and other organs; The 

nickel compounds responsible for cancers of the respiratorytract in nickel refinery 

worker have not been identified : suspicion has focused primarily upon (a) insoluble 

dusts of nickel subsulphide and nickel oxide, (b) aerosols of soluble nickel 

compounds,  (c) the vapor of nickel carbonyl. 
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2.3 Ion exchange (20) 

 

Ion exchange is a process primarily used for selective ion removal and as 

such has most often been used for water treatment rather than wastewater treatment. 

Basically, the process is similar to an adsorption system in which a solid, usually 

porous and having particle with reactive sites on its surface comes to an equilibrium 

with ions in solution. The sites have an exchangeable ions such as H +, OH -, Na + or 

Cl - attached. When placed in a liquid with ions of a stronger affinity for the reactive 

(adsorption) site than the attached groups, an exchange process takes place that results 

in an equilibrium with the stronger affinity groups predominating on the adsorption 

sites. This equilibrium process is reversible. There are considerable effects of chemical 

interaction between the functional group and the ion in solution. Affinities are related 

to the type of functional group and the solute. Exchangers are of two type: cation 

exchangers contain negatively charged functional groups, and anion exchangers 

contain positively charged functional groups.  

The ionizable group attached to the resin structure determines the functional 

capacity of the exchanger. There are four general types of ion exchange resin, based 

on their functional groups. Exchange reactions can be classified as 

1. Strong - acid ion exchange   

The strong - acid cation resin can convert neutral salt into their 

corresponding acids if operated in the hydrogen cycle. The functional groups of a 

strong-acid resin can be derived from  sulfonic  acid, phosphonic, or phenolic groups. 

 
2. Weak acid  ion exchange 

Weak acid  ion exchangers differ from strong-acid resins in that  weak – 

acid  resin requires the presence of some alkaline species to react with the more tightly 

held hydrogen ions of the resin. Weak-acid resins are very similar in properties to 

weak organic acids. Weak-acid cation resins are not highly dissociated and do not 

exchange their H+ as readily as strong resins.    
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3.  Strong  basic ion exchange  

The strong – base anion exchange resins operate well throughout the 

entire pH range and will split neutral salts into their corresponding bases if operated on 

the hydroxide cycle. The functional sites are derived from quaternary ammonium 

groups such as HCO3
-, SO4 

2-, Cl-. 

 
4.  Weak  basic ion exchange   

    The weak – base anion exchange resins behave much like their weak –

acid counterparts. The weak – base  resins remove free mineral acids such as HCl or 

H2SO4 but will not remove weakly ionized acids such as carbonic acid. 

 

2.4 Adsorption (21)   

 

Adsorption is the process of separating particular components at the 

interface between two phases such as liquid – liquid, liquid – solid. The atom at a 

surface is subjected to unbalanced force of attraction normal to the surface. The 

substance being adsorbed is called the adsorbate and the adsorbing phase is called the 

adsorbent. 

Adsorption processes may be classified as physical or chemical, depending 

on the nature of the force involved:  

1. Physical adsorption is attributed to force of interaction between the solid 

surface and adsorbate molecules that are similar to the van der Waals force between 

molecules. The interactions are fully reversible, enabling desorption to occur at the 

same temperature, although the process maybe slow because of diffusion effects. 

Physical adsorption is not site –specific; the adsorbent molecules are free to move over 

the entire surface. 

 

2. Chemical adsorption is characterized mainly by large interaction 

potentials that lead to high heats of adsorption approaching the value of chemical 

bonds. This involves the transfer of electrons and the formation of true chemical 

bonding between the adsorbate and the solid surface, it often occurs at high 
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temperatures and is usually associated with activation energy. Chemical adsorption is 

site specific and irreversible.  

  

Factors Affecting Adsorption (22),(23) 

 

1. Nature of the adsorption  

a. Surface Area and Pore Structure 

The surface area is one of the principal characteristics affecting the 

adsorptive capacity of an adsorbent. The adsorptive capacity of solid adsorbents 

generally is proportional to the specific surface area; that is, the adsorption of certain 

solutes increases with an increase in surface area. However, the specific surface area 

alone is frequently inadequate to explain the adsorptive capacity of porous solids. The 

surface area accessible to the sorbent will be influenced by its molecular size, and only 

those pores that are accessible to the sorbent will contribute to the effective or 

measured surface area. A molecular sieve effect has been well established but also a 

linear relationship between the specific surface area and sorbate molecular size has 

been demonstrated. 

b. Particle Size 

The surface area of nonporous adsorbents increases considerably with 

a decrease in particle size. Consequently, the adsorptive capacity should increase with 

reduction in particle diameter. However, for such highly porous materials, most of the 

surface area residues in the internal pore structure, and the adsorptive capacity is 

expected to be independent of the particle size.   

c. Chemistry of Surface 

The presence of a specific function group on the surface of the 

adsorbent imparts certain characteristics that affect the adsorption process. The 

formation of polar surface groups of chemisorbed oxygen during the activation 

process of activated carbon affects the adsorptive capacity for many solutes. Surface 

oxides consisting of acidic functional group reduce the carbon for adsorption of many 

organic solutes. 
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2. Nature of the adsorbent 

a. Solubility  

Solubility is, perhaps, the most significant property affecting the 

adsorptive capacity. In general, a higher solubility indicates a strong solute-solvent 

interaction or affinity, and the extent of adsorption is expected to be low because of 

the necessity of breaking the solute-solvent bond before adsorption can occur. 

b. The molecular weight and size  

The molecular weight and size of adsorbate molecule increases 

considerably with an increase in the adsorptive capacity. The increase in the side chain 

length increases the hydrophobicity of the molecule, which results in greater 

adsorption. 

c. Polarity of molecule  

Increasing the polarity is expected to increase solubility and in turn 

decrease adsorbility. 

 

3. Conditions 

a. Effect of temperature 

An increase in temperature will result in a reduction of equilibrium 

adsorptive capacity, whereas lower temperatures will favor an increased capacity.  

b. Effect of  [H3O+] 

The effect of  [H3O+] on the adsorption of weak electrolytes, both acid 

and bases, is quite pronounced. The adsorptive capacity increases with a decrease in 

pH. The decrease in capacity at pH values has been attributed to the development of 

repulsive forces between the anions and the carbon surface or between the anions 

themselves. The negative surface charge of the carbon may be increased by adsorption 

of hydroxyl ions on the surface or by ionization of very weak acidic functional groups 

on the surface or both.  

 

2.5 Composition of plant cell (24) 

 

Most of the composition of a plant cell is lignin, tannin and holocellulose. 

Holocellulose can be divided to cellulose and hemicellulose as shown in Figure 2.2 
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                                                  Composition of plant cell 

 

  Lignin, tannin                     Holocellulose 

   

 

cellulose            hemicellulose 

 

                D-glucose 

                                                                           

 Acetyl group          uronic acid     pentose sugar (xylose,arabinose)    hexose  sugar 

  

Figure 2.2 Composition of plant cell 

 

2.5.1 Cellulose 

 

Cellulose, a polysaccharide, is the most abundant molecule in living 

tissues and the principle structural component of a plant cell wall. Cotton is almost 

pure cellulose and wood is about 50 percent cellulose. 

Cellulose is a linear polymer containing only D- glucose unit (β -D-

Glycopyranose), linked by β  (1      4 ) glycosidic bond (Glycosidic  linkage)  as 

shown in Figure 2.3   Cellulose is a structural polysaccharide that provides strength 

and rigidity to plants. It may contain between 300 and 3000 glucose units in one 

macromolecule. 

Cellulose molecules act very much like extended stiff rods. This 

enables them to align themselves side by side into well-organized, water-insoluble 

crystalline lattices (fibers) in which the alcohol groups form numerous intermolecular 

hydrogen bonds with neighboring groups. Cellulose is insoluble in water and organic 

solvent or weak basic solution but soluble in strong acid or base solution and can add 

function groups can be added to form cellulose derivative such as cellulose acetate, 

cellulose propionate, cellulose nitrate, cyanoethylated cellulose, amidoximated 

cellulose, etc.      
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2.5.2 Hemicellulose  

 

Hemicellulose is a heteropolysaccharide, pentose polymer. This 

structure is a branch chain. The molecular weight is lower than cellulose. The 

principle component of hemicellulose is xylan. Xylan is a polymer of D-xylose, linked 

by  β - 1,4- Xylosidic  linkage. 

  

2.5.3 Lignin and tannin 

 

Lignin, which surrounds cellulose, provides a mechanical barrier to 

bacteria, fungi and insects. It has an aromatic group, whch consists of methoxyl group     

(-OCH3) and hydroxyl group (-OH). Almost all lignin contain four units of the 

chemical structure namely Phenyl Propane, Guaiacyl Unit, Syringly Unit, and Para – 

hydroxyphenyl unit, as shown in Figure 2.4    

Tannin contains an aromatic group, a plastic-like-phenolic polymer. It 

serves to harden and stiffen cell walls and prevents water loss.  

 

2.5.4 Characteristic  of Plant cell (25) 

 

Plant cells are composed of cellulose, lignin and tannin. The  plant 

fiber is cross-linked by hydrogen bridges and contains various functional groups such 

as carboxyl group and hydroxyl group etc. Cellulose by itself was found to behave as a 

weakly acidic cation exchanger due to its aliphatic hydroxyl group, which is easily 

oxidizable to carboxylic group. Ion exchange in cellulosic materials is also due to 

substances inherrently associated with cellulose such as lignin and tannin which 

contain polyphenolic and aliphatic hydroxyl group and carboxylic groups. As a result 

the plant cell can adsorb heavy metals. The natural ion exchange properties of 

cellulosic materials can be further enhanced by deliberate oxidation , resulting in the 

formation of additional carboxylic groups. The chemical  modification yielded a 

product with a much higher ion exchange capacity. 
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Figure 2.3 Structure of cellulose 

 

 

 
 

 

Figure 2.4 Functional groups of lignin 
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2.6 Fine coconut coir 

 

2.6.1 Botany and characteristic of coconut palm (26) 

 

The coconut palm is of the palm family, Cocosnucifera  linn. 

Composition  of coconut  : 

1. Stem : the trunk does not  alter much in thickness, which at any 

particular height is determine by the vigour of growth at the time of formation. The 

trunk develops from the single terminal bud, commonly called the cabbage 

2. Leaves : the coconut is a monocotyledon.In a healthy tall palm 

there may be 30 leaves, reaching 6 cm in length when mature, each containing over 

200 leaflets between 90 and 130 cm in length. 

3. Root : Root of coconut palm consist of main roots and major 

branch roots.  

4. Flower : coconut palm is monoecious, that is, the infloresence 

carries both male and female flowers. 

5. Fruit : the fruit develop from the growth of the female flowers 

(button nut) when fertilized. A coconut consist of exocarp, mesocarp, karnel, juice and 

endocarp as shown in Figure 2.5 

 

 

 

 

Figure 2.5   Cross section of coconut 

 

Exocarp 
Mesocarp / husk 
Juice 
Kernel meat  
Endocarp / hard shell 
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2.6.2  The Utilization of fine Coconut coir (26),(27) 

 

Coir fibre is obtained from the husk of the coconut.  Coir fibre or husk 

is used as a raw material in the manufacture of the fibre.The best quality of coir fibre 

is produced from the husk of nuts somewhat immature from the point of view of copra 

quality. The husks are immersed in the slightly saline backwater. Essentially the 

retting process seems to involve the hydrolysis of pectins. When retting is regarded as 

complete, the husk are rinsed with water and the fibres separated by beating with 

wooden mallets. After drying, they are cleaned and graded. The coconut husk average 

1 ton yield about 300 kg of coir fibres. 

- Short and long fibres is used in the manufacture of coir mat and 

matting, rug, carpets, bags, mattress, stiff bristles and brush. Cost of short and long 

fibres are 3.50 – 5  bath / kg. 

- Coir waste as a by product of coir manufacture, accumulates 

enormous quantities of coir dust, the pith or binding material separated during 

processing with variable amounts of short fibre. Coir waste or fine coconut coir is used 

as soil ameliorate and used in the preparation of building slabs in the manufacture of 

hardboard . Cost of coir waste are 2,000 bath/ truck or 200 bath/ van. 

 

2.6.3 Chemical compositions of coconut coir (12) 

 

Coconut coir is mesocarp / husk. Chemical compositions of coconut 

coir are shown in Table 2.6    

 

Table  2.6   Chemical  composition of coconut coir 

Chemical  composition Unit (%) 

Water  soluble 5.25 

Pectin and related compound 3.00 

Hemi-cellulose 0.25 

Lignin 45.84 

Cellulose 43.44 

Ash 2.22 
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2.7  Related  Research  

 

2.7.1 The removal of heavy metal from wastewater by using agriculture  waste  

 

Low, et al. (7) studied the removal of copper and nickel from synthetic 

solution and electroplating wastewater by using banana pith. The investigation used 

batch and column techniques. Banana pith was treated with distilled water, 0.5 M 

nitric acid and 0.5 M sodium hydroxide, labeled as water-treated, acid- treated and 

Alkali- treated, respectively. The result showed that the acid- treated pith was found to 

posses the highest adsorption capacity for copper and nickel of the three types of pith. 

The removal efficiencies of copper and nickel were 71% and 13%, respectively. There 

was rapid uptake in the first 20 minute and equilibrium was reached after 45 minute. 

The removal efficiency of heavy metals increased with increasing pH value and 

decreased with increasing heavy metal concentrations. 

Maranon and Sastre (8) studied the removal of copper, zinc and nickel 

from synthetic solution in packed beds using apple waste. Apple waste was divided 

into unmodified apple waste and apple waste treated with Phosphation  reaction (P-AR)  

and  crosslinking  and  xanthation  reaction  (CLX-AR). The result showed that the 

cation exchange capacities of P-AR, CLX-AR and unmodified apple waste were 1.1, 

0.6 and 0.3 meq/g, respectively. P-AR had more adsorption capacity for heavy metals 

removal than CLX-AR and unmodified about 2 and 5 times, respectively. It was found 

that a decrease in the heavy metal concentrations led to an increase in the efficiencies 

of the heavy metals adsorption. 

Odozi, et al. (28) studied the effect of binding metal ions with 

polymerized corn cob and a composite resin with sawdust and onion skin. Nickel, 

lead, copper, magnesium, zinc and calcium were studied. The experiments were 

carried out in batch and column studies. The result showed that polymerized corn cob, 

sawdust and onion skin were cation exchange resins. The smaller particle size resins 

have a higher binding capacity. The cation exchange capacities of corn cob substrate 

for zinc and calcium were 1.5, and 1.6 meq/g, respectively. Those of the composite 

resin were 1.7 meq zinc/g and 1.8 meq calcium /g. The adsorption capacity of the 

composite resin was higher than only corn cob resin which the removal efficiency of the 
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composite resin and the composite resin were 76-88% and 69-79%, respectively.  The resin 

capacity with respect to metal ions follows the order;  

 

Pb2+ > Ni 2+ > Cu 2+ > Mg 2+ >  Zn 2+  > Ca 2+ 

 

Rao, et al. (29) studied the removal of chromium and  nickel from 

synthetic solution using bagasse and fly ash. Bagasse was treated with 0.1 N sodium 

hydroxide followed by 0.1N CH3COOH. This study was designed in a batch 

experiment. The result showed strong sorption during the first one hour and 

approached equilibrium after 1.5 and 1 hour of chromium and nickel, respectively. 

The removal efficiency increased with a decrease in particle size of bagasse and fly 

ash. The removal efficiency decreased with an increase in initial concentration. 

เกศสุชา  พูลคํา (30) studied the removal of copper, zinc and nickel 

from synthetic solution in packed beds (column experiment) using bagasse and water 

hyancinth. The particle size of bagasse and water hyancinth were 0.18 – 0.212 mm. 

Flow rate was adjusted to 3 ml/min. The result showed that the ion exchange 

capacities of unmodified bagasse, carboxymethyl- treated bagasse were 0.065– 0.086 

meq/g and 0.052 – 0.069 meq/g, respectively. The ion exchange capacities of 

unmodified water hyancinth, carboxymethyl- treated water hyancinth were 0.686 – 

0.809 meq/g and 0.33 – 0.406 meq/g, respectively. The ion exchange capacities of 

unmodified water hyancinth and bagasse were higher than the water hyancinth and 

bagasse modified with carboxymethyl. The ion exchange capacities of those with 

copper were higher than zinc and nickel. Heavy metal concentration increased with 

decreasing the ion exchange capacity. 

จิราพร ชยาภิวัฒน  (31) studied the removal of chromium from synthetic 

solution in packed beds(column experiment) using palm fibre. The effluent samples 

were collected every hour for 6 hours. Palm fibre was treated with 1.5 M sodium 

hydroxide followed by 2 M nitric acid before its application. The result showed that 

the removal efficiency decreased with increasing initial concentration and flow rate. 

The removal efficiency of chromium using palm fibre was 40.63% and 35.73% at flow 

rate 5 and 10 ml./min, respectively. 
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ฉวีพันธ  ทรวงเกียรติกุล (9) studied the removal of nickel and lead from 

synthetic solution and automobile manufacture wastewater using sawdust. The ratio of 

nickel to lead  concentration were 1:10. This study was investigated using column 

techniques. Flow rate was adjusted to 7.5 ml./min. The effluent samples were collected 

every hour for 10 hours. Sawdust was treated with formaldehyde followed by sulfuric 

acid before its application. The result showed that the removal efficiency decreased 

with increasing initial concentration. The maximum removal efficiency of nickel and 

lead from synthetic solution were 72.59 % and 99.91%, respectively. The maximum 

removal efficiency of nickel and lead from automobile manufacture wastewater were 

54.08% and 72.21%, respectively. 

ดวงกมล  พรหมสุวรรณ (32) studied the removal of chromium and  

nickel from electroplating wastewater in packed beds using palm fibre. Palm fibre was 

treated with 0.1 N sodium hydroxide followed by 1.5  M nitric acid before its 

application. The ratio of chromium and  nickel was 1:10. The result showed that the 

removal efficiency decreased with increasing initial concentration and flow rate, the 

removal efficiency increased with increasing column height. The removal efficiency 

of chromium and  nickel was 47.34% and 100% , respectively at initial concentration 

of chromium and  nickel was 0.5 and 5 mg./ L. The highest adsorption capacity for 

chromium and nickel was found during the first four hours. 

วไลลักษณ    เชิดสุข  (10) studied  the removal of nickel using rice husk 

. Rice husk was treated with alkaline and acid. Rice husk was activated at 500 0c and 

at 300 0c. The result showed that alkaline treated rice husk  has the highest sorption 

capacity among all the modified rice husk.. The removal efficiency increased with 

increasing pH value. From FT-IR studies founded that functional group related with 

the nickel adsorption of unmodified and alkaline treated rice husk was hydroxyl group 

and carboxylic group.  
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2.7.2 The removal of heavy metal from wastewater by using coconut husk 

 

Baes, et al. (33) studied the ion exchange and adsorption of some 

heavy metals in a modified coconut coir (MCC). Sodium, calcium, manganise, nickel, 

copper and lead were studied.  The ion exchange capacity were carried out by 

Potentiometric titration experiment. The adsorption of heavy metals were studied 

using batch processes. Coconut coir was treated with formaldehyde and sulfuric acid 

followed by sodium hydroxide and nitric acid. The result of the ion exchange capacity 

studies showed that MCC was a weak acid cation exchanger because the addition of 

heavy metal cation depressed the starting pH of the titration. This indicated that some 

ion exchange resulting in the release of hydrogen ion has already taken place initially. 

The adsorption studies founded that MCC adsorbed high amounts of lead, copper and 

nickel at pH 4 and much higher amounts at pH 6. The preferential series for the 

adsorption and ion exchange of MCC was  Na << Ca < Mn < Ni < Cu < Pb. 

