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 This paper presents the result of nickel removal from electroless plating industry 
wastewater using integrated chemical precipitation and ion exchange treatment. The 
performance efficiencies of Chitosan, FeCl3, polyacrylamide (PAA) and WPC6001 
organic commercial coagulant for the removal nickel, Chemical Oxygen Demand 
(COD), total suspended solid (TSS) and turbidity were investigated using jar test. The 
supernatant from coagulation process was then treated in a two column ion exchanger 
using Strong Acid Cation Resin (Purolite D 5041) and Chelating Resin (Purolite D 
5047). Polyacrylamide gave the best performance with the percentage removal as 
nickel, COD, TSS and turbidity as 96.6%, 47.2%, 99.6% and 99.6% respectively while 
chelating resin with percentage nickel of 99.2% and 99.55% in the 1st column and 2nd 
column respectively was found to be best resin. The nickel contents in the effluents of 
the first column and second column ion exchange column were in the range of 0.023 – 
0.043 mg/L and 0.013 – 0.032 mg/L respectively. These results meet the Malaysia 
Environmental Quality Standard A for industrial effluent, which is 0.2 mg/L. 
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INTRODUCTION 

 
 Nickel is used widely in alloys; notable among them is stainless steel, other corrosion-resistant alloys and 
coinage metal. Nickel has been used for plating since 1842 and modern plating in 1912 with the introduction of 
the Watts formulation. This is either by electrodepositon or electroless process which is chemical coating that 
operates without electricity.  Typically, nickel ingots or balls are dissolved into a metal salt solution that is used 
in the plating baths (Weisenberger, 1982). In the year 2000, 158,000 tons of nickel was used in the US, 13 % of 
which was consumed by the galvanic industry (Spoor, 2002). The annual growth in the demand of stainless steel 
has been estimated to be at 9.1 million tons per year from 2009 to 2012. This has resulted in a growing demand 
for raw nickel to a tone of 8.5% annually for the same period (Ruelle, 2010). Nickel has been placed on a list of 
thirteen priority metals by the US Environmental Protection Agency (EPA). Nickel can cause serious problems 
to human such as allergy, dermatitis, sensitization, lung-nervous system damages and as well as to the aquatic 
environment (Malkoc, 2006).  This indirectly explains the increase in nickel recycling activities. For example, in 
United State about 40% of nickel is recycled (Housecroft and Sharpe, 2005). These effects have prompted 
stricter effluent limits and therefore a need to minimize the quantity of Nickel in our industrial effluents prior to 
their discharge into the environment. 
 The conventional processes for removing heavy metals from wastewater include many processes such as 
chemical precipitation, flotation, adsorption, ion exchange, and electrochemical deposition (Daud et al., 2013; 
Ibrahim, 2013; Patoczka et al., 2008). Chemical precipitation is the most widely used for heavy metal removal 
from inorganic effluent (Amuda et al., 2006; Ashoka and Fereidoon, 2007; Daud et al., 2013; El Karamany, 
2010; Johnson et al., 2008). Precipitation method reduces soluble metal ion from solution by producing metal 
hydroxides using alkaline material such sodium hydroxide and lime. Then, the solution is converted to insoluble 
form and it precipitates (Burton and Stensel, 2003). Liang et al., (2009) reported that coagulation and 
flocculation is an important process in waste and wastewater treatment.  Most commonly used as coagulant are 
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aluminum based salts and iron-based salts.  Ferric chloride when added to wastewater causes the colloidal 
material to destabilize and small particles to agglomerate into large flocs which then settle (Amuda and Amoo, 
2007). Examples of other coagulants include polyacrylamide (Bae et al., 2007; De et al., 2010; Yang, 2008) and 
chitosan, a biodegradable, non-toxic linear cationic polymer of high molecular weight (Ali et al., 2011; Mohd 
Ariffin et al., 2008). More researches are now being carried out on the application of chitosan due to its 
numerous advantages. Chitosan is a natural polysaccharide characterized with hydrophilicity, biocompatibility, 
biodegradability and the capability of adsorbing a number of metal ions because of its amino groups (Mohd 
Ariffin et al., 2008). Other treatment methods include reverse osmosis and electro deposition (Elshazly and 
Konsova, 2003). 
 Ion exchange is a reversible chemical reaction where an ion (an atom or molecule that has lost or gained an 
electron and thus acquired an electrical charge) from solution is exchanged for a similarly charged ion attached 
to an immobile solid particle. These solid ion exchange particles are either naturally occurring inorganic zeolites 
or synthetically produced organic resins.  (Elshazly and Konsowa, 2003). Ion exchange processes can be 
implemented in a variety of ways, including in batches, in columns, in continuous loops and, as part of, or in 
combination with, membrane processes or precipitation etc. Studies have shown that the performance of ion 
exchanger is affected by metal ion concentration, time, pH, temperature, degree of stirring type and dosage of 
resin (Dave et al., 2011; Kumar et al., 2010).  
 In electroless plating, rinsing operations can be considered as the primary source of wastewater. However, 
contamination caused by spent plating and others depends on the process (USEPA, 1992). In electroless plating 
industry, nickel content after chemical precipitation is still high with a control limit less than 10.5 ppm. This 
will therefore requires further polishing of the supernatant from the coagulation process to remove the nickel in 
order to meet environmental standard. One way of achieving this is the use of a heavy metal ion exchange 
system. In an ion exchange system, undesirable ions in the water supply are replaced with more acceptable ions. 
For example, in a sodium zeolite softener, scale-forming calcium and magnesium ions are replaced with sodium 
ions. The objective of this research is mainly to remove nickel in the wastewater from electroless industry using 
integrated chemical precipitation and ion-exchange treatment. The study also investigated the performance of 
the various coagulants such as FeCl3, polyacrylamide (PAA) and WPC6001 organic commercial coagulant for 
the removal nickel, COD, suspended solid and turbidity; and two ion exchange resins (Strong Acid Cation Resin 
– Purolite D 5041 and Chelating Resin – Purolite D 5047). 
 
