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ABSTRACT

In this study natural bentonite (NB) and attiérmal cemodified bentonite (MB) were utilized as
adsorbents for the removal of Thymol Blue (TB) from aquesaolsition The batch adsorptio
experiments were conducted under different experimental conditions. The artificial neural network
(ANN) and adaptive neuro fuzzy inference systems (ANFIS) were applied to estimate removal
percentage (%) of TB. Mean squared error (MSE), root mean squardRMSE) and coefficient of
determination (B values were used to evaluate the restitsaddition, he experimental data were
fitted isotherm modelsLangmuir, Freundlich and@emkin) and kinetic model§pseudo first order
(PFO), pseudo second ord&S0O) and intrgoarticle diffusion (IPD)) The alsorptionof TB on both

the NB and MBfollowed well the PSO kinetic modelandwasbest suited Langmuir isotherm model.
When the temperature was increased from 298 K to 323 K for 20ah@A initial concentation, the
removal percentage of TB ontbe NB and MB increased from 74.91% to 84.07% and 81.19% to
93.12%, respectivelyThis results were confirmed byhe posi t i vngicatgohhat theal ue s
removal process was endothermic for both the NB and ™ig. maximum adsorption capacity was
found as 48.7805 mg/g and 117.6471 mg/g for the NB and MB, respectively (at 328 &KYesult

with high surface area and adsorption capatiig,MB is agreat candidatéor TB dyeremoval from
wastewaterand the ANFS model isbetter tharthe ANN modelat estimatinghe removal percentage

of the dye

Keywords: Adsorption,Bentonite,Thymol Blue, Artificial Neural NetworksANFIS.

INTRODUCTION

Thymol Blue (TB) is known acidase indicator in analytical chemistry. It is also used as a
dye in someindustries such as paint, leather and textile. The release of even very small
amount of TB dye from the process wastewater to the environment can dsel dearmful
effects on human as well as animal life. Therefore, the removal of TB from effluents is very
important. Although there are some methods such as adsorption, chemical coagulation,
chemical oxidation, electrochemical treatment used to removetgaiufrom wastewater,
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adsorption is an importaaind most populamethod among them due to high efficiency, low
cost, simple application and availabili®u et al, 2017; Cheng et al2015; Ngulube et al.
2017& Kausar et a).2018).

Clays are known thave adsorption capacity for dyesd their capacities are comparable
with activated carbon which is the most popular adsorbent (Adeyemq 204HrF). Recent
studies conducted about the adsorption of dyes using clays have shown that some natural
clays, bentonite in particular, demonstrate significant dye removal capacities, while others
still require certain modifications to enhance their adsorption capacity (Leodopoulos et al.
2012). Bentonite which is negatively charged has ttager silicate strucire and due to
having a great number of cations in its layers has high adsorption performance, and has
attracted the attention of researchers as an adsorbent due to its low cost and high efficiency
(Miyoshi et al, 2018;Kul & Koyuncu 201Q Oussalah et gl2019 &Alexander et a).2019).

The modding of a process is conducted to obtain data about how that process will behave
without carrying out experiments. Mdtlag is anaccepted application for many processes in
the fields of both science arghgineering. Computational models are more flexible than
statistical models when dataset including nonliniegrior insufficient (Ghaedi &/afaei
2017). Artificial intelligence methods, such astificial neural network ANN) and adaptive
neuro fuzzy infeence systemsaANFIS), can be used to model adsorption (Ghaedi g2@15
& Banerjee et al2015). ANN based on biological nerve processing can used to resolve and
model a large number of complex engineering systems thanks to its simplicity, robustness,
reliability and nonlinearity. There are some applications of ANbddding in the literature
(Poznyak et al.2019). ANFIS, which is a very efficient tool similar to ANN, can be used for
input and output relationships for describe nonlinear complicatéensgsThe ANFIS model
is formed of the antecedent part and the conclusion part which emerged as a combination of
fuzzy logic and ANN approaches, and is an effective tool that can be used to simulate
nonlinear variations in complex systems (Dolatabadi et28018). It is considered to be a
technology with applications for the prediction of the performance of many processes owing
to its universal ability to simulate nonlinear variations, and for extrapolation based on
historical data in numerous fields. Howvee, there are few studies conducted on the
application of ANN andANFIS for adsorption process.

The novelty of this study is the comparison of the adsorption performance of the natural
bentonite (NB) and acithermal cemodified bentonite (MB) for ThymoBlue dyeremoval
from agqueous media for the first time, and the investigation of the performance of the
artificial neural network (ANN) and adaptive neuro fuzzy inference system (ANFIS) models
with three statistical metrics.

