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Abstract In the present paper, the adaptive neural fuzzy

inference system (ANFIS) was used for modeling of

magnetic chitosan adsorption performance for the methyl

orange removal. The ANFIS network, which is the best in

data predicting, was trained with back propagation opti-

mum method. Our results revealed that the developed

ANFIS models can effectively model the non-linearity

behavior of the adsorptive performance and the predicted

values were in good agreement with the experimental data.
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Introduction

In the last decade, the natural polymer and biopolymer

adsorbents have received great attention for the removal of

environment contaminants [1]. Among the various types of

polymers, chitosan (b-(1-4) acetyl-d-glucosamine), as the

second most abundant linear biopolymers in nature, and its

derivatives have attracted significant interest in water

treatment [2–5]. It is harmless to humans and has been

widely used in food, medical and pharmaceutical processes

[6, 7] and can be commercially produced by the chemical

deacetylation of chitin as a major component of the

exoskeleton of crustaceans [8].

Chitosan was found as an effective low-cost adsorbent

with high adsorption potential for various organic and inor-

ganic pollutants, due to its high amino and hydroxyl func-

tional groups content [6, 9]. In recent years, many

researchers have worked to improve the chitosan adsorption

performance by synthesis/modification of its derivatives

[5, 6, 10]. In this regard, the magnetic chitosan composites

have received attention due to the fact that they are low-cost

materials and enable simple separation after the adsorption

process [11–13]. For instance, several magnetic chitosan

composites such as chitosan/Fe3O4 [14–16], chitosan/Al2O3/

Fe3O4 [17, 18], polyoxometalate-grafted chitosan/Fe3O4

[19] and magnetic graphene/chitosan [8] have been reported

as efficient adsorbent composites for the removal of organic

pollutants. Also, Zhao et al. [15, 20], Ayati et al. [21], Ren

et al. [22] and Yang et al. [23] used the magnetic chitosan

composites for the adsorption of different metal ions

adsorption as well as Reddy et al. [24] and Vakili et al. [10]

who studied the adsorption performance of magnetic chi-

tosan composites for metal and dyes removal from aqueous

solutions. The works in the literature have been mostly

focused on the synthesis and adsorption mechanism and

highlighted the effective parameters on the adsorption

capacity of these composites.

ANFIS, as an adaptive multilayer feed-forward network,

is a fuzzy interference system combined with the computa-

tional power of artificial neural network (ANN) [25]. ANFIS

is a powerful approach to modeling/mapping the input and

output relationship in complex and nonlinear systems

[26, 27]. It converges much faster and has the most efficient
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learning algorithm, comparing with other models [28]. In

recent years, the neural fuzzy inference system (ANFIS) as

an artificial intelligence technique has successfully been

utilized for modeling and simulation of various kinds of

adsorption processes in water treatment and purification

[29–33]. Ghaedi et al. [32] reported the use of adaptive

neuro-fuzzy inference system model for adsorption of 1,3,4-

thiadiazole-2,5-dithiol onto gold nanoparticles-activated

carbon. They have also studied the application of principal

component analysis–adaptive neuro-fuzzy inference system

(PCA–ANFIS) in the methylene blue adsorption by activated

carbon [33]. In another study, Mandal et al. [34] used the

ANFIS for modeling the adsorptive removal of As(III) and

Cr(VI) ions in batch and column mode using the fibrous

zirconium oxide ethylenediamine adipate (ZEDA). Also,

Rebouh et al. [35] applied the ANFIS technique for the

prediction of metal ions removal capacity from aqueous

solution by wheat straw biosorbent. Moreover, Qasaimeh

et al. exploited the ANFIS to assess the conditions required

for aquatic systems to serve as a sink for metal ions removal

[36]. The adsorption modeling basically has two advantages:

(1) development a relation between input and output effec-

tive parameters irrespective of behavior and (2) finding the

optimal condition for the removal of target pollutant which

has been verified by confirmatory experimental run.

To the best of our knowledge, despite the extensive

research on the adsorption performance of magnetic chi-

tosan composite, their modeling by ANFIS as a very

effective approach has been overlooked in batch adsorption

process. In the present work, the proposed useful and cost-

effective ANFIS technique is applied for quantitative

sorption of methyl orange (MO) using a recently intro-

duced magnetic chitosan [17], composed of chitosan-

coated magnetic Al2O3/Fe3O4 core–shell, as an effective

and acid-resistant adsorbent for the treatment of

wastewater.

Experimental

Chemicals and instruments

The used chitosan, acetic acid (100%) and absolute

methanol were purchased from Acros Organics, VWR and

Altia companies, respectively, and all other chemicals were

obtained from Sigma-Aldrich Co. The prepared composite

was characterized by Hitachi S-4800 ultra-high resolution

scanning electron microscope.

