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Abstract 

 

In this work, rice husk was evaluated as bioadsorbent to remove nickel ions from 

aqueous solution. It was washed, dried in an oven   and grounded into small particles 

before heated in a furnace at high temperature. Various effects on the adsorption were 

evaluated by factorial design analysis before optimising the sorption process. From 

the analysis, the equilibrium adsorption capacity was significantly influenced by 

heating temperature of rice husk, initial concentration of Ni (II), adsorbent dosage, 

and pH of solution. The interaction between two different effects also affects the 

sorption capacity of Ni (II) ions, including the interactions between adsorbent dosage 

and pH, heating temperature and initial concentration, and heating temperature and 

adsorbent dosage. The optimum conditions were 650 ºC for heating temperature of 

rice husk, 2 g of adsorbent dosage, 120 mg/L of Ni (II) concentration, and pH 6 of 

metal solution. This study ascertained that the thermally treated rice can be used as a 

bioadsorbents for nickel removal from aqueous solution. 
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INTRODUCTION 

There is no doubt that rapid growth in industrial activities contributed in economic 

development in most countries in the world. At the same time, industrial activities 

also contributed to environmental pollution. One of the concerns is the discharge of 

heavy metals into the environment through the stream especially wastewater. The 

major toxic heavy metals that possess threat to humans and others organisms are Cr, 

Se, Fe, Cu, Co, Ni, Cd, Hg, As, Pb, Zn etc. (Sud et al. 2008). 

Nickel is toxic and hazardous element, and it has been reported that nickel can disturb 

enzymatic functions and causing pulmonary fibrosis in human bodies (Raju and 

Naidu 2013). There are some risks when consuming drinking water with high 

concentration of nickel such as damage to lungs, kidneys, gastrointestinal distress, 

e.g., nausea, vomiting, diarrhea, pulmonary fibrosis, renal edema, and skin dermatitis 

(Garg et al. 2008). Frequent exposure of coins and jewelries that contain nickel could 

lead to dermatitis (Ni itch) (Bansal et al. 2009). 

Various techniques such as chemical precipitation, lime coagulation, ion exchange, 

solvent extraction, evaporation, membrane methods, reverse osmosis, ultra filtration, 

and adsorption have been applied to remove toxic heavy metals from wastewaters 

(Mali et al. 2014). Recently, several studies have been carried out to explore the usage 

of agricultural wastes as heavy metal ion adsorbents because agricultural wastes are 

low cost, available in abundance, have good adsorption capacity, require little 

processing and easy regeneration (Wan Ngah and Hanafiah, 2008). The agricultural 

wastes such as orange peel (Feng et al. 2011), pistachio hull waste (Moussavi and 

Barikbin, 2010), cashew nut shell (Kumar et al. 2011), rapeseed waste (Paduraru et al. 

2015), and rice husk (Ye et al. 2012) have been studied for these purposes. 

Utilizing rice husk as the adsorbent in wastewater treatment is a low cost approach 

compared to commercial activated carbon as the cost of rice husk is 1/50 – 1/40 of 

activated carbon (Ye et al. 2012. Taha et al. (2011) reported that rice husk can be used 

as a raw material to prepare an activated carbon which has a better pore structure and 

higher surface area. Generally, modified rice husk exhibits improved heavy metal 

adsorption properties (Raju and Naidu, 2013) and it can be chemically and physically 

modified for examples modified with ZnCl2 and subsequent gasification with CO2 by 

Yahaya et al. (2011), and modified with orthophosphoric acid by Dada et al. (2013). 

Conducting a study with full factorial design is time consuming and costly, thus, in 

this study, a 27-1 fractional factorial design was applied to evaluate the effects of 

heating temperature of rice husk, particle size of rice husk, adsorbent dosage, initial 

concentration of Ni (II) ions solution, pH of Ni (II) ions solution, temperature of 

reaction, and contact period on the removal of Ni (II) ions from aqueous solutions by 

thermally treated rice husk and determine the optimum condition for the adsorption. 