The aim of this study was comparisontbé adsorption performance NB andMB for
TB dye removal from aqueous median terms of isotherm, kinetic and thermodynamic
examinationsAlso, this study aimed to predict the adsorption behavid NB and MBusing
ANN and ANFIS models. Since adsorption is a complex process and due to the complicated
relationships between input and output parameters, it is a process that is difficult to model
using statistical models. For the adsorption of TB on to NB and M#aliconcentration of
TB, interaction time and temperature were considered the input data and the percentage of TB
removal was calculated as the output data, using ANN and ANFIS.

MATERIALS & METHODS

The asorption experiments were carried out wB and MB clays The NB sample was
obtained fromthe province of Kitahyalurkey. The XRF results of NB was observed as
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follows:71.60 wt.% SiQ 2.79 wt.% MgO, 13.15 wt.% AD;, 0.36 wt.% KO, 2.23 wt.%
CaO, 0.66 wt.% F£3, 0.26 wt.%, NgO, 0.07 wt.% TiQand 8.45 wt.% loss of ignitionThe

NB was activatedo increaseits surface area and to chanige physicochemical properties.
For acid activation, a reactor made of pyrex glass, with a condenser, wag'hea@50 ml

of 5N HCI solution was slowly adddd 50 g of bentonite thdtad been placeith the reactor
and allowed to stand for 3 hours under continuous stirrirggpatling temperaturef around
105 °C. The bentonite samplegre filtered and wasgd with distilled water in order to
eliminate acid esiduesThen, the solution was centrifuged at 4500 rpm for 5 minutes. After
thefinal wash, the samphlascentrifugedandincubated at 60 °C for 48 houiBue to lumps
forming during drying the bentonite sample was milled. For therraativation,the bentonite
samplewas heatedto 600 °C for 24 hoursand then stored in a desiccator after passing
through 235 mesh sievedetails of the NB and MB adsorbentreparation and
characterization results were giverour previous study (Kul 8&Koyuncu 2010).

The chemicalformula of TB is G/H300sS (molecular weight: 466.59 g/mol), while its
IUPAC name is 4[9-(4-hydroxy-2-methyt5-propan2-yl-phenyl}7,7-dioxo-8-oxa7 o 6
thiabicyclo[4.3.0]nonél,3,5trien-9-yl] -5-ethyt2-propan2-yl-phenol. TB (CAS 76-61-9,
1081760025)was obtained from Merck (Germany) and other solvents with reagents were
used without further purificationThe stock solution of TB was prepared by dissolving a
weighed quantity of TB irethanol (95 percent)The required initial concentration of TB
solutions (1020, 30, 40, 50, 60, 70 mg/L) used for the adsorption processes were prepared
from the stock solutiomy dilutingwith doubledistilled water

In batch experiments which were carried outin a temperatureontrolled water bath
(Julabg EC-13A) 1 g bentonite was treated witth. of TB solution and the mixture was
shaken at 300 rpm usirghaker All experiments were performed at pkb%ecause ofhe
highest removal (%o)vas taken athis pHvaluewhich wasadjustedusing 0.1 MHCI and 0.1
M NaOH solutios with apH meter §electapH-2005. The TB concentratiom the solution
was determinefbr 140 min. The suspension wacentrifugedNuve, NF80) at 5000rpm for
10 min andthensupernatantvere analyzed folf B concentration by spacphotometer (PG
Instrumentd_td, T80/T804) at 594 nm maximum absorbance wavelength. A calibration curve
was prepared by plotting betwedhe absorbance and various TBncentrations. The
unknown TB concentrationsere measured using the calibration cufilee same processes
were carried outfor NB and MB clays at 298K, 308 K and 323 K temperaturegach
adsorption experiment was conducted in triplicate and averfate obtained datavas taken
as result.The adsorptioncapacityof TB by the adsorbent at equilibriurge (mg/g) was
determined witleq. (1):

6 Bz "
d a

whereV is solution voluméL), Cy isinitial concentration of TRmg/L) andCe is equilibrium

concentration ofTB (mg/L), m is the clay mass (g).The TB removal percentag&as
determined with Eq. (2):

. 0, 0
YQa ¢ DEQQW 'MQ € e'a-e'a(,j—z pTT 2)

The effects of thenitial TB concentration, temperature and contact timeemmovalof TB
with NB and MB clag were investigateavith two neuralnetwork modéng. The dfect of
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initial TB concentratiorwas studied bynitial concentration off B dye solutions (1020, 30,
40, 50, 60, 70 mg/L).

