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Abstract

In this paper, the degradation of sulfamethazine (SMT) was performed using of photocatalytic

process in the presence of ZnO catalyst immobilized on glass plate (on ZnO/glass plate) under

UV light. The ZnO/glass plate was characterized by X-ray diffraction (XRD) and Fourier

transform infrared (FTIR) spectra; the results of the characterization demonstrated that the
properties of ZnO/glass plate were maintained unmodified. The adsorption and the photolysis
tests revealed the absence of adsorption of SMT onto ZnO/glass plate and the absence of
direct photolysis of SMT. The effect of the initial solution pH, the flow rate and the initial
concentration of SMT on the photocatalytic process was studied and optimized by using
central composite design (CCD). The model equation obtained led to a classification of these
parameters based on their level of significance. The results suggested that the most influential
factor was the initial concentration of SMT (x»), which had the strongest effect on the
response (-11.6) and the negative sign of the coefficient suggested that the degradation of
SMT decreased for increasing initial SMT concentration. It was followed by the flow rate
with positive effect on the yield of SMT degradation (+2.06). The model also demonstrated

the absence of pH effect in the studied interval and that the strongest interaction was between

the pH and the flow rate. The kinetic of degradation of the SMT can be described by a pseudo



first order kinetic model for 10 and 50 mg/L of SMT; while the kinetic of degradation was
described by a pseudo-second-order kinetic model for the highest initial amount, [SMT],=100
mg/L. The optimal values of the solution pH, the flow rate and the initial concentration of
SMT were 6, 0.56 L/min and 11 mg/L respectively. Under these conditions the removal
efficiency of SMT was 96 % and the BODs/COD ratio increased from 0 to 0.20 after 5h of

irradiation time.

Keywords: Photocatalytic process, Sulfamethazine, immobilized ZnO, Central composite
design



1. Introduction

Pharmaceuticals are being continuously released into the aquatic environment through
different anthropogenic activities [1]. In particular, antibiotics can cause ecotoxicological
problems, because of their potential persistence in the environment [2], since they are not
readily biodegradable. Consequently, they are detected in surface water and groundwater;
several pharmaceuticals have been detected in the pg L™ range in wastewaters [3]. For
sulfamethazine (SMT), Concentrations in the range 15-328 ng.I™ were detected in tropical
waters in the Mekong Delta, Vietnam [4]. In China, comparable concentrations of SMT were
observed in natural waters, e.g, 0.53-89.1 ng L™ in surface water of the Yangtze estuary [5]
and 2.05-623.27 ng L * in the Huangpu River, Shanghai [6]. Such diffuse pollution is difficult
to treat, and hence one solution would be to treat the considered pollution on site, to get low
volumes highly concentrated [7]. For this purpose, several processes to degrade/remove
antibiotics have been studied, including conventional techniques (biological processes,
filtration, coagulation, flocculation, and sedimentation), advanced oxidation processes
(AOPs), adsorption, membrane processes, and combined methods [8]. The advanced
oxidation processes (AOPs) appears as interesting tools in comparison with other technique
[9]. They are based on the generation of very reactive species such as hydroxyl radicals, that
have been proposed to oxidize quickly and not selectively a broad range of organic
pollutants[10,11]. Among AOPs, photocatalysis using viz., TiO, and ZnO, appears effective
for the pharmaceutical wastewater treatment. Photocatalytic conversion using ZnO showed
better degradation efficiency than TiO, for removing organic compounds from water [12-14].
The technique is more effective as compared to other AOPs because semiconductors are
inexpensive and can easily mineralize various organic compounds [15]. Among different
conventional catalysts, ZnO nanoparticles have been widely used to treat wastewater because

of wide band gap, large volume-area ratio, low cost, large initial rate of activities and UV



adsorption potential [16]. However, the elimination of ZnO suspended in the treated water
causes running costs and induces secondary pollution, which greatly restricts its practical
applications. Consequently, several methods have been implemented to immobilize ZnO
nanoparticles on various substrates, such as activated carbon [17], carbon black (CB)/ZnO
nanocomposite film [16], polystyrene pellets [18], glass substrates [19], L-Cysteine capped
zinc oxide nanoparticles were immobilized onto a biodegradable poly(3-hydroxybutyrate-co-
3-hydroxyhexanoate) [20]. Maucec et al. immobilized ZnO nanoparticles in mesoporous silica
supports [21]. These techniques must meet the following conditions: i) Strong adherence
between the catalysts and the substrate, ii) The Crystal structure of the catalysts must be kept
during the preparation and the immobilization process, iii) low cost of the substrate and the

used method [22-27].

