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ABSTRACT 
 
 An artificial neural network (ANN) was built to model the adsorption of nickel on electric arc furnace slag 
(EAFS). The effect of operating parameters such as pH, the initial metal ion concentration, particle size, and 
adsorbent dosage were investigated to optimize the sorption process. The operating variables were used as the 
input for a neural network, which predicted the nickel (II) ion uptake at any time point as the output. The 
adsorbent was characterized by SEM and BET measurements. From the experimental results the adsorption 
capacity of 45% was obtained at pH of 8, also as when the adsorbent dosage increases from 0.1 to 1 g/l there is 
an increase in the percentage removal of Ni(II) ion from 25% to 37%  respectively. Further more from the 
particle size analysis result, it revealed that as the particle size increases from 0.5µm to 3mm the percentage 
removal of Ni(II) ion decrease from 52% to 33%. Finally by increasing the initial concentration of Ni(II) ion 
from 50 to 1000 mg L-1, the adsorption capacity also  increase from 24% to 43%. The ANN models present high 
correlation coefficient (R2=1) was found to perform excellently in predicting the adsorption behaviour of nickel 
in aqueous solutions onto EAFS. 
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Introduction 
 
 Industrial processes generates large amount of 
waste effluents enriched in heavy metals, dyestuff 
and organic pollutants. Due to their non-
biodegradability and toxicity considerable global 
attention in recent years has been focused for the 
elimination of heavy metals from industrial effluents 
before being discharged to water bodies [6] Ni(II) 
ion, a divalent heavy metal, essential for human 
health in trace amount. It is widely present in waste 
discharges from electroplating, non-ferrous metals 
processing, porcelain enamelling, steam electric 
power plants and dye industry [9]. Nickel may enter 
the human body through inhalation, food chain or 
drinking water. Several million people worldwide 
currently suffer from sub-clinical Ni(II) ion 
poisoning by consuming contaminated foods and 
beverages. When consumed in large amount Ni(II) 
ion may cause lung embolism, respiratory failure, 

birth defects, asthma, chronic bronchitis, sickness, 
dizziness, dry cough, and vomiting [13]. The 
concentration of Ni(II) ion in industrial effluents 
ranges between 3.4 and 900 mg dm-3 [4]. Hence, it is 
essential to remove or to minimize Ni(II) ion 
concentration in industrial effluents before 
discharging to natural water bodies.  
 Chemical precipitation, ion-exchange, reverse 
osmosis, electrochemical treatment, solvent 
extraction, flocculation and membrane separation are 
some the well reported techniques used for the 
removal and recovery of Ni(II) ion from industrial 
waste stream [8]. The majority of these techniques 
involve high capital costs and are not affordable for 
small-scale industries [18]. Therefore, it is essential 
to explore economically feasible and ecologically 
efficient heavy metal remediation alternatives. 
Adsorption an interfacial phenomenon has an upper 
hand in this regard.  
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 It is an effective process for the removal of 
heavy metals even in very low concentrations. 
Researchers have successfully utilized agricultural 
[5], municipal [3], domestic [17] and industrial [7] 
wastes for the removal of heavy metals. Electric arc 
furnace slag (EAFS) is a major by-product of the 
steel making industries. The accumulation of this by-
product poses environmental concern. Therefore, 
proper handling and utilization of EAFS is essential. 
 A neural network can be defined as a model that 
reflects the organization of the human brain. In 
addition, artificial neural networks (ANN) are 
mathematical or computational models that simulate 
the biology of the human brain. It predicts 
parameters using the correlation between measured 
and target parameters. A general ANN structure 
consists of input and its corresponding units (neuron 
or nodes), as well as weighted connections. The 
connection can be of the feed forward or feedback 

type, where the feed forward model does not connect 
back to the input neurons. Each unit receives the sum 
of its weighted inputs and forwards the result through 
a non-linear activation function (transfer function). 
The activation function acts on the weighted sum of 
the units. One of the more conventionally used 
transfer functions is the sigmoid (logistic) function. 
The outputs are fed forward through the network to 
optimize the weights between the units. The 
optimum architecture achieved via back-propagation 
of the error during the training phase. The ANN 
changes the value of the weighted connections to 
reduce the difference between the predicted and 
target (observed) values. This process is repeated 
across many cycles (iteration or epoch) until a 
specified level of accuracy is obtained. Figure 1 
shows the basic structure of neutral network [15]. In 
present study, we have applied ANN approach for 
Ni(II) ion removal by EAFS from aqueous phase. 

