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Synthesis of Zinc Oxide Nanoparticles on Montmorillonite for Photocata-
Iytic Degradation of Basic Yellow 28: Effect of Parameters and Neural
Network Modeling
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Abstract: ZnO/montmorillonite (ZnO/MMT) nanocomposite was prepared using MMT as a support, zinc chloride as
ZnO synthesis precursor and cetyltrimethylammonium bromlde ag a surfactant, The prepared ZnO/MMT nanocomposite
was characterized by X-ray diffraction, scanning electron mrcroscopy, trangmission: electron microscope, Fourier trans-
form infrared spectroscopy and Nj adsorptlon/desorptlon analys1s Results mdlcated the appropriate immobilization of the
ZnO nanoparticles with 20-40 nm width on the surface of the MMT. The effect of ZnO immobilization on its adsorption
and photocatalytic activity was evaluated by the removal of basic yellow 28 (BY28) in aqueous solution under UV light
irradiation., The ZnO/MMT nanocomposite was more ‘effective in adsorptton and photocatalytic degradation processes
than pure ZnO. The performance of used hght souice “For photocatalytlc degradatlon of BY28 was found to be in the order
of UV-C (wavenumber region of 200-280 zitn) > UV-B (wavenumber région of 280-315 nm) > UV-A (wavenumber re-
gion of 315-400 nm). An artificial neural network (ANN) moclel was developed to predict the photocatalytic degradation
process under UV-C radiation, The ANN model with reasonabie predictive perfoxmance (R = 0.999) indicated that the in-
fluence of initial concentration of BY28 on decolonzatlon process (49. 66%) was higher than that of nanocomposite dos-

age (36.44%) and UV radiation’ timé {13, 09%) ReSults of reusabrhty tesis mdrcated that the ZnO/MMT was stable and

appropriate for long time apphcatmn

1. INTRODUCTION

Synthetic dyes are con51dered asa major ‘class of orga.mc R

compounds utilized in various branches:of industry sich as._
paper, food;: leather and textile:[1], Consequently, consider-
able amount of-these hazardous ‘compounds are discharged
into the’ aquatrc environment. Dyes and theif”destruction in-
termedrate are toxic and’ carcmogemc compounds ‘and the
_presence of these compounds in water even'at low concentra-
' on: leads to ‘environmental and aesthetic ‘problems [2].
Therefore, in terms of environment,. it is crucial to mineralize
lese pollutants or convert themto Iess Tazardous products
[31. Numerous efforts have; been tiade by scientific commu-
nity:to generate and utilize appropnate method to remove the
organic pollutants from, .aqueous media. In recent years, ad-
vanced oxidation processes (AOPs) have been extensively
studiéd for water and wastewater treatment due to their high
cfﬁcrency, convenience’ and environmental compatibility.
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N
-ence of homogeneous or heterogeneous catalysts and under
+ the electrical, chemical or radioactive energy were converted

to reactive radicals [4]. AOPs via generation of these reac-
tive radicals destruct nearly all organic pollutants and leave
no hazardous residues after degradation [5]. On the basis of
the energy source, kind of oxidant and catalyst, the AOPs
include Fenton, photo-Fenton, photocatalysis, czonation, GV
irradiation, wet oxidation, electrochemical oxidation as well
as various combinations of these processes [6-9].

The heterogeneous photocatalytic process has been rec-
ognized as a promising approach for the elimination of many
organic pollutants. Scientific research in heterogeneous pho-
tocatalysis began in the early 1970s [10]. Photocatalysts are
a group of semiconductors such as TiO,, Zn0O, ZnS, SnO,,
CdS, NiO and a-Fe;O3 which absorbed light energy greater
than their band gap and consequently electron (¢) from va-
lence band (VB) of these compounds is promoted into the
conduction band (CB) and hole (h") is developed [11, 12].
The produced e'cp reacts with O, during photo-reduction re-
action, and h'yg reacts with H,O and/or OH" during photo-
oxidation reaction to produce photo-excited reactive species
[13].