Low, et al. (34) studied the effect of dye modification on the sorption 

of copper from aqueous solution by coconut husk. The experiment used batch 

processes. Coconut husk was divided into 4 lots. One lot was treated with 1.5 M 

sodium hydroxide and 2 M nitric acid, label as NH. The others were treated with three 

reactive dyes; Reactive  Yellow2 (CHRY) , Acid Blue 29 (CHAB9) and  Acid Blue 

25 (CHAB5). The result indicated that coconut husk and its dye-coated showed 

favourable sorption in the pH range of 4 – 6. There was rapid adsorb in the first 40 

minute at pH 4. The maximum adsorption of NH, CHRY, CHAB9 and CHAB5 for 

copper removal were 11%, 40%, 40% and 60%, respectively. 

 Tan, et al. (17) investigated the removal of chromium from synthetic 

solution using coconut husk and oil palm fiber. Coconut husk and oil palm fiber were 

treated with 1.5 N sodium hydroxide followed by 2  M nitric acid before its 

application. The effect of contact time and the removal efficiency were studied in 

batch experiment. The effect of bed depth of adsorbent was studied in column 

experiment. Batch test showed that coconut husk could adsorb chromium higher than 

80% during the first 20 minute and approached equilibrium after one hour. The  pH 

range for effective chromium removal was between 1.5 and 5 for coconut husk and 

between 1.5 and 3 for oil palm fiber. The adsorption capacities of coconut husk at pH 2 
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and pH 3 were estimated to be 29 and 5 mg/g. The adsorption capacities of oil palm fiber 

were estimated to be 14 and 5 mg/g substrate at pH 2. In column studies indicated that 

the removal efficiency increased with increasing bed depth at the same flow rate.  

จารุทัศน มิลินทะเลขและนภฉัตร ธารีลาภ (35) studied  the removal of 

nickel, zinc, copper and chromium from synthetic solution using charcoal, peanut, 

water hyancinth and coconut husk. The result showed that coconut husk had the 

highest sorption capacity for copper, nickel and chromium being 32.08, 17.59 and 

70.16 mg / g of coconut coir, respectively. Water hyancinth had the highest sorption 

capacity for zinc at 70.16 mg / g of water hyancinth. However, because of charcoal, 

peanut, water hyancinth and coconut husk were not treated with chemicals, the 

effluence was colored solution. 

ประกฤต  เลิศจรัสอรามดี (36) studied  the removal of lead and mercury 

from synthetic solution using sawdust, rice husk and coconut husk. Sawdust, rice husk 

and coconut husk were treated with 0.5 M nitric acid. This  study were tested by batch 

experiment. The result showed that the sorption capacity of sawdust, rice husk and 

coconut husk for lead and mercury at low concentration were higher than at high 

concentration. The efficiency of heavy metal adsorption increased with increasing 

contact time and the dose of adsorbent. Coconut husk had the highest sorption capacity 

for lead and mercury. The efficiencies were 80% and 78%, respectively at initial 

concentration of 50 mg/L. 

สุจิน  มาลานุสรณและสุมาลี  สถิตชัยเจริญ (37) studied the removal of nickel, 

zinc, copper and chromium from synthetic solution using peanut, water hyancinth and 

coconut husk. This study used unmodified substrate, acid treated substrate and 

xanthate treated substrate. Batch process was used. The result showed that unmodified 

coconut husk and Xanthate treated coconut husk had the highest sorption capacity for 

chromium, the efficiency was 20%. Xanthate treated coconut husk had the highest 

sorption capacity for nickel, zinc and copper, the efficiency were 23%, 23.6% and 

24.9%, respectively. 
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CHAPTER 3 

RESEARCH  METHODOLOGY 
 

 

3.1 Research  Study 

 

The experiment was conducted using a glass column and was operated 

continuously under laboratory conditions. The glass column with 2.5 cm internal 

diameter and 80 cm high was packed with modified fine coconut coir to the height of 

60 cm. The experiment was continuously operated for 5 hours and analyzed the 

effluent sample for every hour to study the efficiency of modified fine coconut coir in 

the removal of chromium(VI) and nickel(II) from simulated solutions and from 

industrial electroplating wastewater. The simulated experiment investigated the effects 

of 3 factors; 

1. The ratios of chromium and nickel at 1:0, 0:1 and 1:1  

2. The chromium and nickel concentrations at  50, 75, 100 mg/L.       

3. The pH values of simulated solution at  2, 4, 6, 8.   

In the studies of the removal of chromium (VI) and nickel (II) in industrial 

electroplating wastewater, the pH value of the wastewater was  adjusted according to 

the optimum pH value of the simulated solution found. 

 

3.2 Materials and Equipment 

 

- pH  meter : Horiba  F – 22A  

- Hot  Air  Oven : Centherm  260 M  

- sieve  no.  20 

- pump 

- Inductively Coupled Plasma(ICP), Varian “Liberty 100/200” 

- Hood 

- Magnetic  stirrer 
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- Magnetic  Bar 

- Cylinder 

- Glass  Wool  

- Glass  bead 

- Volumetric  Flask 

- Erlenmeyer Flask 

- Beaker 

- Volumetric  Pipette  and  Graduate Pipette 

- Fourier  Transform  Infrared  Spectrometer ( FT-IR ) 

- Scanning  Electron  Microscope ( SEM ) 

- Glass column which has internal diameter of 2.5 cm ,  height 80 cm 

 

3.3 Chemical  Reagents 

 

- 6.0 M  NaOH   

- 6.0   M  HNO3 

- Deionised  water 

- Nickel (II) solution 1000 ppm was prepared by 

Dissolving 4.953 g. Ni (NO3)2. 6H2O “Ajax”  in 200 ml. deionised  

water and to this solution was added 1.5 ml conc. nitric acid. The solution was made-

up to 1000 ml by the addition of deionised water. 

- Chromium (VI) solution 1000 ppm was prepared by 

Dissolving 2.828 g. K2Cr2O7 “Carlo” in 200 ml. deionised water to this 

solution was added 1.5 ml conc. nitric acid. The solution was made-up to 1000 ml by 

the addition of deionised water. 

 

3.4 Experimental  Procedure  and Research  Methodology 

 

The experiment was divided into 5 stages as follow: 

1. Modified fine coconut coir  preparation  

2. Column preparation 

3. Simulated wastewater preparation  
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4. Investigation of surface area and functional group of modified fine coconut  coir 

5. The efficiency of modified fine coconut coir in the removal of chromium(VI) 

and nickel(II) from simulated wastewater solution 

6. The efficiency of modified fine coconut coir in the removal of chromium(VI) 

and nickel(II) from industrial electroplating wastewater 

 

3.4.1 Modified fine coconut coir  preparation 

 

The fine coconut coir was sieved through the sieves mesh no.20 and 

dried in an oven at 60 0C . It was then treated with  0.5 M HNO3, stirred for 2 hours, 

filtered and washed several times with deionised  water. It was finally heated at 60 0C 

and kept in a desicator. ( prepared as in Ref.7) 

 

3.4.2 Column preparation 

 

The glass column with an internal diameter of 2.5 cm was cleaned with tap 

water and detergent and rinsed thoroughly with 50% HNO3 solution and deionised water. 23.0 

g fine coconut coir were packed in the glass column to give the bed depth of 60±0.5 cm. Glass 

fiber was used to fill the bottom of the column, glass fiber and glass bead were used to fill the 

top of the column until the layer was 2 cm thick.    

 

3.4.3 Simulated wastewater preparation: vary the ratios and 

concentrations of chromium (VI) and nickel (II) and the pH values  

 

3.4.3.1 Simulated wastewater at the ratio of chromium and nickel 1:0 

 -  Chromium concentration 50 mg/L and nickel concentration  0 mg/L.  

A 300 ml. chromium solution (1,000 ppm) was diluted to 6 

L with deionisied water and the pH values of the solution were adjusted to 2, 4, 6, 8 by 

6.0 M  NaOH  or 6.0   M  HNO3. 100 ml. of each solution were set aside to measure 

the chromium (VI) concentration by ICP 
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-  Chromium concentration 75 mg/L and nickel concentration  0 mg/L.  

A 450 ml. chromium solution (1,000 ppm) was diluted to 6 

L with deionisied water and the pH values of the solution were adjusted to 2, 4, 6, 8 by 

6.0 M  NaOH  or 6.0   M  HNO3 100 ml. of each solution were set aside to measure  

the chromium concentration by ICP 

-  Chromium concentration 100 mg/L and nickel concentration  0 mg/L 

A 600 ml. chromium solution (1,000 ppm) was diluted to 6 

L with deionisied water and the pH values of the solution were adjusted to 2, 4, 6, 8 by 

6.0 M  NaOH  or 6.0   M  HNO3. 100 ml. of each solution were set aside to measure  

chromium (VI)  concentration by ICP 

 

3.4.3.2 Simulated wastewater at the ratio of chromium and nickel 0 :1 

-  Chromium concentration 0 mg/L and Nickel concentration 50 mg/L  

A 300 ml. nickel solution(1,000 ppm) was diluted to 6 L 

with deionisied water and the pH values of the solution were adjusted to 2, 4, 6, 8 by 

6.0 M  NaOH  or 6.0   M  HNO3.  100 ml. of each solution were set aside to measure 

the nickel (II) concentration by ICP 

-  Chromium concentration 0 mg/L and Nickel concentration 75 mg/L 

A 450 ml. nickel solution (1,000 ppm) was diluted to 6 L 

with deionisied water and the pH values of the solution were adjusted to 2, 4, 6, 8 by 

6.0 M  NaOH  or 6.0   M  HNO3.  100 ml. of each solution were set aside to measure  

the nickel (II) concentration by ICP 

 - Chromium concentration 0 mg/L and Nickel concentration 100 mg/L 

A 600 ml. nickel solution (1,000 ppm) was diluted to 6 L 

with deionisied water and the pH values of the solution were adjusted to 2, 4, 6, 8 by 

6.0 M  NaOH  or 6.0   M  HNO3.  100 ml. of each solution were set aside to measure  

the nickel (II) concentration by ICP 

 

3.4.3.3 Simulated wastewater at the ratio of chromium and nickel 1 :1 

-  Chromium concentration 50 mg/L and nickel concentration 50 mg/L  

A 300 ml. chromium solution (1,000 ppm) and 300 ml. 

nickel solution (1,000 ppm) were diluted to 6 L with deionisied water and the pH 
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values of the solution were adjusted to 2, 4, 6, 8 by 6.0 M  NaOH  or 6.0   M  HNO3.  

100 ml. of each solution were set aside to measure the chromium (VI) and nickel (II) 

concentrations by ICP 

 

3.4.4 Investigation of surface area and functional groups 

 

3.4.4.1 Surface area of absorbent 

The surface areas of fine coconut coir and modified fine 

coconut coir were analyzed by the Scanning  Electron  Microscope ( SEM ) 

 

3.4.4.2 Functional groups of absorbent 

 Functional groups of fine coconut coir and modified fine 

coconut coir were analyzed by the Fourier  Transform  Infrared  Spectrometer (FT-IR )   

 

3.4.5 The  efficiency  of  modified coconut coir in the removal of  chromium 

(VI) and nickel (II) from simulated waste water solution   

 

3.4.5.1  0.5 M nitric acid modified fine coconut coir was packed into 

the column as in item 3.4.2 (Appendix A) 

3.4.5.2  The simulated wastewater was prepared to the ratio of 

chromium and nickel 1:0, Chromium concentration 50 mg/L and Nickel concentration 

0 mg/L and pH value equal 2 as follow in item 3.4.3  

3.4.5.3  The simulated solution from 3.4.5.2  was pumped into the top 

of column with the flow rate of 5 ml/min. The effluent samples were collected every 

hour for 5 hours. 

3.4.5.4  The total chromium and nickel concentrations were analyzed 

by nitric acid-hydrochloric acid digestion (Ref.38, Appendix B) and the Inductively 

Coupled Plasma (ICP) and the pH value was measured by pH meter  

3.4.5.5  The chromium and nickel removal efficiency was calculated 

using the following equation: 

 

 
% removal   =  ( initial concentration – final concentration ) x 100 
   initial concentration 
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3.4.5.6  The experiment was repeated by following items 3.4.5.1 – 

3.4.5.5 but the pH values of simulated wastewater were changed from 2 to 4, 6 and 8, 

respectively. 

3.4.5.7  The experiment was repeated by following items 3.4.5.1 – 

3.4.5.5 but the concentrations of chromium and nickel were changed from 50 to 75 

and 100 mg/L , respectively. 

3.4.5.8  The experiment was repeated by following items 3.4.5.1 – 

3.4.5.5 but the ratios of chromium and nickel were changed from 1:0 to 0:1 and 1:1, 

respectively ( the initial concentration of chromium and nickel = 50 : 50 mg/L )  

3.4.5.9  All  experiments were performed in triplicates 

 

3.4.6 The efficiency of modified coconut coir in the removal of 

chromium and nickel from industrial electroplating wastewater 

 

3.4.6.1 Wastewater was collected from a electroplating factory in 

Bangkok area date on February 2004  by grap sampling method 

3.4.6.2  The pH value of wastewater was measured and the wastewater 

was analyzed for chromium and nickel concentration by Inductively Coupled Plasma (ICP) 

3.4.6.3  0.5 M nitric acid modified fine coconut coir was packed into 

the column as follow in the item 3.4.2 

3.4.6.4  The pH value of the wastewater was adjusted according to the 

optimum pH values of the simulated solution found.    

3.4.6.5  Electroplating wastewater  was pumped to the column with the 

flow rate of 5 ml/min;  the effluent samples were collected every hour for  5 hours. 

3.4.6.6  The total chromium and nickel concentrations were analyzed 

by nitric acid-hydrochloric acid digestion and Inductively Coupled Plasma (ICP) and 

the pH value was measured by pH meter  

3.4.6.7  The chromium and nickel removal efficiencies were calculated 

by using the following equation: 

 

 

3.4.6.8  All experiments were performed in triplicates. 

% removal   =  ( initial concentration – final concentration ) x 100 
  initial concentration
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3.5 Statistical Analysis (39) 

 

3.5.1 Average values described each efficiency removal of chromium and 

nickel experiment. 

3.5.2 Data values were shown in table, percentage and line graph. 

3.5.3 To analyze and compare each experiments by using ANOVA Trend  

Analysis and Multiple Comparisons, LSD Test at 95% confidence level 

 
3.6 Flowchart of the experiments 
 
 
 
                                                                   Initial  Cr  and  Ni concentrations               
 
 
 
                                                                Initial   pH value              
 
 
                2        4       6          8         2          4          6       8            2       4        6          8 
                                                                                                                                           
                                                                                                                                            
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Passed through column packed with modified fine 
coconut coir at the flow rate of 5 ml/min 

Collected effluent samples every hour for period of 5 hours 

Analyzed the total chromium and nickel concentrations by   ICP  and 

measured pH value by pH meter 

50 : 0   mg/L 75 : 0   mg/L 100 : 0   mg/L

Ratio  of  Cr and Ni   in  simulated solution  =    1 : 0 

   Figure  3.1  Flowchart for the measurement of  the  efficiency  of  modified fine coconut coir in 

            the removal of chromium (VI) and nickel (II) from  simulated solution  at ratio = 1:0 
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                                                   Initial  Cr  and  Ni concentrations 
                                                                                  
 
 
 
                                                                Initial   pH value              
 
 
                2        4       6          8         2          4          6       8            2       4        6          8 
                                                                                                                                           
                                                                                                                                           
  
 
 
 
 
 
 
 
 
 
 
 
                                                                                                      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Passed through column packed with modified 
fine coconut coir at the flow rate of 5 ml/min 

Collected effluent samples every hour for period of 5 hours 

Analyzed the total chromium and nickel concentrations by   ICP  and 

measured pH value by pH meter 

0 : 50   mg/L 0 : 75   mg/L 0 : 100   mg/L

Ratio  of  Cr and Ni   in simulated solution =    0 : 1 

    Figure  3.2 Flowchart for the measurement of  the  efficiency  of  modified fine coconut coir in 

           the removal of chromium (VI) and nickel (II) from  simulated solution  at ratio = 0:1 
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                                            Initial  Cr  and  Ni concentrations               
 
 
 
                                                                Initial   pH value              
 
 
                                                          2         4          6        8 
                                                                                                                                           
                                                                                                                                            
  
 
 
 
 
 
 
 
 
 
 
 
                                                                                                      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Passed through column packed with modified fine 
coconut coir at the flow rate of 5 ml/min 

Collected effluent samples every hour for period of 5 hours 

Analyzed the total chromium and nickel concentrations by   ICP  and 

measured pH value by pH meter 

50 : 50   mg/L

Ratio  of  Cr and Ni   in simulated solution =    1:1 

    Figure  3.3  Flowchart for the measurement of  the  efficiency  of  modified fine coconut coir in 

             the removal of chromium (VI) and nickel (II) from  simulated solution  at ratio = 1:1 
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Industrial electroplating  Wastewater 

Measured pH value and analyzed the total chromium and nickel concentrations 

of  wastewater 

Packed modified fine coconut coir into column 

Pumped electroplating wastewater  to column with flow rate 5 ml/min 

Analyzed the total chromium and nickel concentrations by   ICP  and 

measure pH value by pH meter 

Figure  3.4  Flowchart for the measurement of the  efficiency  of modified fine coconut  coir in 

                       the  removal of  chromium and nickel  from industrial electroplating wastewater 

collected effluent sample every hour for period of 5 hours 
 

The pH values of the wastewater were  adjusted according to the optimum pH 

value of the simulated solution found 
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CHAPTER 4 

RESULTS 
 

 

4.1  Characteristics of  fine coconut coir  

 

4.1.1 Surface areas 

 

The surface areas of untreated fine coconut coir and nitric acid 

modified fine coconut coir were observed using Scanning Electron Microscope (SEM) 

with the magnification of 200 times as shown in figure 4.1.  

         Figure 4.1 indicated that the surface of the acid modified fine coconut coir 

was more porous than that of untreated fine coconut coir. 

 

4.1.2 Functional groups 

 

The functional groups of untreated fine coconut coir and nitric acid 

modified fine coconut coir  were observed by Fourier  Transform  Infrared  

Spectrometer (FT-IR) as shown in Appendix C. 

The IR spectra of untreated fine coconut coir showed that the 

functional groups of fine coconut coir consisted of alkyl group, hydroxyl or amino 

groups, aromatic groups and aromatic hydroxyl groups.  

The IR spectra of nitric acid modified fine coconut coir showed that 

the functional groups of fine coconut coir consisted of alkyl group and hydroxyl or 

amino groups. 
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(a) 
 

 
 

(b) 
 

Figure 4.1 The surface area of fine coconut coir under Scanning Electron Microscope 

(SEM)with magnification of 200 times 

(a) untreated fine coconut coir 

(b) nitric acid modified fine coconut coir 
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4.2 The efficiency of modified fine coconut coir for the chromium (VI) and nickel (II) 

removal in simulated solution 

 

This investigation was conducted to study the chromium (VI) and nickel (II) 

removal efficiencies in simulated solution using the modified fine coconut coir packed 

in the column. The experiment was carried out at different ratios of chromium (VI) 

and nickel (II) being 1:0, 0:1 and 1:1. The results of chromium (VI) and nickel (II) 

removal efficiencies are described as follows: 

 

4.2.1 The ratio of chromium (VI) to nickel (II) = 1:0 

The chromium removal efficiency was studied in three initial 

chromium concentrations and four initial pH levels. The initial chromium 

concentrations were  varied at 50, 75 and 100 mg/L and the pH values were varied at 

2, 4, 6 and 8. The results of the chromium removal efficiency at three different initial 

chromium concentrations with pH values of 2, 4, 6 and 8 are described as follows: 

4.2.1.1 Chromium and nickel concentration = 50:0 mg/L 

The experiments with the initial chromium concentration of 50 

mg/L were performed at pH values of 2, 4, 6 and 8 with eluting time of 5 hours. The 

results of the chromium removal efficiency are shown in Appendix D and are 

summarized in Table 4.1. The results indicate that: 

At pH 2, the average chromium concentrations remaining in 

the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 1.545, 3.772, 4.162, 4.417 

and 4.611 mg/L, respectively, with the efficiencies calculated to be 96.86 %, 92.34 %, 

91.55%, 91.04% and 90.64%, respectively. 

