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ABSTRACT

In this study, ZnO, TiO, and ZnO/TiO, nano-photocatalysts (nphs) were loaded into 3-dimensional
fabrics (spacer fabrics) for photo-decolorization and photo-mineralization of Reactive Brilliant Orange
KN-5R (RBO KN-5R). Surface morphology and the presence of nphs on the spacer fabrics were studied
utilizing SEM and FTIR, respectively. Also, the effect of main operational parameters on the decolor-
ization efficiency was investigated and the process was optimized. Furthermore, total organic carbon
(TOC) analysis was employed to scrutinize the photo-mineralization of the dye. Complete decolor-
ization, high efficient mineralization and 90% TOC reduction were achieved in the case of ZnO/TiO,
nphs after 120 min of UV light irradiation. Also, the kinetic analyses indicated that the photocatalytic
decolorization rate followed the Langmuir-Hinshelwood kinetic model. The results revealed that the
spacer fabrics loaded with ZnO/TiO, nphs can be considered as an effective system for decolorization
and TOC reduction of reactive dyes in textile wastewater.
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1. Introduction

Most of the modern dyes consist of toxic compounds.
Therefore, colored wastewater produced by textile industry
is categorized as one of the major sources of environmental
contamination and a serious hazard to aquatic living organ-
isms [1,2].

Among the broad range of dyes which are used in tex-
tile industry, reactive dyes have been favored owing to their
desirable fastnesses and brilliant hues [3]. Reactive dyes, as
a result of their conjugated aromatic compounds and com-
plicated chemical structure, are resistant to destruction by
conventional treatment methods. Therefore, it is urgent to
develop various effective and innovative technologies in
order to complete degradation of reactive dyes [4,5].

* Corresponding author.

Advanced oxidation processes (AOPs) have been known
as a promising approach because of their effectiveness,
operational simplicity, as well as, low temperature and low
energy requirements. These processes are composed of sev-
eral techniques such as Fenton, photo-Fenton, Fenton-like
and photocatalytic processes [6].

Meanwhile, AOPs using heterogeneous catalysis have
attracted more attention. This technique is fundamentally
based on the irradiation of ultraviolet (UV) light on
nano-photocatalysts (nphs) to generate reactive species such
as hydroxyl radicals (OH*), which oxidizes a broad range of
organic pollutants quickly and non-selectively [7-10]. In fact,
UV irradiation generates electron-hole (eEB /h:,B) pairs in the

conduction band (CB) and the valence band (VB) of nphs,
respectively (Eq. (1)). The excited electron reacts with the
oxygen adsorbed on the surface of the nphs which leads to
the formation of superoxide radical anion (O;") (Eq. (2)) [11].
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The hole in the VB can also react directly with contaminant or
generate OH* (Egs. (3) and (4)) [12].

SMO,, +hvo—=2225 SMO (e, + hyy) 1)
ey +0, >0} @
hyy +dye —dye™ — oxidation of the dye 3)
hy, +H,O0—>H" + OH" (4)

Nowadays, TiO, nanoparticles (NPs) have found wide
applications in eliminating gaseous and aqueous contam-
inants because of their good photocatalytic properties,
cost-effectiveness and stability [13,14]. In addition, because of
the quantum efficiency and the ability to produce H,0O, more
efficiently than other nphs, ZnO NPs can be considered as an
alternative to TiO, NPs in the photocatalytic processes [2,15].

Elimination of environmental contamination by nphs
comprises two typical approaches including suspension of
nphs in solutions and loading of nphs on surfaces [2]. Amid
those, the loading of nphs on surfaces is preferred, because it
excises the catalyst separation and recycling from the treated
wastewater after the detoxification, which makes it suitable
for industrial applications [16].

Various kinds of surfaces such as ceramic, carbon, glass,
metal and bio-absorbent have been employed as a substrate
in order to load nphs for photocatalytic processes [17-19].
Recently, Ghoreishian et al. [3,8] reported the loading of nphs
on 3-dimensional fabrics (spacer fabrics) for the photocata-
lytic removal of dyes.