Among various semi conductors, ZnO and TiO; have
attracted special attention to be used in photocatalytic
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degradation processes [14]. These semiconductors are rela-
tively inexpensive and stabile compounds with considerable
photocatalytic activity [15]. The most important advantage
of ZnO over TiOQ; is that this semiconductor absorbs over a
larger fraction of UV spectrum (<425 nm) in comparison to
Ti0; [16]. Accordingly, ZnO has attracted considerable at-
tention to be used as photocatalyst in treatment of polluted
water and wastewater [17].

Since photocatalysis is a heterogeneous process, surface
area of used semiconductor is an important parameter on
efficiency of light absorption and poliutant adsorption. To
increase the surface area of a photocatalyst, at least two ef-
fective ways have been known. The first one is decreasing
the size of photocatalyst and the second one is immobiliza-
tion of the photocatalyst on the surface of an appropriate
adsorbent to combine the advantages of both adsorption and
photocatalytic degradation processes. Adsorbent supports the
photocatalyst as well as concentrates the pollutants around it

to increase the contact of the photogenerated reactive speclcs ,

with pollutants [10-15].

In this work, montmorillonite (MMT) as an appropriate
adsorbent was used in support of ZnO. ZnO/MMT _eompos-
ite was prepared through the synthesis of ZnO usmg the'zide
chloride in the presence of MMT. Performance. of the syn-
thesized composite was evaluated in the adsorpnon anid pho-
tocatalytrc degradation processes. Effect of hght type includ-
ing UV-A (wavenumber region of 315:400 ‘nm), UV-B
(wavenumber region of 280-315 nm) and UV-C (wavenum-

ber region of 200-280 nm) and photocatalyst dosage on pho- "

tocatalytic degradanon cfﬁclency were studied, A three-layer
ANN model using a back propagation algorithm was used to
predict the decolorization efficiency of BY2§. solutron in
ZuO/MMT/UV-C process :

2. EXPERIMENTAL PROCEDUR )
2.1. Matcrrals '

Montmorlllomte K10 (MMT) w1th chcmlcal compos1~

tion (wt.%) of 8iOz (66.9), ALOs 3. 8), Fe20s (2:8), MgO
(1.6), Ca0{0.3), Na20 (0. 2), and K20 (1., 7), cetyltrimethy-
Jammoniim bromide, (CTAB) and other ‘matérials were
! purchased from". Sigma-Aldrich Co/’ sU SA). Cation ex-
“¢hange capacity (CEC) of this clay was 120 meq/100g.
nCl; was purchased from Merck Co; (Germany) The dye
C.I. Basic-Yellow 28 (chcmlcal class: Cationic, Methine;
molecular formula CyHxN505S and M,,: 433.52 g/mol)
was procured from Shimi Boyakhsaz Co. {Iran). All other
chem1cals were of analyttcal grade and were used without
any further punﬁcatlon ‘Distilled water was used through-
out the lDVeStlgatl ‘

2.2. Synthesis; and Characterization of ZnO/MMT Nano-
composite e

In order to synthesize surfactant modified MMT nanoma-
terial, 1 g MMT was first dispersed in 100 mL distilled water
and stirred for 24 h at a stirring speed of 500 tpm o swell
and to reach homogeneity. A desired amount of CTAB was
slowly added to suspension. The concentration of surfactant
was 1.0 CEC of pure MMT. Then, 1 g of zinc chloride was
dlssolved in 20 mL of distilled water. The pH of the solution

Hirangan ef al.

was adjusted to 12.50 vusing 1 M NaOH solution and a pH
meter (Schott- CG840, Germany). Then, it was added to the
prepared CTAB/MMT suspension and the prepared mixture
was stirred for 6 h. The prepared sample was washed with
distilled water and centrifuged. Then, it was taken in an oven
for 3 h at 90 °C for drying.

Crystal structures of pure MMT and ZnQO particles, and
ZnO/MMT composite were determined using X-ray powder
diffraction (XRD) meastrements by P analytical X'Pert PRO
diffractometer (Germany) The radiation source was Cu-Kao
with wave number of: 0 15406 nm. The applied current was
40 mA and the voltage was 45 kV. Morphology of the sam-
ples was. mvesngated using scanning electron microscope
(SEM) ‘model MIRA3 FEG-SEM Tescan (Czech) and Cs-
corrected. h1gh resolution transmission electron microscope
(TEM) model Zeiss-EM10C (Germany) operated at 100 kV.
The:Fouriér transform infrared (FT-IR) spectra of the MMT,
> Zn0 and ZnO/MMT samples were recorded on a Tensor 27,
!’ Bruker (Germany)- FT IR spectrometer in a wave number
" range of 4000400 “cri ™! using KBr pellets technique. The