Development of the Neural Networks

ANN is an artificial intdligence application that analgs data and discovers new
information from certain algorithms (Pauletto et 2aD20; Tayebi et gl.2019; Tajmiri et al.
2020 & MahmodiBalaban et al.2019). The input data is multiplied by weight values and
transmitted between nens according to the values of the activation functions. These
processes are repeated until the output is updated by training thesvegidHiiasegalues with
the input values. The purpose of the training is to findwbghts and biasesmlues that Wi
produce the correct outputs for the examples shown to the network. In this way, the network
reaches the correateights and biaseglues and gains the ability to make generalizations about
the event represented by the samples. The process of theknatgairing this generalization
feature is called Al earning the networko. Th
three layers. The first layer was a thieput layer (independent variables) which were contact
time, initial concentratiorand temperature. The application was run by increasing the number
of neurons from 3 to 10 in the hidden layer. The removal percentage of dye was obtained in the
output layer (dependent variable). Input and output data were normalized in the rarije of O
The following equation was used for normalization:

w 0w 0w fw &) 3

wherey, Xmax and Xmin is the normalized, maximum and minimum valuexpfespectively.
The ANN structure for TB adsoliph on NB or MB is given in Figurgé-a.

In the ANN structure, 85% of the data was used in the training process and 15% was used
in the test process. The percentage of dye adsorption in solution was estimated by ANN
structure. The Neural Network Toolbox in the MATLAB software was used for this
application. Levenbergviarquardt algorithnwas used for optimization during ANN training.

The tangent sigmoid function which is given in Eq. (4) was applied to the hidden layers.

w ———— p (4)

The machine running the application hadaprocessor and 16 GB RAM. Mean squared
error MSE), root mean square erroRIISH and coefficient of determinatiorR{) values
were used to evaluate performance which formulae used in calculation of these are given in
the following equations, respectlye

0 YO -B W [ O R (5)
o, e B A h

Yu YO (6)
. B R A

Y op o )

wherew j is iy predicted valuep  is iy, observed valuap is mean value ofd j, and
N is number ofobservationsn the experimental studie& showed that predicted output
variable estimation curve fitted experimental output variable curve.
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Figure 1. ANN model (a) and ANFIS model (b) structures for TB adsorption on the NB and MB.

ANFIS has a wide application area as a spewc&ivork structure that integrates the
learning ability of ANNs with the inference ability of fuzzy systems (Shankar,e2Gl8 &
Canayaz 2019). As the-tlfien rule structure uses input and output values, it is often used in
forecasting problems that rage decisioamaking mechanisms. An ANFIS learning
algorithm is a mixed learning algorithm consisting of the combined use of least squares
method and backpropagation learning algorithm. There are two steps in the hybrid learning
algorithm: forward transitio and backward transition. In the forward transition process, the
resultant parameters are fixed while they are updated using least squares estimates. In the
backward transition process, result parameters are fixed and back propagation gradient
descent méiod is used to update precursor parameters. Forward and backward transitions are
repeated with a certain number of iterations and training is completed. ANFIS consists of five
layers: fuzzyfication, rule, normalization, defuzzification and output. ANR¢S to obtain an
inference by generalizing the input samples to the output with these layers. In this structure,
rules are created for the values that are taken as input. In the application used in this study
there were three inputs and removal percenteg® obtained as output value. In the ANFIS
structure, due to lack of validation process, the data were divided into two sets: training (80%)
and test (20%). The data were also mixed before starting the training. The ANFIS structure
for TB adsorption on NEBind MB is giva in Figurel-b.

Many isothermmodels are used to identify the adsorption of dyes on solid surfaces. For the
interaction between adsorbate molecules and adsorbent sutfecewellestablished
Langmuir, Freundlichand Temkinmodels were chosen in this study. Three models were
applicable for descriptions of the experimental results obtained at three different temperatures
for NB and MB The parameters of thrdsotherm model equatims were calculated by
regression usinthelinear form other equationgGhaleh et a).2020)

There are assumptiorabout adsorption occurrence on a homogenous surface and no
interaction between adsorbates in the plane of surfad@ngmuir isotherm modekhich
equation is givemwvith Eq. @):
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n noo Tp 0O (8)

where g, denotes the maximum capacity of adsorption (mgdy)represents equilibrium
concentration of solution (mg/LK. is a Langmuir constant associated with affinity of the
binding sites and energy of adsorption (L/g). A linear form of(Bgwas obtained whet/C,
versusl/ge was plotted, andn,andK, canbe determined fromhe slope and intercept