Physicochemical methods such as flocculation—coagulation, adsorption, have been widely
investigated. However, The removal of dyes and recalcitrant pollutants from wastewater using
these methods was not as effective as expected; in addition, most of these methods are
nondestructive, since they only consist in a transfer of organic compounds from water to
another phase, thus causing secondary pollution [28-32]. For the degradation of persistent
organic compounds contained in wastewater, several studies recommend integrated processes,
especially the coupling of AOPs and biological treatment [28-34]. The main objectives of this
study are: i) to use a heat attachment method to immobilize ZnO on glass plate (9 cm x 35
cm). This material was of soda-lime type, soda-lime glass is inexpensive and chemically
stable, such immobilization method remains scarcely investigated in this research area; ii) to
use the experimental design methodology to investigate the influence of the main
experimental parameters (flow rate (Q,), the pH and the initial SMT concentration) on the
efficiency of the photocatalytic degradation of SMT with ZnO immobilized on glass plate in

batch reactor, iii) to examine the feasibility of combining UV/ZnO process with biological



treatment to eliminate the SMT from aqueous solutions, such combination has not been

extensively examined in the available literature.

2. Materials and methods

2.1. Chemicals and photocatalytic system

The SMT (C12H14N4O2, 99% purity) from Alfa Aesar, sulfuric acid (96 % purity) and sodium
hydroxide (97 % purity) both from Biochem Chemopharma. Zinc oxide (99 % purity) from
Sigma Aldrich and hydrofluoric acid (HF) (40%) were purchased from prolabo (Paris,
France). The Experimental setup is described in the supplementary material (See Fig.1). It is
composed of a Vessel (1) fitted with a Pyrex glass jacket (2) connected to a thermostated bath
(3) in order to maintain the solution at a temperature of 25°C and a stirrer in stainless steel (4)
was used for the homogenization. A glass plate loaded with ZnO (5), one UV lamp (6) (30
W,UVA, Amax = 360 nm, manufactured by Philips, Netherlands), a centrifugal pump (7) which
allows to circulate the solution through the plate, and an air pump (8) was used to provide the
solution with dissolved oxygen required for the experiment. 1 L of SMT solution was placed
into the reactor; its pH was adjusted by adding concentrated solutions of H,SO, or NaOH.
Experiments were monitored for 5 h at a temperature of 25°C. Samples of 5 mL were

withdrawn at regular time intervals for the measurement of the SMT residual concentrations.

2.2. Immobilization of ZnO on glass plates

ZnO nanoparticles were fixed on glass plate (9 cmx35 cm) by heat attachment method; the
glass surface was pretreated with HF solution (0.1 M) and then washed in a solution of NaOH
(0.01M) in order to increase the number of OH groups and ensure a good fixing of the ZnO on
the glass plate. Twenty millilitres (20 mL) of suspension containing 4 g/L ZnO were prepared
using ethanol as solvent and the suspension was stirred magnetically for 2 h times. The

suspension was poured into a glass plate and then placed in a drying oven at 30°C. After
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drying, the plates were calcined at 500°C for 1h and the surface was then washed with
distilled water for the removal of weakly attached ZnO [28]. Under the effect of heat the

particles became welded together, forming the cohesion [28].

2.3. Characterization

The X-ray diffraction (XRD) patterns of ZnO nanoparticles powder, glass plate and ZnO immobilized
on glass plate were obtained using a diffractometer panalytical type MPD/system vertical 6/6,
using radiation source (CuKa = 0.15406 nm) operating at 40 kV and 30 mA. The XRD
diffraction patterns were collected over a 20 range located between 10° and 80° using an
incremental step size of 0.02° with 6 s of acquisition time per step. In addition, the band gap was
estimated by means of UV-vis diffuse reflectance spectra (DRS) and by UV-Vis Spectroscopy
(Shimadzu, UV-2600). Fourier transform infrared (FTIR) transmission spectra of ZnO nanoparticles
powder and ZnO immobilized on glass plate were obtained on an IR Affinity-1 Shimadzu FTIR
spectrometer. FTIR analysis was done by scraping the ZnO deposit on the glass plate then KBr Pellet
method was applied to form the FTIR spectra. All FTIR spectra were obtained using an FTIR
spectrometer over the wavenumber range of 400 and 4000 cm™.