" pore structure’ of the "MMT, ZnO and ZnO/MMT samples

was analyzed with N, adsorption/desorption isotherms at

77 X on a,Gemini 2385 nitrogen adsorption apparatus (Mi-

cromieritics' Instruments, USA). The Brunauver-Emmett-Teller
__{BET) ‘equation was used to measure the total specific sur-
-~ ce areas (Sggy), total pore volume () and average pore
ize () [18]..The t-Plot theory was used to calculate the
; rrucropore surface area Sy, the external surface area (Sy),
" and the rmcroporc volumes (i) [19]. Mesopore surface
area‘(Sm,‘s) was-derived from Barrett~ Joyner-Halenda (BJH)
method [20].

"“.'3;.‘ Decolorization Experiments

n Pl

231 Adsorption Experiment

; Batch studies were conducted to evaluate the ability of

MMT, ZnO and ZnO/MMT samples on adsorption of
BY28 as a model contamination, For each adsorption ex-
periment, 500 mL of the BY28 solution of 25 mg/L and
desired dosage of the adsorbent were added in a 900-mL
cylindrical glass vessel. pH of the solution was adjusted
using 1| M HCI or NaOH solutions. The solutions were agi-
tated at constant temperature. At a defined time interval,
the samples with volume of 5 mL were withdrawn from the
solution and centrifuged for 10 min with 6000 rpm. The
residual BY28 concentration (C) was measured using a
UV-Vis spectrophotometer (Varian Cary 100 UV-Vis
Spectrophotometer, Australia) at maximum wavelength of
439 nm.

2.3.2. Photocatalytic Degradation Experiment

The photocatalytic degradation experiments were con-
ducted in a 900 mL capacity cylindrical glass photoreac-
tor. Artificial irradiation was produced by a 8W UV-A,
UV-B or UV-C lamp (Herolab, Germany) which was
placed inside a quartz tube within the reactor. The famp
was turned on at the beginning of each experiment. The
condition of the experiments was checked and the meas-
urement of BY28 concentration through the degradation
process was performed using a procedure similar to the
section of 2.3.1.
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2.3.3. Artificial Neural Network (ANN)

A three-layered back propagation neural network using
Neural Network Toolbox of MATLAR mathematical soft-
ware was used for the prediction of decolorization efficiency.
Linear transfer function (purelin) at hidden and output layer
was used. The input variables were ZnO/MMT dosage, dye
concentration and UV radiation time in the range of
0.075-0.3 g/L, 10—120 min and 10-120 mg/L, respectively.
The decolorization efficiency used as output variable was
between 40-98%. The data sets were divided into training,
validation and test subsets. All values were normalized in the
0.1-0.9 range using Eq (1):

08(X,-X_ )

xi —(—_X—'—ﬁ +0.1 (1)

min

where x; , X}, X and X, are normalized value {/ is an in-

dex of data), actual experimental value, and minimum and -
maximum actual experimental values of data sets, respec-

tively.

3. RESULTS AND DISCUSSION
3.1. XRD Analysis

The XRD patterns of the MMT, ZnQ and: ZnOfMMT
samples are illustrated in Fig. (1). The peak at 2 theta of

composite reveal the appearance’ of diffraction peaks at 2
theta of 31.71 (100), 34.41 {002),-36.21 (101},.47.51 (102),
56.61 (110), 63.00 (103), 66.08 (200), 68 (112), and 68.28
(201) consistent with the standard spectrum “of hexagonal

wurtzite ZnO-(JCPDS, Card 36-1451) [22, 23]. Presence of
diffraction peaks characterizing MMT and ZnO in XRD con- and 1050 cm” are characteristic of the Al-O and Si-O

stitutes a pattern for. ZnQ/MMT composue indicating the *-

immobilization. of ZnO nanoparticles; on the surface of,
MMT The avcrage tlnckness of the Zn0 crystallltes (d) is
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calculated using the Debye-Scherrer equation: d==(k}/Bcos0)
where K is the Debye—Scherrer constant {0.89), % is the X-
ray wavelength {0.15406 nm), p is width of the peak with the
maximum intensity in half height and 0 is the diffraction
angle [24]. According to obtained result the average size of
the ZnO crystallites in pure ZnO and ZnO/MMT samples are
25 nm. .