Freundlichisothermis anempiricalmodelbased on adsatipn on a heterogeneous surface
and thisisothermequation igyiven with Eq. 9):

B voed 9)

whereKg is Freundlich constant linked to adsorption capawfitgdsorbat€L/g), and1/n is an
empirical parameter connected to adsorption intensityh n > 1 represents favorable
adsorption conditionsA linear form of Eq(9) was obtained when the logarithmafversus
Ce. was plotted. The line slope and intercept show n aivbKiesrespectively

Temkin isotherm model considegffect of the adsorbate interaction on adsorption, which
is given with Eq(10):

n 6a®6 0 (10)

whereKr is equilibrium binding constargnd B is related tcadsorptionheatwhich is given
with Eq.(11):

& YHD (11)

where 1/ indicates theremoval potential of adsorbentR is the gas constanf is the
temperature (K)B andKyvalues for differentémperatures

Kinetic modelswere appliedto check experimentakesults of TB adsorption ontihhe NB
and MB The adsorption kinetic iBnportant to choose the best test circumstances for the
adsorption process witlhe batch technique. Thkinetic parameters foestimaton of
adsorption rate provide vital knowledge for designamgl mod#ing adsorption processes.
Kinetic models are widely usad adsorption operations to investigdke mechanisms that
control the removal processuch as the adsorption surface, chemical reaction and/or
diffusion mechanismgCheruiyot et al.2019) In this study, TB adsorption kinetics were
calculated using pseudo first order (PFO), pseudo second order (PSO) armhritntia
diffusion (IPD) kineic models. Thebest fitmodelwaschosen depending on the correlation
coefficient (R?) values. These modelsere investigated according to experimental data at
varioustemperatures and initial TB concentrations.

Lagergrenods ki ne tsedfist foe thel eharacterization afnadsorgtion
systems depending on s ol jwhichdssnpaneedhe gsgudo filstager gr
order (PFO) kinetic modgseparatethe equation dependiran concentration of solution and
solid adsorption capacitftagergren& Svenska 1898)The PFO linear model is givekq.

(12):

a&a N ag Qo (12

wherek; (1/min) is rate constant of PF@odel. To achieve constants of this model, plots of
In(ge-0) against t are drawn.
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Pseudo seconarder kinetic model which explas chemical lond formation between
adsorbentnd adsorbatemolecules based on adsorption capac{tyjo & McKay 1998) The
linear form ofPSOmodel based on adsorption capacitgiigen with Eq. (13

- — — (13

wherek, represents rate of adsorption (g/mm), values ofk, and g. were identified from
intercept and slope of plot of tAgersus t according to E({L3).

Activation energyof this removal process calculated from thérrhenius equation is
given with Eq. 14):

a a® — (14)

where k; is rate constant (giol.s), ko is temperature independent factorn@l.s), Ea is
activation energyJ/mol), R is gas constant8(314J/mol.K) andT is adsorption temperature
(K).

Adsorption of dyeswas more gradual when intqparticle diffusion (IPD) was the rate
controlling stepAccording to Weber &orris (1963) IPD model assumes that the chemical
or physical bond formed between solute and salidterspatial sitesmthesolid control the
overall speed of the adsorptiofhe possibility of intraparticle diffusion aghe rate limiting
stepwas testedisingthe IPD model, which can be represented by an(Eg):

n Q o8 ¢ (15

where kipa (mg/g mif®) is IPD rate constant and is boundary thickness which are
determined wittplot of g; against ¥°at different TB concentrations.

Thermodynamic investigation is required to determine the importance of adsorption
proces. The changes dBibbs free energgp G fJ/mol), enthalpyp H &J/mol), and entropy
S ¢kd/mol.K) are significant to detect heat alterasaturing the adsorption proces$he
thermodynami@arameter®f TB adsorption onto NB and MB adsorbentxe calculatel by
the equations given below:

yd  Y'Yd ¢ (16)
ya yo “wv (17)
ae L X7 (19)

whereKgq is equilibrium constanfe/Ce; L/g). Ris gas constant ariis temperature (KxpH A
andg Sprameters are calculated from slope and intercept of ploKgersusl/T.