At pH 4, the average chromium concentrations remaining in 

the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.035, 0.078, 1.230, 3.952 

and 9.083 mg/L, respectively, with the efficiencies calculated to be 99.92 %, 99.84 %, 

97.47%, 91.88% and 81.34%, respectively. 

At pH 6, the average chromium concentrations remaining in 

the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.034, 0.856, 1.450, 5.534 

and 10.04 mg/L, respectively, with the efficiencies calculated to be 99.93 %, 99.83 %, 

97.06%, 88.77% and 79.63%, respectively. 
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At pH 8, the average chromium concentrations remaining in 

the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.049, 0.083, 1.351, 6.376 

and 11.99 mg/L, respectively, with the efficiencies calculated to be 99.91 %, 99.84 %, 

97.37%, 87.57% and 76.64%, respectively. 

 

Table 4.1  The chromium (VI) concentrations remaining and chromium removal efficiency at 

initial chromium concentration of 50 mg/L with pH values of 2, 4, 6 and 8  

chromium concentration remaining 
(mg/L) 

chromium removal efficiency  
(%) 

  Time 
 (hour) 

pH 2 pH 4 pH 6 pH 8 
 

pH 2 pH 4 pH 6 pH 8 

1 1.545 
 

0.035 0.034 0.049 96.86 99.92 99.93 99.91 

2 3.772 
 

0.078 0.856 0.083 92.34 99.84 99.83 99.84 

3 4.162 
 

1.230 1.450 1.351 91.55 97.47 97.06 97.37 

4 4.417 
 

3.952 5.534 6.376 91.04 91.88 88.77 87.57 

5 4.611 
 

9.083 10.04 11.99 90.64 81.34 79.63 76.64 

Note : actual initial chromium concentrations were 49.27, 48.67, 49.26 and 51.31 mg/L, respectively 

 

4.2.1.2 Chromium and nickel concentration = 75:0 mg/L 

The experiments with the initial chromium concentration of 75 

mg/L were performed at pH values of 2, 4, 6 and 8 with 5 hours of eluting time.         

The results of the chromium removal efficiency are shown in Appendix D and are 

summarized in Table 4.2. The results indicate that: 

At pH 2, the average chromium concentrations remaining in 

the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 6.22, 7.40, 8.24, 8.80 and 

9.43 mg/L, respectively, with the efficiencies calculated to be 91.80 %, 90.24 %, 

89.14%, 88.40% and 87.57%, respectively. 

At pH 4, the average chromium concentrations remaining in 

the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.013, 0.153, 1.883, 7.898 

and 14.346 mg/L, respectively, with the efficiencies calculated to be 99.98 %, 99.80 

%, 97.53%, 89.64% and 81.18%, respectively. 
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At pH 6, the average chromium concentrations remaining in 

the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.013, 0.221, 7.028, 14.35 

and 29.396 mg/L, respectively, with the efficiencies calculated to be 99.98 %, 99.71 

%, 90.85%, 81.32% and 61.74%, respectively. 

At pH 8, the average chromium concentrations remaining in 

the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.246, 5.343, 18.626, 35.32 

and 41.115 mg/L, respectively, with the efficiencies calculated to be 99.67 %, 92.81 

%, 74.92%, 52.44% and 44.64%, respectively. 

 

Table 4.2 The chromium (VI) concentration remaining and chromium removal efficiency at    

initial chromium concentration of 75 mg/L with pH values of 2, 4, 6 and 8  

chromium concentration remaining 
(mg/L) 

chromium removal efficiency  
(%) 

Time 
(hour) 

pH 2 pH 4 pH 6 pH 8 
 

pH 2 pH 4 pH 6 pH 8 

1 6.22 0.013 0.013 0.246 91.80 99.98 99.98 99.67 
 

2 7.40 0.153 0.221 5.343 90.24 99.80 99.71 92.81 
 

3 8.24 1.883 7.028 18.626 89.14 97.53 90.85 74.92 
 

4 8.80 7.898 14.35 35.32 88.40 89.64 81.32 52.44 
 

5 9.43 14.346 29.396 41.115 87.57 81.18 61.74 44.64 
 

Note : actual initial chromium concentrations were 75.845, 76.235, 76.83 and 74.27 mg/L, respectively 

 

4.2.1.3 Chromium and nickel concentration = 100:0 mg/L 

The experiments with initial chromium concentration of 100 

mg/L were performed at  pH values of  2, 4, 6 and 8 with 5 hours of eluting time. The 

results of the chromium removal efficiency are shown in Appendix D and are 

summarized in Table 4.3. The results indicate that: 

At pH 2, the average chromium concentrations remaining in 

the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.788, 6.018, 7.460, 8.962 

and 9.246 mg/L, respectively, with the efficiencies calculated to be 99.18 %, 93.77 %, 

92.28%, 90.72% and 90.43%, respectively. 
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At pH 4, the average chromium concentrations remaining in 

the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.132, 0.178, 1.717, 9.300 

and 17.97 mg/L, respectively, with the efficiencies calculated to be 99.86 %, 99.81 %, 

98.21%, 90.28% and 81.21%, respectively. 

At pH 6, the average chromium concentrations remaining in 

the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.172, 0.228, 3.057, 16.74 

and 32.05 mg/L, respectively, with the efficiencies calculated to be 99.82 %, 99.76 %, 

96.74%, 82.16% and 65.85%, respectively. 

At pH 8, the average chromium concentrations remaining in 

the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.084, 0.208, 8.679, 31.255 

and 43.165 mg/L, respectively, with the efficiencies calculated to be 99.91 %, 99.76 

%, 90.62%, 66.24% and 53.33%, respectively. 

 

Table 4.3 The chromium (VI) concentration remaining and chromium removal efficiency at 

initial chromium concentration of 100 mg/L with pH values of 2,4,6 and 8  

chromium concentration remaining 
(mg/L) 

chromium removal efficiency  
(%) 

Time 
(hour) 

pH 2 pH 4 pH 6 pH 8 
 

pH 2 pH 4 pH 6 pH 8 

1 0.788 0.132 0.172 0.084 93.18 99.86 99.82 99.91 
 

2 6.018 0.178 0.228 0.208 93.77 99.81 99.76 99.76 
 

3 7.46 1.717 3.057 8.679 92.28 98.21 96.74 90.62 
 

4 8.962 9.300 16.74 31.225 90.72 90.28 82.16 66.24 
 

5 9.246 17.97 32.05 43.165 90.43 81.21 65.85 53.33 
 

Note : actual initial chromium concentrations were 96.565, 95.655, 93.84 and 92.49 mg/L, respectively 

 

The results in Table 4.1, Table 4.2 and Table 4.3 showed that the chromium 

(VI) removal efficiency at pH 2 was more than at pH 4, pH 6 and pH 8 in every 

concentrations. Therefore, pH 2 was chosen for the study of the chromium and nickel 

removal efficiencies from industrial electroplating wastewater.  
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4.2.2 The ratio of chromium (VI) to nickel (II) = 0:1 

The nickel removal efficiency was studied in three initial nickel 

concentrations and four initial pH levels. The nickel concentrations were varied at 50, 

75 and 100 mg/L. The pH values were varied at 2, 4, 6 and 8. The results of nickel 

removal efficiency at three different initial nickel concentrations with pH value of 2, 

4, 6 and 8 are described as follows: 

4.2.2.1 Chromium and nickel concentration = 0:50 mg/L 

The experiments with the initial nickel concentration of 50 

mg/L were performed at pH values 2, 4, 6 and 8 for eluting time of 5 hours. The 

results of the nickel removal efficiency are shown in Appendix D and are summarized in 

Table 4.4. The results indicate that: 

At pH 2, the average nickel concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 33.89, 42.81, 43.19, 43.78 and 

43.92 mg/L, respectively, with the efficiencies calculated to be 20.20 %, -1.03 %,        

-1.94%, -3.33% and –3.66%, respectively. 

At pH 4, the average nickel concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.003, 0.321, 5.425, 16.31 and 

21.88 mg/L, respectively, with the efficiencies calculated to be 99.99 %, 99.35 %, 

89.07%, 67.14% and 55.91%, respectively. 

At pH 6, the average nickel concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.033, 0.068, 2.234, 9.191 and 

15.725 mg/L, respectively, with the efficiencies calculated to be 99.94 %, 99.87 %, 

95.67%, 82.19% and 69.53%, respectively. 

At pH 8, the average nickel concentrations remaining in the 

effluent at the first hour of eluting time was not detected (N.D). The average nickel 

concentrations remaining in effluent at eluting time of 2, 3, 4 and 5 hours were 0.611, 

9.88, 18.70 and 24.22 mg/L, respectively, with the efficiencies calculated to be 98.63 

%, 77.86%, 58.13% and 45.75%, respectively. 
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Table 4.4 The nickel (II) concentrations remaining and nickel removal efficiency at   

initial nickel concentration of 50 mg/L with pH values of 2, 4, 6 and 8  

nickel concentration remaining 
(mg/L) 

nickel removal efficiency 
 (%) 

Time 
(hour) 

pH 2 pH 4 pH 6 pH 8 
 

pH 2 pH 4 pH 6 pH 8 

1 33.893 0.003 0.033 N.D. 20.20 99.99 99.94 
 

N.D. 

2 42.81 0.321 0.068 0.611 -1.03 99.35 99.87 
 

98.63 

3 43.19 5.425 2.234 9.88 -1.94 89.07 95.67 
 

77.86 

4 43.78 16.31 9.191 18.70 -3.33 67.14 82.19 
 

58.13 

5 43.92 21.88 15.725 24.22 -3.66 55.91 69.53 
 

45.75 

Note : actual initial nickel concentrations were 42.37, 49.625, 51.60 and 44.64 mg/L, respectively 

 

4.2.2.2 Chromium and nickel concentration = 0:75 mg/L 

The experiments with the initial nickel concentration of 75 

mg/L were performed at pH values of  2, 4, 6 and 8 with 5 hours of eluting time.  

 The actual initial nickel concentrations were measured by ICP.  

It was found that the actual initial nickel concentration was only about 60-65 mg/L 

although the initial nickel concentration was prepared at 75 mg/L. This was due to the 

error in the preparation process and the limitation of experiment cost. However, the 

trend of nickel removal efficiency related to the other data can be used for comparison 

purposes.     

 The results of the nickel removal efficiency are shown in 

Appendix D and are summarized in Table 4.5. The results indicate that: 

At pH 2, the average nickel concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 61.62, 64.22, 65.11, 65.54 and 

67.18 mg/L, respectively, with the efficiencies calculated to be 0.85 %, -3.33 %, -

4.76%, -5.45% and –8.09%, respectively. 

At pH 4, the average nickel concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.05, 12.984, 29.393, 37.593 and 

42.843 mg/L, respectively, with the efficiencies calculated to be 99.92 %, 80.46 %, 

55.76%, 43.42% and 35.51%, respectively. 
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At pH 6, the average nickel concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.103, 7.803, 26.745, 31.695 and 

35.77 mg/L, respectively, with the efficiencies calculated to be 99.84 %, 88.05 %, 

59.06%, 51.48% and 45.24%, respectively. 

At pH 8, the average nickel concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 10.457, 28.12, 36.453, 42.687 

and 44.87 mg/L, respectively, with the efficiencies calculated to be 83.08 %, 54.51 %, 

41.03%, 30.95% and 27.42%, respectively. 

 

Table 4.5 The nickel (II) concentration remaining and nickel removal efficiency at 

initial nickel concentration of 75 mg/L with pH values of 2, 4, 6 and 8  

nickel concentration remaining 
(mg/L) 

nickel removal efficiency  
(%) 

 Time 
(hour) 

pH 2 pH 4 pH 6 pH 8 
 

pH 2 pH 4 pH 6 pH 8 

1 61.62 0.05 0.103 10.457 0.85 99.92 99.84 83.08 
 

2 64.22 12.98 7.803 28.12 -3.33 80.46 88.05 54.51 
 

3 65.11 29.39 26.745 36.453 -4.76 55.76 59.06 41.03 
 

4 65.54 37.59 31.695 42.687 -5.45 43.42 51.48 30.95 
 

5 67.18 42.84 35.77 44.87 -8.09 35.51 45.24 27.42 
 

Note : actual initial nickel concentrations were 62.15, 66.44, 65.32 and 61.815 mg/L, respectively 

 

4.2.2.3 Chromium and nickel concentration = 0:100 mg/L 

The experiments with initial nickel concentration of 100 mg/L 

were performed at pH values of 2, 4, 6 and 8  with eluting time of 5 hours.  

The actual initial nickel concentrations were measured by ICP.       

It was found that the actual initial nickel concentration had dropped before contacting 

to adsorption system by remaining only about 82-85 mg/L although the initial nickel 

concentration were prepared at 100 mg/L. This was due to the error in the preparation 

process and the limitation of experiment cost. However, the trend of nickel removal 

efficiency related to the other data can be used for comparison purposes. 
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 The results of the nickel removal efficiency are shown in 

Appendix D and are summarized in Table 4.6. The results indicate that: 

At pH 2, the average nickel concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 76.99, 80.16, 81.18, 81.62 and 

86.34 mg/L, respectively, with the efficiencies calculated to be 9.75 %, 6.04 %, 

4.84%, 4.33% and –1.21%, respectively. 

At pH 4, the average nickel concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 21.078, 44.895, 54.085, 61.03 

and 65.595 mg/L, respectively, with the efficiencies calculated to be 74.35 %, 45.36 

%, 34.17%, 25.72% and 20.16%, respectively. 

At pH 6, the average nickel concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 12.573, 40.853, 54.357, 59.947 

and 62.77 mg/L, respectively, with the efficiencies calculated to be 84.77%, 50.51 %, 

34.15%, 27.38% and 23.96%, respectively. 

At pH 8, the average nickel concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 21.03, 49.105, 593785, 64.465 

and 68.43 mg/L, respectively, with the efficiencies calculated to be 74.71 %, 40.94 %, 

28.10%, 22.47% and 17.70%, respectively. 

 

Table 4.6 The nickel (II) concentration remaining and nickel removal efficiency at 

initial nickel concentration of 100 mg/L with pH values of 2, 4, 6 and 8  

nickel concentration remaining 
(mg/L) 

nickel removal efficiency  
(%) 

Time 
(hour) 

pH 2 pH 4 pH 6 pH 8 
 

pH 2 pH 4 pH 6 pH 8 

1 76.99 21.078 12.573 21.03 9.75 74.35 84.77 74.71 
 

2 80.16 44.895 40.853 49.105 6.04 45.36 50.51 40.94 
 

3 81.18 54.085 54.357 57.785 4.84 34.17 34.15 28.10 
 

4 81.62 61.03 59.947 64.465 4.33 25.72 27.38 22.47 
 

5 86.34 65.595 62.77 68.43 -1.21 20.16 23.96 17.70 
 

Note : actual initial nickel concentrations were 85.31, 82.155, 82.545 and 83.145 mg/L, respectively 
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The results in Table 4.4, Table 4.5 and Table 4.6 showed that the nickel 

removal efficiency at pH 6 was more than at pH 2, pH 4 and pH 8 in every 

concentrations. Therefore, pH 6 was chosen for the study of the nickel (II) removal 

efficiency from industrial electroplating wastewater.  

The study of the chromium (VI) and nickel (II) removal efficiencies in 

simulated solution showed that the optimum pH for chromium removal was pH 2 and 

pH 6 for nickel removal. Hence, only pH 2 and pH 6 were selected to study the 

chromium (VI) and nickel (II) removal efficiencies from industrial electroplating 

wastewater because they were the optimum pH values. 

 

4.2.3 The ratio of chromium (VI) to nickel (II) = 1:1 

The chromium and nickel removal efficiencies were studied at the 

initial chromium and nickel concentrations of 50:50 mg/L and four initial pH values. 

The pH values were varied at 2, 4, 6 and 8. The experiments  were performed with 5 

hours of eluting time . The results of the chromium and nickel removal efficiencies are 

shown in Appendix D and are summarized in Table 4.7 and Table 4.8. The results 

indicate that: 

At pH 2, the average chromium concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.549, 2.111, 2.452, 2.609 and 

2.824 mg/L, respectively, with the efficiencies calculated to be 98.81 %, 95.42 %, 

94.68%, 94.34% and 93.88%, respectively. 

At pH 4, the average chromium concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hour were 0.125, 0.137, 0.150, 0.137 and 

0.147 mg/L, respectively, with the efficiencies calculated to be 99.75 %, 99.72 %, 

99.70%, 99.72% and 99.65%, respectively. 

At pH 6, the average chromium concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.097, 0.110, 0.115, 0.140 and 

0.178 mg/L, respectively, with the efficiencies calculated to be 99.80 %, 99.77 %, 

99.76%, 99.71% and 99.63%, respectively. 

At pH 8, the average chromium concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.097, 0.103, 0.120, 0.134 and 
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0.200 mg/L, respectively, with the efficiencies calculated to be 99.79 %, 99.78 %, 

99.75%, 99.72% and 99.58%, respectively. 

For the nickel removal efficiency, the results indicate that: 

At pH 2, the average nickel concentrations remaining in the effluent at 

eluting time of 1, 2, 3, 4 and 5 hours were 29.11, 42.56, 42.90, 43.03 and 43.255 

mg/L, respectively, with the efficiencies calculated to be 33.23 %, 2.36 %, 1.58%, 

1.28% and 0.769%, respectively. 

At pH 4, the average nickel concentrations remaining in the effluent at 

eluting time of 1, 2, 3, 4 and 5 hour were 0.013, 0.048, 0.070, 0.913 and 2.391 mg/L, 

respectively, with the efficiencies calculated to be 99.97 %, 99.89 %, 99.84%, 97.94% 

and 94.60%, respectively. 

At pH 6, the average nickel concentrations remaining in the effluent at 

eluting time of 1, 2, 3, 4 and 5 hours were 0.029, 0.037, 0.053, 0.069 and 0.100 mg/L, 

respectively, with the efficiencies calculated to be 99.93 %, 99.91 %, 99.88%, 99.84% 

and 99.77%, respectively. 

At pH 8, the average nickel concentrations remaining in the effluent at 

eluting time of 1, 2, 3, 4 and 5 hours were 0.031, 0.033, 0.038, 0.047 and 0.066 mg/L, 

respectively, with the efficiencies calculated to be 99.93 %, 99.93 %, 99.92%, 99.90% 

and 99.876%, respectively. 

 

Table 4.7  The chromium (VI) concentration remaining and chromium removal efficiency at initial 

chromium and nickel concentrations of 50:50 mg/L with pH values of 2, 4, 6 and 8  

chromium concentration remaining 
(mg/L) 

chromium removal efficiency  
(%) 

Time 
(hour) 

pH 2 pH 4 pH 6 pH 8 
 

pH 2 pH 4 pH 6 pH 8 

1 0.549 0.125 0.097 0.097 98.81 99.75 99.80 99.79 
 

2 2.111 0.137 0.110 0.103 95.42 99.72 99.77 99.78 
 

3 2.452 0.150 0.115 0.120 94.68 99.70 99.76 99.75 
 

4 2.609 0.137 0.140 0.134 94.34 99.72 99.71 99.72 
 

5 2.824 0.147 0.178 0.200 93.88 99.65 99.63 99.58 
 

Note : actual initial chromium concentrations were 46.12, 49.04, 47.80 and 47.23 mg/L, respectively 
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Table 4.8  The nickel (II) concentration remaining and the nickel removal efficiency at initial  

chromium and nickel concentration of 50:50 mg/L with pH values of 2,4,6 and 8  

nickel concentration remaining 
(mg/L) 

the nickel removal efficiency (%) Time 
(hour) 

pH 2 pH 4 pH 6 pH 8 
 

pH 2 pH 4 pH 6 pH 8 

1 29.11 0.013 0.029 0.031 33.23 99.97 99.93 99.93 
 

2 42.56 0.048 0.037 0.033 2.36 99.89 99.91 99.93 
 

3 42.90 0.070 0.053 0.038 1.58 99.84 99.88 99.92 
 

4 43.03 0.913 0.069 0.047 1.28 97.94 99.84 99.90 
 

5 43.255 2.391 0.100 0.066 0.769 94.60 99.77 99.876 
 

Note : actual initial nickel concentrations were 43.59, 44.24, 43.09 and 45.58 mg/L, respectively 

 

4.3 The efficiency of modified fine coconut coir for the removal of chromium (VI) 

and nickel (II)   in industrial electroplating wastewater 

 

4.3.1 Industrial electroplating wastewater characteristics 

The industrial electroplating wastewater used in this study was 

sampled on February 2004 at the storage tank before  the wastewater entered the 

treatment system by grap sampling method. It was found that the pH value was 7.04, 

and the concentration of heavy metal was 0.21 mg/L chromium, 1.413 mg/L nickel, 

0.025 mg/L silver, 3.026 mg/L zinc and 2.413 mg/L copper. 