 

 

MATERIALS AND METHODS 

Preparation of thermally treated rice husk 

Rice husk was collected from a local rice mill and ground before washed with 

ultrapure water to obtain constant pH. The washed rice husk was then dried in an oven 

at 105ºC for 24 hours and sieved to obtain particles size between 300 to 600 μm and 
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150 μm, and labelled as raw rice husk 300-600 (RRH 300-600) and raw rice husk 150 

(RRH 150), respectively. Both RRH were heated in a furnace (WiseTherm 

Programmable Digital PID Control) separately at different temperature (500 and 

800ºC) for two hours, and then cooled in a desiccator and stored in polyethylene 

bottles. 

 

Preparation of Ni (II) working solution 

Thirty and 150 mg/L of Ni (II) working solutions were prepared by diluting 

appropriate amounts of 1000 mg/L of Ni(NO3)2 stock solution (Merck, Germany) 

with ultrapure water obtained from a Milli-Q water purification system (Millipore, 

Germany) (resistivity of 18.2 MΩ.cm). The pH of the solutions were adjusted to pH 2 

and 6 using 1.0 M NaOH and/or 0.1 M HCl. 

 

Adsorption Study 
Adsorption study was conducted by adding certain amount of thermally treated rice husk into 

100 mL of 150 mg/L of Ni(NO3)2 solution in 250 ml of conical flask. The mixture was 

agitated at 150 rpm for a particular contact time (Table 1). After the contact time, the rice 

husk was separated from the mixture by a 0.45 μm cellulose nitrate membrane filter. All 

experiments were performed in duplicates. Concentration of Ni2+ ions in the filtrate was 

analyzed using an inductively coupled plasma optical emission spectrometry (ICP-OES) 

(Perkin Elmer, OPTIMA 5300 DV). 

 

Fractional factorial design of experiments for batch adsorption 

An empirical study of 27-1 fractional factorial design was used to evaluate the effects 

of seven factors including of heating temperature of rice husk, particle size of rice 

husk, adsorbent dosage, initial concentration of Ni (II) ions solution, pH of Ni (II) 

ions solution, temperature of reaction, and contact period on the removal of Ni (II) 

from aqueous solution using thermally treated rice husk at low and high levels by a 

software Minitab 17 (Table 1). 

 

Table 1: High and low levels factors used for adsorption of Ni (II) ions 

 

Factor Symbol coded Low level (-1) High level (+1) 

Heating temperature (oC) 

Particle size (µm) 

Adsorbent dosage (g) 

Initial concentration (mg/L) 

pH 

Temperature (oC) 

Contact period (minutes) 

x1 

x2 

x3 

x4 

x5 

x6 

x7 

500 

300-600 

2 

30 

2 

30 

30 

800 

150 

10 

150 

6 

60 

180 

 

 

RESULTS AND DISCUSSION 

Adsorption study 

Table 2 gives adsorption capacity, q, of Ni (II) ions, based on the adsorption studies 

experiment. 
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Table 2: Adsorption capacity of Ni (II) ions using factors in coded unit 

 

Run x1 x2 x3 x4 x5 x6 x7 Adsorption capacity, q (mg/g) 