3.2.SEM and TEM Anau}sis

The SEM images of the "MMT and ZnQ, and ZnO/MMT
samples are shown in Flg (2). Fig (2a) shows the MMT
flakes with a porous surface. Plate-like ZnO particles are
obvious in SEM images of ZnO particles (Fig. 2b), and
ZnO/MMT composite (Fig. 2¢). Fig. (2¢) reveals successful
introduction of ZnQ into the MMT surface, The averages
size of ZnO plates in SEM images was determined using
Manual - Microstructure Distance Measurement software.

- Obtained results reveal that both pure and doped ZnQ are
- nanosized with the average width of 20-40 nm. Fig. (2d) is

the result of ZnO/MMT EDX analysis, which confirms the

- coexistence of Si, Zn, O, Al, Mg and K elements in the syn-

thesiz’ed-"nariocor’hposite. This result indicates the synthesis
of ZnO/MMT composite. TEM image of ZnO/MMT nano-
composite indicates that the average size of ZnO nanoparti-

, cles were less than 50 nm approving the results obtained
: ;. from SEM analysis (Fig. 3).

26.5° of XRD pattern of MMT (JCPDS. Card 35-0652) S R
shown in Fig. (1a) corresponds to the interlayer spacing of -

'33.FT-IR Ai{alysis"
this clay [21]. X-ray patterns for ZnQ and ZnO/MMT nano-..*

The FT IR ‘spectrum of ZnO shows the characteristic
absorptior peak at 440 cm™ (Fig. 4b) [23]. Fig. (4a) shows
an absorbance spectrum of the pure MMT. The absorbance

. peaks located at 478 and 545 em’ ! correspond to $i-0-Si and

Al-QO-Si deformatlon respectively [25, 26]. The peaks at 785

. “stretching vibration, respccnvely [27, 28]. The peaks disap-

peared at 1666 and 3460 cm™ are assigned to the stretching
vibration of sorbed water and hydroxyl groups [29]. The

Intensity (Counlta.)
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Fig. (2). SEM images of (a
ZnO/MMT sample. 4
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Fig. (3). TEM image of ZnO/MMT nanocomposite.

3.4, Nitrogen Adsorption/Desorption Analysis

The results obtained from the analysis of nitrogen ad-
sorption/desorption on MMT, ZnO and ZnO/MMT samples

> T
Energy-keV, &, \\z & 1

U

5

%MTX&) pure ZnO"an,d @Znomdl\ggcompo%?&samplcs along with {(d) EDX micrograph of the synthesized

with BET, t-plot and BJH methods are summarized in Table
1 The comparison of Sppr and Fy, of the ZnO and
ZnQO/MMT samples shows that the surface area and pore
volutnie of prepared composite are nearly two times greater
than that of ZnO. Such increase in the surface area and pore
volume can promote the adsorption ability. Comparison of
the micropore and mesopore surface areas of the ZnO and
ZnO/MMT samples obtained from t-Plot and BJH analysis
indicates that most of their pores are in mesopore {2- 50 nm)
dimensions. As can be seen in Table 1, the average pore size
() of ZnO/MMT is smaller than that of ZnO. Considering
that the adsorption ability of the adsorbent increased with the
decrease in pore width, it decreased the pore size of
ZnO/MMT rather than that ZnO may enhance the adsorption
ability of produced nanocomposite.

