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 Adaptive Neuro-Fuzzy inference system (ANFIS) is used for the modeling of malachite 

green dye removal using zinc oxide nanoparticles loaded onto activated carbon. The 

input data were included, adsorbent dosage (g), contact time (min) and dye 
concentration (mg/l). Removal (%) was used as the output. Using testing data set, the 

coefficient of determination (R2) and mean squared error (MSE) for the optimal ANFIS 

model were obtained to be 0.9871 and 0.00003, respectively. The results showed that 
ANFIS model was capable of predicting adsorption malachite green using zinc oxide 

nanoparticles loaded onto activated carbon with a high accuracy. 

 

 

© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Zahra Gheisari Asl, Abdol-Rasoul Pouranfard, Abdolmohammad Ghaedi., Application of adaptive Neuro-Fuzzy 

inference system for the modeling of malachite green dye adsorption using ZnO nanoparticles loaded on activated carbon.  Adv. Environ. 

Biol., 8(16), 509-514, 2014 

 

INTRODUCTION 

 

 The color is a type of organic compounds which can have adverse effects on human and environmental 

ecosystems. Malachite green (Fig.1) is an aniline dye which it has been identified as mutagenic and 

carcinogenic substances. The use of thousands of chemicals and dyes in various industries, such as textile, pulp, 

paper, pharmaceutical and leather have led to large amounts of  wastewater containing dye to be released into 

the environment. Therefore the removal of dyes from these industrial wastewaters is an important concern to 

make a safe and clean environment [1-4]. 
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Fig. 1: Chemical structure of malachite green. 

 

 There are various biological, chemical and physical methods, including coagulation and flocculation, 

chemical oxidation, biological treatment, electrochemical techniques, ion exchange, and adsorption for 

treatment of wastewater [5].  

 Adsorption on activated carbon (AC) is a widely applied technique because of  its high performance, easy 

available adsorbents, high capacity and ability for large scale dye removal usage [6, 7]. AC as general support 

for loading nanomaterial possesses various reactive sites such as hydroxyl, carboxylic, and amide group and 

nanoparticle material that is applicable for adsorption of trace amount of different pollutant through various 

pathways. The unique molecular structure of AC makes it possible for extensive adsorption and removal of 

many classes of dyes. In this technique, application of nanoscale materials with high surface area enhance the 
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removal percentage and adsorption capacity of the AC. ZnO nanoparticles have been used on activated carbon 

with high surface area, high capacity and the ability to remove pollutants in less time and with maximum 

efficiency [7,8]. 

 Recently, intelligent systems such as artificial neural networks (ANN) and fuzzy inference system (FIS) 

have been successfully employed in modeling adsorption processes [9-18]. The adaptive Neuro-Fuzzy inference 

system (ANFIS) model combines the suitable properties and decreases the disadvantages of the ANN and FIS 

techniques. The ANFIS model is able to learn from the data based on the characteristics of the input and output, 

and generate membership functions and rules through learning from the data using the ANN but the results 

cannot be interpreted. The interpretability of modeling by the fuzzy logic can be achieved. Therefore, the 

ANFIS combines interpretability of the FIS and the learning ability of the ANN techniques [19].  

 The aim of this study was to evaluate the adaptive Neuro-Fuzzy inference system (ANFIS) for adsorption 

of malachite green by ZnO nanoparticles loaded onto activated carbon. 

 

Experimental: 

ANFIS models: 

 One of the most robust methods to obtain input-output relationship in complex nonlinear systems is fuzzy 

modeling. The process of fuzzy inference system contains membership function, logical operation and if-then 

rules (Fig. 2). It involves fuzzy rules, fuzzifier, defuzzifier and fuzzy inference engine. Fuzzy rules (if-then 

rules) play a central role in most applications of fuzzy logic (FL). Fuzzy rule is a type of linguistic variable, that 

is, a variable whose values are words rather than numbers. A fuzzy rule has the form, of if x is A then y is B, 

where A and B are linguistic values defined by fuzzy sets on universes of discourse X and Y, respectively. 