1. Experimental: 
1.1. Materials: 
 Chitosan, FeCl3, polyacrylamide (PAA) and WPC6001 organic commercial coagulant were purchased from 
Agros Company, Sigma Chemical Co., USA, Singaway Fluid Control Pte Ltd and i-Chem solution Company 
respectively. While Strong Acid Cation Resin – Purolite D 5041 and Chelating Resin – Purolite D 5047 were 
purchased from Purolite International Limited. The wastewater was collected from electroless industry in Johor, 
Malaysia and the wastewater characteristics are shown in Table 1.  
 
Table 1: Wastewater characteristics. 

Parameter Total nickel COD pH TSS Turbidity 
values 94.3 mg/L 1320 mg/L 2.6 1780 mg/L 1740 NTU 

 
1.2. Experimental procedures: 
 The  process flow diagram for the studies on the nickel reduction from electroless plating industry 
wastewater  using integrated chemical precipitation and ion-exchange treatment was is shown in Figure 1 below. 
 The pH of the wastewater sample was adjusted from the initial pH 2.6 to pH 4 to enhance the dissolution of 
chitosan. To prepare Chitosan stock solution 3g of chitosan were diluted in 96g of distilled water, followed by 
addition of 1g of 1% acetic acid solution to aid dissolution. Ferric chloride solution of 40, 80, 120 and 160 mg/L 
concentrations were prepared with in ultra-pure water. W6001 organic coagulant stock solution was prepared by 
dissolving 3g of organic coagulant in a 100ml of water. 5% concentration Polyacrylamide stock solution was 
prepared using deionized water. From the stock solution various concentration of coagulants from 1 to 50mg/L 
at pH 4 to 11.5 are the prepared.  
 The chemical precipitation using chitosan, Ferric Chloride (FeCl3), WPC 6001 and polyacrylamide as 
coagulants and anionic polymer as flocculants for nickel concentration reduction were conducted on a program 
– controlled jar tester with six stainless steel paddle blade to simulate the chemical treatment plant. The jar test 
were conducted in the 1L graduated glass beaker (90mm diameter, 150mm high) fitted with six stirring blade 
positioned at one-third of the reactor height from the bottom. 1L of the wastewater samples were taken into each 
of the six beakers and coagulant was added to the samples. The jar test was started with continuous agitation at 
speed of 250 rpm for 15 minutes.  This was then followed by slow mixing at 30 rpm for 30 minutes. The sample 
was then allowed to settle for 30 minutes.   
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Fig. 1: Process flow diagram. 
 