1 1 -1 -1 -1 1 -1 1 1.5553 

2 1 1 1 1 -1 1 -1 1.4554 

3 -1 1 -1 1 1 1 -1 1.04 

4 1 -1 -1 1 1 1 -1 3.0225 

5 1 -1 -1 1 -1 1 1 1.574 

6 -1 -1 -1 -1 -1 1 1 0.296 

7 -1 1 1 1 -1 -1 1 0.8983 

8 1 1 1 1 1 1 1 1.3344 

9 1 1 -1 -1 1 1 -1 1.544 

10 -1 -1 -1 1 -1 -1 -1 0.125 

11 1 1 -1 1 -1 -1 -1 1.354 

12 1 1 -1 1 1 -1 1 4.8255 

13 -1 -1 1 -1 1 -1 -1 0.3011 

14 1 -1 1 -1 1 1 1 0.3106 

15 -1 -1 -1 1 1 -1 1 0.4575 

16 -1 1 -1 -1 -1 -1 -1 0.297 

17 -1 -1 1 -1 -1 -1 1 0.3763 

18 1 -1 1 1 1 -1 -1 1.3315 

19 -1 1 -1 1 -1 1 1 0.319 

20 1 -1 1 1 -1 -1 1 1.4541 

21 1 -1 1 -1 -1 1 -1 0.4067 

22 -1 -1 -1 -1 1 1 -1 0.9038 

23 1 1 -1 -1 -1 1 1 1.287 

24 -1 1 1 -1 1 1 1 0.3067 

25 -1 -1 1 1 -1 1 -1 0.5391 

26 1 -1 -1 -1 -1 -1 -1 0.615 

27 -1 -1 1 1 1 1 1 0.8391 

28 -1 1 -1 -1 1 -1 1 1.121 

29 - 1 1 1 1 1 -1 -1 0.8519 

30 1 1 1 -1 1 -1 -1 0.3103 

31 1 1 1 -1 -1 -1 1 0.4058 

32 -1 1 1 -1 -1 1 -1 0.3828 

 

 

Main effect of each factors as well as the interaction between them were studied. 

Adsorption capacity, q, act as the response in this experiment, produced by a change 

in the level of a factor, heating temperature, particle size, adsorbent dosage, initial 

concentration of heavy metals, pH, temperature of reaction, or contact period varied 

from lower to higher level. Main and interaction effects of these factors were analyzed 

using statistical techniques and the results were analyzed statistically using the 

Student’s t-analysis and analysis of variance to determine significant factors that 
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affect the adsorption capacity of Ni (II). The 27-1 factorial design was employed as 

codified model stated below: 

η = A0 + A1x1 + A2x2 + A3x3 + A4x4 + A5x5 + A6x6 + A7x7 + A8x1x2 + A9x1x3 + 

A10x1x4 + A11x1x5 + A12x1x6 + A13x1x7 + A14x2x3 + A15x2x4 + A16x2x5 + A17x2x6 + 

A18x2x7 + A19x3x4 + A20x3x5 + A21x3x6 + A22x3x7 + A23x4x5 + A24x4x6 + A25x4x7 

(1) 

where A0 is intercept of the polynomial regression equation and Ai is the regression 

coefficient related to the main factor effects and interactions. 

Table 3 displays the effects of each term, regression coefficients, standard errors, t-
statistics and P-value, by which it may be concluded that, the adsorption capacity 

increased as the effect of the factor is positive which changed from low to high. 

Otherwise, the adsorption capacity decreased when the effect of the factor is negative. 

From Table 3, the results for adsorption of Ni (II) ions revealed the main effects that 

have positive influence on the response variable which were heating temperature of 

rice husk (x1), initial Ni (II) concentration (x4) and pH of solution (x5) as indicated by 

the coefficients which are 0.6596, 0.4890 and 0.3183 respectively, showing that 

increasing heating temperature of rice husk from low to high level (500oC to 800oC), 

increasing of initial Ni (II) concentration (30 mg/L to 150 mg/L) and pH of solution 

(2 to 6) cause increased in the adsorption capacity of Ni (II) ions, while increasing 

adsorbent dosage (2 g to 10 g) showed decreasing adsorption capacity of Ni (II), as 

indicated by the coefficient  -0.3534. 

Meanwhile, interaction between x1x4 is significant which shows that effect of heating 

temperature of rice husk (x1) depends of the level of initial Ni (II) concentration (x4). 

When the heating temperature increases from low to high, changing the initial Ni (II) 

concentration from low level to high level will increase the adsorption capacity by 

about 0.3 units. From Table3, interaction between x1x3 and x3x5 show negative 

influence on the adsorption of Ni (II), where the interaction of these factors decrease 

the adsorption capacity. 