Spacer fabric is defined as fabrics which have two external
surfaces connected to each other with spacer yarns. Because
of the 3-dimensional structure of the spacer fabric, mass
transfer occurs in the middle parts in addition to the surfaces.
Furthermore, due to the existence of the yarns connecting
the up and down two layers of the spacer fabric, passing of
wastewater in these parts is slower than the surfaces which
leads to providing more time for the photocatalytic process.
Moreover, due to the lack of affinity between reactive dyes
and polyester fabric, their interaction in the photocatalytic
processes is negligible [20-26].

The aim of this study was to evaluate the heterogeneous
photo-decolorization and photo-mineralization of Brilliant
Orange KN-5R (RBO KN-5R) using loaded ZnO, TiO, and
ZnO/TiO, nphs on the porous structure of spacer fabric. The
effects of operational parameters on the efficiency of the
decolorization were investigated. Furthermore, the kinetics
of the photo-decolorization was studied.

2. Materials and methods
2.1. Chemicals

The spacer fabric (a surface string of 150 den, a beneath
string of 150 den, a mono-filament connector string of 30
den, a weight of 255 g/m? and a thickness of 9 mm) was
supplied from Bonyad Fiber Production Co., Iran (Fig. 1).
Nano-powder of ZnO (average size of < 50 nm, zincite) and

nano-powder of TiO, (Degussa P-25) (average size of 21 nm,
purity of 97%, 80% anatase and 20% rutile) were provided
from Sigma-Aldrich, USA, and Evonik, Germany, respec-
tively. RBO KN-5R (molecular weight: 617.53 g/mol), an
anionic mono-azo dye, was purchased from Alvan Sabet Co.,
Iran, and the chemical structure is shown in Fig. 2. The A__
of RBO KN-5R was 494 nm. Citric acid mono-hydrate (CA,
CHO_HO) as a cross-linking agent, hydrogen peroxide
6 8 7 2
(30%), sodium chloride, sodium sulfate, sodium bicarbon-
ate, PEG400 (polyethylene glycol 400) as an anticoagulant
agent, hydrochloric acid (37%) and sodium hydroxide were
all purchased from Merck, Germany. Sodium hypophosphite
(SHF, NaH PO .H O) as a catalyst was supplied from Sigma-

Aldrich, USA. All of the chemicals were of analytical grade.

2.2. Apparatus

The decolorization efficiency was determined by mea-
suring the absorbance of the dye at the A___at different time
intervals by UV-vis spectrophotometer (Lambda 25, Perkin-
Elmer, USA). Scanning electron microscopy (SEM, LEO
1455VP, Cambridge, UK) was used for morphology observa-
tion. All the specimens were sputter-coated with gold prior to
SEM observation. Fourier transform infrared (FTIR) spectra
were observed in the range of 400-4,000 cm™ using a Nicolet
IR100 FT-IR (Madison, WI, USA). Total organic carbon (TOC)
was determined by a total organic carbon analyzer (TOC-
VCPH, Shimadzu, Japan). A pH meter (Hach Co., USA) was
employed to determine the initial pH of the solutions. Fritsch
ultrasonic bath (Laborette 17, Fritsch GmbH, Germany) was
also used to a produce homogenous solution of the nphs
and the chemicals. An air-circulating oven (Memmert,
Germany) was used to cure the chemicals on the samples.

Fig. 1. Photograph of spacer.