2.4. Sulfamethazine analysis

SMT was analyzed by High Performance Liquid Chromatography (HPLC ACC 3000 HPLC).
The HPLC was equipped with a standard degasser, an autosampler and a pump (Model LPG
3400 SD), as well as a detector with visible ultraviolet ray (UV/ Vis detector VWD 3400 RS).
The separation was achieved on a Thermo Fisher scientific (Germany) C18 (5 mm; 4.6 x150
mm) reversed-phase column. The mobile phase consisted of acetonitrile/ultrapure water
(35/65 v/v) with a flow rate of 0.5 mL min™ and the detection of sulfamethazine was carried
out at 268 nm.

2.5. COD and BODs measurements

All COD and BODs measurements were duplicated. Chemical oxygen demand (COD) was

measured by means of Kits Nanocolor® 15-160 mg/L. COD according to DIN ISO 15705 at
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148°C. The amount of oxygen required for the oxidation of the organic and mineral matter at
148 °C for 2 h was quantified after oxidation with K,Cr,O- at acidic pH and under heating.
The BODs measurements were carried out in Oxitop 1S6 (WTW, Ales, France). Activated
sludge from a wastewater treatment plant (Sidi Ali Labhar, Béjaia- Algeria) was used to
inoculate the flasks; the initial microbial concentration was 0.5g L™. More details about
BODs measurement with Oxitop 1S6 (WTW, Ales, France) can be found in a previous study

[29].

2.6. Zn** measurements

The concentrations of Zn** ions was determined by using SCHIMADZU AA6500 atomic
absorption spectrophotometer (SAA) connected to the microcomputer; the analysis was

conducted with an oxidizing air-acetylene at 213.8 nm [29].

2.7. Response Surface Methodology (RSM)
Statistically designed experiments based on a RSM were conducted to study the combined
effects and the optimization of the flow rate (Qy), the pH, and the initial SMT concentration.
The combinations of the model performance was described using a second-order polynomial
equation (Eg. 1) based on a central composite design (CCD). More details about the
construction of the CCD model can be found in previous papers [35-37].
3 3 3 3
¥ = by + Z bix; + Z byix? + Z Z b;jx;X; (D
i=1 i=1 i=1 j=i+1
Where:
e Predicted yield ()
o the coefficients of the response model (by, by, ...,by)
e linear terms, corresponding to the variables (xi, X, ..., Xn)

e squared terms, corresponding to the variables (X1, X%, ...,x%1)



o first-order interaction terms for each paired combination (X1Xz, X1X3,...,Xn-1Xn)

The response was expressed as the percent of yield abatement of SMT (Eq.2):

SMT]o-|SMT
y(%) = EE e 100 2)

Where [SMT]o and [SMT]; were SMT values of sample at the initial time 0 and at a given time
t (mg L™), respectively.
The original values of each factor and their corresponding levels are shown in the

supplementary material (Table 1).

3. Results and discussion

3.1. Characterization studies
e ZnO immobilized on glass plate was characterized by X-ray diffraction (XRD),
acccording to the figure 2 given in supplementary material the following conclusion can be
drawn: The results shown in Fig. 2 indicate that the glass plate without ZnO nanoparticles
presented some amorphous peaks in the XRD curve. The XRD patterns of ZnO
nanoparticles powder shows that no diffraction peaks of other impurities were detected.
The ZnO nanoparticles diffraction peak appeared in the XRD pattern of ZnO immobilized
on glass plate; indicating that the process of dispersion in glass plate did not have an
influence on the crystal form of the commercial ZnO nanoparticles powder corresponding
to a wurtzite phase, characteristic of the commercial ZnO nanoparticles powder [38]. The
figure 3 in supplementary material shows the band gap of the ZnO powder (a) and ZnO
immobilized on glass plate (b). According to Figure 3 (see supplementary material) there is

no change in the bandgap potential of the semiconductor after immobilization.



e FTIR spectra of ZnO powder (a) and ZnO immobilized on glass plate (b) are
displayed in the figure 4 given in supplementary material. In the spectrum (a), the band at
500 cm™ was assigned to the Zn-O. In addition, a weak band can also be perceived in the
range of 3550-3450 cm , attributed to the stretching of the O—H, which could be localized
on the surface of the catalyst. It should be observed that the characteristic bands of ZnO

were maintained in the spectra of ZnO immobilized in the glass plate.