 

Table 3: Statistical parameters for 27-1 fractional factorial design for Ni (II) ions – 

reduced model 

 

Term Effects Coefficient Standard Error t-Value P-Value 

Constant 

x1 
x3 
x4 
x5 

x1x3 
x1x4 
x3x5 

 

0.6596    

- 0.3534    

0.4890 

0.3183     

- 0.3454    

0.3534  

- 0.3599 

0.8957 

0.3298   

- 0.1767   

0.2445 

0.1591 

- 0.1727   

0.1767 

- 0.1799 

0.0429 

0.0429 

0.0429 

0.0429 

0.0429 

0.0429 

0.0429 

0.0429 

20.86    

7.68  

- 4.11     

5.69 

3.71  

- 4.02     

4.11 

- 4.19 

0.000   

0.000   

0.000   

0.000     

0.001  

0.001   

0.000   

0.000 

 

 

The coefficients from Table 3 were substituted into equation (1) to obtain the reduced 

model equation of Ni (II) adsorption capacity  as expressed below: 
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η = 0.8957 + 0.3298 x1 - 0.1767 x3 + 0.2445 x4 + 0.1591 x5 - 0.1727 x1 x3 + 0.1767 x1 

x4 - 0.1799 x3 x5 

(2) 

Table 4 summarized the results of ANOVA for the reduced model, only shows the 

significant factors that affecting the adsorption capacity of Ni (II) with p-value less 

than 0.05. The significant factors were heating temperature of rice husk, initial 

concentration of Ni (II), adsorbent dosage, pH of solution and two ways interaction 

between adsorbent dosage and pH, heating temperature and initial concentration, and 

heating temperature and adsorbent dosage. 

 

Table 4: Analysis of variance for Ni (II)  ions – reduced model 

 

Source Degrees of freedom Sum of squares (SS) Mean square (MS) F-Value P-Value 

X1 

X3 

X4 

X5 

X1X3 

X1X4 

X3X5 

Error 

Total 

1    

1 

1   

1    

1       

1    

1   

22 

29 

3.0941  

0.8883   

1.7006 

0.7203 

0.8485   

0.8880    

0.9210    

1.1542    

1.0617 

3.09407 

0.88830   

1.70058 

0.72028 

0.84854 

0.88798 

0.92095 

0.05246 

 

58.98     

16.93 

32.42 

13.73 

16.17     

16.93  

17.55 

 

0.000   

0.000   

0.000 

0.001   

0.001   

0.000   

0.000   

0.000  

0.000 

S= 0.229047; R2= 83.34%; R2
(adj)= 78.04% 

 

 

Figure 1 shows Pareto chart of standardized effects on adsorption capacity for Ni (II) 

of full model.The relative importance of the individual and interaction effects is 

displayed by the chart and shows the difference between the calculated effects from 

zero and it was determined by student’s t-test. The chart shows that t-valueis 0.3287 at 

95% confidence level and 31 degrees of freedom. The results revealed that heating 

temperature of rice husk, initial concentration of Ni (II) solution, adsorbent dosage, 

pH of solution, interaction between adsorbent dosage and pH, heating temperature 

and initial concentration, and heating temperature and adsorbent dosage are 

significant factors as the effects exceed t-value of 0.3287 except particle size, 

temperature of reaction and contact period. 
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Figure 1: Pareto chart of standardized effects on removal efficiency for Ni (II) ions – 

full model 

 

 

The insignificant effects are neglected and can be removed. Hence, the effects, 

regression coefficients, standard error, t-statistics and p-value were recalculated for 

the significant effects to refit the model and the results are presented in Table 4. 

Figure 2 presents the Pareto chart for reduced model and displays the student’s t-test 

results. From the figure, the results indicated that heating temperature of rice husk, 

initial concentration of Ni (II) solution, adsorbent dosage, and pH of solution are the 

significant factors in adsorption of Ni (II). 

 
Figure 2: Pareto chart of standardized effects on the removal efficiency for Ni (II) 

ions – reduced model 
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Figure 3 shows the main effects plot, where steep plots were found for heating 

temperature of rice husk, initial concentration of Ni (II) solution, adsorbent dosage 

and pH of solution, hence it can be said that these factors are factors are highly 

significant. 

 
Figure 3:  Main effects plot for Ni (II) ions adsorption capacity 

 

Figure 4 displays the interaction plot between factors in the experiment and revealed 

that there were interactions between some factors affecting the adsorption capacity of 

Ni (II). The interactions appear between two different factors consist of adsorbent 

dosage and pH, heating temperature and initial concentration as well as heating 

temperature and adsorbent dosage. The results showed that increasing each factor 

would increase adsorption capacity of Ni (II), except for adsorbent dosage and pH 

which show decreasing adsorption capacity of Ni (II). 