NaO,0CH,CH;

CH,CONH

Fig. 2. Chemical structure of RBO KN-5R.
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Table 1
Preparation of various spacer samples

Sample Nphs ratio SHP (mg/L) CA (mg/L)
1 ZnO 0.6 1
2 [ZnO/TiO,]=1:1 0.6 1
3 TiO 0.6 1

2

2.3. Procedure

Nphs can be loaded on the surface of the textiles by car-
boxylic acids such as succinic acid (SA), maleic acid (MA),
1,2,3,4-butane tetracarboxylic acid (BTCA) and citric acid
(CA) as stabilizer according to the methods reported by the
others [27,28]. Padding technique as a simple method was
used for treatment of the textile with the NPs. In this method,
aqueous solutions containing 50wt% of the nphs with respect
to the textile weight, 10wt% CA, 6wt% SHP and PEG 400
were prepared in L:G (Liquid to Good Ratio)=40:1. The nphs,
SHP and CA content have been presented in Table 1. The
prepared solutions containing nphs and the other chemi-
cals were sonicated for 15 min to obtain the well-dispersed
solutions. Then, the spacer fabrics were impregnated in the
prepared solutions and sonication process was continued for
15 min. Thereafter, the treated samples were passed through
a pad mangle (with 90% wet pick-up). Finally, the treated
samples were dried at 100°C for 8 min followed by curing at
140°C for 4 min.

2.4. Photo-decolorization procedure

Photo-decolorization processes were conducted in a
photoreactor under UV irradiation (peak wavelength of
254 nm) at 25 + 1°C as described in our previous work [3].
The degree of degradation of RBO KN-5R was calculated

by Eq. (5):

C, -C
Degradation (%) = % x 100 (5)
0
where C, is the initial dye concentration (mg/L) and C, is the
concentration of dye at time ¢ (mg/L).

3. Results and discussion
3.1. SEM images

Morphology of the samples was observed by SEM.
Fig. 3 (a)—(f) illustrates the SEM images of nano-ZnO pow-
der (3a), nano-TiO, powder (3b), untreated spacer fabric
(3¢), treated spacer fabric with ZnO/SHP/CA (3d), ZnO/
TiO,/SHP/CA (3e) and TiO,/SHP/CA (3f). Generally, the
images confirmed the presence of nphs on the surface of
the treated spacer fabrics. It can be seen that ZnO and TiO,
nphs widely covered the surface of the samples confirming
homogeneous deposition of the nphs on the surface of the
spacer fabrics. However, the agglomeration of nphs may
be attributed to the thermo-migration of the nphs during
the curing process. Moreover, the results clearly showed
that surface morphology of the spacer fabrics changed
after the treatment.

Fig. 3. SEM images of the (a) nano-ZnO powder, (b) nano-TiO,
powder, (c) untreated spacer fabric, treated spacer fabric with
(d) ZnO/SHP/CA, (e) ZnO/TiO,/SHP/CA and (f) TiO,/SHP/CA.

3.2. FTIR analysis

To verify the functionalization of the spacer fabric by the
nphs, the untreated and treated spacer fabrics were stud-
ied with the FTIR technique (Fig. 4). The untreated sample
(Fig. 4(a)) showed the main absorption bands at 722 cm™ (ring
C-H out-of-plane bending), 857 cm™ (ring C-C out of plane
bending vibrations), 1,017 cm™ (O-H out of plane bending
in terminal carboxylic groups in polyester chains), 1,091 cm™
(glycol C-Ostretching), 1,244 cm™ (C=Oin-plane bending) and
1,709 em™ (stretching vibration band of ester carbonyl (C=0)
group) [29]. After the treatment with SHP and CA, new peaks
could be observed at 955 cm™ and 1,338 cm™ corresponding
to —OH plane deformation vibration and carboxylate stretch-
ing in CA, respectively [30]. All the strengthened absorption
peaks indicate that some polar groups were added to the
spacer (Fig. 4(b)). The treated spacers with ZnO/SHP/CA,
ZnO/TiO,/SHP/CA and TiO,/SHP/CA (Figs. 4(c)—(e)) showed
distinctive peaks at 535 cm™ and 669 cm™ corresponding to
Zn0O and TiO, stretching, respectively [31,32]. This reveals
that the nphs were loaded on the spacer fabric surface as it
was expected.