3.5. Adsorption of the Dye

3.5.1. Comparison of the Adsorption Ability of ZnQ and
ZnO/MMT

To investigate the adsorption of BY28 using ZnQ and
ZnO/MMT samples, the set of adsorption experiments
was conducted. Comparing the ability of the adsorbents in
the removal of BY28 through the adsorption process indi-
cated that the ZnO/MMT nanocomposite adsorbed more
pollutant than pure ZnO (Fig. 5). Higher ab:hty of the




Synthesis of Zinc Oxide Nanoparticles on Montmoriflonite

Current Nanoscience, 2015, Vol. 11, No. 3 347

0 4

MMT @
)
5
g
=
8
=
g
&

IR

4000 3600 209 2800 2400

”fl% ’

s
800

2000 1600 i, 12 400

‘Hv

Wavenumber (em-)

Fig. (4). FT-IR spectra for the (a) MMT, (b) pure Zn0 and (¢) ZnO/MMT sa{r%ffﬂes k-

vx I
Tablel. Surface area and porosity characteristics of ZnO, MMPa%&aégom{MT nanoc%\r{lpusue samples.
G, A i
ZnO/MMT MMT s fz'nim:\% & Sample
7054 s {8 7 M‘Q?@saz Soer (m¥g)
83.72 6. o 3622 Sex (17g)
. 7 1.99 Saic (r0°/g)
3 H {[',’.‘—i‘é'
84.98 AN iy, Sees (mlg)
0.0000 3 \3\«:}“ al? f“g %“os"** Ve (cit’/)
pirg “(z} 4’}
e30m8 7 Ry, }‘ 04160.428%, 4/ %&‘Q’b V0277 Vi (c0¥/g)
W
12.1-13.0 . ,9%3 60:6, o B HR27200 ¢ (am)
_ Za: DN
of the ZnO nanopafticlesiis attributedf‘“fhgli“igher surfac ! *z 3452 Effect of ZnO/MMT Dosage

area and pore vol men of the nanocomgosnte ngher

pure ZnO wou!,d be favorab;eﬁforg\}the? photocatalytlc‘ deﬂﬁ?}’
structiog gf %BY28 over tk, éi surfacc of the ZhO/RIMT

nanocomposg}te %&éﬁ)&ﬁ
Lt
)

U R

—+-Zn0MMT
i ZnQ

100
Thne (mén)
Fig. (5). Evaluation of the adsorption ability of ZnO and

ZnQ/MMT samples for decolorization of 25 mg/L BY28 solution in
the presence of 0.300 g/L adsorbent,
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The effect of ZnO/MMT dosage (varied from 0.075 to
0.30 g/L) on the BY28 adsorption is shown in Fig. (6). An
increase in the dosage of the adsorbent leads to a decrease in
the concentration of pollutant in treated solution. This can be
attributed to the increased adsorbent surface area and avail-
ability of more adsorption sites caused by increasing adsorb-
ent dosage [32]. Similar results have been reported by other
researchers [32, 33).

H

0500 gL
35 g
1 e 05 L

60 160
Time (min)

Fig. (6). Effect of ZnO/MMT nanocomposite dosage on the adsorp-
tion of BY28 with initial concentration of 25 mg/L.
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3.6. Photocatalytic Degradation of BY28

3.6.1. Comparison of the Photocatalytic Performance of
ZnQ and ZnQO/MMT

Effect of ZnO immobilization on the surface of MMT on
its photocatalytic behaviors under UV-A, UV-B and UV-C
radiation wasg investigated. Obtained result indicated that
under all radiations in UV region, the ability of ZnO/MMT
nanocempeosite for BY28 removal was higher than that of
Zn0 nanoparticles (Fig. 7). This indicates that the immobili-
zation of ZnO on the surface of MMT enhanced its photo-
catalytic performance in all UV radiation range. The increase
in the performance of ZnO/MMT rather than ZnO in the de-
colorization of BY28 solution can be attributed to improved
surface area and photocatalytic activity of ZnO/MMT. Dur-
ing photocatalytic degradation of BY28 by UV/ZnO/MMT
process, first Os, H,O and the organic pollutant are adsorbed
on the surface of ZnO/MMT. Simultaneously, UV irradiation
photon :excites electron from valence band of ZnO to thf 5 R
conduction band, leaving holes in the valence band, The de,
veloped electron in the conduction band of TiO; may transfe
the surface of nanocomposite to react with MMT compo-
nents (Eq. 2) and/or adsorbed O, molecules [34]. 1§‘hm-
ders the photo-generated &/Mh* recombination and; v’auses“’fur-
ther increase in the production of reactive rad1c§133;h§ougl1
the reaction of photo-generated h* and H,0; Convequcntly,
produced reactive radicals degrade the adsorbed;BY28 mole-
cules and increase the decolorizatiod” efﬁfnenc