 
 

Figure 4: Interaction effects for Ni (II) ions adsorption capacity 
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Figure 5 displays normal probability plot of residuals for adsorption of Ni (II), which 

shows that the experimental datais normal distributed as the data were reasonably 

distributed randomly around the straight line. Besides that, plot of fitted response 

variable versus standardized residuals (Figure 6)was used to check constant variances 

assumption and to identify possible outlier. The results showed that all points are in 

the range +0.50 to -0.50, except for a point run number 4 and 12 which slightly out of 

the range. 

 
Figure 5: Normal probability plot of residual values for removal efficiency of Ni (II) 

ions versus their expected values when the distribution is normal 

 
Figure 6: Ni (II) ions adsorption capacity (predicted) versus residual 
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Effect of heating temperature of rice husk 

Thermal treated rice husk was prepared at two different temperatures i.e. 500 and 

800ºC in this study. The results showed that there was an increase in adsorption 

capacity of Ni (II) from 0.57 to 1.23 mg/g when the heating temperature (x1) increased 

from 500 to 800 ºC. Based on the study by Tahaet al. (2011), at higher heating 

temperature the rice husk tend to have more porosity and hence resulting in higher 

adsorption capacity of heavy metal. 

 

Effect of adsorbent dosage and initial metal concentration 

The results showed that increase of adsorbent dosage (x3) caused decrease in 

adsorption capacity of Ni (II) as the adsorption capacity of Ni (II) decreased from 

1.07 mg/g to 0.72 mg/g when the adsorbent dosage increased from 2 gto 10 g, which 

caused in a decrease of 0.35 mg/gof adsorption capacity. This might due to the 

formation of aggregate when higher adsorbent dosage was used, and hence leading to 

decrease in total surface area (Wongjunda, 2010). 

For the effect of initial Ni (II) concentration, the adsorption capacity of Ni (II) 

increased when the initial Ni (II) concentration (x4) increased, as it can be seen, when 

increased 30 mg/L of Ni (II) to 150 mg/L,the adsorption capacity of Ni (II) increased 

from 0.65 to 1.14 mg/g, which caused an increase in adsorption capacity of 0.49 

mg/g. The increasing adsorption capacity of metal ions was due to the availability of 

binding sites for adsorption at higher metal concentration. 

 

Effect of pH 

The results from Table 5 showed that pH of the solution affectedthe adsorptionof Ni 

(II) from aqueous solution significantly as indicatedby the p-value for pH (x5) is less 

than 0.05. As it can be observed, when pH increased from 2 to 6, the adsorption 

capacity of Ni (II) increased from 0.74 to 1.05 mg/g. Similarresulthas been reported 

by El-Sayedet al. (2010). This may cause by more hydronium ionsform at lower pH 

and compete with Ni (II) ions for adsorption, consequently, the adsorption capacity of 

Ni (II) was lower at lower pH. 

 

Interaction effects of two factors 

The significant interaction effects that affect the adsorption of Ni (II) ions were 

heating temperature of rice husk and adsorbent dosage (x1x3), heating temperature of 

rice husk and initial Ni (II) concentration (x1x4), and adsorbent dosage and pH (x3x5). 

The adsorption capacity of Ni (II) increased from 0.56 to 1.57 mg/g and from 0.56 to 

0.88 mg/g by using 2 g and 10 gadsorbent dosage (x3), respectively, as the heating 

temperature of rice husk (x1) increased from 500 to 800 ºC. 

Similar observation was found for the interaction between heating temperature of rice 

husk (x1) and initial Ni (II) concentration (x4). The adsorption capacity of Ni (II) 

increased from 0.50 to 0.80 mg/g using 30 mg/L of initial Ni (II) concentration, and 

increased from 0.63 to 1.65 mg/g using 150 mg/Lof initial Ni (II) concentration, when 

heating temperature of rice husk increased from 500 to 800 ºC. 

There was a slightly difference in the adsorption capacity of Ni (II) when adsorbent 

dosage (x3) and pH of solution (x5) interacted. There was an increasing adsorption 
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capacity about 0.68 mg/g when pH increased from 2 to 6 at adsorbent dosage of 2 g, 

while at 10 g of adsorbent dosage, the Ni (II) adsorption capacity dropped slightly 

about 0.04 mg/g even the pH increased. 