Adsorbent synthesis

The magnetic chitosan/Al2O3/Fe3O4 (CAF) composite was

prepared according to our recent work [18], in which the

Fe3O4 microspheres were prepared using hydrothermal

method. 100 mg of the prepared microspheres was dis-

persed in the aluminium isopropoxide solution in ethanol

(16.6 g L-1), followed by dropwise addition of water and

ethanol mixture (1:5 (v/v)). The obtained particles were

washed with ethanol, dried at 500 �C for 3 h and dispersed

in acetic acid (2 wt%). Then, glutaraldehyde solution

(25%) was added to the mixture to form a gel. The formed

gel was dried in oven at 60 �C for 12 h, washed several

times with acetic acid solution and water and dried at

50 �C for 12 h. The morphology of the prepared CAF is

shown in Fig. 1.

Adsorption experiments

The MO adsorption onto CAF composite has been per-

formed in the batch mode. In this regard, specific amount

of CAF (according to the experiment design) was added to

a 10-mL MO solution with desired concentration and pH.

HCl and NaOH solutions (0.01 M) were used for pH

adjustment. The solutions were shaked on the Lab Teamet

ST5 CAT shaker at 100 rpm. Finally, they were filtered by

a 0.45-lm syringe filter and analyzed with UV spec-

trophotometer (JASCO V-670 spectrophotometer, Japan).

The MO concentrations (C) were obtained through the

absorbance value at kmax = 464 nm.

ANFIS theory

By combination of the fuzzy systems and ANN, the ANFIS

is a powerful tool which benefits from both the learning

characteristics of the neural networks and the inference

fuzzy model [26]. The ANFIS is composed of antecedent

and conclusion parts that are connected to each other by the

fuzzy rules in network form. Generally, two fuzzy if–then

rules are used in this system as follows:

Fig. 1 SEM image of prepared magnetic chitosan
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Rule 1: If x1 is A1 and x2 is B1 and…; then

f1 = p1x1 ? q1x2 ? ��� ? r1

Rule 2: If x1 is A2 and x2 is B2 and…; then

f2 = p2x1 ? q2x2 ? ��� ? r2

where fi is output and pi, qi, ki and ri are the consequent

parameters of ith rule. Ai and Bi represent the linguistic

labels whose membership function parameters are premise

parameters and are represented by fuzzy sets [27].

ANFIS consists of five layers, namely, a fuzzy layer, a

product layer, a normalized layer, a defuzzy layer and a

total output layer [27, 37]. In the first and fourth layers, the

nodes are adaptive and some used parameters in these

nodes are determined through training phase, whereas the

nodes in other layers are fixed. The node function for the

input variable, x, in the first layer is as follows

lAiðxÞ ¼ e�ððx�x�Þ=r2Þ; ð1Þ

where x* and r are the mean and variance of function,

respectively, which are called premise parameters and can

be updated during the process. In the second layer, as

product layer, the output of each node is an algebraic

product of the input signals. The firing strength of each

rule, xi, can be calculated using the following equation:

xi ¼ lAiðx1Þ � � � � � lCiðxnÞ ð2Þ

The normalization layer is the third layer in which the

output of each node is computed by the ratio of the ith

rule’s firing strength to the sum of all rules’ firing strengths

as follows

xi ¼ xi=ðxi þ � � � þ xnÞ ð3Þ

Fourth layer is the defuzzification layer and the output

of each node is obtained by the following equation:

O4;i ¼
X

xifi ð4Þ

Finally, the last layer calculates the total sum of the all

input signals overall as final output [27]:

output ¼
Pn

i¼1 xifiPn
i¼1 xi

ð5Þ

The training procedure is shown in Fig. 2.

Model specification

Based on the earlier studies [17, 18], the pH, adsorbent

dosage, initial concentration and contact time were found

as main four effective parameters in the MO adsorption

process onto the CAF. In this regard, these parameters were

selected for the training and testing of the models, and the

appropriate ranges for these factors were defined accord-

ingly. The percentages of MO removal, R%, and MO

uptake at t time (mg/g), qt, were chosen as outputs and

calculated as follows:

Rð%Þ ¼ Co � Ct

Co

� 100; ð6Þ

qt ¼
ðCo � CtÞ

m
V; ð7Þ

Fig. 2 Block diagram

representation of training

algorithm for ANFIS [27]
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where Co and Ct (mg/L) are the MO concentrations at

initial and t time, respectively; V (L) is the solution vol-

ume, and m (g) is the adsorbents dosage.

As listed in Table 1, the experiments were randomized

in two deigned blocks by experiment software (Design-

Expert 8 trial version).