MMT(metals) + ¢ — MMT(metals’) (e Q;

o G, )

»

(@)

‘ Hibe Zab AN
% -.’-zm'l:\ @

/?o Rulie
Qﬁ‘?f

X

%ﬁm

Kirangan et al,

3.6.2. Effect of UV Radiation Region

Fig. (8) shows the ability of ZnO/MMT nanocomposite
in the removal of BY28 in the absence and presence of UV-
A, UV-B or UV-C lights. The results show the low photo-
catalytic performance of ZnO/MMT nanocomposite under
UV-A light. As can be seen from Flg (8), the performance
of the ZnO/MMT/UV- B roCess is  effective than
ZnO/MMT/UV-A process‘@mongy the three UV regions, the
highest photocatalytlcfdegradatlon of BY28 was obtained
under UV-C Ilght dxatmp which. can be attributed to the
energy of radlate% photon as follow: UV-C (200-280 nm) >

UV-B (280—3&5;1111:1) >UV-A (315400 nm) [35]. High en-
ergy of the ermit #Bhotons in UV-C leads to efficient photo-
generatlon Bl pairs and efficient dye degradation. Simi-
Iar,é,refsdult j‘been reported for the degradation of Methyl
Oratige injaqueous solution under different light irradiation
[35]

i e, ;;Ejfect of Z ZnO MT Dosage

The dosage™of the catalyst is one of the important pa-
rameters m‘ffcatalync féactions. So the effect of ZnO/MMT
dosage™ %tﬁ%range of 0.075 to 0.300 g/L on photocatalytic
degradatlorg of BY28 was investigated. The results have been
111usfratedﬁn Flg (9) which shows the increase in dye re-

P moval With the i mcreasmg photocatalyst dose. This observa-

{ion can be cxplamed in terms of availability of active sites
on’the catalyst%surface and the penetration of UV light into
the suspension QThe total photocatalytic active surface area
increases wnh;}? ¢ increasing catalyst dosage which leads to

B @, ,%ﬁ”
O
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~@-ZpD/ VB

0
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Flg (7). Evaluation of the photocatalytic performance of ZnQ and ZnOfMMT samples for decolorization of 25 mg/L BY28 solution in the
£0.300 d C
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Fig. (8). Effect of UV radiation region on the degradation of BY28
through photocatalytic degradation process in the presence of
ZnO/MMT nanocomposite (Experimental
[ZnO/MMT]=0.300 g/L and [BY28]=25 mg/L).
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crease«m thé& surface ar%ill ¥l Ell ocomposx\;ﬁg is beneﬁcml for
adsorptmn of BY28%ro he photocatalyst sifés to effec-
1 Q'e. egradatlon‘f 370 s h

4
6.4, Effect of Imtml Dye Concemmtwn

Fig. (10) presents the effect, 0f<B,X2 initial concentration
on the CUIC%’WIth ZnOMM dose of 0.30 g/L under UV-C
rad:atmn%@he results showedtthat the increase in the initial
dyefconcentration led 9,2 decrease in Cy/C value. An in-
creaé%ln the 1n1t1ak}7tiy& coficentration may decrease the ab-
sorbance of UV Ilghg?ina the catalyst due to absorption of
a mgmﬁcantzamount tof UV light by dye molecules. Further-
more, the intrease in dye concentration reduces the path
length of photofi- entering the dye solution and consequently
decreases the generation of ‘OH and decolorization effi-

ciency {38].

Langmuir-Hinshelwood (L-H) kinetic equation (Eq. 3)
was used to evaluate the kinetic behavior of the photocata-
lytic degradation of BY28 through the determination of the
relationship between the apparent first-order rate constant
and the initial concentration of the dye.

conditions; /’"’M@%
{/ /L o

uo (
9}%&} 1600
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Fig. (lﬁﬁEffK‘bt ofR‘BYZS initial concentration on the photocatalytic
dcgradauon‘?og this dye in the presence of 0.300 g/ ZnO/MMT
na.nocomp&gmte under UV-C light.