 After settling, the top clear phase (supernatant) was siphoned with syringe. The supernatant was analyzed to 
determine the concentration of total nickel, COD, TSS and turbidity. All tests were conducted at an ambient 
temperature (20 – 25C).  The above procedure was repeated for 5 times at room temperature (25±1ºC).  Similar 
procedure was repeated for the other three (3) coagulants (FeCl3, organic coagulant and polyacrylamide) at 
different dosages and pH. The effect of coagulant dosage on nickel removal was studied using different dosages 
of chitosan, organic coagulant, ferric chloride and polyacrylamide coagulant. Similarly, to study the effect of 
pH, pH solution in the range of 4.0 to 11.50 was considered. The pH adjustment was done by using diluted 
hydrochloric acid (HCl) and diluted sodium hydroxide (NaOH).   
 The ion exchange study was carried out using column flow adsorption. The resins were prepared by rinsing 
with 2L ultra-pure water two times to remove the impurities and then drying in an oven at 105ºC for 24 hours. 
25 litres of supernatant from jar test was used for the continuous flow system.  The system was run for 24 hours 
with the sampling of the effluent after every 2 hrs interval to determine the nickel removal for each of the resins. 
Subsequently, the optimum operation condition was determined by considering different initial pH and flow 
rates. 
 
1.3. Analysis: 
 Total nickel content of the wastewater sample was measured as the concentration of dissolved metal 
components using atomic absorption (Atomic Absorption Analyzer Model AA300, Perkin Elmer USA). The pH 
of sample was analyzed using Mettler Toledo pH meter. COD was determined using the dichromate method. A 
homogeneous sample was introduced into a commercially available digestion solution (Hach Europe, Belgium) 
containing sulphuric acid, mercuric sulphate and chromic acid. The mixture was then refluxed for 120 min at 
150C in a COD Reactor, (Model DR200-Hach Company, USA). After cooling, the COD concentration was 
measured using a DR2800 colorimeter. Total suspended solid (TSS) in wastewater sample was determined by 
measuring the quantity of small solid particle as a colloid which remained as suspension in the wastewater using 
HACH DR2800. The Sample was poured into the sample cell and placed into the analysis compartment to 
obtain the TSS value. Turbidity of wastewater was measured using a HACH 2100P portable turbidity meter 
 

RESULTS AND DISCUSSION 
 
1.4.  Chitosan Performance:  
(a) Effect  Dosage: 
 The optimum coagulant or flocculent dosage is defined as the dosage when there will be no significant 
difference in removal efficiency with further addition of coagulant or flocculants (Amuda and Amoo, 2007). 
Dosage also affects properties of wastewater such as TSS, COD and turbidity. Figure 2a shows the effect of 
chitosan dosage on nickel removal, TSS, COD, and turbidity studied at pH 6 with a dosage range from 500 – 
1000 mg/L. The trend of changes in percentage reduction of TSS and turbidity are similar with no significant 
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change with change in chitosan dosage. It can be observed that the trend in percentage nickel reduction and 
COD reduction are almost similar. A gradual increase in percentage nickel reduction and COD was observed up 
till chitosan dosage of 700 mg/L, where the nickel reduction was 54.70%, COD reduction was 55.38%. The 
changes in COD could be due to the charge density. Assaad et al., (2007) found that chitosan have a high 
efficiency in removing nickel by increasing pH to 6.8 and chitosan dosage of 89.3 mg/L. According to Ahmad et 
al., (2006), chitosan has a high charge density if compared to other coagulants. Furthermore, the charge density 
of the polymer increases when polymer adsorption increased (Ariffin et al., 2005). Tan et al. (2007) defined 
chitosan, as a coagulant, which has a high charge density, required less amount of coagulant to destabilize the 
particles. At this dosage, TSS reduction was 99.37% and turbidity reduction was 99.38%.  Therefore, the 
optimum chitosan dosage in this study was 700 mg/L. When the dosage increases from 800 mg/L to 1000 mg/L 
the percentage reductions for nickel and COD decreased, these phenomena were due to excess polymer to 
colloids surface and producing restabilized colloids hence less nickel and COD reduction. 
 