 

 
Fig. 1: Basic structure of neural network. 
 
Materials and Methods 
 
Materials: 
 
 The EAFS was obtained from a steel making 
plant (Southern Steel Berhad, Panang, Malaysia). 
Stock solution (1000 mg/L) of Ni(II) ion was 
prepared by using NiCl2·6H2O purchased from APS 
Ajax (Univar Analytical Reagent). The reagents 
NaOH (99.95%), HCl (36.5%), KNO3 (99.98%) were 
purchased from Sigma Aldrich, Germany. Chemicals 
and reagents used were of analytical reagent grade or 
as mentioned. 
 
Preparation of adsorbate and adsorbent: 
 
 A stock solution of NiCl2

.6H20 (1000 mg/L) was 
prepared in deionized (D.I) water. The stock solution 
was further diluted to desired concentrations. The 
EAFS was washed with D.I water to remove the 
surface impurities and dried in an oven at 100°C for 
24h. The EAFS was then grounded and sieved to 
particle size ranged between 0.5 and 1.0 mm. To 
prevent form dust and moisture adsorbent was 
packed sealed plastic bags and was kept in a 
desiccator.   
 

Instrumentation techniques: 
 
 The concentration of Ni(II) ion in aqueous phase 
at equilibrium was measured by atomic absorption 
spectrophotometer (AAS, TAS 990, Shimadzu, 
Japan). To study surface morphology of EAFS 
scanning electron microscopy (SEM-Ad 472325, 
Hitachi, Japan) was carried out. Braunauer-Emmet-
Teller analysis (BET-Autosorb-6B) was used to 
determine the surface area and average pore diameter 
of EAFS. 
 
Artificial neutral networks: 
 
 The main ideal of ANN is that a system of 
interconnected simple processing elements is able to 
learn and tract the complex interrelationships 
between independent and dependent variable [16]. 
The following are the advantages of an ANN- based 
model: 
1. It can be developed of the process is required for 
the model development. 
2. A properly trained model has ability to generalize 
for a new input data set. 
3. It is much faster than mathematical models, so it 
can be used for online monitory and control. 
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4. Multiple input-multiple output relationships can be 
approximated simultaneously. 
 
Artificial neural network optimization: 
 
 ANN software with a neural power of v2.5 was 
used in this study. In order to obtain the best 
prediction model, Table 1 gives a list of the input 
parameters to be used in the training. 1000 (i.e., the 
default value) was set to the maximum number of 

repetition. The procedure for creating the ANN 
architecture is demonstrated in Table 1. The sigmoid 
transfer function was used as a transfer function in all 
nodes of the hidden and output layer, and is given by: 

1( )
1 exp( )

f x
x

=
+ −

                                                 (1)  

 
where f(x) is the neuron output. 

 
Table 1: The training parameters used in Neural Power v2.5. 

No of hidden layers 1 
No of nodes in hidden layer 10 

Learning algorithm Quick Prop 
Connection type Multilayer normal feed forward 
Transfer function Sigmoid 

Momentum fraction 0.8 
Learning rate 0.8 

Maximum iteration 1000 
MS error 0.01 

 
Result and Discussion 
 
Characterization of adsorbent: 
 
 Scanning electron microscopy (SEM) images at 
500 μm magnification enabled observation of the 

surface of the adsorbent (EAFS). The EAFS was 
found to be porous and irregular in structure, thus 
favoring the adsorption of nickel (II) ion on different 
parts of the adsorbent. Figures. 2a and b show the 
SEM images of the EAFS before and after 
adsorption, respectivel. 

 

              
 
Fig. 2a: SEM before adsorption has taken placed.                  Fig. 2b: SEM after adsorption has taken placed. 
 
 The surface area, average pore diameter and 
pore volume were determined, for both adsorption 
and desorption using N2 liquid. It was observed that 
the position of N2 adsorption isotherm virtually 
correspond to that of desorption, that is the hysteresis 

phenomenon identifying the irreversibility of 
sorption process can be ignored for all the analyzed 
samples. Figure 3 illustrates that nickel adsorption 
and desorption by an electric arc furnace slag, pores 
is virtually reversible.  