1 i\}h
B b 3
km kK‘?ﬁ, S B
wllg;ef COQ\kubs. and Koeas are the initial dye conceniration
{mg/L), ob@ewed pseudo-first-order constant, the Langmuir-

Hmsh%l\y‘@d rate constant of surface reaction and adsorpnon
equilibriim constant, respectively [39]. As shown in Fig.
Cl].}) the data for photocatalytlc degradation of BY28 were

e k dt;{ged to Eq. (433 “and the resultmg values of k, and K,,ds ob-

tained were 0.089 lﬁhgll. min and 0.107 mg/L, with R* value

s of 0. 96265 %:esp‘emvely These results indicate that the decol-

onzatlbogz}}cgf}%BJZS solution using ZnO/MMT nanocomposite
was ‘done‘m two steps. The first step was the adsorption of
Y28 oithe surface of the nanocomposite and the second
ste: v\g\"s degradation of dye by photogenerated 'OH.

¥ = 11,236 + 105,13

1200 R*= (L9626

8GO

1/k obs (min)

400

0 20 40 60 80 " 120

Co (mgfL)

100 140

Fig. (11). Variations of 1/k,,, as a function of initial concentration
of BY28,

3.6.5. UV-vis Absorption Spectrum Through Photocatalysis

Decolorization experiment has been performed under
optimum conditions including [BY28]¢=25 mg/ and
[ZnO/MMT]y=0.300 g/L under UV-C light. UV-vis absorp-
tion spectra of all samples which were taken at 10 min inter-
vals up to 120 min were recorded. Obtained results (Fig. 12)
show that the maximum peak of 439 nm gradually decreases
with irradiation time which indicates the degradation of the
studied dye. However, the decrease tendency of the absor-
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Fig. (12). UV-vis spectrum of synthetic waslewater as a function of
photocatalytic reaction time (Experimental conditions: [BY28]=25
mg/L and [ZnO/MMT1;=0.300 g/I. under UV-C radiation).

bance bands appearing in the UV-vis region was low due<to
the high durability of aromatic groups of the dye.

3.6.6. ANN Modeling sy

A neural network model consists of input, hlddenfﬁfand
output layers of neuron and the transfer funcuons bg”tween
these layers [40] The number of neurons in’the. mput and
output layers is determined by the number gf“mput and out-

put variables. However, selection of appro‘“p iate number (f*:;»

neurons in hidden layer is a cr:tlcal\Rgtgmeter in thé”\peg,ﬂm@
A

formance of developed model, Imth:s*{\(gork the, optlmum%w*“

number of neurons was deterinined, bgsed on the ml\%}\mulirn
value of mean square error {MSE); of the tralnmg and prédic-
tion sets [41]. The optlmlzatlon,g,was done by Pi‘-'\zzrymg the
neuron number in th%range of 2-20. Fig.s ?13)%shows the
relationship betweem flm"ber of neurons and’ M%E The MSE
was decreased with _hé tincrease in the\number up to 14 apd:
then increased agam\}«gence 14 neurons were selected,as'th

best number of neﬁ?ons for lndden l{er i “y g

S Gt S
Afte?':the deyelopment of;the’opttmmed ANN f rgédel‘ﬁ the

test dataﬁset\Was fed to the dévelopéd network: m\g"rder 10 test

the;mode]‘lCompanson;;bé %e\(éh the expeqqmental*;decolonza-

t:q 4$fﬁc:iency and'] predlcted ivalues using the nejiral network

" @modelv(Flg 14):52&9‘95 the good perforfhance of ANN model

§% an, predlctmn of exgpmnentai data w;thm the adopted ranges

5 with corre[atg?n coefficient Xng ftLO 999 Set of connection
weights and ‘biases that cauge the ‘optimum ANN topograph

g 8 %A;g, pii pography
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Fig. (13). Dependence between MSE and number of neurons at
 hidd

‘x
‘“"*2,

Kirangan et al,

is listed in Table 2. To determine the relative importance of
the ZnO/MMT dosage, dye concentration and UV radiation
time variables, Garson equation (Eq. 4) was used [42]:

3 ((IW,IZI/ZIW”' DX [ )
1= -N,m-m—N,, f”
D
5

@
Z £ 2 awp |/2|

"'-’é’ o
where [ is the relative’] 1mp0rtance of the ji; input variable on
the output variableg; N i§*the number of neurons, and Wis
connection we1g11t“»{l®superscr1pts P,k and ‘o’ refer to
mput hlddenﬁaud ”output layers, respectively and subscrlpts
‘K, ‘m x@and« “ni.réfer to input, hidden and output neurons,
respeutwel According to the obtained results, the relative
impor ance 0:}_ ZnO/MMT dosage, dye concentration and UV
radlan‘ «time variables on decolorization efficiency were
5%586 44,\,49 66 and 13 %%, respectively.