3.2. Effect of the amount of catalyst

The effect of the amount of ZnO immobilized on glass plate was investigated for 50 and 100
mg/L of SMT. The amount of ZnO was varied in the range from 0.08 to 0.24 g, corresponding
to one to three ZnO deposits. As can be seen in figure 1, the increase of the amount of ZnO
immobilized on glass plate from 0.08 to 0.16g promoted the removal efficiency of SMT from
76 to 83 % and from 42 to 65 % after 300 min of reaction time for 50 and 100mg/L of SMT
respectively. While, increasing the amount of ZnO from 0.16 to 0.24g did not increase
significantly the removal efficiency of SMT, namely 2% regardless of the initial concentration
of SMT. Consequently, two layers of ZnO (0.16 g) was selected as the optimal value of the
amount of catalyst.

Fig. 1

3.3. Adsorption and photolysis tests

Preliminary experiments were performed to assess the adsorption capacity in the dark of ZnO
immobilized on glass plat at pH =6, T = 25°C, Q,=0.52 L/min, 0.16 g of ZnO and 50mg/L of
SMT. According to the figure 5 given in supplementary material, an absence of adsorption of
SMT onto ZnO immobilized on glass plate was observed, this results could be attributed to

the absence of electronic attraction between SMT and the catalyst. Indeed, the SMT presents a
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neutral form for pH values in the range 2.5 to 7.5 and the point of zero charge (pHyzc) of ZnO
is 8.6 [39, 40]. The photolysis of SMT was studied for an initial SMT concentration of 50
mg/L in the absence of ZnO for 60 min. As shown in figure 5 (see supplementary material),

direct photolysis did not cause any degradation of SMT.

3.4. Regeneration of the photocatalyst

To study the stability of ZnO immobilized on the glass plate, at the end of a cycle, the glass
plate was washed with distilled water in order to remove the SMT and by-products formed
during the previous experiment and adsorbed on the catalyst. The degradation efficiency is
shown in figure 2, showing a decrease in the removal efficiency of SMT from 84.5 to only 70
% after six cycles. It was probably due to the accumulation of by-products on the surface of

catalyst.

Fig. 2
3.5. Modeling and optimization
3.5.1. Elaboration and analysis of the model

The results of the second-order models are presented in the supplementary material (Table 2).
The coefficients of polynomial model were calculated by a standard least-square regression
method using “Excel” software. Three tests were required to evaluate the adequacy of the
model: the Student’s t test, which was used to determine the significant coefficients,
discarding the insignificant ones, the R? test and the Fisher test. All these statistical tests were

previously described in details [35-37].

According to these results, the coefficients of the polynomial model can be expressed by the

following equation:

10



y = 74.59 — 11.6x, — 2.73x,x5 + 2.06x2 (3)

According to the regression equation (Eg.3), the initial concentration of SMT (x,) had the
strongest effect on the response (-11.6) and the negative sign of the b, coefficient suggests
that the degradation of SMT decreased for increasing initial SMT concentration. Kinetic study
confirmed this tendency as can be seen in figure 3. According to the figure 3, The results
obtained indicate that the degradation efficiency of SMT was inversely proportional to its
initial concentration; this may be attributed to a competitive consumption of the hydroxyl
radicals between the SMT molecules and the generated by-products, or the decrease of
generated h* holes and/or *OH radicals at the catalyst surface since the active sites are
occupied by the pollutant, or by a decrease of the intensity of the radiation absorbed by the
catalyst due to the molecules of the pollutant [3,8,41,42]. The same tendency was previously

reported by Kheniche et al. [41] and Andronic et al. [42].

Fig. 3

The second significant factor was the flow rate (x3) with positive effect on the yield of SMT
degradation (+ 2.06). In order to confirm this effect, kinetic experiments were conducted
(Figure 4) at different flow rates (0.15 - 0.68 L/min). The results showed that when the flow
rates was increased from 0.15 to 0.52 L/min, the SMT degradation over 300 min of reaction
time increased from 74 % to 85%. Contrarily, beyond 0.52 L/min the yield of the SMT
degradation decreased from 85% to 81% for 0.68 L/min flow rate. To better explain the

relationship between the degradation rate and the flow rate, it was considered necessary to
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determine the value of the film thickness of the liquid which can be calculated by the

following equation [43]:
o\ 1/3
Thickness film = (?> 4)

Where: I' = % is the flow rate per unit length (m*/s m), L is the length of the glass plate, Q

is the flow rate (m®/s) and g the gravity (m/s?).