These labels of fuzzy sets are indicated using appropriate membership functions of the database. The if-part of a 

fuzzy if-then rule is named the premise or antecedent, while the then-part of the rule is called the consequent or 

conclusion. If there are multiple parts of the premise, fuzzy logic operators are applied, which  resolve the 

antecedent to a single number between 0 and 1. Logical operations contain of the fuzzy intersection or 

conjunction (AND), fuzzy union or disjunction (OR), and fuzzy complement (NOT).  The fuzzifier unit 

converts real numbers of input into fuzzy sets. The “If X” is the universe of discourse and its elements are 

distinguished by x, then a fuzzy set A in X is denoted by a membership function µA (x) which takes values 

between 0 and 1. Different membership functions were used in this research as Gaussian membership functions 

are indicated as follows: 

                                                                                         (1) 

where σ, x* are function parameters. The mean of defuzzification includes of centroid, bisector, smallest of 

maxima (SOM), mean of maxima (MOM) and largest of maxima (LOM). There are two types of fuzzy 

inference systems. The most typically used fuzzy inference model is the Mamdani or Max-Min model [20] and 

Takagi-Sugeno model [21]. The outcomes of the rules of Mamdani models are fuzzy sets, which incorporate 

linguistic information into the model, whereas the Takagi-Sugeno model differs from the Mamdani model by 

introducing constant or linear functions as the output membership functions. The architecture of a sample 

inference system for removal (%) is indicated in Fig. 3. 

 

 
Fig. 2: A schematic of fuzzy inference system (FIS). 

 
 

Fig. 3: The structure of inference system for removal (%). 
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 The details about the adsorption of malachite green dye using ZnO nanoparticles loaded on activated 

carbon in the year 2014 were provided by Ghaedi et al. [22]. The experimental data set is divided into training 

and testing data sets. The ANFIS architecture is displayed in Fig. 4 which shows the dependency of ANFIS 

rules on the inputs and outputs, and the system has a total 5 layers. The five layers are identified as one input, 

three hidden and one output layer. The ANFIS was run on MATLAB R2013a software. The ANFIS input layer 

includes of concentration (mg/l), amount of adsorbent (g) and contact time (min). The output is the removal 

(%). Gaussian type membership function (guessmf) is applied for input. Input and output data were normalized 

between 0 and 1 to avoid numerical overflows due to very large or very small weights. The normalization 

equation applied is of the following:  

 

                                                                                                        (2) 

 

where y is the normalized value. The  , and  , are the minimum and maximum value of xi, respectively 

 Two parameters were applied to evaluate the performance of the ANFIS models. The mean squared error 

(MSE) and the coefficient of determination (R
2
) which can be indicated as follows: 

 
                                                                                                            (3) 

                                                                                                                     (4) 

where  is the predicted value using ANIS model,  is the experimental value, N is the number of data.  

 

RESULTS AND DISCUSSION 

 

Optimization of the ANFIS structure: 

 The ANFIS architecture is indicated in Fig. 4. The optimal structure of the ANFIS model was obtained 

based on the minimum value of the error of the training and testing set. Number membership function for 

inputs, constant and linear type membership function that are used for output during generating FIS, optimum 

methods and iterations were investigated and the results were shown in Table 1. As can be seen, the minimum 

error of training and testing sets obtained values of 6.8E-06 and 3.0E-05, respectively. Therefore, the ANFIS 

model with the linear of output MFs type, 6,2,3 number of MFs for input, hybrid of optimum method and 100 of 

epochs was selected as the optimum model. Fig. 5 displays error versus the number of iterations for optimal 

ANFIS model. As can be seen, the training error goes steadily after about 30 epochs.  Then the testing data set 

was used for evaluation of the accuracy of the proposed model. Distribution of predicted and experimental data 

of removal is indicated in Fig. The predicted data of normalized removal for the training and testing set by the 

ANFIS model have also been plotted versus the experimental data. For the training and testing set, the 

coefficient of determination (R2) achieved were 0.9871 and 0.9431, respectively. 