-
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\\zﬁm@g (14) Predicted result vs. experimental result for decolorization
E{r efﬁc:ency

> 3.6.7. Reusability of the ZnO/MMT

To evaluate the reusability of the ZnO/MMT nanocom-
posite, successive batches experiments of BY28 degradation
with initial concentration of 25 mg/L in the presence of
0.30 g/L catalyst under UV-C radiation were performed. The
results showed that photocatalytic behavior of ZnO/MMT
nanocomposite was reproducible in successive experiments
without a remarkable decrease in the process performance
(Fig. 15). These results indicate that the ZnO/MMT photo-
catalyst is stable and appropriate for long time application.

1 ? 3 4 $
Cytle nutber

Fig. (15). Reusability behavior of ZnO/MMT in Photocatalytic
decolorization of BY28 solutions (Experimental conditions:
[BY28]0—25 mg/L and [ZnO/MMT}4=0.300 g/L under UV-C radia-
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Table 2,

Matrices of ANN optimized structure weights and biases.
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Weights and biases between input and hidden layers

Variable
Neuron of hidden layer Bias
ZoO/MMT dosage UV radiation time TInitiat conccnt{n}'}g{ion of BY28
A i

1 205 0.51279 ggjosgji@ﬁ 3.4497
2 0.67075 026197 {éﬁ}fﬁ% 528 3.6694
3 1.5612 0.94329 X & @Wz 6436 2.8833
4 10711 13927 ol & Kg,;‘% 2.7499 16182
5 0.67183 oaner Yy %w’* 0.62601 2.0017
6 12502 0 38211@&&:&“&5 & 241 0.38014
7 3.1833 0.87985%, R 12311 0.29381

kN
1.5956 M 0. 0940965“3‘ 4 €me B 3318 1.137
I

9 29021 \%1 2376 gf:;gf?‘% 5 081757 1.1696
10 2.6236 P, o 91 137 & ns% By, % 2.734 1.2705
11 24136 G af“‘"f 12702 v@h ,s’ 2.1441 17165

KA e
12 3.0043 F %y, S 1,2707 1.7024 25523
Ny v A,
13 0.60229. %, . ngﬂf} e 0.89686 23525
N o T a—
14 @ stf ‘@i‘\%ﬁ Py 1.8846 3528
C s
ﬁ-} et Welghts and bms betwcen hidden! m]d oy putslnyers
E S ;w
Neuron of hidden layer Qif ,;fwi’vjﬁ %Welghts %:ﬂ "’ Bias
T T
'd ;;?« oise7 ;g;r%%ra}? 0.23911
T W - :
& %;s;% 13643 \;;fﬁﬁg
K*;{ i ‘é.' 2
{f’ﬁ 010549,
| :‘m P obiine

{ ,M“‘%\%z%&

2 “; N \QEQ\ {;§0 37472

& 0.75036

Pl 0.94843

L : N Sl 0.020576

f“’ §%ﬁw ) % 1.2799
% 1 M&ﬁ%ﬁm 0.049198
- 2y, i%*j 0.92445
Tipmily 0.047228

iy 0.06577

4. CONCLUSIONS

A simple approach was

in its adsorption and photocatalytic degradation perform-
ance, The effect of UV region on the degradation of BY28
was found to be in the order of: UV-C > UV-B > UV-A.
Increase in the dosage of nanocomposite enhanced the dye
removal through both adsorption and photocatalytic degrada-
tio processes, Th The results of ANN modeling confirmed that

introduced to synthesize

ZnO/MMT composite containing ZnQ nanoparticles of 20-
40 nm distributed on MMT surface. The immobilization of
ZnO nanoparticles on the surface of MMT led to an increase
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obtained medel could effectively reproduce experimental
data and predict the behavior of the process. In addition, the
possibility of cyclic usage of the prepared photocatalyst was
confirmed.
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