          
(a)                                                                                      (b)    

 
Fig. 2: (a) Effect of dosage on the performance of chitosan (b) Effect of pH on the performance of chitosan. 
 
(b) Effect of pH: 
 Generally, coagulation/flocculation process is highly dependent on pH level. The influence of pH on 
chemical coagulation/flocculation is possibly due to the balancing of two aggressive forces: (1) between organic 
anions and hydroxide ions (OH-) that interact with metal hydrolysis product and (2) H+ and metal hydrolysis 
products for interaction with organic ligands (Stephenson and Duff, 1996). In chemical precipitation, most 
heavy metal ions at high pH value react with hydroxide ion to form insoluble metal precipitation (Anthony et 
al., 2008). pH therefore, affects the surface charge and stabilization of the suspension. Studies have found out 
that chitosan solubility is influenced by pH value (Guzman et al., 2003 and Hao et al., 2006). This study was 
carried out within a pH range of 4-11 to determine the optimal operating condition for nickel reduction using 
chitosan as coagulant.  According to Hoffland (2006), metallic hydroxide compounds forms insoluble 
precipitate during nickel reduction.  
 Figure 2b show that percentage nickel reduction increases from 33.2% to 85.2% as the pH increases from 4-
11. Similarly, percentage reduction of COD, TSS and turbidity increases from 36.67 to 64.02%, 91.15 to 
99.77% and 89.10 to 99.72% respectively.  According to Domand et al. (1989), 90% of the NH2 functional 
group on chitosan surface becomes protonated at pH 4 and then gradually reduces to about 50% as the pH 
increases to 6. However, in this study, the optimum pH was found to be 10. This may be explained from the 
study of nickel absorption by Hoffland (2006) which shows that the optimum pH for the solubility of nickel is 
from 9-10. The nickel removal was due to the formation of metallic hydroxide and the influence has been found 
to be much stronger than the influence of the NH2 functional groups on chitosan surface. It was also observed 
that as the pH was raised to 11 the percentage reduction in nickel, COD, TSS and turbidity reduced to 83.5%, 
57.20%, 97.82% and 97.74% respectively. The performance of chitosan on electroless waste industry was better 
in TSS and turbidity removal than in nickel and COD removal.   
   
3.2. Organic Coagulant (WPC 6001) Performance:  
(a) Effect of Dosage: 
 Organic coagulant (WPC 6001) is a commercial coagulant of vegetal origin, 100% biodegradable, 
completely soluble in water to produce cations. Figure 3a shows the percentage reduction of Ni, COD, TSS and 
turbidity at pH value of 4 for different coagulant dosages. Figure shows that the highest percentage reduction of 
nickel of 39.1% was achieved at the dosage of 270 mg/L and pH 4. This is equivalent to percentage reduction of 
COD, TSS, and turbidity of 68.4%, 99.78% and 99.84% respectively. This trend is similar to the performance of 



132                                                             Nor Azimah, A et al.,2013  
Australian Journal of Basic and Applied Sciences, 7(12) Oct 2013, Pages: 128-137 

 

chitosan. However, higher value of optimum percentage nickel reduction of 54.7% was obtained using chitosan. 
The percentage reduction of TSS and turbidity maintained constant value within the experimental dosage range. 
The limitation encountered in this research is that there is absence of literature to corroborate the result obtained 
using Organic coagulant (WPC6001). 
 