According to the table 1, the thickness of the liquid film increased with increasing of the flow
rate, The decrease in the rate of degradation beyond 0.52 L/min flow rate may be attributed to
the limitation of the UV-light penetration on account of the rise of the liquid thickness, in
agreement with other reports, Yahia cherif et al [28] and Zayani et al [44], and to the decrease
of the residence time in the reactor. The decrease in the rate of degradation of SMT for
decreasing flow rates (Q, = 0.15) can be consequently attributed to the fact that the residence
time rose, favoring the surface reactions; this may be also due to the degradation of by-
products adsorbed on the surface of the catalyst.

Fig. 4
Table 1

The solution pH did not have significant effect on the yield of SMT degradation, which was
confirmed by the time-courses (Figure 5a). On the other hand, pH time-courses were also
displayed in figure 5b. The pH increased until being close to pH 5 for acidic initial pH = 3 and
decreased from 9 to 7 in the alkaline medium. This effect was attributed to the ZnO
dissolution and the formation of Zn?* [45, 46], which can be attributed to the oxidation of
ZnO by h'yg according to the equation 5. Daneshvar et al [45] reported that the

photocorrosion of ZnO is complete at pH lower than 4, while no photocorrosion of ZnO takes
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place at pH higher than 10. The ZnO photocorrosion in an acidic medium and alkaline
medium were given by Egs. (6) and (7). In this study, the concentration of Zn** ions were

17.9, 6.5, and 4.1 mg/ L for pH solution values of 3, 6, and 9 respectively.

Zn0 + 2hj, — Zn** + 0O (5)

Zn0 + 2H* - Zn** + H,0 (6)

Zn0 + H,0 + 20H™ - Zn** + H,0 (7)
Fig. 5

The model also underlined that the strongest interaction was between the solution pH (x;) and
the flow rate (x3); this interaction is illustrated in the supplementary material (see the figure

6).

3.5.2. Kinetic studies

In this study, the First-order, Second-order and Langmuir-Hinshelwood (L-H) (see table 3 in
in the supplementary material) were tested in order to determine the kinetic model of SMT
degradation. A nonlinear method was used in order to optimize the different constants of the
models (see supplementary materiel) by minimizing the error function using the solver add-in
with Microsoft’s spreadsheet, Microsoft Excel. The error function employed (Eqg. (8)) was as

follows (Aissani et al. [29] and Boudrahem et al. [47]).

C

C )? (8)

Cal

D(%) =i([§0 -

i=1 Exp

c

0

C

0

Where and

Exp

are the experimental and calculated data, respectively, and P is the
Cal

number of experimental data.
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The results given in the figure 6 and the table 2 show that for low concentrations (10 and 50
mg/L), the kinetic was described by a pseudo-first order kinetic model. However, for 100
mg/L of SMT the Kkinetic was described by a pseudo-second order kinetic model. The absence
of adsorption in dark of SMT onto ZnO immobilized on glass plate and the Kinetic
degradation of SMT was non described by Langmuir-Hinshelwood model confirm that the
photocatalytic degradation of SMT does not take place on the surface of the catalyst but in the

close vicinity of the catalyst surface [29, 48].

Fig. 6

Table 2

3.5.3. Optimization of the operating variables

The model equation (Eg. 3) obtained by the CCD was used to find the optimal values of the
operating parameters in order to obtain the highest degradation rate of SMT. Response surface
and contour plot were drawn using STATISTICA software (Figure 7 in supplementary
material), which allowed to deduce the following optimal conditions for the yield of SMT
degradation, namely pH=6, Q,=0.56 L/min and [SMT]o= 11 mg/L. Under these optimal
conditions, the SMT degradation yield experimentally obtained was Yex, = 98%, which should
be related to that given by the model § = 96 %. The relative error between yey, and § was
below 2.8 %, validating the model, and hence the developed model describes accurately

experimental data.

3.6. Biodegradability test

The biodegradability test was realized on solutions irradiated under the optimal values
obtained by the CCD: pH=6, Q,=0.56 L/min and [SMT]o = 11 mg/L. The biodegradability
test was estimated by means of the BODs/COD ratio of the solutions irradiated during 5h and

8h. According to the table 3, it can be drawn that:
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The removal efficiency of SMT increased from 0 to 98 and 100 % when the irradiation
time was increased from 0 to 5and 8h respectively.

The COD abatement increased from 0 to 75% after 5h irradiation time; while an
increase of the irradiation time from 5h to 8h did not show a significant impact on the
COD abatement.