 

Optimization and validation of adsorption 

Optimum plot was used to verify the optimum condition of each factors for adsorption 

of Ni (II) ions onto thermally treated rice husk suggested by Minitab software. Figure 

7 shows the optimum condition for adsorption of Ni (II) on thermally treated rice 

husk. The optimum values suggested by Minitab are 650oC for heating temperature of 

rice husk, 2 g of adsorbent dosage, 120 mg/L of Ni (II) concentration, and pH 6 of 

metal solution. For other factors consist of particle size of rice husk, temperature of 

reaction and contact period, the conditions are optional between low and high values. 

As a result,  300-600 µm for particle size of rice husk, 30oC for temperature of 

reaction, and 180 minutes of contact period were used to perform the experiments for 

validation of the optimum conditions. 

 

 
 

Figure 7: Optimum condition for adsorption of Ni (II) ions onto thermal treated rice 

husk 

 

Validation tests were conducted as conditions displayed in Table 5 to verify the 

optimum condition obtained. The results obtained from validation experiment were 

analyzed using t-test for comparing the experimental results and the estimated values 

of adsorption capacity, q. The t-test is written as the following statistical hypothesis 

for adsorption of  Ni (II): 

Ho: µ = 1.5338, H1: µ ≥ 1.5338 

From the hypothesis, it was expected to reject the null hypothesis, Ho, which means 

that if the combination of factors on the optimum setting of Ni (II) were used, the 

adsorption capacity, q, was expected to be equal or more than 1.5338. The highest q 

obtained for Ni (II) from validation test was 1.4713, lower than the null hypothesis, 

Ho. However, after conducting paired t-test, the difference was not significant and the 

P-value is very small (P = 0.000), hence the null hypothesis is rejected. 
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Table 5: Validation test for adsorption of Ni (II) ions using factors in coded unit 

 

Run x1 x2 x3 x4 x5 x6 x7 Expected q Experimental q P-value 

1 650 300-600 2 120 6 30 180 1.5338 1.3955 0.000 

2 650 300-600 2 120 6 30 180 1.5338 1.435 0.000 

3 650 300-600 2 120 6 30 180 1.5338 1.355 0.000 

4 650 300-600 2 120 6 30 180 1.5338 1.2512 0.000 

5 650 300-600 2 120 6 30 180 1.5338 1.125 0.000 

6 650 300-600 2 120 6 30 180 1.5338 1.2493 0.000 

7 650 300-600 2 120 6 30 180 1.5338 1.3777 0.000 

8 650 300-600 2 120 6 30 180 1.5338 1.3668 0.000 

9 650 300-600 2 120 6 30 180 1.5338 1.4713 0.000 

10 650 300-600 2 120 6 30 180 1.5338 1.3286 0.000 

 

 

CONCLUSION 

Rice husk was evaluated as bioadsorbent to remove nickel ions from aqueous 

solution. From the statistical analysis, the equilibrium adsorption capacity was 

significantly influenced by heating temperature of rice husk, initial concentration of 

Ni (II), adsorbent dosage, and pH of solution. The interaction between two different 

effects also affects the sorption capacity of Ni (II) ions, including the interactions 

between adsorbent dosage and pH, heating temperature and initial concentration, and 

heating temperature and adsorbent dosage. The removal efficiency of Ni (II) increases 

with increasing heating temperature, pH, and adsorbent dosage, while increasing 

initial metal concentration results in decreasing adsorption efficiency of Ni (II) ions. 

The interaction between two different effects also affects the sorption capacity of Ni 

(II) ions, including the interactions between adsorbent dosage and pH, heating 

temperature and initial concentration, and heating temperature and adsorbent dosage. 

The optimum conditions for Ni (II) adsorption were 650oC for heating temperature of 

rice husk, 2 g of adsorbent dosage, 120 mg/L of Ni (II) concentration, and pH 6 of 

metal solution. It can be said that thermally treated rice can be used as a bioadsorbent 

for nickel removal from aqueous solution. 
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