The pH value of industrial electroplating wastewater used in the 

experiments was adjusted according to the optimum pH values of the simulated 

solution. The results of the study of chromium and nickel removal efficiencies in 

simulated solution found that the optimum pH values for chromium removal were   

pH 2 and pH 6 for nickel removal. Therefore, only pH 2 and pH 6 were used for the study on 

the chromium (VI) and nickel (II) removal efficiencies in industrial electroplating wastewater.   

The heavy metal concentrations at pH 2and pH6 decreased because at these pH values the 

precipitation of  heavy metal may occur. 

The characteristics of heavy metal in unadjusted wastewater and 

adjusted wastewater at pH 2 and at pH 6 are shown in Table 4.9.  



 Suthasinee   Junsavang                                                                                                              Results/ 58 

4.3.2 The chromium (VI) and nickel (II) removal efficiencies 

The chromium (VI) and nickel (II) removal efficiencies in industrial 

electroplating wastewater were carried out at pH 2 and pH 6. The results of the 

experiment are shown in Appendix D and are summarized in Table 4.10. The results 

indicate that: 

At pH 2, the average chromium concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.051, 0.062, 0.067, 0.154 and 

0.156 mg/L, respectively, with the efficiencies calculated to be 76.71%, 70.48%, 

67.90%, 26.76% and 25.76%, respectively. The average nickel concentrations 

remaining in the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.987, 1.243, 

1.297, 1.330 and 1.467 mg/L, respectively, with the efficiencies calculated to be 

28.48%, 9.93 %, 6.01%, 3.62% and –0.123%, respectively. 

At pH 6, the average chromium concentrations remaining in the 

effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.035, 0.045, 0.058, 0.071 and 

0.087 mg/L, respectively, with the efficiencies calculated to be 79.16%, 72.87 %, 

65.57%, 57.78% and 48.20%, respectively. The average nickel concentrations 

remaining in the effluent at eluting time of 1, 2, 3, 4 and 5 hours were 0.050, 0.079, 

0.086, 0.093 and 0.114 mg/L, respectively, with the efficiencies calculated to be 95.83 

%, 93.40 %, 92.81%, 92.20% and 90.45%, respectively. 

 

Table 4.9  Industrial electroplating wastewater characteristic of unadjusted and adjusted wastewater 

Heavy metal concentration (mg/L) Heavy metal 

pH 7.04 

(Unadjusted) 

pH 2 

(Adjusted) 

pH 6 

(Adjusted) 

Effluent Standard  

(mg/L) 

Ag 0.025 0.0247 0.0222 - 

Zn 3.026 3.026 2.571 5.0 

Ni 1.413 1.38 1.19 1.0 

Cu 2.413 2.193 1.859 2.0 

Cr 0.21 0.21 0.167 0.5 

     Note : Effluent Standard of the Department of Industrial Works was announced in the  

Notification of Ministry of Industry Works No.2(1993) 
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Table 4.10 The chromium and nickel concentrations remaining and chromium and nickel 

removal efficiencies of industrial electroplating wastewater at pH 2 and pH 6 

 

pH   2 pH   6 
Ni Cr Ni Cr 

Time 
(hour) 

Concentration 
remaining 

(mg/L) 

Efficiency 
(%) 

Concentration 
remaining 

(mg/L) 

Efficiency 
(%) 

Concentration 
remaining 

(mg/L) 

Efficiency 
(%) 

Concentration 
remaining 

(mg/L) 

Efficiency 
(%) 

1 0.987 28.48 0.051 76.71 0.050 95.83 0.035 79.16 
 

2 1.243 9.93 0.062 70.48 0.079 93.40 0.045 72.87 
 

3 1.297 6.01 0.067 67.90 0.086 92.81 0.058 65.57 
 

4 1.330 3.62 0.154 26.76 0.093 92.20 0.071 57.78 
 

5 1.467 -0.123 0.156 25.76 0.114 90.45 0.087 48.20 
 

 

4.4 Statistical  Analysis 

 

4.4.1 Statistical  analysis of different pH values 

The One-way ANOVA (Least Significant Difference, LSD) at the 0.05 

level of significance was used to compare the means of chromium and nickel removal 

efficiencies in simulated solution at different ratios of chromium to nickel of 1:0 (50, 75 and 

100 mg/L), 0:1 (50,75 and 100 mg/L) and 1:1 (50:50mg/L) among pH values of 2, 4, 6 and 8  

by comparing at the same hour of eluting time for 5 hours. It can be summarized as follows:  

4.4.1.1 The ratio of chromium to nickel = 1:0 

 The statistical analysis results of chromium removal 

efficiency at different pH values for initial chromium concentrations of 50, 75 and 100 

mg/L are shown in Appendix E and are summarized in Table 4.11. The data indicate that: 

 At initial chromium concentration of 50 mg/L, the One-way 

ANOVA (LSD) statistical analysis at 0.05 level of significance of the means of 

chromium removal efficiency among the four pH values in each hour of eluting time 

of 1, 2, 3, 4 and 5 hours showed that the means of chromium removal efficiency 

among the four pH values were significant difference at 1, 2, 3 and 5 hours of eluting 
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time but the means of chromium removal efficiency at 4 hours of eluting time was not 

significantly different. 

At initial chromium concentration of 75 and 100 mg/L, the One-

way ANOVA (LSD) statistical analysis at 0.05 level of significance of the means of 

chromium removal efficiency showed that the means of chromium removal efficiency 

among the four pH values in each hour of eluting time were significant difference for 

every hours of eluting time.  

 

Table 4.11 The One-way ANOVA statistical analysis results of chromium removal efficiency 

at different pH values (2, 4, 6 and 8) at the ratio of chromium to nickel = 1:0 
Ratio of 

Cr : Ni 

Initial concentration 

(mg/L) 

Eluting time 

(hour) 

F-test P-value LSD 

1 63.921 0.001 2 ≠ 4,6,8 

2 67.682 0.000 2 ≠ 4,6,8 

3 19.266 0.008 2 ≠ 4,6,8 

4 1.708 0.302  

50 

5 11.363 0.020 2 ≠ 4,6,8 

1 172.691 0.000 2 ≠ 4,6,8 

2 15.246 0.012 2,8 ≠ 4,6 

3 40.270 0.002 2,4,6 ≠ 8 

4 28.254 0.004 2,4,6 ≠ 8 

75 

5 93.806 0.000 2,4 ≠ 6 ≠ 8 

1 908.724 0.000 2 ≠ 4,6,8  

 6≠8 

2 84.078 0.000 2 ≠ 4,6,8 

3 83.072 0.000 2 ≠ 4,6,8  

4,6≠8 

4 85.770 0.000 2,4 ≠ 6,8 

1:0 

100 

5 61.532 0.001 2 ≠ 4 ≠ 6 ≠ 8 

Note :     P-value < 0.05 is significant difference,  ≠  means  significant difference 
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4.4.1.2 The ratio of chromium to nickel = 0:1 

 The statistical analysis results of nickel removal efficiency at 

different pH values for initial nickel concentrations of 50,75 and 100 mg/L are shown 

in Appendix E and are summarized in Table 4.12.  

 The data indicate that at initial nickel concentrations of 50, 75 

and 100 mg/L, the One-way ANOVA (LSD) statistical analysis at 0.05 level of 

significance of the means of nickel removal efficiency among the four pH values in 

each hour of eluting time of 1, 2, 3, 4 and 5 hours showed that the means of nickel 

removal efficiency among the different four  pH values in each hour of eluting time were 

significant difference  for every hours of eluting time.  

 

4.4.1.3 The ratio of chromium to nickel = 1:1 

The statistical analysis results of chromium and nickel removal 

efficiencies at different pH values for initial chromium and nickel concentrations 

50:50 mg/L are shown in Appendix E and are summarized in Table 4.13.  

The data indicate that both of the chromium and nickel 

removal efficiencies, the One-way ANOVA (LSD) statistical analysis at 0.05 level of 

significance of the means of chromium removal efficiency among the different four 

pH values in each hour of eluting time of 1, 2, 3, 4 and 5 hours showed that the means of 

chromium removal efficiency among the different four pH values were significant 

difference  for every hours of eluting time. 
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Table 4.12 The One-way ANOVA statistical analysis results of nickel removal efficiency 

at different pH values (2, 4, 6 and 8) at the ratios of chromium to nickel = 0:1 

 
Ratio of 

Cr : Ni 

Initial concentration 

(mg/L) 

Eluting time 

(hour) 

F-test P-value LSD 

1 60.748 0.000 2 ≠ 4,6,8 

2 122.648 0.000 2 ≠ 4,6,8 

3 199.868 0.000 2 ≠ 4,6,8 

4 86.256 0.000 2 ≠ 4,6,8  

 6≠8 

50 

5 96.104 0.000 2 ≠ 4,6,8  

 6≠ 4,8 

1 146.539 0.000 2 ≠ 4,6,8  

 4,6≠ 8 

2 368.562 0.000 2 ≠ 4,6,8  

 4,6≠ 8 

3 281.358 0.000 2 ≠ 4,6,8  

 4,6≠ 8 

4 457.530 0.000 2 ≠ 4 ≠ 6 ≠ 8 

75 

5 446.320 0.000 2 ≠ 4 ≠ 6 ≠ 8 

1 17.042 0.010 2 ≠ 4,6,8 

2 27.032 0.004 2 ≠ 4,6,8 

3 32.631 0.003 2 ≠ 4,6,8 

4 57.083 0.001 2 ≠ 4,6,8 

0:1 

100 

5 28.092 0.004 2 ≠ 4,6,8 

 

Note  :     P-value < 0.05 is  significant difference ,  ≠  means  significant difference 
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Table 4.13 The One-way ANOVA statistical analysis results of chromium and nickel 

removal efficiencies at different pH values at the ratio of chromium to 

nickel = 1:1 (50:50 mg/L) 
Ratio of 

Cr : Ni 
Parameter Eluting time 

(hour) 

F-test P-value LSD 

1 13.625 0.014 2 ≠ 4,6,8 

2 101.337 0.000 2 ≠ 4,6,8 

3 320.335 0.000 2 ≠ 4,6,8 

4 745.182 0.000 2 ≠ 4,6,8 

Cr 

5 117.388 0.000 2 ≠ 4,6,8 

1 416.271 0.000 2 ≠ 4,6,8 

2 523.384 0.000 2 ≠ 4,6,8 

3 459.460 0.000 2 ≠ 4,6,8 

4 311.534 0.000 2 ≠ 4,6,8 

1:1 

Ni 

5 375.041 0.000 2 ≠ 4,6,8 

Note :  P-value < 0.05 is  significant difference,  ≠ means  significant difference 

 

4.4.2 Statistical  analysis of different eluting times  

The One-way ANOVA (Least Significant Difference, LSD) at the 

0.05 level of significance was used to compare the means of chromium and nickel 

removal efficiencies in simulated solution for each experiment at different ratios of 

chromium to nickel of 1:0 (50, 75 and 100 mg/L), 0:1 (50,75 and 100 mg/L) and 1:1 

(50:50mg/L) with pH values of 2, 4, 6 and 8  among 1, 2, 3, 4 and 5 hours of eluting 

time. The statistical analysis results of different eluting times in each experiment are 

shown in Appendix E and are summarized in Table 4.14. The data indicate that: 

4.4.2.1 The ratio of chromium to nickel = 1:0 

The One-way ANOVA (LSD) statistical analysis at the 0.05 

level of significance of the means of chromium removal efficiency for the experiment 

of the initial chromium concentrations of 50, 75 and 100 mg/L at pH values of 2, 4, 6 

and 8 showed that the means of chromium removal efficiency at pH 2, 4, 6 and 8 were 

significant difference among the  eluting time of 1, 2, 3, 4 and 5 hours. 
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4.4.2.2 The ratio of chromium to nickel = 0:1 

The One-way ANOVA (LSD) statistical analysis at the 0.05 

level of significance of the means of nickel removal efficiency for the experiment of 

the initial nickel concentrations of 50, 75 and 100 mg/L at pH values of 2, 4, 6 and 8 

showed that the means of nickel removal efficiency at pH 2, 4, 6 and 8 were 

significant difference  among the  eluting time of 1, 2, 3, 4 and 5 hours. 

4.4.2.3 The ratio of chromium to nickel = 1:1 

 For chromium removal efficiency, the One-way ANOVA 

(Least Significant Difference, LSD) at the 0.05 level of significance of the means of 

chromium removal efficiency for the experiment of the initial chromium and nickel 

concentrations of 50:50 mg/L at pH values of  2, 4, 6 and 8 showed that the means of 

chromium removal efficiency at pH 2, 6 and 8 were significant difference  among the  

eluting time of 1, 2, 3, 4 and 5 hours but the means of chromium removal efficiency at 

pH 4 was not significantly different  among the  eluting time of 1, 2, 3, 4 and 5 hours. 

For nickel removal efficiency, the One-way ANOVA (LSD) 

statistical analysis at the 0.05 level of significance of the means of nickel removal 

efficiency for the experiment of the initial chromium and nickel concentrations of 

50:50 mg/L at pH values of 2, 4, 6 and 8 showed that the means of nickel removal efficiency 

at pH 2, 4, 6 and 8 were significant difference  among the  eluting time of 1, 2, 3, 4 and 5 hours. 

Table 4.14 The One-way ANOVA statistical analysis results of chromium and nickel 

removal efficiencies at different eluting times 
P-value Ratio  of  Cr : 

Ni 

Initial 

concentration 

(mg/L) 

pH 2 pH 4 pH 6 pH 8 

50 0.000 0.004 0.000 0.000 

75 0.016 0.004 0.000 0.000 

1:0 

100 0.000 0.000 0.000 0.000 

50 0.000 0.000 0.003 0.001 

75 0.009 0.000 0.000 0.000 

0:1 

100 0.015 0.020 0.000 0.001 

50:50 (Cr) 0.000 0.597 0.011 0.000 1:1 

50:50 (Ni) 0.000 0.000 0.000 0.000 

Note :      P-value < 0.05 is  significant difference 
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4.4.3 Statistical analysis of different initial chromium and nickel concentrations  

The One-way ANOVA (Least Significant Difference, LSD) at the 

0.05 level of significance was used to compare the means of chromium and nickel 

removal efficiencies in simulated solution among different initial chromium 

concentrations (50, 75 and 100 mg/L) and different initial nickel concentrations (50, 

75 and 100 mg/L) with pH values of 2, 4, 6 and 8 by comparing the removal 

efficiencies in each hour of eluting time at the same pH value. The data indicate the 

following: 

4.4.3.1  Statistical  analysis of different initial chromium concentrations  

The statistical analysis results of different eluting times in each 

experiment are shown in Appendix E and are summarized in Table 4.15. The data indicate that: 

At pH 2, the One-way ANOVA (LSD) statistical analysis at 

the 0.05 level of significance showed that the means of chromium removal efficiency 

among initial chromium concentrations of 50, 75 and 100 mg/L with eluting time for  

5 hours were significant difference at 1, 3, 4 and 5 hours of eluting time  but  there 

was no significant difference at 2 hours of eluting time. 

At pH 4, the One-way ANOVA (LSD) statistical analysis at 

the 0.05 level of significance showed that the means of chromium removal efficiency 

among different initial chromium concentrations (50, 75 and 100 mg/L) were 

significant difference at the first hour of eluting time but  there was no significant 

difference at 2, 3, 4 and 5 hours of eluting time.  

At pH 6, the One-way ANOVA (LSD) statistical analysis at 

the 0.05 level of significance showed that the means of chromium removal efficiency 

among different initial chromium concentrations (50, 75 and 100 mg/L) were 

significant difference at 1, 3, 4 and 5 hours of eluting time but  there was no 

significant difference at 2 hours of eluting time. 

At pH 8, the One-way ANOVA (LSD) statistical analysis at 

the 0.05 level of significance showed that the means of chromium removal efficiency 

among different initial chromium concentrations (50, 75 and 100 mg/L) were no 

significant difference at the first hour of eluting time but  there was significant 

difference at 2, 3, 4 and 5 hours of eluting time. 
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4.4.3.2 Statistical  analysis of different initial nickel concentrations  

 The statistical analysis results of nickel removal efficiency at 

different eluting times in each experiment are shown in Appendix E and are 

summarized in Table 4.16. The data indicate that: 

The nickel removal efficiency at pH2 was not or less effective, 

thus, the comparison of the nickel removal efficiency among different initial nickel 

concentrations at pH 2 was not considered from the statistical analysis. 

At pH 4, the One-way ANOVA (LSD) statistical analysis at 

the 0.05 level of significance showed that the means of nickel removal efficiency 

among different initial nickel concentrations (50, 75 and 100 mg/L) were no 

significant difference at the first hour of eluting time but  there was significant 

difference at 2, 3, 4 and 5 hours of eluting time. 

At pH 6, the One-way ANOVA (LSD) statistical analysis at 

the 0.05 level of significance showed that the means of nickel removal efficiency 

among different initial nickel concentrations (50, 75 and 100 mg/L) were significant 

difference in every hours of eluting time.  

At pH 8, the One-way ANOVA (LSD) statistical analysis at 

the 0.05 level of significance showed that the means of nickel removal efficiency 

among different initial chromium concentrations (50, 75 and 100 mg/L) were 

significant difference at 2, 3, 4 and 5 hours of eluting time  but  there was no 

significant difference at first hour of eluting time.  
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Table 4.15   The One-way ANOVA statistical analysis results of chromium removal 

efficiency at different initial chromium concentrations at the ratio of 

chromium to nickel = 1:0 

 
Ratio of 

Cr : Ni 
pH Eluting time 

(hour) 

F-test P-value LSD 

1 83.369 0.002 50 ≠ 75 ≠ 100 

2 3.448 0.167  

3 40.076 0.007 50 ≠ 75 ≠ 100 

4 50.447 0.005 50,100 ≠ 75  

2 

5 154.832 0.001 50,100 ≠ 75 

1 22.429 0.016 50,100 ≠ 75 

2 12.29 0.408  

3 0.742 0.547  

4 0.315 0.752  

4 

5 0.013 0.987  

1 12.563 0.035 50,75 ≠ 100 

2 0.840 0.513  

3 26.557 0.012 50,100 ≠ 75 

4 10.697 0.043 50 ≠ 75,100 

6 

5 35.439 0.008 50 ≠ 75,100 

1 4.891 0.114  

2 16.214 0.025 50,100 ≠ 75 

3 44.982 0.006 50,100 ≠ 75 

4 22.986 0.015 50 ≠ 75,100 

1:0 

8 

5 52.241 0.005 50 ≠ 75 ≠100 

 

Note :    P-value < 0.05 is  significant difference,   ≠  means  significant difference 
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Table 4.16 The One-way ANOVA statistical analysis results of nickel removal 

efficiency at different initial nickel concentrations at the ratio of 

chromium to nickel = 0:1 

 
Ratio of 

Cr : Ni 
pH Eluting time 

(hour) 

F-test P-value LSD 

1 3.349 0.172  

2 40.567 0.007 50,75 ≠ 100 

3 116.086 0.001 50 ≠ 75 ≠ 100 

4 43.646 0.006 50 ≠ 75 ≠ 100 

4 

5 56.427 0.004 50 ≠ 75 ≠ 100 

1 504.130 0.000 50,75 ≠ 100 

2 239.680 0.000 50 ≠ 75 ≠ 100 

3 265.989 0.000 50 ≠ 75 ≠ 100 

4 92.513 0.002 50 ≠ 75 ≠ 100 

6 

5 85.202 0.002 50 ≠ 75 ≠ 100 

1 6.170 0.086 50,75 ≠ 100 

2 252.192 0.000 50 ≠ 75 ≠ 100 

3 44.380 0.006 50≠ 75, 100 

4 41.924 0.006 50≠ 75, 100 

0:1 

8 

5 25.732 0.013 50 ≠ 75 ≠ 100 

 

Note :    P-value < 0.05 is  significant difference,  ≠  means  significant difference 
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CHAPTER 5 

DISCUSSION 
 

 

5.1 Characteristics of fine coconut coir 

 

The surface areas and functional groups of untreated fine coconut coir and 

nitric acid modified fine coconut coir were investigated. The surface areas were 

studied by using Scanning Electron Microscope (SEM) and were shown in Figure 4.1 

in Chapter 4. The pictures indicated that nitric acid modified fine coconut coir had 

more irregular and porous surface than its untreated fine coconut coir. It was evident 

that the surface area of nitric acid modified fine coconut coir was higher than 

untreated fine coconut coir. Thus, it was expected that the adsorption of chromium 

(VI) and nickel (II) on modified fine coconut coir would be greater than the untreated 

fine coconut coir, and therefore made it suitable for removing heavy metals in 

wastewater. It could be concluded that the nitric acid modified coconut coir had more 

surface area than the untreated coconut coir and hence more adsorption sites to bind 

heavy metals.  