3.3. Effect of pH

In general, the efficiency of photocatalytic treatment
depends upon the pH of the reaction solution. The pho-
to-decolorization efficiency of ZnO/TiO, system was deter-
mined in the pH range of 2.0-10.0 (Fig. 5). As shown in Fig. 5,
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Fig. 4. FTIR spectra of (a) untreated spacer, treated spacer with
(b) SHP/CA, (c) ZnO/SHP/CA, (d) ZnO/TiO,/SHP/CA and
(e) TiO,/SHP/CA.

the dye removal efficiency followed the order of pH
PH,tur > PHaine:

Although several mechanisms have been suggested
for explaining the effect of pH on the efficiency of photo-
decolorization of the dyes, the effect of pH of zero point
charge (pH, ) and its relation to the ionic form of the organic
dye (aruoruc or cationic) have been preferred. At pH,_ , sur-
face of the nphs is uncharged (pH, 9 for ZnO and pH 6.7
for TiO,); hence, the surface of the catalyst is posmvely and
negatively charged at lower pH, _and higher pH,_, respec-
tively [33,34]. RBO KN-5R molecule possesses sulfonic and
[2-(sulfoxy) ethyl] sulfonyl groups as the reactive groups, both
of which are negatively charged in the solution. Therefore, it
results in an electrostatic interaction between the catalyst sur-
face and the dye molecules in lower values of zpc, leading to
initiation of the photo-decolorization process [11,35].

On the other hand, at lower pH values, photo-corrosion
of ZnO takes place which would result in reducing the effi-
ciency of dye decolorization. At pH < 6, soluble ZnO includes
Zn* and Zn(OH)*. The formation of Zn* is attributed to the
oxidation of ZnO by k;, (Egs. (6)-(8)) [36,37]. In fact, at
lower pH, surface ions and small clusters can easily escape
from the lattice structure.

acidic

ZnO +2H' & Zn*  +H,0, (6)
ZnO, +H' © Zn(OH)' @)
ZnO + 2k}, — Zn* + O ®)

It can be concluded from Fig. 5 and Egs. (6)—(8) that pH 2
was the most effective in decolorization. However, as reach-
ing pH 2 is not cost-effective on an industrial scale and due to
the fact that the photo-corrosion of ZnO occurs at pH levels
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Fig. 5. Effect of pH on the photo-decolorization of RBO KN-5R:
[RBO KN-5R], =40 mg/L, [H,0,], = 100 mg/L, ZnO/TiO,.

2]0

lower than 4, pH 6 was chosen as the optimum value for the
decolorization experiments.

3.4. Effect of initial H,O, concentration

Several studies have been done on the usage of hydrogen
peroxide as an electron acceptor that suppress the recombi-
nation of photo-generated (e'CB /h\*,B) pair in nphs efficiently

by increase the formation of OH* (Egs. (9)—(12)) [12,38,39].

H,0,+ hv — 20H" )
H,0, +2h, —0,+2H" (10)
H,0,+e¢” —OH +OH" (11)
H,0, +0, »>OH +OH" + 0O, (12)

Determination of optimum concentration of H,O, is an
important parameter from technical and industrial points of
view. Excess amount of H,O, can also become a scavenger of
OH?" (Egs. (13)-(15)) [12,40,41].

H,0, +20H" - 2H,0+0, (13)
H,0, + OH" — H,0 + HO; (14)
HO; + OH" —» H,0+0, (15)

As shown in Fig. 6, with the increase in H,O, concentra-
tion from 50 to 100 mg/L, the efficiency of the dye decoloriza-
tion increased. However, there was no difference between the
decolorization resulted from the initial concentration of 100
and 150 mg/L of H,0,. Therefore, 100 mg/L was chosen as the
optimum concentration of H,0, for the maximum decolor-
ization of RBO KN-5R.
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Fig. 6. Effect of the initial concentration of H,O, on the
photo-decolorization efficiency: pH 6, [RBO KN-5R], =40 mg/L,
ZnO/Ti0,.