RESULTS AND DISCUSSION
Nitrogen adsorption isotherms ofettNB and MB were given in Fige 2-a, and théBrauner

EmmettTeller (BET) surface areas of the samples walso determined. The acid activation
caused formation of smaller pores in solid particles resulting higher surface area (109.80
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m?/g) relative to than NB (71.95 #g). The samples had almost mesopores of which
diameters were between-800 A. The NB and MBamples exhibited maxima in differential

pore volumes at about 39.46 A and 34.50 A inepdiameter respectively (Figufeb). The

cation exchange capacities (CEC) of the NB and MB were found as 65 and 97meq/100 g,
respectively (Ku& Koyuncu 2010).
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Figure 2. Nitrogen adsorption isotherms (a) and pore size distributions (b) of the NB and MB.

In the adsorption experiments, firstly, studies were carried out to determine the most
appropriate pH and adsorbent désethe highest adsorption performance. The optimum pH
and adsorbent dosage values were determined as 9.5 and 1g/L, respectively (Figures were not
given). The effect of interaction time on the adsorption of TB onto the NB and MB was
studied to determine adibrium time. Asshown in Figure3-a, the fast adsorption of TB
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occurred within the first 30 min and the equilibrium vgas upafter 110 min fobothNB and

MB. The dfect of temperature on the adsorption of ®BNB and MBwas investigatednd

the results shown in Figur8-b. The adsorption capacity increased with increase in
temperature because the mobility of TB molecules increased with increase in their kinetics.
Also, it can beexplained that the endothermic adsorption enthafpgddition, he adsorption
capacity increased with increasing initial TB concentration, while the removal efficiency (%)
of TB decreased with increasing initial TB concentration for idihand MB (Figire 3-c).

The removal efficiencies (%) of TB onto NB wdmind as 74.91%, 76.17% and 84.07% at
298 K, 308 K and 323 K, respectively (20 mg/L initial concentration of TB), while the
removal percentages for MB were determined as 81.19%, 89.06% and 93.12% at 298 K, 308
K and 323 K, respectively (20 mg/L initial moentration of TB)Besides, it was found that

the removal efficiency (%) of TB with the MB was higher than NB in all studied solution
concentration and temperatures.
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Figure 3. Effect of various parameters on the adsorption performgagarteractiontime effect (G,: 20 mg/L,
323 K), (b):temperatureféect (G,: 20 mg/L, 323 K) and (c): initial TB concentration effect on adsorption
capacity and removal (%) (323 K)).

The performance results obtained from the ANN model for NB and MB adssnvene
given in Table 1. According to results with training of netwdtkyalues for 10 neurons were
determined as 0.9732 and 0.9887 for NB and MB adsorbents, respectively. The performance
results of obtained from NB and MB were compared and it wasteaetheR? values of MB
adsorbent were higher than tRe values of NB adsorbent. TH4SE and theRMSEvalues
were also very low and it was seen thatfM@&Eand theRMSEvalues of MB adsorbent were
lower thanthat of theNB adsorbent. This is amportant parameter indicating that ANN had
high gereralization capability. Figurd-(a andc) shows the regression plots and M8E
values obtained by ANN model for NB. It can be seen floenperformance results in Figure
4-(a andc) that the ANN reactiethe best value with a low epoch numtrvalues for TB
adsorption onto NB adsorbent were obtained as 0.98 for training, validation, test and all data.

Table 1. Comparison operformancevalues for TB adsorption onto NB and MB using Axtddel

NB MB
Number of Neurons R? RMSE MSE R? RMSE MSE
3 0.9381 0.0536 0.0029 0.9605 0.0436  0.0019
5 0.9469 0.0497 0.0025 0.9819 0.0295  0.0009
7 0.9658 0.0399 0.0016 0.9867 0.0252  0.0006
9 0.9701 0.0373 0.0014 0.9872 0.0248  0.0006
10 0.9732 0.0353 0.0012 0.9887 0.0233  0.0005

The obtained regression and performance plots by using the ANIRIfoos MB are given
in Figure4-(b andd). According to the regression plots of TB adsorption onto MB adsorbent,
values were obtained as 0.99 at the applied conditionsMBi&against number of epochs
for ANN shows that method performance does not change after 40 epochs. As shown in the
performance graphs, the best values were obtained with lower epoch numbeasecbtop
the results of NB. ANN model applications for dye adsorption under various conditions were
reviewed in the literature (GhaefliVafaei 2017). The obtained values in this study and those
obtained in the literature indicate that the ANN model shayeoedi performance.
The grid partitioning (genfisl), subtractive clustering (genfis2) and fuznyeans
(genfis3) structures were used for this study. The results of ANFIS analysis were obtained by
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using genfisl, genfis2 and genfis3 tools in MATLAB. The peseter values used for genfisl
were as follows: number of MFs: 5, inputmf: gaussmf and outputmf: linear. The parameter
values used for genfis2 were as follows: influence radius: 0.3, maximum number of epochs:
75, fis type: sugeno, inputmf: gaussmf and otrtgulinear. The parameter values used for
genfis3 were as follows: number of clusters: 15, partition matrix exponent: 2, maximum
number of iterations: 200, minimum improvement:5leThe obtained MSE, RMSE arid