Furthermore,  the study of functional groups on untreated fine coconut coir 

and nitric acid modified fine coconut coir by Fourier Transform Infrared Spectrometer      

(FT-IR) indicated that fine coconut coir was composed of many functionalities, some 

functionalities consisted of polar groups which caused fine coconut coir to be 

positively or negatively charged. Hence, fine coconut coir had a high adsorption 

capacity for cations and anions. Moreover, the FT-IR analysis of nitric acid modified 

fine coconut coir did not show the functional groups of aromatic compounds and 

aromatic alcohols that were found in untreated fine coconut coir. Aromatic compounds and 

aromatic alcohols were the functional groups of lignin. Nitric acid may have reacted 

with the functional groups of lignin and therefore decreased the complexity of 

functional groups. Also, the effluent which passed  through the nitric acid modified 
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fine coconut coir packed in the column became colorless. This was due to the lignin 

pigment content became protonated and removed. Thus, the increasing efficiency of 

modified fine coconut coir for the heavy metals removal resulted from  the chemical 

structure adjustment.   

It could be concluded that the treatment of fine coconut coir with nitric acid  

increased the chromium (VI) and nickel (II) removals by changing the structure of the 

functional groups on the coconut coir surface. This led to the increasing number of 

available binding site and higher binding affinity and resulted in the higher chromium 

(VI) and nickel (II) removal efficiencies. 

These results were consistent with the hypothesis that the surface areas and the 

functional groups  of nitric acid modified fine coconut  coir and the untreated coconut 

coir were different. 

 

5.2 Effect of pH values on the chromium (VI) and nickel (II) removal efficiencies 

 

The continuous flow column packed with modified fine coconut coir was 

used to study the effect of pH values on the chromium (VI) and nickel (II) removal 

efficiencies. Simulated solutions at three different ratios of chromium (VI) to nickel 

(II) (1:0, 0:1 and 1:1) were investigated. The results showed that chromium (VI) and 

nickel (II) removal efficiencies were differently affected at various conditions. The 

details of experiment conditions are discussed as follows: 

 

5.2.1 Effect of pH values on the chromium (VI) removal efficiency 

The effect of pH values on the chromium (VI) removal efficiency was 

studied at the ratio of chromium (VI) to nickel (II) = 1:0 in three different initial 

chromium concentrations (50, 75 and 100 mg/L) by varying pH values of 2, 4, 6 and 

8, and by passing  simulated solution through the column for 5 hours. The results of 

chromium (VI) removal efficiency are presented in Table 4.1 to 4.3, and shown in 

Appendix D and illustrated in Figure 5.1 
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 (a) Chromium concentration  of 50 mg/L 

(b) Chromium concentration  of  75 mg/L 

(c) Chromium concentration  100 mg/L 

 

Figure5.1 Chromium (VI) removal efficiency at different chromium concentrations at 

the ratio of chromium (VI) to nickel (II) = 1:0  by varying pH values of 2, 

4, 6 and 8 and eluting time of 5 hours  
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The statistical analysis of chromium (VI) removal efficiency among 

different pH values indicated that the means of chromium (VI) removal efficiency in 

four different pH values were significant difference in every initial chromium 

concentrations. Thus, the results corresponded to the hypothesis which stated that the 

removal efficiency of modified fine coconut coir in removing chromium (VI) and 

nickel (II) in wastewater at different pH values are different. 

Figure 5.1 also showed that pH 2 was the optimum pH value for the 

chromium (VI) removal efficiency in every initial chromium concentrations. This 

result agreed with the previous studies (40,41,42) which reported that the optimum for 

the highest removal efficiency of chromium (VI) was pH 2. 

It can be explained that the pH value of solution strongly influences the 

adsorption because the metal ionic form and the ionic charge of various functional 

groups on the surface area of coconut coir depended on the pH. The variation in the 

adsorption capacity can be related to the type and amount of available adsorption site 

on the surface area of coconut coir that are responsible for interaction with metal ion 

and ionic form of chromium in solution at different pH values. Normally chromium 

(VI) exists in the anion form, as Cr2O7 
2-, HCrO4

- or CrO4
2- depending on pH value in 

the system and chromium concentration. The HCrO4
- form is the predominant species 

at in the low pH range, however, its concentration decreases sharply in solution with 

increasing pH. The form Cr2O7 
2- and CrO4

2- of chromium (VI) is stable at the higher pH 

range (40).  

The optimum pH for chromium removal was found to be 2, at which 

chromium (VI) existed mostly as the most easily adsorbed form, HCrO4
- which was 

the predominant species. This indicated that the adsorbent surface might be highly 

protonated which favor the uptake of chromium (VI) in the predominant anionic form 

(HCrO4
- ). Since increasing in the pH from 4 to 8, the degree of protonation of 

coconut coir surface reduced gradually and hence removal was decreased.   

 K.Selvaraj (41)found that under acidic condition, the surface of  the 

adsorbent became protonated and positive and therefore attracted the anionic species 

of chromium (VI). This attraction was primary electrostatic in nature. As the pH 

increased, the surface of the adsorbent became less positive and the electrostatic 

attraction between anionic species of chromium (VI) and the adsorbent surface was 
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reduced. Also, M.Rao, et.al (29) reported that low pH attributed to the large number of 

H+ ions which in turn neutralized the negatively charge adsorbent surface, thereby 

reducing hindrance to the diffusion of chromate ions. The decrease in the removal at 

high pH may be due to an increasing negative charge or the abundance of OH- ions on 

the adsorbent surface causing increased hindrance to the diffusion of chromate ions 

and accounted for a lower in the adsorption of chromium (VI). 

Also, Figure 5.1 showed that in the first two or three hours, the chromium 

removal efficiency at pH 2 was lower than at pH 4, 6 and 8 at every initial chromium 

concentrations. This result could be attributed to the possibility of the reduction of  the 

negative hexavalent chromium to the positive trivalent chromium. This relationship is 

shown in the following equation. (43) 

  HCrO4
-  + 7H+ + 3e-                                 Cr 3+ + 4H2O    

The studies of Sharma and Forster (43) indicated that trivalent chromium   

(Cr(III)) was not adsorbed or poorly adsorbed by these adsorbent, due to repulsion of 

the positive trivalent chromium (Cr 3+ ) by the positively charged active center on the 

adsorbent at this pH. Thus, trivalent chromium (Cr 3+ ) was eluted in the effluent.   The 

basic reason for such a unique behavior effected the chromium removal efficiency. The 

chromium removal efficiency at pH 2 was lower than pH 4, 6 and 8 because of 

chromium concentration remaining in the effluent was analyzed in the form of total 

chromium. This result was in agreement with the study of  Sharma and Forster (44)  

which stated that the maximum adsorption of hexavalent chromium on peat moss  was 

at pH 3 but total removal was not favored below this pH. Moreover, the chromium 

concentration loadings of initial chromium concentrations of 50, 75 and 100 mg/L at 

pH 2 were 1.98, 2.95 and 3.92 mg Cr / mg of modified coconut coir/ hour. Chromium 

concentration loadings of initial chromium concentrations of 50, 75 and 100 mg/L at 

pH 4 were 1.99, 3.10 and 3.98  mg Cr / mg of modified coconut coir/ hour. When 

comparing chromium concentration loading in every initial concentration between pH 

2 and pH 4 showed that chromium concentration loadings at pH 2 were not different 

but the trend of removal efficiency at pH 2 was better than at pH 4. Thus, it may be 

concluded that the optimum pH for chromium removal was found to be 2 

Figure 5.1 showed that the chromium removal efficiency at pH 2 was 

slightly decreased with increasing eluting time in every initial chromium 
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concentrations. This fact supported the evidence that at pH 2 the adsorbing medium 

had large numbers of available adsorption sites or active sites which were able to 

adsorbed molecules of chromium (VI). However, with increasing eluting time, the 

ratio of adsorption sites to chromium molecules was decreased, and thereby decreased 

the chromium removal efficiency.  

 

5.2.2 Effect of pH values on the nickel (II) removal efficiency 

The effect of pH values on the nickel (II) removal efficiency was studied at 

the ratio of chromium (VI) to nickel (II) = 0:1 in three different initial nickel concentrations 

by varying pH values at 2, 4, 6 and 8. Simulated solution was allowed  to pass through the 

column for 5 hours. The results of the nickel (II) removal efficiency are presented in Table 

4.4 to 4.6, are shown in Appendix D and illustrated in Figure 5.2 

The statistical analysis showed that the means of nickel (II) removal 

efficiency at different pH values were significant difference in every initial chromium 

concentrations. Thus, the results seemed to be consistent with the hypothesis  which 

stated that the removal efficiency of modified fine coconut coir in removing chromium 

(VI) and nickel (II) in wastewater at different pH values was different. 

Figure 5.2 showed the comparison of nickel (II) removal efficiency at 

various initial pH values. The data clearly demonstrated  that the trend of nickel (II)  

removal efficiency at pH 2 was not favorable but that the nickel (II)  removal 

efficiencies at pH 4, 6 and 8 were much better. The nickel (II)  removal efficiencies at 

pH 4, 6 and 8  were similar and there was little variation in the removal efficiencies. 

This result agreed with the previous studies (8,9,29) which reported that the nickel (II) 

could not be removed at pH lower than  3.  

The resulted indicated that pH values had influence on the surface 

binding site of the coconut. At low pH value, the surface of the adsorbent contained 

protons (H+ ) that repelled the positively charged nickel cation. Thus, pH 2 was not 

effective for nickel (II) removal, the efficiency was lowest. In contrast, at higher pH, 

more functional group on the surface of the adsorbent were available for binding with 

the metal, since there were less hydronium ions and therefore, the divalent nickel 

cation was able to replace the protons on the adsorption site of coconut coir. Hence, 

the nickel (II) removal efficiency was higher at higher pH value. 



 Fac. of Grad. Studies, Mahidol Univ.                M.Sc. (Technology of Environmental  Management)/ 75

 

(a) Nickel(II) concentration of  50 mg/L 

 

        (b)   Nickel(II) concentration of  75 mg/L 

           (c)   Nickel(II) concentration of  100 mg/L 

 

Figure5.2  Nickel (II) removal efficiency at different initial nickel (II) concentrations 

at  the ratio of chromium (VI) to nickel (II) = 0:1  by varying pH values at 

2, 4, 6 and 8 for eluting time of up to 5 hours  
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Moreover, Figure 5.2 showed that in the first hour, the nickel (II) 

removal efficiency of initial nickel concentrations of 50 and 75 mg/L at pH 2 were 

less effective. It was also found that at the eluting time of 2, 3, 4 and 5 hours, the 

nickel concentrations remaining in the effluent   increased continuously more than the 

initial nickel concentration. This finding may be due to some nickel ions that were 

adsorbed in the first hour were released or leached from the surface area of the coconut 

coir into the solution according to reverse adsorption and hence nickel ions were 

regenerated.  

 

5.2.3 Effect of pH values on the chromium (VI) and nickel (II) removal efficiencies 

The effect of pH values on the chromium (VI) and nickel (II) removal 

efficiencies was investigated in a binary system of chromium (VI) and nickel (II)  1:1. 

Initial chromium(VI) and nickel (II) concentrations of 50:50 mg/L were used and pH 

values were varied at 2, 4, 6 and 8 and the data were recorded for 5 hours. The results 

of chromium (VI) and nickel (II) removal efficiencies are presented in Tables 4.7 and 

4.8 and shown in Appendix D and illustrated in Figure 5.3 

The statistical analysis showed that the means of chromium (VI) 

removal efficiency at different pH values in initial chromium (VI) and nickel (II)  

concentrations of 50:50 mg/L were significant difference. Thus, the results are consistent 

with the hypothesis that the removal efficiencies of modified fine coconut coir in removing 

chromium (VI) and nickel (II) in wastewater at different pH values were different. 

The statistical analysis showed that the means of nickel (II) removal 

efficiency at different pH values in initial chromium (VI) and nickel (II)  

concentrations of 50:50 mg/L was significant difference. Thus, the results are consistent 

with the hypothesis that the removal efficiencies of modified fine coconut coir in removing 

chromium (VI) and nickel (II) in wastewater at different pH values were different. 

Figure 5.3 showed clearly that the chromium (VI) removal efficiency 

at pH 2 was initially high but decreased with increasing eluting time. The chromium 

(VI) removal efficiency at pH 4, 6 and 8 remained high and constant with time. 

However, the nickel (II)  removal efficiency at pH 2 was less effective, but effective at 

higher pH. 
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            (a)   Chromium (VI) removal efficiency 

 

 

(b)   Nickel (II) removal efficiency 

 

 

Figure 5.3 Chromium (VI) and nickel (II) removal efficiencies at the ratio of  

chromium (VI) to nickel (II) = 1:1 and initial concentrations of 50:50 

mg/L by varying pH values to 2, 4, 6 and 8  
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The results indicated  that the presence of nickel (II) did not affected 

the chromium (VI) removal efficiency, since the ionic forms of chromium (VI) were 

negatively charged  (Cr2O7 
2-, HCrO4

- or CrO4
2- depending on the pH values of the 

system) and the ionic form of nickel (II) was the cationic  (Ni2+), so chromium (VI) 

and nickel (II) were adsorbed on the different adsorption sites of coconut coir. The 

results suggested that the influence of diverse ions was very small, and was similar to 

the studies of J.S. Melo et al.(45) which found that other metal cations such as Cu 2+, 

Cd 2+, Ca 2+and Ca 2+ and Na 2+  did not interfere with chromium (VI)  binding, and 

that chromium (VI) removal efficiency was  found to be not affected by the presence 

of diverse ions. 

This results  showed that the coconut coir was composed of many 

constitutes, some constitutes consisted of polar functional groups which caused the 

coconut coir to be positvely or negatively charged and acting as cation and anion 

exchangers. Hence, the surface of coconut coir had a high adsorption capacity for 

cation and anion ion  which could be used effectively for the removal of chromium 

(VI) and nickel (II) in wastewater. 

 

5.3 Effect of eluting times on the chromium (VI) and nickel (II) removal efficiencies 

The results of simulated solution experiments at different ratios of 

chromium (VI) to nickel (II) (1:0, 0:1 and 1:1) and initial chromium concentrations of 

50,75 and 100 mg/L, initial nickel concentrations of 50,75 and 100 mg/L and  initial 

chromium and nickel concentrations of 50:50 mg/L were shown in Tables 4.1 to 4.8 

and illustrated in Figure 5.1 to 5.3.  

The Figures showed that the chromium (VI) and nickel (II) removal 

efficiencies were high in the first hour of eluting time in all cases. This meant that  

there was rapid removal at the beginning, but the removal efficiency decreased with 

time. Therefore, eluting time affected the chromium (VI) and nickel (II) removal 

efficiencies. 

This observation was in agreement with the previous studies (9,31,41) that 

showed initially the adsorption sites were rapidly available but with time and  as the 

surface adsorption sites become exhausted, the chromium (VI) and nickel (II) removal 

efficiencies were decreased.  
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The statistical analysis of the effect of eluting times on the chromium (VI) 

and nickel (II) removal efficiencies in all experiment in simulated solution was shown 

in Appendix E and summarized in Tables 4.12 of Chapter 4. The data indicated that 

the means of chromium (VI) and nickel (II) removal efficiencies at different eluting 

times in all experiment were  significant difference. Thus, the results seemed to be 

consistent with the hypothesis which stated that the chromium (VI) and nickel (II) 

removal efficiencies decreased with increasing eluting time. 

 

5.4 Effect of initial chromium (VI) and nickel (II) concentrations on the 

chromium (VI) and nickel (II) removal efficiencies 

 

5.4.1 Effect of initial chromium (VI) concentration on the chromium 

(VI) removal efficiency 

The effect of initial chromium (V) concentration on the chromium (VI)  

removal efficiency was carried out at the ratio of chromium (VI) to nickel (II) 1:0 and 

different chromium concentrations. The initial chromium concentrations were varied 

at 50, 75 and 100 mg/L. The comparison of chromium (VI) removal  efficiency among 

different concentrations in the same pH were illustrated in Figure 5.4. 

The statistical analysis of effect of chromium (VI) concentrations on 

the chromium (VI) removal efficiency at different chromium concentrations in the 

same pH indicated that the means of chromium (VI) removal efficiency at different 

chromium (VI) concentrations at pH 2 and 6 were significant difference. Thus, the results 

were consistent with the hypothesis which stated that the chromium (VI) removal 

efficiency decreased as the chromium concentration increased. Therefore, at high 

initial chromium(VI) concentrations, the available adsorption sites became saturated 

and the removal efficiency decreased. At low initial chromium(VI) concentration, the 

ratio of the adsorption sites on the surface of coconut coir to the total chromium(VI) 

was high, hence, all chromium(VI) were adsorbed and removed. 
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(a)   Chromium (VI) removal efficiency at pH 2 

 

(b)   Chromium (VI) removal efficiency at pH 4 

 

 

Figure 5.4 Chromium (VI) removal efficiency at the ratio of chromium (VI) to nickel 

(II) = 1:0 among different initial chromium concentrations of 50, 75 and       

100 mg/L at the same pH.  
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(c)   Chromium (VI) removal efficiency at pH 6 

 

(d)   Chromium (VI) removal efficiency at pH 8 

 

 

Figure 5.4   (continued) The comparison of chromium (VI) removal efficiency at the 

ratio of chromium (VI) to nickel (II) = 1:0 among different initial 

chromium concentrations  of 50, 75 and 100 mg/L at the same pH  
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However, the statistical analysis of chromium (VI) removal efficiency 

at pH 2  found  that the chromium (VI) removal efficiency at the initial chromium (VI) 

concentrations of 50 mg/L was not significantly different than at the initial chromium 

(VI) concentrations of 75 mg/L. Also, the statistical analysis of chromium (VI) removal 

efficiency at pH 6 found that the chromium (VI) removal efficiency at the initial 

chromium (VI) concentrations of 75 mg/L was not significantly different than at the 

initial chromium (VI) concentrations of 100 mg/L. This meant that at pH 2, the 

adsorption capacity of coconut coir for chromium (VI) at the initial chromium (VI) 

concentrations of 50 mg/L was equal to that of the initial chromium (VI) concentrations 

of 75 mg/L. Also, at pH 6, the adsorption capacity of coconut coir for chromium (VI) at 

the initial chromium (VI) concentrations of 75 mg/L was equal to that of the initial 

chromium (VI) concentrations of 100 mg/L. 