3.5. Effect of nphs

According to Table 1, various compositions of the
nphs were employed. Fig. 7 shows the efficiency of the
dye photo-decolorization after 120 min at pH 6, dye initial
concentration of 40 mg/L and initial H,0, concentration
of 100 mg/L. The decolorization efficiency of the sample
treated with ZnO/TiO, after 30 min was almost 80%, while
for ZnO and TiO,, it was 60% and 40%, respectively. It can
be concluded that, the spacer fabric treated with ZnO/TiO,
showed superior performance in the elimination of the dye
under UV illumination. Due to the similarity in energy gap
of ZnO and TiO,, they demonstrated a synergistic effect in
their mixture [42,43]. Fig. 7 shows that the samples treated
with ZnO showed higher efficiency in comparison with the
ones treated with TiO,. This can be related to the ability of
ZnO nphs in more absorption of UV light in comparison with
TiO,, especially at the wavelength lower than 385 nm [44].

3.6. Effect of initial dye concentration

To evaluate the effect of the dye concentration on effi-
ciency of the degradation process, the dye concentration was
varied in a range of 40 to 80 mg/L for each of the samples and
the results were shown in Fig. 8.

It was observed that the photocatalytic removal of RBO
KN-5R decreased with an increase in the initial dye concen-
tration. The reasons of the reverse relation between the dye
removal efficiency and the dye initial concentration can be
explained on the following basis [45,46]:

(1) Athigh concentration of the dye, due to the engagement
of active sites of the nphs by the dye molecules, the for-
mation of OH® decreases which results in a decreased
efficiency of the process.

(2) With an increase in dye concentration, the molecules of
the dye act as blocking agents for UV radiation. Therefore,
lower UV rays penetrate the solution, leading to the less
excitation of the nphs and decrease in electron-hole
formation. In addition, the formation of OH* and super-
oxide radical anion (O;") decreases.
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Fig.7. Effect of the nphs composition on the photo-decolorization:
pH 6, [RBO KN-5R], = 40 mg/L, [H,0,], =100 mg/L.
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Fig. 9. Effect of anion (NaCl, Na,SO, and NaHCO,) on the pho-
to-decolorization: pH 6, [RBO KN-5R]; = 40 mg/L, [anion] = 10
mg/L, [H,0,], = 100 mg/L, ZnO/TiO,.

(3) With an increase in the dye concentration, the intermedi-
ate products formed by the dye degradation in the solu-
tion increase. These products and molecules of the dye
in the solution compete with H,O, to occupy the active
sites, which results in a decreased photo-decolorization
efficiency.

3.7. Effect of anions

As the auxiliary chemicals such as salts have extensive
applications in textile dyeing and printing, their presence in
dye-containing wastewater is common. These substances may
compete with molecules of the dye for the active sites on the
nphs surface and subsequently, decrease the degradation rate
of the target dyes. Additionally, they may act as light screens,
thus reducing the photon receiving efficiency to the surface of
nphs. Moreover, anions compete with molecules of the dye to
react with oxidative radicals. Therefore, the required amount
of H,O, increases to provide sufficient OH* in order to com-
pletely support the degradation reactions [41,45]. To evaluate
the effect of anions, NaCl, Na,SO, and NaHCO, (10 mg/L)
were used. As it can be seen in Fig. 9, the effectiveness of the
photo-degradation system decreased in the presence of
the inorganic anions. The observed detrimental effect on the
photo-degradation of RBO KN-5R obeyed the following order:
SO} <Cl" <HCO; . The mechanisms of their performance
were summarized in Eqs. (16)—(22) [41,47,48].

CI'+OH" - CI" + OH (16)
Cl'+Cl' > Cly 17)
ClI; +dye — dye™ (intermediate) + 2CI° (18)
SO+ Iy, — SOy (19)
SO7 +dye — SO7 +dye" (intermediate) (20)

Dye + CI/SO2HCO;"

CUSOYHCO,
+ 666666666
€O, + Hy0 + Intermediates

Zno

Tio,

H,0
H'+OH' POED \; BBODOD CEEEEEEEERTEED H'+ OH

Fig. 10. Schematic interaction of RBO KN-5R, anions and nphs.