values were given in Tabl2 for trainingand test data for TB adsorption onto NB and MB
adsorbents. In addition, Figufeshows the training and test data for the ANFIS results of TB
adsorption onto NB and MB adsorbents, respectively. Based on the ANFIS, riesidts be

seen that in Table the highest R values were obtained as 0.9985 with genfis2 and 0.9483
with genfis3 for MB and NB, respectively. In addition, it was seen M&E and RMSE
results are low anMSE, RMSEand STD values for genfisl and genfis2 were lower than
genfis3 for NB and MB. When these results are compared with the ANN results, it is clear
that ANFIS produced better results. Due to the error between the experimental and predicted
outputs, it was determinethat ANFIS provided high accuracy and eincy for the
prediction of TBadsorption.
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Figure 4. ANN plots for TB adsorption; the regression results for NB (a) and MB (b), and the performance
results for NB (c) and MB (d).

In this study, it was used the methods like a train/test split only to estimate the ability of
the model to generalize to new data. Too little learning and the model will perform poorly on
the training dataset and on new data. The model will underfitrtidgm. Too much learning
and the model will perform well on the training dataset and poorly on new data, the model
will overfit the problem. In both cases, the model has not generalized. Three models can be
considered: Underfit model; A model that fasdufficiently learn the problem and performs
poorly on a training dataset and does not perform well on a holdout sample. Overfit model; A
model that learns the training dataset too well, performing well on the training dataset but
does not perform well oa hold out sample. Good fit model; A model that suitably learns the
training dataset and generalizes well to the hold out dataset.

From the Figure ¥, it is possible to see that the model works properly for train, test, and
validation data. In additiont can be stated that it is a good fit model, not diténg (Figure
5).
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Figure 5. ANFIS plots for TB adsorption; training data results of genfis2 for NB (a) and MB
(b), test data results of genfis2 for NB (c) amMB (d), regression plots of genfis2 for NB (e) and MB (f).

The efficiencies of ANN and ANFIS models were verified by evaluating their

performances using statistical metrics. TM8E and RMSEvalues of ANN results for TB

adsorption onto NB and MB adsorbents were obtained as 0.00192, 0.00093 and 0.04316,
0.02928, respectively. In additioR? values greater than 0.95 and 0.98 were found for NB

and MB adsorbents, respectively. These resultscatei sufficient adjustment among

experimental and predicted values by ANN. These values were determined to be within
acceptabl e

range

(Ghosal
al., 2017). TheMSEandRMSEvalues of ANFIS redts for TB adsorption onto NB and MB

et

al . |

2018;

Madar

adsorbents were determined 0.00019, 0.00021 and 0.04312, 0.04611, respectively. These

values were found to be within range reported in the literature. Tival&es were close to

1.00 compared to those found by the Alhd ANFIS models (Ghaedi et al., 2014; Baghban
et al.,, 2017& Rego et al., 2018).

Table 2 Comparison operformancevalues for TB adsorption onto NB and MB using ANFIS model

ANFIS Training Test

models MSE RMSE R? STD MSE RMSE R? STD

genis1 NB 0.0002 0.0133 0.9962 0.0134 0.0142 0.1193 0.6615 0.1163
MB 0.0001 0.0102 0.9979 0.0102 0.0077 0.0879 0.8206 0.0874

genis2 NB 0.0001 0.0099 0.9979  0.0099  0.0049 0.0698 0.8932 0.0697
MB 0.0001 0.0099 0.9985 0.0099 0.0031 0.0557 0.9358 0.0558

genfisa NB 0.0009 0.0294 0.9824  0.0295 0.0019 0.0431 0.9483 0.0433
MB 0.0011 0.0314 0.9804 0.0314 0.0021 0.0463 0.9461 0.0459

Langmuir, Freundlich and Temkimsotherms were plottetbr NB and MB adsorbents at

different temperaturegFigures not given)and he results othesemodek were given in

Table 3