Figure 5.4 (b) showed that the comparison of chromium (VI) removal  

efficiency among different initial concentrations at pH 4 was not significantly different. 

The statistical analysis of the effect of chromium (VI) concentrations on the chromium 

(VI) removal efficiency at different chromium concentrations at pH 4 was not 

significant difference. Thus, the results seemed to be inconsistent with the hypothesis 

which stated that the chromium (VI) removal efficiency decreased as the  chromium 

concentration increased. It seemed that at low pH, chromium (VI) can be reduced to 

chromium (III) according to the equation. 

 

                   Cr2O7 
2- + 14H+ + 6e -                      2Cr 3+ + 7H2O 

The equation indicated that when the chromium (VI) concentration was 

high, the amount of chromium (III) should also be high. Chromium (III) would bind 

with different function groups of coconut coir because chromium (III) was cationic 

but chromium (VI) was anionic. Therefore, it can be concluded that the chromium 

(VI) removal efficiency was not different as the initial chromium (VI) concentrations 

increased.  

Figure 5.4 (d) showed that  the chromium (VI) removal  efficiency at pH 8 

at different initial chromium concentrations was significantly different. Also, the chromium 

(VI) removal efficiency at initial chromium concentrations of 100 mg/L was significantly 

higher than that of 75 mg/L. This result contrasted with the fact that the available adsorption 
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sites were less accessible at higher concentrations, since as chromium molecules were 

quickly adsorbed on the surface of the adsorbent, available adsorption sites became 

rapidly decreased, and the chromium (VI) removal  efficiency also decreased. This 

might be because it was found that at the initial chromium concentrations of 100 mg/L, 

less volume of the solution passed through the column. Therefore, the contact time with the 

adsorbent was longer in the case of the initial chromium concentrations of 100 mg/L and the 

chromium (VI) removal efficiency was higher than the initial chromium concentrations of  75 mg/L. 

 

5.4.2 Effect of initial nickel (II) concentrations on the nickel (II) removal efficiency 

The effect of the initial nickel (II) concentrations on the nickel (II) 

removal efficiency was carried out at the ratio of chromium (VI) to nickel (II) 0:1. The 

initial nickel concentrations were varied at 50, 75 and 100 mg/L. The comparison of 

nickel (II) removal efficiency among different initial concentrations in the same pH 

was illustrated in Figure 5.5. The data at pH 2 was not considered because of the 

nickel (II) removal efficiency at this pH was not effective. 

 The statistical analysis of nickel (II) removal  efficiency among 

different nickel (II)  concentrations at 0.05 of significance revealed that the means of 

nickel (II)  removal efficiency at the same pH of 4, 6 and 8 were  significantly 

different among  three nickel (II)  concentrations. Thus, the results agreed with the 

hypothesis that the nickel (II) removal efficiency decreased as nickel (II) 

concentration increased. 

 This result was similar to the previous study(7,8,29). This meant that  

in general all adsorbent had limited number of available adsorption sites or active sites 

and were able to adsorbed molecules of adsorbate. At higher nickel concentration, 

most nickel molecules were quickly adsorbed on the surface area of adsorbent. 

Therefore, the available adsorption sites of coconut coir at higher concentration of 

nickel decreased more rapidly than  at lower concentration, so the nickel (II) removal 

efficiency decreased as the nickel (II) concentration increased. 
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       (a) Nickel (II)   removal efficiency at pH 4 

(b) Nickel (II) removal efficiency at pH 6 

(c) Nickel (II)  removal efficiency at pH 8 

Note: The nickel (II)  removal efficiency at pH 8 at the first hour of eluting time was not detected 

 

Figure 5.5 The comparison of nickel (II) removal efficiency at the ratio of    

chromium (VI) to nickel (II) = 0:1 among different initial nickel (II)   

concentrations of 50, 75 and 100 mg/L at the same pH  
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5.5 The efficiency of modified fine coconut coir for chromium (VI) and nickel (II) 

removal in industrial electroplating wastewater 

 

The chromium (VI) and nickel (II) removal efficiencies in industrial 

electroplating wastewater were studied by adjusting the pH values of wastewater  at 2 

and 6 since the study of chromium (VI) and nickel (II) removal efficiencies in 

simulated solution indicated that pH 2 was the optimum pH value for chromium (VI) 

removal and pH 6 was the optimum pH value for nickel (II) removal. The results of 

chromium (VI) and nickel (II) removal efficiencies at pH 2 and pH 6 were shown in 

Appendix D, Table 4.10 in Chapter 4 and illustrated in Figure 5.6 

Figure 5.6 showed that at pH 2, the chromium (VI) removal efficiency  was 

higher than nickel (II) removal efficiency and chromium (VI) removal efficiency was 

significantly decreased after 4 hours of eluting time. Whereas, at pH 6, the chromium 

(VI) removal efficiency   was lower than nickel (II) removal efficiency. 

 

Figure 5.6 The chromium (VI) and nickel (II) removal efficiencies in industrial  

electroplating wastewater at pH 2 and pH 6 
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The results indicated that the direct comparison of the chromium (VI) and 

nickel (II) removal efficiencies in simulated solution and industrial electroplating 

wastewater was difficult due to the difference in the ratio of chromium (VI) and nickel 

(II) concentrations. However, when comparing the pattern of the chromium (VI) and 

nickel (II) removal efficiencies in simulated solution and industrial electroplating 

wastewater, it was observed that the pattern of the chromium (VI) and nickel (II) 

removal efficiencies in industrial electroplating wastewater at pH 2 and   pH 6 was 

similar to the pattern of the chromium (VI) and nickel (II) removal efficiencies in 

simulated solution. But the chromium (VI) and nickel (II) removal efficiencies in 

electroplating wastewater were less than in simulated solution. This was due to 

chromium (VI) and nickel (II) concentrations of  simulated solution was more than in 

electroplating wastewater. The industrial electroplating wastewater contained other 

ions and impurities that could competitively bind to coconut coir, in which a 

hindrance to the chromium (VI) and nickel (II) adsorption might occur as compared to 

the simulated solution which had only chromium (VI) and nickel (II) ions. 
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 CHAPTER 6 

CONCLUSION AND RECOMMENDATION 
 

6.1 Conclusion 

 

This study investigated the characteristics of modified fine coconut coir and 

the efficiency of modified fine coconut coir for the removal of chromium (VI) and 

nickel (II) in simulated solution and in industrial electroplating wastewater. The 

surface areas and functional groups of untreated fine coconut coir and modified fine 

coconut coir were studied by Fourier  Transform  Infrared  Spectrometer ( FT-IR ) 

and Scanning  Electron  Microscope ( SEM ). The effect of pH values, eluting times 

and initial concentrations for the removal of chromium (VI) and nickel (II) were studied 

in simulated solution. The results of these experiments can be concluded as follows: 

 

6.1.1 Characteristic of fine coconut coir 

 

6.1.1.1 The surface of modified fine coconut coir was more porous 

than that of untreated fine coconut coir. 

6.1.1.2 The functional groups on the surface of untreated fine 

coconut coir were alkyl group, hydroxyl or amino compound, aliphatic alcohol, 

aromatic groups and aromatic alcohol. 

6.1.1.3 The functional group on the surface area of modified fine 

coconut coir were alkyl group, (general, hydroxy or possibly amino substituent), 

hydroxyl or amino compounds and aliphatic alcohol. 

 

6.1.2The chromium (VI) and nickel (II) removal efficiencies of 

modified fine coconut coir in simulated solution 

 

6.1.2.1 The optimum pH value for the removal of chromium (VI) was  2. 

6.1.2.2 The optimum pH value for the removal of nickel (II) was  6. 
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6.1.2.3 The nickel (II) removal efficiency at pH 2 was not favorable. 

6.1.2.4 The removal efficiency of modified fine coconut coir in 

removing chromium (VI) and nickel (II) in wastewater at different pH values were different. 

6.1.2.5 The presence of nickel (II) had not or very little affected the 

chromium (VI) removal efficiency. 

6.1.2.6 The presence of chromium (VI) had not or very little 

affected the nickel (II) removal efficiency. 

6.1.2.7 The chromium (VI) and nickel (II) removal efficiencies 

were decreased as the eluting time increased. 

6.1.2.8 The chromium (VI) and nickel (II) removal efficiencies 

were high in first hour of eluting time in all cases. 

6.1.2.9 The chromium (VI) removal efficiency at different initial 

chromium concentrations was different in each pH value. 

6.1.2.10 The nickel (II) removal efficiency decreased as the nickel 

(II) concentration increased. 

 

6.1.3The chromium (VI) and nickel (II) removal efficiencies of modified 

fine coconut coir in industrial electroplating wastewater 

 

6.1.3.1  The chromium (VI) removal efficiency at pH 2 was higher 

than nickel (II) removal efficiency  

6.1.3.2  The chromium (VI) removal efficiency at pH 6 was lower 

than nickel (II) removal efficiency. 

6.1.3.3  The trend of the chromium (VI) and nickel (II) removal 

efficiencies  in industrial electroplating wastewater at pH 2 and pH 6  was similar to 

the trend of the chromium (VI) and nickel (II) removal efficiencies in simulated solution. 
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6.2  Recommendation 

 

6.2.1 The efficiency of modified fine coconut coir for removing other heavy 

metal (such as Zn, Ag and Cu) in industrial electroplating wastewater and at higher 

concentration should be studied. 

6.2.2 The eluting times should be investigated more extensively (more than              

5 hours) studied to observe the exact breakthrough time and to obtain the optimum eluting time. 

6.2.3 The chromium(VI) removal efficiency at other pH values in range of   

1-4 should be studied to obtain the exact optimum pH value because chromium(VI) 

removal efficiency at pH 2 was the optimum pH value in this study but chromium(VI) 

removal efficiency at pH 2 and 4 was very close.   

6.2.4 The adsorption capacity of modified fine coconut coir for the removal of 

heavy metal should be studied to know the maximum amount of chromium(VI) and 

nickel(II) removed from wastewater by modified fine coconut coir. 

6.2.5 The chromium concentration remaining in the effluent should be 

analyzed for trivalent and hexavalent chromium to find out the exact trivalent and 

hexavalent chromium removal efficiency because of at low pH, the hexavalent 

chromium can be reduced to trivalent chromium. 

6.2.6 The cost-effectiveness of the method of the removal of heavy metal 

using modified fine coconut coir  should be studied to obtain the primary data to know 

the  probability in the removal of heavy metal using modified fine coconut coir. 

6.2.7 The regeneration of modified fine coconut coir using suitable 

eluting agents (such as nitric acid and sodium hydroxide), the heavy metal recovery 

and cost-effectiveness should be investigated as the adsorbent can be regenerated. 

6.2.8 The other methods of chemical modification of the adsorbent 

(such as formaldehyde and dye) should be studied because chemical modification 

affected the surface areas and functional groups of adsorbent.  

6.2.9 The stabilization of modified fine coconut coir after the 

adsorption process (such as the solidification method) should be investigated because 

the toxic chromium (VI) and nickel (II) could contaminate  the environment. 



 Suthasinee   Junsavang                                                                                                      References/ 90 

REFERENCES 

 

1. สถาบันพัฒนาและฝกอบรมโรงงานตนแบบ. รายงานฉบับสมบูรณโครงการพัฒนาตนแบบ
ระบบกําจัดอากาศเสียและน้ําเสียจากกระบวนการชุบโลหะขนาดเล็ก. มหาวิทยาลัยพระ
จอมเกลาธนบุรี; 2542. 

2. ประกาศกระทรวงอุตสาหกรรม ฉบับที่  2  (พ.ศ. 2539) ออกความตามพระราชบัญญัติโรงงาน 
พ.ศ. 2535  เรื่อง  กําหนดคุณลักษณะของน้ําทิ้งที่ระบายออกจากโรงงาน. 

3. วิลาวัณย  จึงประเสริฐ , สุรจิตสุนทรธรรม. อาชีวเวชศาสตร  ฉบับพิษวิทยา. โครงการตํารากรม
อนามัย กระทรวงสาธารณสุข สมาคมอนามัยแหงประเทศไทย; 2542. 

4. Luigi  Parreggiani. Encyclopaedia of occupational health  and safety volume1    A–

K .3rd ed. Geneva International labour office;1983. 
5. Luigi  Parreggiani. Encyclopaedia of occupational  health and  safety  volume 2   

L-Z .3rd  ed. Geneva  International labour  office; 1983. 
6. วินัย สมบูรณ , ฉัตรชัย สิทธางมนต, ณัฐพร เพิ่มกสิกรณ  , จิราพรรณ ประภาพรสุข. การใชวัสดุ

ธรรมชาติในการบําบัดโลหะในน้ํา : ตอนที่ 1 ความสามารถและประสิทธิภาพในการ
บําบัด. วารสารวิจัยสภาวะแวดลอม  2533;12(1):58-74. 

7. Low  KS , Lee  CK  , Lee  AC. Removal  of  metal  from  electroplating  wastes 

using  banana pith. Biores.  Tech. 1995; 51: 227 - 231. 
8. Maranon E , Sastre H. Heavy  metal  in  packed  beds  using  apple  waste . Biores. 

Tech. 1991; 38: 39 – 43. 
9. ฉวีพันธ ทรงเกียรติกุล.การกําจัดตะกัว่และนิกเกิลจากน้าํเสียโดยใชขี้เล่ือย [วิทยานพินธปริญญา

วิทยาศาสตรมหาบัณฑิต สาขาวิชาเทคโนโลยีส่ิงแวดลอม]. กรุงเทพมหานคร :  บัณฑิต
วิทยาลัย  มหาวิทยาลัยมหิดล;  2532. 

10. วไลลักษณ  เชิดสุข . การนําโลหะนิกเกิลจากน้ําลางชิ้นงานที่ผานการชบุโลหะกลับมาใชใหม
โดยแกลบ[วิทยานิพนธปริญญาวิทยาศาสตรมหาบัณฑิต สาขาวิชาเทคโนโลยีชีวภาพ]. 
กรุงเทพมหานคร : มหาวิทยาลัยเทคโนโลยีพระจอมเกลาธนบุรี;  2544. 

11. กรมสงเสริมการเกษตร. พืชเศรษฐกิจที่สําคัญ. สถานการณพืชเศรษฐกิจ: มะพราว [online]. 
กรมสงเสริมการเกษตร.Available from: 
http://www.doae.go.th/plant/coconut.htm. [Accessed 2003  July  7]



 Fac. of Grad. Studies, Mahidol Univ.                M.Sc. (Technology of Environmental  Management)/ 91

12. สโรชา เจริญวัย.การพัฒนาตนแบบแผนชิ้นไมอัดจากเปลือกทุเรียนและมะพราวที่คา
สัมประสิทธิ์การนําความรอนต่ํา [วิทยานิพนธปริญญาวิศวกรรมศาสตรมหาบัณฑิต 
สาขาวิชาเทคโนโลยีพลังงาน  คณะพลังงานและวัสดุ].  กรุงเทพมหานคร: สถาบัน
เทคโนโลยีพระจอมเกลาธนบุรี;  2543. 

13. สุดใจ  จําปา. การกําจัดน้ําทิ้งจากโรงงานชุบโลหะ. เอกสารประกอบการอบรมเจาหนาที่ของ
โรงงานชุบโลหะจากการนิคมอุตสาหกรรมในเขตกรุงเทพมหานคร; 2524. 

14. Thailand  Institute of Scientific and Technological Research (TISTR). Recovery  of 

heavy metal  from electroplating waste. Report Submited to UNEP; 1982. 

15. สุชาดา ไชยสวัสดิ์ และคณะ, รายงานฉบับสมบูรณการศึกษาคุณสมบัติน้ําทิ้งในโรงงานชุบ
โลหะ. ไดรับทุนอุดหนุนจากคณะกรรมการวิจัยแหงชาติ งบประมาณประจําป  2542. 

16. วลัยรัตน  จันทรวงศ. การบําบัดน้ําเสียโรงงานชุบโลหะ .วารสารวิชาการพระจอมเกลาพระ
นครเหนือ  2542;9(2):4 - 8.  

17. Tan  WT ,   Ooi  ST , Lee  CK.  Removal  of  chromium  (VI)  from  solution  by   

coconut husk  and  palm  fibres.  Env. Tech.  1993; 14 : 277 – 282. 

18. เฮเลน  อารมณดี. ชุบโลหะ. วารสารโรงงาน  2536;12:49-51. 
19. Weed  CW , Holiday  AK. Inorganic  chemistry. 3 rd ed. United  states of  

America : Butter worth; 1967. 

20. Nicholas  P.  Cheremisinoff , Paul  N.  Cheremisinoff.  Water  treatment  and  

waste recovery :advanced  technology  and  applications. New  Jersey : A 

Simen & Schuster  Company; 1993. 

21. มั่นสิน  ตัณฑุลเวศม.วิศวกรรมการประปา เลม 2  . กรุงเทพมหานคร : สํานักพิมพจุฬาลงกรณ
มหาวิทยาลัย; 2527. 

22. Samuel  D. Farst , Osman  M.  Aly.  Chemistry  of  water  treatment. United  

states of  America : Ann  Arbor  Science; 1983. 

23. วิวรรณ  ขจรเกียรติกุล. การใชถังกรองดูดซับในการบําบัดสีจากน้ําเสียโรงงานฟอกยอมสิ่งทอ
ในการบําบัดขั้นสุดทาย  [วิทยานิพนธปริญญาวิศวกรรมศาสตรมหาบัณฑิต  สาขาวิชา
เทคโนโลยีส่ิงแวดลอม].กรุงเทพมหานคร:สถาบันเทคโนโลยีพระจอมเกลาธนบุรี; 2538. 

24. ปราณี  สถิรพิพัฒนกุล.การผลิตอาซีโตน – บิวทานอลจากผักตบชวาที่ถูกยอยสลายดวย
เอ็นไซม [วิทยานิพนธปริญญาวิทยาศาสตรมหาบัณฑิต]. กรุงเทพมหานคร : บัณฑิต
วิทยาลัย  จุฬาลงกรณมหาวิทยาลัย ; 2532. 



 Suthasinee   Junsavang                                                                                                      References/ 92 

25. ขจรศักดิ์  โกศลมนตรี .  การนําโลหะนิกเกิลกลับมาใชใหมโดยใชเรซินแลกเปลี่ยนไอออนที่
ทําจากผักตบชวา [วิทยานิพนธปริญญาวิศวกรรมศาสตรมหาบัณฑิต สาขาวิศวกรรม
สุขาภิบาล].  กรุงเทพมหานคร :  บัณฑิตวิทยาลัย  จุฬาลงกรณมหาวิทยาลัย ; 2538. 

26. รัชนี  จิตตวานิช.  เครื่องใชจากมะพราว.  กรุงเทพมหานคร : สํานักพิมพโอเดียนสโตร ; 2532. 
27. พานิชย  ยศปญญา. มะพราวพืชสารพัดประโยชน. กรุงเทพมหานคร:สํานักพิมพมติชน ; 2544. 
28. Odozi  TO , Okeke S , Lartey RB. Studies  on  binding  metal  ions  with 

polymerized corn cob and a composite resin with sawdust and onion skin. 

Agri. Wastes.  1985;12: 13 – 21. 
29. Rao  M. , Parwate  AV , Bhole  AG. Removal  of  Cr 6+  and  Ni 2+  from  aqueous 

solution using  bagasses  and  fly  ash.  Waste  Management. 2002; 22: 821-830. 
30. เกศสุชา  พูลคํา .  การกําจัดโลหะหนักโดยการใชเรซินแลกเปลี่ยนไอออนที่ทําจากชานออย

และผักตบชวา [วิทยานิพนธปริญญาวิศวกรรมศาสตรมหาบัณฑิต  สาขาวิศวกรรม
ส่ิงแวดลอม]. กรุงเทพมหานคร: บัณฑิตวิทยาลัย  จุฬาลงกรณมหาวิทยาลัย; 2539. 