(b)Effect of pH: 
 The effect of pH was studied by varying the pH from 4 to 11 as shown in Figure 3b. it was observed that as 
the pH increases from pH 4 to pH 7, the percentage of nickel reduction increased from 39.1 - 44.1%, COD 
reduction increased from 68.4 – 71.4%, TSS reduction increased from 99.66 – 99.78% and turbidity increased 
from 99.84 – 99.87%.  However, when the pH was increased to 11, the percentage reduction of the variables 
decreased.  Based on this, it can be concluded that pH 7 is the optimum pH for nickel reduction using W6001.  
This agrees with the result of Amuda and Amoo (2007), who reported that the coagulation was enhanced at pH 
7-9. At lower pH, hydrogen ion will compete with coagulant for COD, total phosphorus and TSS, resulting in 
poor removal of the contaminants while at higher pH there is production of negatively charges organic 
contaminants which electrostatically hinder adsorption. The performance of W6001 on reduction of nickel and 
COD from electroless waste industry is low, however, high percentage reduction of TSS and turbidity of 
99.78% and 99.87% were achieved respectively. 
 

 
                                        (a)                                                                                        (b) 
 
Fig. 3: (a) Effect of dosage on the performance of Organic coagulant (WPC6001) (b) Effect of pH on the 

performance of Organic coagulant (WPC6001) 
 
 3.3  Performance of FeCl3: 

(a) Effect of dosage: 
 According to Jurek et al. (1998), ferric salts are suitable for removing a variety of heavy metal from low-
volume industrial streams through different mechanisms such as formation of complexes, chelates, colloids, 
emulsification and particulates. The results for Ni, COD, TSS and turbidity reduction using FeCl3 coagulant  at 
dosages 10 mg/L, 13.3 mg/L, 20/0 mg/L, 26.6 mg/L, 33 mg/L and 50 mg/L are shown in Figure 4a.  The Ni, 
COD, TSS and turbidity reduction increases with increase in dosage from 10.0 mg/L until 26.6 mg/L.  The 
nickel reduction increased from 25.0 % to 37.5%, COD reduction increased from 65.7% to 73.0%, TSS is 
increased 82.13% to 90.8% and turbidity increased from 80.06% to 87.9%. However, a decrease in nickel, 
COD, TSS and turbidity reduction was observed when the FeCl3 dosage was increased to 33.3 mg/L. The initial 
rise in nickel, COD, TSS and turbidity reduction was because as the amount of adsorbent increased, the 
available surface area increased, thereby exposing more active sites for the binding of metal ions. The decrease 
in reduction at 33.3 mg/L is due to the restabilization of colloid and excess coagulant. The highest percentage 
reduction of nickel using ferric chloride was 37.5% at a dosage of 26.6mg/L. 
 
(b) Effect of pH: 
 Effect of pH on FeCl3 is shown in Figure 4b. This was studied using different samples of the wastewater 
with pH values of 4, 5, 6, 7, 8 and 9 formulated using sodium hydroxide (NaOH). The gradual increase in nickel 
reduction from 25.8% to 57.8% as pH changes from 4 to pH 8 agrees with the result of Juzek et al. (1998). In 
their study of nickel reduction from metal picking wastewater, an optimum pH of 8 and coagulant dosage of 
30mg/L gave nickel reduction of 99.5%. At pH 9, the nickel reduction decreased to 50.6%. The percentage 
reduction of COD increased from 73.0% to 84.0% at pH 4 until pH 8 and decreased to 76.1% at pH 9.  TSS and 
turbidity reduction at pH 4 to pH 8 were constant from 90.8% to 97.52% and 88.2% to 96.97% respectively.  
However, at pH 9, the TSS and turbidity slightly decreased to 96.84% and 96.12% respectively. This result also 
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agrees with Voges and Benjamin (1996) who reported that ferric salts will precipitate as amorphous hydrated 
oxide or oxy-hydroxide at neutral to alkaline pH, which has relatively stable and reproducible surface property. 
At the end, the precipitation gradually transforms into crystalline iron oxide (goethite) form but the absorptive 
properties remain quite similar. 
 

 
                                          (a)                                                                                       (b) 
 
Fig. 4: (a) Effect of dosage on the performance of FeCl3 (b) Effect of pH on the performance of FeCl3 
 
3.4  Performance of Polyacrylamide: 
(a) Effect of coagulant dosage: 
 The percentage nickel removal was found to increase with increase in PAA dosage as shown in Figure 5a. 
This agrees with the literature as more active sites become available for binding as when the dosage is increased. 
This trend was reported by Mousavi et al. (2012). However, the highest percentage reduction of nickel achieved 
in this research is 35. 99%. Similar trends were also observed for COD, TSS and turbidity reduction.  
 