HCO;+ OH" — CO; +H,0 (21)

COy+OH — COY +OH" (22)
Although the radicals produced by the anions are capa-
ble of oxidizing RBO KN-5R, they are not as active as OH*
and hy, [49,50].
The SO;, CI” and HCO] radicals generated in

Egs. (16), (19) and (22) have a lower redox potential than
hydroxyl radicals (E (SO} /SO )=2.6V, E(CI'/CI")=247V,

E,(CO; /CO;)=185V and E,("OH/H,0)=2.80V). Therefore,

the degradation rate of RBO KN-5R considerably reduced
by the presence of inorganic ions. On the other hand, the
opposing effects of chloride and sulfate were mainly due to
the adsorption whereas in the case of bicarbonate, the par-
allel effects of light attenuation, competition for active sites
(surface deactivation) and their tendency to act as scaven-
gers of OH* resulted in a prolonged photo-decolorization
[34,45]. Furthermore, the negative effect of bicarbonate
anion can be attributed to the shift of pH from weak acidic
to weak alkaline inhibiting complete photo-decolorization
[51]. The effects of the dye and the anions on the photocat-
alytic decolorization of RBO KN-5R have been shown in
Fig. 10.

3.8. Kinetic analysis of dye decolorization

Several studies indicated that the photo-degradation
of various reactive dyes with semiconductors fitted the
Langmuir-Hinshelwood kinetic model (Eq. (23)) [52]:

_ — KadskaHCt
dt 1+K . .C

ads 't

(23)

where 7 is the rate of dye decolorization (mg/L min), C, the
concentration of the dye (mg/L) at time ¢, ¢ is the time of irra-
diation (min), k, ,, is the reaction rate constant and K, is the
dynamic Langmuir adsorption constant [53]. The integrated
form of the Eq. (23) can be mentioned as follows for C = C at
t=0 (Eq. (24)) [54]:

C 1
t= In(=%) + (
n(C) k (

ads’ L-H t L-H

-C) (24)

0
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where C, is the initial concentration of the dye and C, is the
dye concentration in the solution after treatment (mg/L).
Because the dye concentration is very low, Egs. (25) and (26)
were obtained [51,54].

1 C
In( =0
K x )

ads’ L-H t

t= (25)

ln(%)=KadskL_Ht (26)

t

By supposing k, = K .. k . the first-order kinetic equa-
tion (Eq. (27)) was obtained where kapp represents the appar-
ent first order rate constant [7].

1n(&)=kappt (27)
Ct

Plot of In(C/C,) vs. time (Fig. 11) yields the Ko The lin-
ear relationship between In(C/C,) and time (t), is consistent
with the first-order kinetics. Finally, Eq. (28) was obtained by
assuming C,=0.5C and Eq. (25) [54].

__In@@) 05C,

K k. k

(28)
ads L-H

A plot of £, vs. 0.5C, yielded the straight line (Fig. 12),
whose slope is 1/k, ,, and slope/intercept is 0.963/K_, k, ..

For all of the samples, an increase in the dye concen-
tration resulted in a decreased kapp (Table 2). The calculated
amounts of k, , and K, for various nphs were summarized
in Table 3.

3.9. Photo-mineralization of RBO KN-5R

Although, complete dye photo-decolorization often
occurred in a short period of time, this does not mean that
the photo-mineralization occurred completely. The inter-
mediates formed through the photo-decolorization may be
more toxic than the original dye. Therefore, investigating the
photo-mineralization efficiency also is necessary.

To evaluate the photo-mineralization of the dye, TOC test
was conducted in the optimum condition (pH 6, [H,0,], =
100 mg/L, [RBO KN-5R] =40mg/L, ZnO/TiO, =1:1). As shown
in Fig. 13, the photo-decolorization was occurred faster than
photo-mineralization. The constant level of TOC in the solu-
tion after an extended irradiation time (120 min) suggested
that the end products cannot be completely mineralized over
this time. Therefore, more time was required for complete
photo-mineralization.