31. จิราพร  ชยาภิวัมน.  การกําจัดโครเมียมในน้ําเสียสังเคราะหโดยการดูดซับดวยเสนใยปาลม  
[วิทยานิพนธปริญญาวิทยาศาสตรมหาบัณฑิต สาขาวิชาสุขาภิบาลสิ่งแวดลอม].
กรุงเทพมหานคร : บัณฑิตวิทยาลัย  มหาวิทยาลัยมหิดล; 2542. 

32. ดวงกมล  พรหมสุวรรณ.  การกําจัดโครเมียมและนิกเกิลจากน้ําเสียโดยใชเสนใยปาลมปรับ
สภาพ [วิทยานิพนธปริญญาวิทยาศาสตรมหาบัณฑิต สาขาวิชาเทคโนโลยีส่ิงแวดลอม].  
กรุงเทพมหานคร : บัณฑิตวิทยาลัย  มหาวิทยาลัยมหิดล; 2541. 

33. Baes  AU , Umali  JP , Mercado  RL. Ion  exchange  and  adsorption  of  some  

heavy metals in a  modified coconut coir  cation exchanger. Wat. Sci. Tech. 

1996 ; 34 : 193 – 200. 
34. Low  KS , Lee  CK , Wong  SL.Effect  of  dye  modification  on  the  sorption  of  

Cu  by  coconut  husk.  Env.  Tech.  1995; 16: 877 – 883. 
35. จารุทัศน  มิลินทะเลข, นภฉัตร  ธารีลาร. การศึกษาความเหมาะสมของการเลือกใชเศษพืช

แหงและถานไมในการนําไปใชบําบัดโลหะหนักจากน้ําทิ้งอุตสาหกรรม. หนังสือวิจัย
สําหรับหลักสูตรวิทยาศาสตรบัณฑิต สถาบันเทคโนโลยีพระจอมเกลาธนบุรี; 2534. 

36. ประกฤต  เลิศจรัสอรามดี. การกําจัดตะกั่วและปรอทในน้ําเสียสังเคราะหดวยการใชขี้เล่ือย 
ฟางขาวและขุยมะพราว [วิทยานิพนธมหาบัณฑิตสหสาขาวิชา วิทยาศาสตรสภาวะ
แวดลอม].  กรุงเทพมหานคร :  บัณฑิตวิทยาลัย  จุฬาลงกรณมหาวิทยาลัย; 2539. 



 Fac. of Grad. Studies, Mahidol Univ.                M.Sc. (Technology of Environmental  Management)/ 93

37. สุจิน  มาลานุสรณ , สุมาลี  สถิตชัยเจริญ .  การปรับปรุงพืชแหงเพื่อกําจัดโลหะหนักจากน้ําทิ้ง
โรงงานชุบโลหะ.หนังสือวิจัยสําหรับหลักสูตรวิทยาศาสตรบัณฑิต  สถาบันเทคโนโลยี
พระจอมเกลาธนบุรี; 2531. 

38. Eaton A.D., Clesceri L.S. and Greenberg A.E. Standard Method for the 

Examination of water and wastewater. 19th edition. Washigton D.C.: 

American Public Health Association ; 1995.  
39. เปรมใจ  ตรีสรานุวัฒนา , สมบูรณ  สุขพงษ.  หลักสถิติ 2 วิธีวิเคราะหและการวางแผนการ

ทดลองเบื้องตน. ภาควิชาสถิติ  คณะวิทยาศาสตร  มหาวิทยาลัยเกษตรศาสตร; 2527. 
40. Nadhem K. H. , Xiao D.C. , Mohammed M.F. and Max G.Q. Adsorption kinetics 

for the removal of chromium(VI) from aqueous solution by adsorbents 

derived from used tyres and sawdust. Chemical Engineering Journal. 2001; 

84: 95-105. 
41. K.Selvaraj, S.Manonmani and S.Pattabhi. Removal of hexavalent chromium using 

distillery sludge. Biores. Tech. 2003; 89: 207-211. 
42. Sonia A.D. and John M.T. Uptake of chromium cations and anions by milled 

peat. Resources, Conservation and Recycling. 1999; 27: 151-156. 
43. Sharma D.C. and Forster C.F. A preliminary examination into the adsorption of hexavalent 

chromium using low-cost adsorption. Biores. Tech. 1994; 47: 257-264. 
44. Sharma D.C. and Forster C.F. Column studies into the adsorption of  chromium 

(VI) using sphagnum mosspeat. Biores. Tech. 1995; 52: 261-267. 
45. Melo J.S. and D’Souza S.F. Removal of chromium by mucilaginous seeds of 

Ocimum basilicum. Biores. Tech. 2004; 92: 151-155. 
 

 



 

 

Suthasinee   Junsavang                                                                                                      Appendix A/ 94 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A  

EXPERIMENTAL  APPARATUS 
 

 

 

 

 

 

 

 

 

 

 

 



 

 

Fac. of Grad. Studies, Mahidol Univ.             M.Sc. (Technology of Environmental  Management)/ 95 

 

 
 

 

Figure A-1   Experimental Operating 
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Figure A-2   Modified fine coconut coir  
 

 
 

Figure A-3   Modified fine coconut coir 

Water pump 

Glass fiber 

Effluent samples were collected 
every hour for  5 hours 

Modified coconut coir 
Size  0.850 cm. 
Weight  23.0 g. 
Depth   60 cm. 

  Glass fiber + glass bead 
Internal diametre 
2.5 cm. 

Pump valve 
Flow rate 5 ml/min 
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The Analysis of the Heavy Metal Concentration Using Nitric acid – hydrochloric Acid 

Digestion Method 

 
Take 100 ml of water sample to beaker 

 

Add 3 ml of conc.HNO3 

 

Place beaker on the hot plate 

 

Evaporate to less than 5 ml and cool 

 

Add 5 ml of conc. HNO3 

 

Cover container with a watch glass 

 

Place beaker on the hot plate 

(increase temperature of hot plate so that a gentle reflux action occurs) 

 

evaporate to less than 5 ml   

(until digestive is light in color) 

 

                                                                             cool  

 

add 5 ml of 6M HCL 

 

heat at 950C with 15 minutes and cool 

 

wash down beaker walls and watch glass with deionized water 

 

filter through filter paper no.4 

 

adjust solution to 100 ml with deionized water to volumetric flask 

 

store at 4 0C 

 

Figure B-1   The Analysis of the Heavy Metal Concentration Using Nitric acid – 

hydrochloric Acid Digestion Method (38) 
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APPENDIX C  

FUNCTIONAL GROUP RESULTS 
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Figure C-1 The results of the IR spectra of untreated fine coconut coir 

         The results showed that structural units found in fine coconut coir 

201 Alkyl group - General 

223  Alkyl group – Hydroxy or Possibly amino substituent 

         293  Aromatic compound – Possibly phenoxy or amino substituent 

                    402  Hydroxy or Amino compound - General 

                    511  Aliphatic alcohol – Primary or secondary or Possibly cyclic hydroxy 

                    2605 Aromatic alcohol - General 

                    2606 Aromatic alcohol - General 
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Figure C-2 The results of the IR spectra of nitric acid modified fine coconut coir 

         The results showed that structural units found in fine coconut coir 

202 Alkyl group - General 

223  Alkyl group – Hydroxy or Possibly amino substituent 

                    402  Hydroxy or Amino compound - General 

                    511  Aliphatic alcohol – Primary or secondary or Possibly cyclic hydroxy 
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Table E-1  The Oneway-ANOVA analysis to compare the chromium removal efficiency  

using modified fine coconut coir at different pH values of initial chromium 

concentration of 50 mg/L  

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

0.001 

0.000 

0.001 

3 

4 

7 

0.000 

0.000 

 

63.921 0.001 

2 Between Groups 

Within Groups 

Total 

0.008 

0.000 

0.008 

3 

4 

7 

0.003 

0.000 

6667.682 0.000 

3 Between Groups 

Within Groups 

Total 

0.005 

0.000 

0.005 

3 

4 

7 

0.002 

0.000 

19.266 0.008 

4 Between Groups 

Within Groups 

Total 

0.002 

0.002 

0.004 

3 

4 

7 

0.001 

0.000 

1.708 0.302 

5 Between Groups 

Within Groups 

Total 

0.022 

0.003 

0.024 

3 

4 

7 

0.007 

0.001 

11.363 0.020 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) pH (J) pH 

Sig. Sig. Sig. Sig. Sig. 

pH2 

 

 

pH4 

pH6 

pH8 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.003 

0.004 

0.003 

0.701 

0.356 

0.186 

0.021 

0.012 

0.005 

pH 4 

 

 

pH 2 

pH 6 

pH 8 

0.000 

1.000 

0.917 

0.000 

0.829 

1.000 

0.003 

0.674 

0.911 

0.701 

0.220 

0.115 

0.021 

0.537 

0.137 

pH 6 

 

 

pH 2 

pH 4 

pH 8 

0.000 

1.000 

0.917 

0.000 

0.829 

0.829 

0.004 

0.674 

0.755 

0.356 

0.220 

0.610 

0.012 

0.537 

0.304 

pH 8 

 

 

pH 2 

pH 4 

pH 6 

0.000 

0.917 

0.917 

0.000 

1.000 

0.829 

0.003 

0.911 

0.755 

0.186 

0.115 

0.610 

0.005 

0.137 

0.304 
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Table E-2  The Oneway-ANOVA analysis to compare the chromium removal efficiency 

using modified fine coconut coir at different pH values of initial chromium 

concentration of 75 mg/L  

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

0.009  

0.000  

0.009 

3 

4 

7 

0.003 

0.000 

172.691 0.000 

2 Between Groups 

Within Groups 

Total 

0.021 

0.002 

0.023 

3 

4 

7 

0.007 

0.000 

15.246 0.012 

3 Between Groups 

Within Groups 

Total 

0.111 

0.004 

0.115 

3 

4 

7 

0.037 

0.001 

40.270 

 

0.002 

4 Between Groups 

Within Groups 

Total 

0.188 

0.009 

0.197 

3 

4 

7 

0.063 

0.002 

28.254 0.004 

5 Between Groups 

Within Groups 

Total 

0.356 

0.005 

0.361 

3 

4 

7 

0.119 

0.001 

93.806 0.000 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) pH (J) pH 

Sig. Sig. Sig. Sig. Sig. 

pH2 

 

 

pH 4 

pH 6 

pH 8 

0.000 

0.000 

0.000 

0.014 

0.014 

0.338 

0.059 

0.638 

0.002 

0.818 

0.200 

0.001 

0.186 

0.002 

0.000 

pH 4 

 

 

pH 2 

pH 6 

pH 8 

0.000 

0.991 

0.270 

0.014 

0.995 

0.006 

0.059 

0.103 

0.001 

0.818 

0.150 

0.001 

0.186 

0.005 

0.000 

pH 6 

 

 

pH 2 

pH 4 

pH 8 

0.000 

0.991 

0.274 

0.014 

0.995 

0.006 

0.638 

0.103 

0.001 

0.200 

0.150 

0.003 

0.002 

0.005 

0.001 

pH 8 

 

 

pH 2 

pH 4 

pH 6 

0.000 

0.270 

0.274 

0.338 

0.006 

0.006 

0.002 

0.001 

0.001 

0.001 

0.001 

0.003 

0.000 

0.000 

0.001 
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Table E-3  The Oneway-ANOVA analysis to compare the chromium removal efficiency 

using modified fine coconut coir at different pH values of initial chromium 

concentration of 100 mg/L  

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

0.000 

0.000 

0.000 

3 

4 

7 

0.000 

0.000 

908.720 0.000 

2 Between Groups 

Within Groups 

Total 

0.006 

0.000 

0.006 

3 

4 

7 

0.002 

0.000 

84.078 0.000 

3 Between Groups 

Within Groups 

Total 

0.007 

0.000 

0.007 

3 

4 

7 

0.002 

0.000 

83.072 0.000 

4 Between Groups 

Within Groups 

Total 

0.080 

0.001 

0.081 

3 

4 

7 

0.027 

0.000 

85.770 0.000 

5 Between Groups 

Within Groups 

Total 

0.164 

0.004 

0.168 

3 

4 

7 

0.055 

0.001 

61.532 0.001 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) pH (J) pH 

Sig. Sig. Sig. Sig. Sig. 

pH2 

 

 

pH 4 

pH 6 

pH 8 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.001 

0.002 

0.013 

0.742 

0.007 

0.000 

0.036 

0.001 

0.000 

pH 4 

 

 

pH 2 

pH 6 

pH 8 

0.000 

0.104 

0.058 

0.000 

0.089 

0.930 

0.001 

0.052 

0.000 

0.742 

0.010 

0.000 

0.036 

0.006 

0.001 

pH 6 

 

 

pH 2 

pH 4 

pH 8 

0.000 

0.104 

0.009 

0.000 

0.899 

0.969 

0.002 

0.002 

0.000 

0.007 

0.010 

0.001 

0.001 

0.006 

0.014 

pH 8 

 

 

pH 2 

pH 4 

pH 6 

0.000 

0.058 

0.009 

0.000 

0.930 

0.969 

0.013 

0.000 

0.000 

0.000 

0.000 

0.001 

0.000 

0.001 

0.014 
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Table E-4  The Oneway-ANOVA analysis to compare the nickel removal efficiency using 

modified fine coconut coir at different pH values of initial nickel concentration 

of  50 mg/L  

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

0.975 

0.000 

0.97 

3 

4 

7 

0.325 

0.000 

24960.748 0.000 

2 Between Groups 

Within Groups 

Total 

1.493 

0.000 

1.493 

3 

4 

7 

0.498 

0.000 

12264.648 0.000 

3 Between Groups 

Within Groups 

Total 

1.233 

0.008 

1.241 

3 

4 

7 

0.411 

0.002 

199.868 0.000 

4 Between Groups 

Within Groups 

Total 

0.857 

0.013 

0.870 

3 

4 

7 

0.286 

0.003 

86.256 0.000 

5 Between Groups 

Within Groups 

Total 

0.605 

0.008 

0.613 

3 

4 

7 

0.202 

0.002 

 

96.104 0.000 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) pH (J) pH 

Sig. Sig. Sig. Sig. Sig. 

pH2 

 

 

pH4 

pH6 

pH8 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

pH4 

 

 

pH2 

pH6 

ph8 

0.000 

0.897 

0.979 

0.000 

0.476 

0.941 

0.000 

0.219 

0.069 

0.000 

0.059 

0.192 

0.000 

0.041 

0.090 

pH 6 

 

 

pH 2 

pH4 

pH8 

0.000 

0.897 

0.876 

0.000 

0.476 

0.437 

0.000 

0.219 

0.017 

0.000 

0.059 

0.014 

0.000 

0.041 

0.007 

ph8 

 

 

pH2 

pH4 

pH6 

0.000 

0.979 

0.876 

0.000 

0.943 

0.437 

0.000 

0.069 

0.017 

0.000 

0.192 

0.014 

0.000 

0.090 

0.007 
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Table E-5  The Oneway-ANOVA analysis to compare the nickel removal efficiency using 

modified fine coconut coir at different pH values of initial nickel concentration 

of  75 mg/L  

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

1.388 

0.000 

1.388 

3 

4 

7 

0.463 

0.000 

14642.539 0.000 

 

2 Between Groups 

Within Groups 

Total 

1.053 

0.004 

1.057 

3 

4 

7 

0.351 

0.001 

 

368.562 0.000 

3 Between Groups 

Within Groups 

Total 

0.537 

0.003 

0.539 

3 

4 

7 

0.179 

0.001 

281.358 0.000 

4 Between Groups 

Within Groups 

Total 

0.390 

0.001 

0.391 

3 

4 

7 

0.130 

0.000 

477.530 0.000 

5 Between Groups 

Within Groups 

Total 

0.332 

0.001 

0.333 

3 

4 

7 

0.111 

0.000 

446.320 0.000 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) pH (J) pH 

Sig. Sig. Sig. Sig. Sig. 

pH2 

 

 

pH4 

pH6 

pH8 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

pH4 

 

 

pH2 

pH6 

pH8 

0.900 

0.000 

0.000 

0.000 

0.162 

0.001 

0.000 

0.647 

0.004 

0.000 

0.019 

0.002 

0.000 

0.006 

0.010 

pH6 

 

 

pH2 

pH4 

pH8 

0.000 

0.900 

0.000 

0.000 

0.162 

0.001 

0.00 

0.647 

0.003 

0.000 

0.019 

0.000 

0.000 

0.006 

0.001 

pH8 

 

 

pH2 

pH4 

pH6 

0.000 

0.000 

0.000 

0.000 

0.001 

0.001 

0.000 

0.004 

0.003 

0.000 

0.002 

0.000 

0.000 

0.010 

0.001 
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Table E-6  The Oneway-ANOVA analysis to compare the nickel removal efficiency using 

modified fine coconut coir at different pH values of initial nickel concentration 

of  100 mg/L  

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

0.710 

0.056 

0.765 

3 

4 

7 

0.237 

0.014 

17.042 

 

0.100 

2 Between Groups 

Within Groups 

Total 

0.239 

0.012 

0.251 

3 

4 

7 

0.800 

0.000 

 

27.030 0.004 

3 Between Groups 

Within Groups 

Total 

0.113 

0.005 

0.117 

3 

4 

7 

0.038 

0.001 

32.651 0.003 

4 Between Groups 

Within Groups 

Total 

0.065 

0.002 

0.066 

3 

4 

7 

0.022 

0.000 

57.083 0.001 

5 Between Groups 

Within Groups 

Total 

0.071 

0.003 

0.075 

3 

4 

7 

0.024 

0.001 

28.098 0.004 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) pH (J) pH 

Sig. Sig. Sig. Sig. Sig. 

pH2 

 

 

pH4 

pH6 

pH8 

0.005 

0.003 

0.005 

0.002 

0.001 

0.003 

0.001 

0.001 

0.002 

0.000 

0.000 

0.000 

0.002 

0.001 

0.003 

pH4 

 

 

pH2 

pH6 

pH8 

0.005 

0.433 

0.977 

0.002 

0.474 

0.462 

0.001 

0.742 

0.148 

0.000 

0.788 

0.169 

0.002 

0.419 

0.445 

pH6 

 

 

pH2 

pH4 

pH8 

0.003 

0.433 

0.448 

0.001 

0.474 

0.184 

0.001 

0.742 

0.224 

0.000 

0.788 

0.121 

0.001 

0.419 

0.156 

pH8 

 

 

pH2 

pH4 

pH6 

0.005 

0.977 

0.448 

0.003 

0.462 

0.184 

0.002 

0.148 

0.224 

0.001 

0.169 

0.121 

0.003 

0.445 

0.156 
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Table E-7  The Oneway-ANOVA analysis to compare the chromium removal efficiency 

using modified fine coconut coir at different pH values of initial chromium and 

nickel concentration of  50:50 mg/L   

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

1.407 

1.38 

1.545 

3 

4 

7 

0.469 

0.034 

13.625 0.014 

2 Between Groups 

Within Groups 

Total 

28.273 

0.372 

28.645 

3 

4 

7 

9.424 

0.093 

101.337 0.000 

3 Between Groups 

Within Groups 

Total 

38.056 

0.158 

38.214 

3 

4 

7 

12.685 

0.040 

320.335 0.000 

4 Between Groups 

Within Groups 

Total 

43.202 

0.077 

43.279 

3 

4 

7 

14.401 

0.019 

745.182 0.000 

5 Between Groups 

Within Groups 

Total 

49.376 

0.056 

49.432 

3 

4 

7 

16.459 

0.014 

1170.388 0.000 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) pH (J) pH 

Sig. Sig. Sig. Sig. Sig. 

pH2 

 

 

pH4 

pH6 

pH8 

0.007 

0.006 

0.006 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

pH4 

 

 

pH2 

pH6 

pH8 

0.007 

0.801 

0.811 

0.000 

0.886 

0.838 

0.000 

0.778 

0.925 

0.000 

0.919 

0.946 

0.000 

0.369 

0.059 

pH6 

 

 

pH2 

pH4 

pH8 

0.006 

0.801 

0.990 

0.000 

0.886 

0.951 

0.000 

0.978 

0.851 

0.000 

0.919 

0.973 

0.000 

0.369 

0.184 

pH8 

 

 

pH2 

pH4 

pH6 

0.006 

0.811 

0.990 

0.000 

0.838 

0.951 

0.000 

0.925 

0.851 

0.000 

0.940 

0.973 

0.000 

0.059 

0.184 
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Table E-8  The Oneway-ANOVA analysis to compare the nickel removal efficiency using 

modified fine coconut coir at different pH values of initial chromium and nickel 

concentration of  50:50 mg/L   

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

6677.006 

21.387 

6698.393 

3 

4 

7 

2225.669 

5.347 

 

416.271 0.000 

2 Between Groups 

Within Groups 

Total 

14231.503 

0.363 

14231.866 

3 

4 

7 

4743.834 

0.091 

52337.384 0.000 

3 Between Groups 

Within Groups 

Total 

14493.260 

0.421 

14493.681 

 

3 

4 

7 

4831.087 

0.105 

45903.460 0.000 

4 Between Groups 

Within Groups 

Total 

14394.096 

0.617 

14394.713 

3 

4 

7 

4798.032 

0.154 

31117.534 0.000 

5 Between Groups 

Within Groups 

Total 

14366.012 

5.096 

14371.108 

3 

4 

7 

4788.671 

1.274 

3759.041 0.000 

 
Multiple Comparisons (LSD) 

 
Hour 

1 2 3 4 5 

(I) pH (J) pH 

Sig. Sig. Sig. Sig. Sig. 

pH2 

 

 

pH4 

pH6 

pH8 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

pH4 

 

 

pH2 

pH6 

pH8 

0.000 

0.987 

0.987 

0.000 

0.201 

0.190 

0.000 

0.919 

0.817 

0.000 

0.008 

0.007 

0.000 

0.031 

0.029 

pH6 

 

 

pH2 

pH4 

pH8 

0.000 

0.987 

1.000 

0.000 

0.201 

0.0963 

0.000 

0.919 

0.896 

0.000 

0.008 

0.886 

0.000 

0.031 

0.940 

pH8 

 

 

pH2 

pH4 

pH6 

0.000 

0.987 

1.000 

0.00 

0.190 

0.963 

0.000 

0.817 

0.896 

0.000 

0.007 

0.886 

0.000 

0.029 

0.940 
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Table E-9     The Oneway-ANOVA analysis to compare the chromium (VI)  removal   efficiency using modified 

fine coconut coir at different eluting times of initial chromium concentration of 50 mg/L  

 

ANOVA 

Initial 

pH 

value 

 Sum of Squares df Mean Square F Sig. 