(b) Effect of pH: 
 The result of the effect of pH on the nickel reduction is shown in Figure 5b. The highest percentage 
reduction of 96.66 was obtained at a pH of 10. The variation of adsorption with pH can be explained by 
considering the charge of the ions and the electro–kinetic behavior of PAA. At lower pH values, more protons 
are available to protonate the amino groups of PAA, therefore, the attractions of both cationic ions decreased. 
Under strongly basic conditions, the negatively charged phenolic hydroxyl groups become potential active sites 
(NH2) and could be attracted by the ammonium groups in the absorbents. This is however contrary to the pH of 
6 obtained by Mousavi et al, (2012). They observed that at pH value higher than 6, both ions precipitated as 
hydroxides, which decreased the rate of adsorption and consequently the percent removal of the metal ions. A 
steady increase in COD, TSS and turbidity was also observed.  
 

 
                                          (a)                                                                                       (b) 
  
Fig. 5: (a) Effect of dosage on the performance of PAA (b) Effect of pH on the performance of PAA.   
 
3.5  Ion Exchange: 
 This ion exchange study was carried using strong acid cation resin D5041 and chelating resin  D5047 to 
determine the best ion exchange resin to reduce a nickel content. Dabrowski et al., (2004) reported that Ni (II) 
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ions were adsorbed in ion exchange at pH solution lower than 5.  Therefore an initial pH of 4 was chosen for the 
study and the optimum pH and flowrate were then determined. 
 
(a) Strong Acid Cation Resin – Purolite D 5041: 
 The strong acid cation resin consists of cross-linked polymer polystyrene as a backbone, which gives it 
structural stability with a sulfonate (-SO3-) fuctional group. As the sulfonate group in the resin is strongly acidc, 
it is ionized throughout the pH range 1-14.  Hence, the resin is capable of splitting either strong or weak salts at 
any pH.  The positively charge ions in strong acid cationic resin, which consist of hydrogen, and sodium ions 
are exchanged with nickel ion in the supernatant waste. This is represented by Equation 1. 
 
2(R-SO3H) + Ni(OH)2 = (R-SO3)2Ni+ 2H2O                                     (1) 
 
 Where R indicates the organic portion of the resin and SO3 is the immobile portion of the active ion group.  
 Result of percentage nickel reduction after treatment with strong acid cation resin is shown in Figure 6a.  
The nickel reduction in the first resin column was lower than that of second column. This is because the initial 
wastewater contains higher amount of nickel which causes a progressive increase in the electrostatic interaction 
between the nickel ions and the active sites. More also, the sites were being covered as the nickel ion 
concentration increases (Kumar et al., 2010). According to Elshazly and Konsowa (2003), the decrease in the 
rate of nickel removal with increasing concentration may be attributed to two reasons; decreasing nickel ion 
diffusivity as a result of increasing solution viscosity and decreasing the activity of nickel ion because of the 
inter-ionic attraction which becomes more pronounced at high electrolyte concentration. 
 The result also show that nickel reduction increased for both columns with increase in time up to 10 hours 
and then remains constant from 12 to 20 hours and then decreases.  The increase in nickel reduction is due to the 
high number of hydrogen and sodium ions present in the resin that can be exchanged with nickel ion, which then 
decreases when the exchange surface becomes exhausted.  Kumar et al (2010) reported that the rate of nickel 
removal is higher at the beginning due availability of larger surface area. As the sites become exhausted, the 
uptake is now controlled by the rate at which the ions are transported from the exterior to interior sites. Nadir et 
al., (2009), also gave similar explanation.  
   

 
                                          (a)                                                                                       (b) 
 
Fig. 6: (a) Nickel removal (%) and (b) nickel content (mg/L) with strong acid cation resin.  
 
