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Abstract

Purpose: The present study was conducted to develop an analytical framework based on fuzzy logic that can accurately
predict the simultaneous effect of PH and initial arsenate concentration on the amount of arsenate adsorbed by surface
adsorbents.

Methodology: For this purpose, using experimental data and applying artificial intelligence principles, a fuzzy decision-
making system was designed and implemented that can estimate the adsorbed arsenate amounts with appropriate accuracy
under different environmental conditions.

Findings: The most important advantages of this method include reducing modeling complexity, model development time,
and computational costs. Analyzing the outputs of the fuzzy model designed with laboratory data showed that this system
could provide accurate responses in a wide range of input values with an average error of about 10%. This acceptable
accuracy demonstrates the high capability of the fuzzy method in simulating nonlinear and multivariate-dependent systems.

Originality/Value: This research innovates by applying fuzzy logic as an effective and innovative alternative to traditional
analytical models in the adsorption process and designing a system capable of predicting the behavior of arsenate adsorption
under varying PH and initial concentration conditions. Although this model has been validated only for the arsenate
adsorption system, the developed framework can be used to model other adsorption systems in the future.
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Table 1- Variable range values of PH, concentration and output range.
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clc

clear

a = mamfis("Name” ,"adsorber” "DefuzzificatiomMethod” , "lam™) ;

a = addInput{a,[2.5 11],"Name” ,"ph”);:

a=addMF(a, "ph" , "trapmf” , [0.1696 1.481 4.771 5.121],"Name", "VeryLow" )
a=addMF{a, "ph" , "trimf", [4.84 6.11 &.823] ,"Name”, "Low" );
a—addMF(a,"ph","trimf", [6.4B87 7.63 H.&3],"Namc", "Mod");

a=addMF{a, "ph" , "trimf", [7-29 B.669 18.1] ,."Name", "High");

a=addMF(a, "ph" ,"trimf", [9.74 11.2 13.4],"Name" ,"veryHigh" );

for <= 1:10

el =0

a = addinmputia,[®.75 7.5],"Name”, "Concotration™):

a=addMF(a, "Concetration”, "trapmf” [ -1.16 8.652 1.56 2.12],."Name" ,"veryLow™)
a=addMF(a, "Concetration”,"trimf", [1.63 2.58 3.94],"HName” ,"Low™);
a=addMF(a, "Concetration®, "trimf", [3.21 4.23 5.451], "Name™, "Med" )
a=addMF(a, "Concetration™, "trimf”, [5.19 5.25 6.01],."Name” ,"High" );
a=addMF(a,"Concetration”, "trimf" ., [5.58 7.6 10.2],"Name”, "VeryHigh™)

a = addoutput(a,[1.42 18], "Name", "as(Vv) Adsorbed™);

a=addMF({a, "As(V) Adsorbed®."trapmf®, [-1.59 1.1 1.86 2.29],"Mame","VLOW")
a=addMF(a, "As(V) Adsorbed”,."gaus=mf", [B.438 4.86], "Name", "LOW" ) ;

a=addMF(a, "as(Vv) Adsorbed”,"trimf”, [4.258 5.432 6.694],"Name"” ,"MED" ) ;
a=addMF(a,"As(V) Adsorbed”."trimf"”, [6.624 7.5595 9.285]."Mame” ,"HIGH" );
a=addMF(a, "As(V) Adsorbed”,"trapmf”, [B.791 9.66 18.52 14],"Name™, "WHIGH" );

Rule=slist = [5 & 1 1 1
4 2 2 a.B5 1
5 2 2 B.EE 1

4 5 4 8.8 1

4 4 2 1 1

2 54 1 1

2 4 4 0.8 1

2 55 8.8 1

15511

2 4 41 1

1 4 2 8.5 1

8 2 1 8.4 1

1 2 4 .85 1

14411

8111 1];
a8 = addRule{a,Ruleslist);
mfedita)

X open aj;

% fis = readfis( a");

% x=Lnpul{ enter ph:"});

X y=input{"enter C:");

% As_adsorbed=evalfis{a,[x y])

.MATLAB “d..“;u)é ol g.s"")‘" QS)LQ S-SR VT L a5 -\ JS.::
Figure 1- Coding of the designed fuzzy system in MATLAB environment.
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igh then (As(V) Adsorbed is VLOW) (1)
2. If (ph iz High) and (Concetration is not Low) then (As(\) Adzorbed is LOW) (0.85)
3. If (ph is not VeryHigh} and (Concetration is Med) then (As(V) Adsorbed is LOWY (0.85)
4. If (ph iz High) and (Concetration is VeryHigh) then (As(V) Adzorbed is HIGH) (0.8}
5. If (ph is High) and (Cencetration i High) then (As(V} Adsorbed is MED) (1)
6. If (ph iz Med) and (Concetration is VeryHigh) then (As(V) Adsorbed is HIGH) (1)
1. 1f {ph i= Med) and (Concetration is High) then (As(V) Adzorbed is HIGH) (0.8)
& If (ph is Low}) and (Concetration is VeryHigh) then (As(V) Adsorbed is VHIGH) (0.8)
9. If (ph iz VeryLow) and (Concetration is VeryHigh) then (As(V) Adsorbed is VHIGH) (1)
10. If (ph iz Low) and (Concetration iz High) then (As(\V) Adsorbed is HIGH) (1)
11. If (ph ig VeryLow) and (Concetration iz High) then (4=(V) Adzorbed iz MED) (0.5}
12. If (Concetration iz Low) then (As(V) Adsorbed is VLOW) (0.4)
13. If (ph ig VeryLow) and (Concetration iz Med) then (A=(V} Adsorbed iz HIGH) (0.85)
14, If (ph iz VeryLow) and (Concetration iz High} then {430V} Adsorbed is HIGH) (1)
15. If (Concetration is VeryLow) then (As(V) Adsorbed iz VLOW) (1)

st 3390 Alluws (612 (318 Blate craslyd ¥ JS
Figure 2- Fuzzy logic rules for the problem under consideration.
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Figure 3- PH linguistic variable diagram.
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Figure 6- Effect of PH and initial arsenate on adsorbed arsenate.
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