The changes in the UV-Vis absorption spectra of RBO
KN-5R solutions during UV irradiation at the optimum con-
dition are shown in Fig. 14. RBO KN-5R has a chromophore
of -N=N-unit, benzene rings and naphthalene rings (Fig. 2),
all of which are stable. The typical spectrum of RBO KN-5R
is identified by two bands in the visible region (494 and
386 nm) and two bands in the UV region (297 and 254 nm).
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Fig. 11. Plots of In(C//C,) vs. irradiation time for different initial
concentrations of RBO KN-5R (a) ZnO (b) ZnO\TiO, (c) TiO,.

The absorbance peaks at 254 and 297 nm are related to 7
— m* transitions in the benzene and naphthalene rings of
RBO KN-5R, respectively [49]. Photo-degradation of the
aromatic part of the dye is confirmed by a reduction in
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Fig. 13. Decolorization and TOC reduction during the
photo-decolorization of RBO KN-5R: pH 6, [RBO KN-5R]; =
40 mg/L, [H,0,], = 100 mg/L, ZnO/TiO,.

Table

., and R? for the effect of different initial RBO KN-5R on the
pﬁoto decolorization rate

Nphs Dye concentration (mg/L)
ratio 40 50 60 70 80
ZnO wpp 00596 0.0395 0.0311 0.0185 0.0138
R> 0988 0995 09% 0999 0.976
[ZnO/ k
. P 0.0679 0.034  0.0227 0.0186 0.0094
TiO,]
R> 0981 0994 0997 0999  0.99
TiO, k., 00596 0.0395 00311 0.0185 0.0138
R* 0988 0955 099 0999 0.976

the absorbance of UV region. The disappearance of the
absorption peaks in the visible region implies that the main
chromophore of RBO KN-5R (-N=N-) was destroyed and
therefore, the dye solutions became photo-decolorized. It is
obvious that the intensity of the peaks in the visible and UV

Table 3
Relating kinetic parameters (k,
photo-degradation of RBO KN-5R

K. and R?» on the

L-H’ ads

Nphs ratio k 4 K . R?

ZnO 0.4815 0.0277 0.995
[ZnO/TiO,] 0.8161 0.0417 0.885
TiO 0.7137 0.0318 0.965

2

Absorbance
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Fig. 14. Changes in the absorption spectrums of RBO KN-5R
(40 mg/L): pH 6, [H,0,], =100 mg/L, ZnO/T iO, at different time

intervals of irradiation.

regions decreased and no absorption peaks were observed
after 120 min of irradiation. Generally, it can be concluded
that the di-azo band are susceptible to attack by OH* pro-
duced by AOPs [7].

4. Conclusion

Reactive Brilliant Orange KN-5R was successfully pho-
to-decolorized using loaded ZnO, TiO, and ZnO/TiO, on the
spacer fabrics. The effects of operational parameters includ-
ing pH, initial H,O, concentration, initial dye concentration,
nphs composition and various anions were investigated and
optimized. SEM images confirmed the loading of nphs on
spacers by simple padding process. FTIR spectra confirmed
the crosslinking reaction between carboxyl groups of CA,
functional groups of the spacer fabric and the nphs. ZnO/
TiO, NPs, 40 mg/L of initial concentration of the dye, pH 6
and the concentration of 100 mg/L of H,O, were considered
as the optimum conditions for the decolorization process.
NaHCO, showed the strongest inhibition effect on the pho-
to-decolorization efficiency followed by NaCl and Na,SO,.
Almost 90% photo-mineralization of the dye was obtained
after 120 min under the optimum condition. The photocat-
alytic degradation of RBO KN-5R followed the Langmuir—
Hinshelwood mechanism. The porous structure of the spacer
could provide more time for the photocatalytic reactions
through a reduced flowability of the solution. Therefore, the
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spacer fabrics treated with the nphs can be regarded as an
effective system for photo-decolorization and photo-mineral-
ization of reactive dyes in wastewater.
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