The BODs/COD ratio increased from 0 initially to 0.20 after 5h of irradiation, showing
that the biodegradability was enhanced even if the limit of biodegradability (0.4) was
not achieved. However, further increase of the irradiation time, from 5 to 8h, induced
a decrease of the BODs/COD ratio from 0.20 to 0, showing that the by-products
formed after 8h of irradiation are not biodegradable. This decrease of the BODs/COD
ratio may be also attributed to the adsorption of Zn?* ions by activated sludge, which
was reported to be the main mechanism of toxicity [49], while Wang et al [50]
reported that Zn®* ion is highly adsorbable on activated sludge. Indeed, the
concentrations of Zn?* ions after 8h of reaction time was estimated to 6 mg/L, while
Lui et al [49] reported that the ICso values of Zn** ions on biodegradation was 1.3 mg-

Zn/ L.

Table 3

4. Conclusion

A response surface methodology based on CCD was successfully used for the study and the
optimization of the removal efficiency of SMT by using UV/ZnO immobilized on glass plate.
The application of the CCD with a second-order polynomial regression model satisfactorily
interpreted the experimental data. It was shown that increasing the initial SMT concentration

had negative effect on the removal efficiency. In addition, when the flow rates was increased
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from 0.15 to 0.52 L/min, the SMT degradation increased from 74 % to 85%; while beyond
0.52 L/min flow rate, the yield of SMT degradation decreased from 85% to 81% for 0.68
L/min. The solution pH did not show significant impact on the removal efficiency of SMT in
the studied interval. The use of CCD allowed the identification of the most significant
interaction between parameters, shown to be between the pH and the flow rate. Analysis of
the response surfaces and contour plots clearly indicated that the optimal values of solution
pH, flow rate and initial SMT concentration were: 6, 0.56 L/min and 11 mg/L respectively.
Under these optimal conditions, the SMT removal efficiency was 96 % and the BODs/COD

ratio was increased from 0 to 0.20 after 5h of irradiation time.
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Figure captions

Figure 1: The effect of the amount of ZnO immobilized on glass plate. Conditions: pH =6, T
=25°C,, time =300 min and Q,=0.52 L/min

Figure 2: The removal efficiency of SMT within the successive six cycles. Conditions:
[SMT]o = 50mgL™?, pH =6, T =25°C, Q,=0.52 L/min, , time = 300 min and 0.16 g of ZnO

immobilized on glass plate.

Figure 3: Effect of initial concentration of sulfamethazine (SMT) on the photocatalytic
degradation process. Conditions: 0.16g of ZnO, pH =6, Q,=0.52 L/min, and T = 25°C.

Figure 4: Effect of flow rate (Q,) on photodegradation efficiency of SMT. Conditions:
[SMT]o =50 mg/L, T=25°C, time =300 min and 0.16g of ZnO immobilized on glass plate .

Figure 5: Effect of pH solution on photodegradation efficiency of SMT. Conditions:
[SMT]o= 50 mg/L, Q,=0.52 L/min, T = 25°C and 0.16 g of ZnO immobilized on glass plate.

Figure 6: Experimental data, first-order kinetic model, second-order kinetic model, and
Langmuire—Hinshelwood model for photocatalytic degradation of SMT by ZnO Immobilized
on glass plate. Experimental conditions: 0.16g of ZnO, pH = 6, Qv = 0.52L/min, and T =
25°C
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Tables

Table 1. The values of film thickness of the liquid at the different flow rates tested

Qv (L/min) 0.15 0.371 0.521 0.681

Film thickness(mm) 0.19 0.34 0.43 0.51
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Table 2. Kinetic constants predicted by non-linear method for the photocatalytic degradation
of SMT by ZnO immobilized on glass plate.

First order model Second-order model L-H Kinetic model
[SMT]o
(mg/l) ky(min™) D (%) k,(I/mg min) D (%) k(min™) K D (%)
10 0.012 +1.8410° 0.085 0.002 +3.4110* 5.2 0.34 +8.35 10~ 0.067 +3.05 107 0.023
50 0.006 +5.910* 0.11 0.0001 +1.36 10°° 25 0.26 +8.9 10™ 064 +79 10° 0.34
100 0.005 +1.110° 0.2 5.7.10°+1.03 10° 0.3 6.18+1.4102  0.00085+2.6810°  0.56
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Table 3. Removal efficiency of SMT, COD abatement and biodegradability tests of solutions
pretreated by the photocatalytic process in the following conditions: pH = 6, T = 25°C and
Q.= 0.56 L/min.

Irradiation time (h)

[SMT], (mg/L) 0 5 8

Removal efficiency of SMT (%) 0 08 100

11 COD abatement (%) 0 75 75
BODs/COD 0 020 0
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