2 Between Groups 

Within Groups 

Total 

0.005 

0.000 

0.005 

4 

5 

9 

0.001 

0.000 

1.35.765 0.000 

4 Between Groups 

Within Groups 

Total 

0.049 

0.004 

0.053 

4 

5 

9 

0.012 

0.001 

17.255 0.004 

6 Between Groups 

Within Groups 

Total 

0.062 

0.000 

0.062 

4 

5 

9 

0.015 

0.000 

 

2.39.209 0.000 

8 Between Groups 

Within Groups 

Total 

0.082 

0.001 

0.082 

4 

5 

9 

0.020 

0.000 

113.774 0.000 

 

 

Table E-10  The Oneway-ANOVA analysis to compare the chromium (VI)  removal   efficiency using modified 

fine coconut coir at different eluting times of initial chromium concentration of 75 mg/L  

 

ANOVA 

Initial 

pH 

value 

 Sum of Squares df Mean Square F Sig. 

2 Between Groups 

Within Groups 

Total 

0.003 

0.000 

0.003 

4 

5 

9 

0.001 

0.000 

9.267 0.016 

4 Between Groups 

Within Groups 

Total 

0.049 

0.004 

0.052 

4 

5 

9 

0.012 

0.001 

16.944 0.004 

6 Between Groups 

Within Groups 

Total 

0.203 

0.001 

0.204 

4 

5 

9 

0.051 

0.000 

453.548 0.000 

8 Between Groups 

Within Groups 

Total 

0.570 

0.015 

0.585 

4 

5 

9 

0.142 

0.003 

47.571 0.000 
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Table E-11  The Oneway-ANOVA analysis to compare the chromium (VI)  removal   efficiency using modified 

fine coconut coir at different eluting times of initial chromium concentration of 100 mg/L  

 

ANOVA 

Initial 

pH 

value 

 Sum of Squares df Mean Square F Sig. 

2 Between Groups 

Within Groups 

Total 

0.009 

0.000 

0.009 

4 

5 

9 

0.002 

0.000 

127.312 0.000 

4 Between Groups 

Within Groups 

Total 

0.052 

0.000 

0.052 

4 

5 

9 

0.013 

0.000 

2022.682 0.000 

6 Between Groups 

Within Groups 

Total 

0.175 

0.002 

0.177 

4 

5 

9 

0.044 

0.000 

119.936 0.000 

8 Between Groups 

Within Groups 

Total 

0.356 

0.003 

0.359 

4 

5 

9 

0.089 

0.001 

145.333 0.000 

 

 

Table E-12  The Oneway-ANOVA analysis to compare the nickel (II)  removal   efficiency using modified fine 

coconut coir at different eluting times of initial nickel concentration of 50 mg/L  

 

ANOVA 

Initial 

pH 

value 

 Sum of Squares df Mean Square F Sig. 

2 Between Groups 

Within Groups 

Total 

0.077 

0.000 

0.077 

4 

5 

9 

0.019 

0.00 

748.990 

 

0.000 

4 Between Groups 

Within Groups 

Total 

0.315 

0.005 

0.320 

4 

5 

9 

0.079 

0.001 

76.162 0.000 

6 Between Groups 

Within Groups 

Total 

0.141 

0.009 

0.150 

4 

5 

9 

0.035 

0.002 

20.352 0.003 

8 Between Groups 

Within Groups 

Total 

0.471 

0.016 

0.488 

4 

5 

9 

0.118 

0.003 

36.639 0.001 
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Table E-13   The Oneway-ANOVA analysis to compare the nickel (II)  removal   efficiency using modified fine 

coconut coir at different eluting times of initial nickel concentration of 75 mg/L  

 

ANOVA 

Initial 

pH 

value 

 Sum of Squares df Mean Square F Sig. 

2 Between Groups 

Within Groups 

Total 

0.009 

0.001 

0.010 

4 

5 

9 

0.002 

0.000 

11.845 0.009 

4 Between Groups 

Within Groups 

Total 

0.556 

0.003 

0.559 

4 

5 

9 

0.139 

0.001 

270.971 

 

0.000 

6 Between Groups 

Within Groups 

Total 

0.457 

0.004 

0.461 

4 

5 

9 

0.114 

0.001 

139.352 0.000 

8 Between Groups 

Within Groups 

Total 

0.484 

0.001 

0.485 

4 

5 

9 

0.121 

0.000 

589.968 0.000 

 

 

Table E-14   The Oneway-ANOVA analysis to compare the nickel (II)  removal   efficiency using modified fine 

coconut coir at different eluting times of initial nickel concentration of 100 mg/L 

 

ANOVA 

Initial 

pH 

value 

 Sum of Squares df Mean Square F Sig. 

2 Between Groups 

Within Groups 

Total 

0.012 

0.002 

0.14 

4 

5 

9 

0.003 

0.000 

9.537 

 

0.015 

4 Between Groups 

Within Groups 

Total 

0.368 

0.056 

0.424 

4 

5 

9 

0.092 

0.011 

8.215 0.020 

6 Between Groups 

Within Groups 

Total 

0.513 

0.000 

0.513 

4 

5 

9 

0.128 

0.000 

5760.945 

 

0.000 

8 Between Groups 

Within Groups 

Total 

0.420 

0.019 

0.439 

4 

5 

9 

0.105 

0.004 

27.478 0.001 
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Table E-15   The Oneway-ANOVA analysis to compare the chromium  removal   efficiency using modified fine 

coconut coir at different eluting times of initial chromium  and nickel concentration of 50:50 mg/L  

 

ANOVA 

Initial 

pH 

value 

 Sum of Squares df Mean Square F Sig. 

2 Between Groups 

Within Groups 

Total 

31.135 

0.792 

31.927 

4 

5 

9 

7.784 

0.158 

49.121 0.000 

4 Between Groups 

Within Groups 

Total 

0.003 

0.005 

0.009 

 

4 

5 

9 

0.001 

0.001 

0.752 0.597 

6 Between Groups 

Within Groups 

Total 

0.035 

0.004 

0.039 

4 

5 

9 

0.009 

0.001 

11.109 0.011 

8 Between Groups 

Within Groups 

Total 

0.169 

0.000 

0.169 

4 

5 

9 

0.042 

0.000 

1684.00 0.000 

 

Table E-16   The Oneway-ANOVA analysis to compare the nickel (II)  removal   efficiency using modified fine 

coconut coir at different eluting times of initial chromium  and nickel concentration of 50:50 mg/L 

 

ANOVA 

Initial 

pH 

value 

 Sum of Squares df Mean Square F Sig. 

2 Between Groups 

Within Groups 

Total 

1613.581 

21.917 

1635.498 

4 

5 

9 

403.395 

4.383 

92.028 

 

0.000 

4 Between Groups 

Within Groups 

Total 

21.717 

5.961 

27.678 

4 

5 

9 

5.429 

1.192 

4.554 0.064 

6 Between Groups 

Within Groups 

Total 

0.036 

0.004 

0.040 

4 

5 

9 

0.009 

0.001 

10.786 0.011 

8 Between Groups 

Within Groups 

Total 

0.008 

0.001 

0.009 

4 

5 

9 

0.002 

0.000 

11.750 0.00+1.407 
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Table E-17  The Oneway-ANOVA analysis to compare the chromium (VI) removal   

efficiency using modified fine coconut coir at different initial chromium 

(VI) concentrations at pH 2 

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

0.005 

0.000 

0.005 

2 

3 

5 

0.002 

0.000 

83.369 

 

0.002 

2 Between Groups 

Within Groups 

Total 

0.001 

0.000 

0.001 

2 

3 

5 

0.000 

0.000 

3.448 0.167 

3 Between Groups 

Within Groups 

Total 

0.001 

0.000 

0.001 

2 

3 

5 

0.001 

0.000 

40.076 

 

0.007 

4 Between Groups 

Within Groups 

Total 

0.001 

0.000 

0.001 

2 

3 

5 

0.000 

0.000 

50.447 0.005 

5 Between Groups 

Within Groups 

Total 

0.001 

0.000 

0.001 

2 

3 

5 

0.001 

0.000 

154.832 0.001 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) 

concentration 

(J) 

concentration 

Sig. Sig. Sig. Sig. Sig. 

50.00 75.00 

100.00 

0.003 

0.027 

0.234 

0.339 

0.012 

0.044 

0.003 

0.912 

0.001 

0.857 

75.00 50.00 

100.00 

0.003 

0.001 

0.234 

0.079 

0.12 

0.003 

0.003 

0.003 

0.001 

0.001 

100.00 50.00 

75.00 

0.027 

0.001 

0.339 

0.079 

0.044 

0.003 

0.912 

0.003 

0.857 

0.001 
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Table E-18  The Oneway-ANOVA analysis to compare the chromium (VI) removal   

efficiency using modified fine coconut coir at different initial chromium 

(VI) concentrations at pH 4 

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

0.000 

0.000 

0.000 

2 

3 

5 

0.000 

0.000 

22.429 0.016 

2 Between Groups 

Within Groups 

Total 

0.000 

0.000 

0.000 

2 

3 

5 

0.000 

0.000 

1.229 0.408 

3 Between Groups 

Within Groups 

Total 

0.000 

0.000 

0.000 

2 

3 

5 

0.000 

0.000 

0.742 0.547 

4 Between Groups 

Within Groups 

Total 

0.001 

0.003 

0.003 

2 

3 

5 

0.000 

0.001 

0.315 0.752 

5 Between Groups 

Within Groups 

Total 

0.000 

0.004 

0.004 

2 

3 

5 

0.000 

0.001 

0.013 0.987 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) 

concentration 

(J) 

concentration 

Sig. Sig. Sig. Sig. Sig. 

50.00 75.00 

100.00 

0.061 

0.033 

0.243 

0.249 

0.798 

0.441 

0.484 

0.635 

0.893 

0.987 

75.00 50.00 

100.00 

0.061 

0.007 

0.243 

0.302 

0.798 

0.328 

0.494 

0.819 

0.893 

0.906 

100.00 50.00 

75.00 

0.033 

0.007 

0.849 

0.302 

0.441 

0.328 

0.635 

0.8190.0 

0.987 

0.906 
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Table E-19  The Oneway-ANOVA analysis to compare the chromium (VI) removal   

efficiency using modified fine coconut coir at different initial chromium 

(VI) concentrations at pH 6 

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

0.000 

0.000 

0.000 

2 

3 

5 

0.000 

0.000 

 

12.563 0.035 

2 Between Groups 

Within Groups 

Total 

0.000 

0.000 

0.000 

2 

3 

5 

0.000 

0.000 

0.840 0.513 

3 Between Groups 

Within Groups 

Total 

0.005 

0.000 

0.005 

2 

3 

5 

0.002 

0.000 

26.557 0.012 

4 Between Groups 

Within Groups 

Total 

0.007 

0.001 

0.008 

2 

3 

5 

0.003 

0.000 

10.697 0.043 

5 Between Groups 

Within Groups 

Total 

0.035 

0.001 

0.037 

2 

3 

5 

0.018 

0.000 

35.439 0.008 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) 

concentration 

(J) 

concentration 

Sig. Sig. Sig. Sig. Sig. 

50.00 75.00 

100.00 

0.223 

0.043 

0.290 

0.475 

0.008 

0.768 

0.024 

0.034 

0.004 

0.008 

75.00 50.00 

100.00 

0.223 

0.016 

0.290 

0.673 

0.008 

0.009 

0.024 

0.650 

0.004 

0.162 

100.00 50.00 

75.00 

0.043 

0.016 

0.475 

0.673 

0.768 

0.009 

0.034 

0.650 

0.008 

0.162 
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Table E-20  The Oneway-ANOVA analysis to compare the chromium (VI) removal   

efficiency using modified fine coconut coir at different initial chromium 

(VI) concentrations at pH 8 

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

0.000 

0.000 

0.000 

2 

3 

5 

0.000 

0.000 

4.891 0.114 

2 Between Groups 

Within Groups 

Total 

0.017 

0.002 

0.019 

2 

3 

5 

0.009 

0.001 

16.214 0.025 

3 Between Groups 

Within Groups 

Total 

0.108 

0.004 

0.112 

2 

3 

5 

0.054 

0.001 

44.982 0.006 

4 Between Groups 

Within Groups 

Total 

0.129 

0.008 

0.137 

2 

3 

5 

0.065 

0.003 

22.986 0.015 

5 Between Groups 

Within Groups 

Total 

0.185 

0.005 

0.190 

2 

3 

5 

0.092 

0.002 

52.241 0.005 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) 

concentration 

(J) 

concentration 

Sig. Sig. Sig. Sig. Sig. 

50.00 75.00 

100.00 

0.075 

0.955 

0.016 

0.979 

0.003 

0.147 

0.007 

0.028 

0.002 

0.012 

75.00 50.00 

100.00 

0.075 

0.071 

0.016 

0.016 

0.003 

0.006 

0.007 

0.028 

0.002 

0.019 

100.00 50.00 

75.00 

0.955 

0.071 

0.979 

0.016 

0.147 

0.006 

0.028 

0.073 

0.012 

0.019 
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Table E-21  The Oneway-ANOVA analysis to compare the nickel (II) removal   

efficiency using modified fine coconut coir at different initial nickel 

(II)  concentrations at pH 4 

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

0.087 

0.039 

0.127 

2 

3 

5 

0.044 

0.013 

3.349 0.172 

2 Between Groups 

Within Groups 

Total 

0.306 

0.011 

0.318 

2 

3 

5 

0.153 

0.004 

40.567 0.007 

3 Between Groups 

Within Groups 

Total 

0.303 

0.004 

0.307 

2 

3 

5 

0.152 

0.001 

116.086 0.001 

4 Between Groups 

Within Groups 

Total 

0.172 

0.006 

0.178 

2 

3 

5 

0.086 

0.002 

43.646 0.006 

5 Between Groups 

Within Groups 

Total 

0.128 

0.003 

0.132 

2 

3 

5 

0.064 

0.001 

56.427 0.004 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) 

concentration 

(J) 

concentration 

Sig. Sig. Sig. Sig. Sig. 

50.00 75.00 

100.00 

0.996 

0.111 

0.074 

0.003 

0.003 

0.001 

0.016 

0.003 

0.011 

0.002 

75.00 50.00 

100.00 

0.996 

0.111 

0.074 

0.009 

0.003 

0.007 

0.016 

0.022 

0.011 

0.016 

100.00 50.00 

75.00 

0.111 

0.111 

0.003 

0.009 

0.001 

0.007 

0.003 

0.022 

0.002 

0.016 
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Table E-22  The Oneway-ANOVA analysis to compare the nickel (II) removal   

efficiency using modified fine coconut coir at different initial nickel 

(II)  concentrations at pH 6 

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

0.031 

0.000 

0.031 

2 

3 

5 

0.016 

0.000 

50483.130 0.000 

2 Between Groups 

Within Groups 

Total 

0.276 

0.002 

0.278 

2 

3 

5 

0.138 

0.000 

239.680 0.000 

3 Between Groups 

Within Groups 

Total 

0.397 

0.002 

0.399 

2 

3 

5 

0.198 

0.001 

265.989 0.000 

4 Between Groups 

Within Groups 

Total 

0.313 

0.005 

0.319 

2 

3 

5 

0.157 

0.002 

92.513 0.002 

5 Between Groups 

Within Groups 

Total 

0.219 

0.004 

0.222 

2 

3 

5 

0.109 

0.001 

85.202 0.002 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) 

concentration 

(J) 

concentration 

Sig. Sig. Sig. Sig. Sig. 

50.00 75.00 

100.00 

0.204 

0.000 

0.016 

0.000 

0.001 

0.000 

0.007 

0.001 

0.007 

0.001 

75.00 50.00 

100.00 

0.204 

0.000 

0.016 

0.001 

0.001 

0.002 

0.007 

0.008 

0.007 

0.008 

100.00 50.00 

75.00 

0.000 

0.000 

0.000 

0.001 

0.000 

0.002 

0.001 

0.008 

0.001 

0.008 
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Table E-23  The Oneway-ANOVA analysis to compare the nickel (II) removal   

efficiency using modified fine coconut coir at different initial nickel 

(II)  concentrations at pH 8 

 

ANOVA 

Hour  Sum of Squares df Mean Square F Sig. 

1 Between Groups 

Within Groups 

Total 

0.065 

0.016 

0.081 

2 

3 

5 

0.032 

0.005 

6.170 0.086 

2 Between Groups 

Within Groups 

Total 

0.362 

0.002 

0.365 

2 

3 

5 

0.181 

0.001 

252.192 0.000 

3 Between Groups 

Within Groups 

Total 

0.262 

0.009 

0.271 

2 

3 

5 

0.131 

0.003 

44.380 

 

0.006 

4 Between Groups 

Within Groups 

Total 

0.134 

0.005 

0.139 

2 

3 

5 

0.067 

0.002 

41.928 0.006 

5 Between Groups 

Within Groups 

Total 

0.079 

0.005 

0.084 

2 

3 

5 

0.040 

0.002 

25.732 0.013 

 
 

Multiple Comparisons (LSD) 
 

Hour 

1 2 3 4 5 

(I) 

concentration 

(J) 

concentration 

Sig. Sig. Sig. Sig. Sig. 

50.00 75.00 

100.00 

0.260 

0.040 

0.001 

0.000 

0.007 

0.003 

0.008 

0.003 

0.025 

0.006 

75.00 50.00 

100.00 

0.260 

0.126 

0.001 

0.009 

0.007 

0.075 

0.008 

0.079 

0.025 

0.059 

100.00 50.00 

75.00 

0.040 

0.126 

0.000 

0.009 

0.003 

0.075 

0.003 

0.079 

0.006 

0.059 
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