 Figure 6b shows the result of nickel content in the effluent from the ion exchanger.  The nickel content from 
the first column was in a range of 0.092 – 0.106 mg/L and that of second column was in a range of 0.086 – 
0.100 mg/L. These results meet the Malaysia environmental quality standard A for industrial effluent, which is 
0.2 mg/L.     
             
(b) Chelating Resin – Purolite D 5047: 
 Result of percentage nickel reduction after treatment with chelating ion exchange is shown in Figure 7a. 
The nickel reduction in the first resin column was lower than that of second column with nickel reduction ranges 
of 98.51 – 99.20% and 98.89 – 99.55% respectively. The initial high concentration of nickel causes a decrease 
in nickel ion diffusivity because of increasing solution viscosity. It also causes a decrease in the activity of 
nickel ion because the inter-ionic attraction becomes more pronounced at high electrolyte concentration 
(Elshazly and Konsowa, 2003). This result also agrees a study by Kumar et al. (2010) on the nickel removal. 
Result of nickel content of the effluent from the ion exchanger after treatment shown in Figure 7b. The nickel 
content from the first column was in a range of 0.023 – 0.043 mg/L and that of second column was in a range of 
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0.013 – 0.032 mg/L. These results meet the Malaysia Environmental Quality Standard A for industrial effluent, 
which is 0.2 mg/L.  A comparison of the results of nickel reduction using strong acid cation and chelationg resin 
show a higher reduction rate of 98.89%.   
    

 
                                          (a)                                                                                       (b) 
     
Fig. 7: (a) Change in percentage Nickel removal with time and (b) Change in effluent nickel content (mg/L) 

with time. 
 
3.6 Effect of operating variables on the performance of the chelating Resin:  
(a) pH: 
 Different wastewater samples within pH range of 3 to 6 were used to determine the optimum pH for nickel 
reduction.  The trends of nickel reduction in both first and second column are shown in Figure 8.  The results 
showed that in the first column, nickel reduction increase up to 99.02% and 99.20% as the pH change from 3 to 
4.  Then at pH 5 and 6 the nickel reduction decreased to 98.78% and 98.68% respectively.  Similar trend was 
also observed for the second column. This agrees with the result of Dabrowski et al., (2004). A study by Dave et 
al (2011) also reported that the percentage adsorption of nickel decreases rapidly as the pH is increased above 6 
due to the formation of nickel precipitate at higher pH values. He therefore recommended an optimum pH range 
of 4-6 for nickel reduction using purolite D5047 chelationg ion exchange resins.  
 

 
  
Fig. 8: Effect of pH on chelation ion exchange resin. 
 
a. Contact Time:  
 This optimum contact time was determined using flow rates of 25, 30 and 35 ml/min, pH value of 4, 300K 
temperature and constant initial nickel concentration for about 180 min.  The first and second column nickel 
reduction trends are shown in Figure 9a and 9b respectively 
 The result shows that the nickel reduction increases between 30 to 120 min and then decrease or becomes 
constant due to exhaustion of nickel ions.  This result is similar to the report of Kumar et al. (2010). Based on 
the result, the optimum flow rate and contact time for nickel reduction are 25 ml/min and 120 minutes 
respectively.  
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                                          (a)                                                                                       (b) 
 
Fig. 9: Effect of time and flow rate on (a) 1st column (b) 2nd column resin. 
 
2. Conclusion: 
 This research focused on the use of integrated treatment to make quantitative studies of the chemical 
precipitation and ion exchange treatment, specifically to treat wastewater from electroless plating company.  
The performances of coagulants (chitosan, WPC6001, ferric chloride and polyacrylamide) in the removal of 
nickel from wastewater were successfully studied. Also, the effects of coagulant dosage and pH on the 
percentage removal of nickel, COD, TSS and turbidity were investigated. The result shows polyacrylamide was 
the best coagulant with the percentage removal as nickel – 96.6%, COD – 47.2%, TSS – 99.6% and Turbidity – 
99.6%. The nickel contents in the effluents of the first column and second column ion exchange column were in 
the range of 0.023 – 0.043 mg/L and 0.013 – 0.032 mg/L respectively. These results meet the Malaysia 
environmental quality standard A for industrial effluent, which is 0.2 mg/L. 
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