 

 
Fig. 3: N2 adsorption/desorption of EAF Slag at 77 K. 
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 The textural parameters are also summarized in 
Table 2. Figure 4 shows the pore size distribution 
diameter which is predominant in EAFS and falls in 
accordance to the pore diameter classification of 
IUPAC. The pores can be term as macro pore (pores 
with width larger than 50nm), mesopores (pores with 
width between 2 and 50 nm) and micro pores (pores 
with diameter below 2nm). The presence of micro 
pores and mesopores are observed in the EAF slag 
sample of with predominance of mesopores. It is 
reasonable to regard all molecules within the 
microspores to be in the “adsorbed” phase. By 
contrast, the molecules in the mesopores and 
microspores can be regarded as being in a two phase 
systems. Molecules in the centre region of the 
macrospores and mesopores are essentially free from 
the force field of the surface and thus capable of 
penetrating rapidly into the interior of the adsorbent 
particles. 
 
 

Kinetics modelling: 
 
 To predict the adsorption of Ni(II) ions on the 
EAFS, an ANN model was used. The network 
response between ANN output (predicted, qpredict) and 
the actual value (experimental, qexperimental) is 
expressed by the regression analysis given in Figure 
5. The plot of this figure exhibited a high coefficient 
of determination of 1 for the set data. Table 3 shows 
the experimentally obtained values for nickel 
adsorption. A regression analysis of the network 
respond between ANN output and the corresponding 
value was performed.Taking into consideration the 
non-linear dependence of the data, linear regression 
shows a good agreement between ANN outputs 
(predicted data) and the corresponding target 
(experimental data). The best linear fit was indicated 
by R2= 1 the performance control of ANN outputs 
was evaluated by estimating the correlation 
coefficient (R2) as defined by [12]. 

Table 2: The textural parameters of the EAFS as adsorbent. 
Parameters Value 

Carboxyl groups 0.3417 (meq/g) 
Phenolic  0.4448 (meq/g) 
Acidity  0.7855 (meq/g) 
Basicity  0.0110 (meq/g) 

Adsorption:   
Pore volume  0.004 (cc/g) 
Surface area  0.381 (m2/g) 
Pore radius  24.6 (nm) 

Desorption:   
Pore volume  0.005 (cc/g) 
Surface area  1.176 (m2/g) 
Pore radius  19.1 (nm) 

 

 
 
Fig. 4: Pore size distribution of EAFS. 
 
Effect of Dosage: 
 
 The adsorbent dosage serves as an important 
parameter in adsorption process; this is because it 
determines the capacity of an adsorbent for a given 
initial concentration from the adsorbent [2]. The 
batch experimental result revealed that the effect of 
adsorbent dosage on the percentage of Ni(II) ions 
removal was negligible after 9 days of contact time. 
For a total agitation period of 9 days, no striking 

differences in the efficiency of Ni(II) ions removal 
were observed for adsorbent dosage of 0.5 to 1g. The 
effect of EAFS dosage on Ni(II) adsorption was 
studied at an optimum pH of 8 and a 100 mg L-1 
initial ion concentration of Ni(II) ions. The adsorbent 
dosage varied from 0.1 to 1.0 g. The increase in 
adsorbent dosage from 0.1 to 1 g resulted in an 
increase in adsorption of Ni(II) ions from 25% to 
37%, while a smaller particle size gave rise to higher 
adsorption, as shown in Figure 6, this is because of 
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the higher availability of binding sites for 
complexation of Ni(II) ions [11] or surface area 
increases with the weight of adsorbent, resulting in a 
higher percent of metal removal at a dose [1]. 
Furthermore, higher amounts of adsorbent were 
needed in this case. Both taking into account the 

mass of adsorbent required and the energy consumed 
in agitation, 1.0 g of adsorbent dosage was selected 
as the optimal dosage for further batch experiment. 
Moreover the experiments indicate that maximum 
metal ion sorption of an adsorbent may occur by the 
use of a large excess of adsorbent. 

 

 
 
Fig. 5: Regression analysis of actual values and predicted ANN values for nickel (II) ion removal. 
 
Table 3: Experimentally obtained values for nickel (II) ion adsorption. 

S/N Initial Conc. 
 

pH Particle size Dosage Predicted Value 
(% Removal) 

Experimental value 

1 50 2 0.5 0.1 5.139 5.120 
2 50 2 0.5 1 14.121 14.114 
3 50 2 3 0.1 4.746 4.731 
4 50 2 3 1 10.191 10.213 
5 50 8 0.5 0.1 12.453 12.464 
6 50 8 0.5 1 73.792 73.795 
7 50 8 3 0.1 13.719 13.719 
8 50 8 3 1 38.150 38.145 
9 1000 2 0.5 0.1 0.055 0.061 
10 1000 2 0.5 1 1.400 1.417 
11 1000 2 3 0.1 0.174 0.211 
12 1000 2 3 1 1.490 1.459 
13 1000 8 0.5 0.1 10.898 10.895 
14 1000 8 0.5 1 83.851 83.826 
15 1000 8 3 0.1 15.693 15.694 
16 1000 8 3 1 31.715 31.722 