Results and discussion

In the present work, extensive experimental data of

adsorptive performance of magnetic chitosan were applied

to the developed ANFIS model to predict and calculate the

output variables. It can minimize the experiment numbers

for obtaining the highest adsorption efficiency using the

existing historical experimental data as well as predicting

the unknown data. In this regard, the available data set was

divided into two sets; about 75% of them was used for

training and the other (about 25%) for testing the perfor-

mance. Training and testing samples must be different and

randomly selected from original data set. In this work,

there were 30 experimental results, each one of which was

used for both training and validation. Therefore, 22 data

were used for training and 9 data were used for validation

Table 1 Experimental design for MO adsorptive performance onto CAF

Run Initial pH Adsorbent dosage (g/L) Initial concentration (mg/L) Contact time (min) R (%) qt (mg/g)

1 4 1 20 30 95.95 19.19

2 4 0.4 20 90 915 46.58

3 6.5 0.7 30 60 96.46 41.34

4 4 1 40 90 97.69 39.08

5 9 0.4 20 30 81.25 40.63

6 9 1 20 90 96.95 19.39

7 6.5 0.7 30 60 98.58 42.25

8 9 0.4 40 90 86.92 86.92

9 4 0.4 40 30 67.4 67.4

10 9 1 40 30 93.5 37.4

11 4 0.4 40 90 90.78 90.78

12 4 1 20 90 97.36 19.47

13 6.5 0.7 30 60 97.63 41.84

14 9 1 40 90 97.82 39.13

15 9 0.4 20 90 94.4 47.2

16 6.5 0.7 30 60 97.47 41.77

17 9 0.4 40 30 70.63 70.63

18 4 0.4 20 30 80.81 37.39

19 4 1 40 30 95.34 38.13

20 9 1 20 30 95.07 19.01

21 6.5 0.7 30 60 96.34 41.29

22 6.5 1.3 30 60 98.26 22.68

23 1.5 0.7 30 60 20.02 8.58

24 6.5 0.7 30 0 0 0

25 6.5 0.7 30 60 47.31 20.28

26 6.5 0.7 50 60 95.46 68.19

27 6.5 0.1 30 60 48.91 146.73

28 6.5 0.7 30 120 97.05 41.59

29 6.5 0.7 10 60 94.91 13.56

30 11.5 0.7 30 60 77.47 33.2

Table 2 The used ANFIS

information
Characteristics Value

Nodes 197

Linear parameters 95

Nonlinear parameters 152

Total parameters 247

Training data pairs 22

Checking data pairs 9

Fuzzy rules 19
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and for determining the precision of the obtained ANFIS

model.

The ANFIS information used in this study with the

back propagation optimum method is shown in Table 2.

To train the network, 22 sets of data selected randomly

were used as inputs. The training was accomplished

with a 0.02 learning rate, and 180 iterations were

needed.

Fig. 3 Generalization of best-fitted surfaces predicted with ANFIS models for removal

Fig. 4 Generalization of best-fitted surfaces predicted with ANFIS models for qt
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The fuzzy model rule surfaces showing the relationship

between the adsorbent dosage, initial pH, MO initial con-

centration and contact time with the adsorption removal

efficiency are given in Fig. 3. Also, the fuzzy rule surfaces

for the effect of the mentioned input parameters on the MO

uptake amount by the adsorbent are shown in Fig. 4. These

figures obviously illustrate the relationship between input

and output data and the influence of each parameter to

obtain the optimum output values.

The ANFIS model showed good correlation coefficient

values (R2 = 0.99), as well as excellent fitness of predicted

and experimental values. Comparing the experimental and

obtained results indicated an acceptable agreement

between ANFIS model outputs and obtained experimental

data which have a good accuracy (Fig. 5), so that the error

in the training and test data is very low.

The prediction of ANFIS model has been compared with

the experimental data. Figures 6 and 7 represent the ANFIS

prediction values versus actual data of MO removal efficiency

and MO uptake amount onto the magnetic chitosan adsorbent.

As can be seen, the obtained correlation coefficient values

were more than 0.99, demonstrating that the ANFIS model

predicted the measured data satisfactorily, and that the neuro-

fuzzy model training was successfully accomplished. Also,

the prediction performance of model was quantified using the

following statistical standards: mean square error (MSE),

mean absolute error (MAE), root mean square error (RMSE)

and mean absolute percentage error (MAPE) which are

defined as follows, respectively [27]:

MSE ¼
Pn

i¼1 ðy0i � yiÞ2

n
ð8Þ

MAE ¼
Pn

i¼1 y0i � yij j
n

ð9Þ

RMSE ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
i¼1 ðy0i � yiÞ2

n

s

ð10Þ

MAPE ¼ 1

n

Xn

i¼1

y0i � yi
yi

����

���� ð11Þ

where yi and y
0
i are the ith actual value and predicted value

for the training and test data respectively. These parameters

y = 1.0028x
R² = 0.9974
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Fig. 5 Comparison of experimental data and predicted data by

ANFIS for a removal, b qt
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Table 3 The obtained statistical parameters for MO adsorption onto

CAF which is modeled by ANFIS

Method MAE MSE RSME MAPE (%)

R (%) Train 0.136 0.134 0.367 0.140

Test 1.784 4.480 2.116 1.198

qt (mg/g) Train 0.097 0.066 0.258 0.234

Test 1.073 1.668 1.291 3.240
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for ANFIS model of the MO adsorption onto the CAF

surface are listed in Table 3.