 

 
 

Fig. 4: The structure of the ANFIS model. 

 

 
 

Fig. 5: Error versus the number of epochs. 
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Fig. 6: Distribution of predicted and experimental data of the removal training and testing data set. 

 
Table 1: Comparison of various ANFIS models with different variables. 

R2 MSE Epoch Optimum 

Method 

Input Number of MFs Input 

MF Type 

Output 

MF Type 

0.7223 0.6429 1.8548e-04 1.3896e-04 50 Hybrid 3 3 3 trimf constant 

0.8463 0.7321 1.4038e-04 7.6919e-05 100 Hybrid 5 3 2 gaussmf constant 

0.9274 0.9226 0.0056 0.27989 100 Hybrid 5 3 2 gaussmf constant 

0.8349 0.7731 1.1751e-04 8.2616e-05 50 Hybrid 3 3 3 gaussmf constant 

0.8866 0.8389 1.1160e-04 5.6735e-05 60 Hybrid 3 3 3 Gaussm2mf constant 

0.9893 0.7647 1.6569e-04 5.3932e-06 80 Hybrid 3 5 3 Gaussm2mf linear 

0.9668 0.8547 0.0269 1.6637e-05 80 Hybrid 5 5 5 Gaussm2mf Linear 

0.9871 0.9431 3.0274e-05 6.8193e-06 100 Hybrid 6 2 3 trimf Linear 

0.9841 0.6836 1.8256e-04 8.1753e-06 300 Hybrid 4 4 4 trimf linear 

0.9832 0.1094 0.0022 8.6831e-06 150 Hybrid 4 4 6 Gauss2mf Linear 

0.9841 0.6836 1.8256e-04 8.1753e-06 100 Hybrid 4 4 4 trimf Linear 

0.9599 0.7352 2.0392e-05 2.0392e-05 500 Hybrid 5 3 3 trimf Linear 

.09605 0.6167 2.3157e-04 2.0102e-05 550 Hybrid 6 3 3 trimf Linear 

0.7334 0.5810 2.1906e-04 1.3343e-04 550 Hybrid 7 3 3 trimf constant 

0.9330 0.1955 4.4220e-05 3.3542e-05 200 Hybrid 5 2 2 gaussmf Constant 

0.9321 0.9168 4.3526e-05 3.3964e-05 200 Hybrid 4 2 2 gaussmf constant 

0.9324 0.9162 4.3659e-05 3.3816e-05 200 Hybrid 3 2 2 gaussmf constant 

0.9433 0.9371 3.4421e-05 2.8395e-05 300 Hybrid 5 4 1 gaussmf constant 

0.9831 0.9391 3.1502e-05 8.6070e-06 300 Hybrid 5 4 2 trimf Linear 

0.9851 0.7860 1.1554e-04 7.6861e-06 300 Hybrid 5 4 3 trimf Linear 

0.8654 0.5961 2.3105e-04 1.0203e-04 300 Hybrid 5 4 4 trimf constant 

0.7961 0.5961 2.3104e-04 1.0203e-04 300 Hybrid 5 4 5 trimf constant 

0.8287 0.7654 0.0233 8.5724e-05 250 Hybrid 5 5 4 trimf constant 

0.8317 0.8652 0.0431 8.4216e-05 250 Hybrid 6 5 4 trimf constant 

0.8562 0.6961 0.0394 7.1955e-05 250 Hyrid 6 6 6 trimf constant 

 

Conclusion: 

 Nonlinear model was applied to predict adsorption malachite green using ZnO nanoparticles loaded on 

activated carbon. The obtained results by presenting the model showed ANFIS model with is a suitable model 

to predict the adsorption of dye using adsorbent. The optimal ANFIS model displayed a good agreement 

between predicted data and experimental data with a satisfactory determination coefficient of 0.9871 and MSE 

of 3.0E-05 for three inputs.  
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