 

 
Fig. 6: Effect of particle size and dosage on nickel (II) ion removal percentage. 
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Effect of pH: 
 
 The pH of a suspension is an important factor 
that can affect the form and the quantity of Ni(II)  in 
water, the form quantity of mineral’s surface sites, 
and the interaction of mineral and Ni(II). In addition 
solution pH also served as an important 
environmental driving factor in the sorption process 
by influencing function groups on adsorbent surface 
and also solubility of the dye [14]. To imagine the 
important (p<0.05) interaction effect of absolute 
variable on the percentage of Ni(II) ion removal, a 

surface graph of 3D was drawn. The graph of 
percentage removal of Ni(II) versus pH and initial 
concentration was represented in 3D plots as 
represented in Figure 7. The effect of pH on the 
adsorption of Ni(II) ion on EAFS was studied by 
varying the pH from 2 to 8, resulting in an adsorption 
capacity of 45% at pH 8. Furthermore, within a pH 
range of 6 to 8, a sharp increase was observed in the 
percentage of nickel absorbed. Such an increase 
results from the formation of nickel hydroxide, 
which is usually observed in this pH range [11] 
below pH 6, Ni(II) ion is in the ionic form [9].

 

 
 
Fig. 7: Effect of initial concentration and pH on nickel (II) ion removal percentage. 
 
Effect of particle size: 
 
 Particles of different size display different 
surface areas and, thus, adsorption capacities [11]. 
The effect of EAFS particle size on Ni(II) ion 
adsorption was investigated by fixing the Ni(II) ion 
concentration at 100 mg L-1 and varying the particle 
sizes between 0.5, 1, 2, and 3 mm. The operating 
conditions were kept constant at pH 8, 150 rpm, and 
an incubation time of 9 days. The results showed that 
the removal of Ni(II) ion tends to decrease from 52% 
to 33% as the particle size increases from 0.5 to 3 
mm and the concentration increases from 50 to 1000 
mgL-1 Figure 5. This is because smaller particles 
have shorter diffusion paths, thus allowing the 
adsorbate to quickly penetrate deep into the 
adsorbent particles more quickly, resulting in higher 
rates of adsorption. An additional possibility is intra-
particle diffusion from the outermost surface into the 
pores. Figure 8 also shows that, as the particle size 
becomes larger, the diffusion resistance to mass 
transfer increases, which is due to various factors 
such as contact time, diffusion path and the blockage 
of sections of the particles that, therefore, may not 
contribute to adsorption. Moreover, an increase in 

dosage results in high removal percentages. This 
forms the main reason for the relatively low 
adsorption capacity of large particles [10]. 
 
Effect of concentration: 
 
 The principal driving force for overcoming the 
total mass transfer resistance of Ni(II) ion between 
the solid phase and aqueous phase is the initial metal 
ion concentration. Effect of initial concentration of 
Ni(II) ion was determined by mixing 1.0 g of 
adsorbent with 100 mL solution containing 50 to 
1000 ppm for each agitation period. Increasing the 
initial Ni(II) ion concentration significantly increased 
the uptake capacity of the EAFS. As the initial 
concentration of Ni(II) ion increased from 50 to 1000 
mg L-1, the adsorption capacity tended to increase 
from 24% to 43% as shown in Figure 9. It was also 
clearly observed that, as the EAFS dosage increases 
from 0.1 to 1 g, the removal percentage increased as 
well from 16% to 26%. Finally, these results indicate 
that the adsorption process of different heavy metal 
ions on EAFS depends, to a certain extent, on the 
concentration of the adsorbate. 
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Fig. 8: Effect of initial concentration and particle size on the percentage of nickel (II) ion removal. 

 
Fig. 9: Effect of dosage and initial concentration on percentage nickel (II) ion uptake. 
 
Conclusion: 
 
 The results of this study reveal that electric arc 
furnace slag (EAFS) has the potential to remove 
Ni(II) ion from aqueous solution, and that the Ni(II) 
ion removal percentage is dependent on EAFS 
particle size, adsorbent dosage, initial metal ion 
concentration, and pH. The ANN model was found 
to be an excellent model to represent the sorption 
kinetics of nickel on EAFS. The results of the ANN 
model indicated that the employed pH regime 
exhibited the most significant effect on Ni(II)  ion 
removal by the adsorbent. 
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