Furthermore, the predicted MO removal efficiency and

MO uptake by CAF using ANFIS for training and test data

were compared with experimental data in Figs. 6 and 7,

respectively. The results obviously indicated that the

ANFIS system can effectively model the non-linear

behavior of the adsorptive performance under different

operating conditions. To obtain these objectives, the

MATLAB 2014 software was employed in this work.

Conclusion

In this paper, the adaptive neural fuzzy inference system

(ANFIS) was designed for the modeling of MO adsorptive

removal by as-prepared magnetic chitosan. The perfor-

mance of ANFIS prediction was compared with experi-

mental results using the MAE, MSE, RMSE, MAPE and

the correlation coefficient (R2) values. The developed

ANFIS models showed an excellent regression analysis

with an R2[ 0.99 as well as a good fitness of predicted and

experimental values for the studied process.
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M.: Aminopolycarboxylic acid functionalized adsorbents for

heavy metals removal from water. Water Res. 47, 4812–4832

(2013)

3. Repo, E., Warchol, J.K., Kurniawan, T.A., Sillanpää, M.:

Adsorption of Co(II) and Ni(II) by EDTA- and/or DTPA-modi-

fied chitosan: kinetic and equilibrium modeling. Chem. Eng. J.

161, 73–82 (2010)

4. Alves, N.M., Mano, J.F.: Chitosan derivatives obtained by

chemical modifications for biomedical and environmental appli-

cations. Int. J. Biol. Macromol. 43, 401–414 (2008)

5. Ngah, W.S.W., Teong, L.C., Hanafiah, M.A.K.M.: Adsorption of

dyes and heavy metal ions by chitosan composites: a review.

Carbohydr. Polym. 83, 1446–1456 (2011)

6. Miretzky, P., Cirelli, A.F.: Fluoride removal from water by chi-

tosan derivatives and composites: a review. J. Fluorine Chem.

132, 231–240 (2011)

7. Sashiwa, H., Aiba, S.: Chemically modified chitin and chitosan as

biomaterials. Prog. Polym. Sci. 29, 887–908 (2004)

8. Sheshmani, S., Ashori, A., Hasanzadeh, S.: Removal of Acid

Orange 7 from aqueous solution using magnetic graphene/chi-

tosan: a promising nano-adsorbent. Int. J. Biol. Macromol. 68,

218–224 (2014)

9. Wu, F.C., Tseng, R.L., Juang, R.S.: A review and experimental

verification of using chitosan and its derivatives as adsorbents for

selected heavy metals. J. Environ. Manage 91, 798–806 (2010)

10. Vakili, M., Rafatullah, M., Salamatinia, B., Abdullah, A.Z.,

Ibrahim, M.H., Tan, K.B., Gholami, Z., Amouzgar, P.: Applica-

tion of chitosan and its derivatives as adsorbents for dye removal

from water and wastewater: a review. Carbohyd. Polym. 113,

115–130 (2014)

11. Donia, A.M., Atia, A.A., Elwakeel, K.Z.: Selective separation of

mercury(II) using magnetic chitosan resin modified with Schiff’s

base derived from thiourea and glutaraldehyde. J. Hazard. Mater.

151, 372–379 (2008)

12. Hritcu, D., Humelnicu, D., Dodia, G., Popaa, M.: Magnetic chi-

tosan composite particles: evaluation of thorium and uranyl ion

adsorption from aqueous solutions. Carbohydr. Polym. 87,

1185–1191 (2012)

13. Zhou, Z., Lin, S., Yue, T., Lee, T.C.: Adsorption of food dyes

from aqueous solution by glutaraldehyde cross-linked magnetic

chitosan nanoparticles. J. Food Eng. 126, 133–141 (2014)

14. Cao, C., Xiao, L., Chen, C., Shi, X., Cao, Q., Gao, L.: In situ

preparation of magnetic Fe3O4/chitosan nanoparticles via a novel

reduction-precipitation method and their application in adsorption

of reactive azo dye. Powder Technol. 260, 90–97 (2014)

15. Zhao, F., Repo, E., Yin, D., Sillanpää, M.E.T.: Adsorption of
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