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ABSTRACT

The response surface method was applied to optimize operational factors in the solar photocatalytic process on the
removal of Amoxicillin (AMOX) residues from aqueous solution using TiO, immobilized on the sand as a cata-
lyst. The results reveal that the degradation percentage of AMOX is 93.12%, when optimal conditions of pH=5,
75 mg/l of TiO,, 400 mg/l of H,O,, and 10 mg/l of AMOX concentration at 150 min irradiation time were used.
Furthermore, the model’s expected response results have reasonable similarity with the actual data (R* = 93.58%),
demonstrating the efficiency of this method in making an accurate prediction. A second-order polynomial multiple
regression model was used to evaluate the responses, which confirms that was a satisfactory adjustment with the
achieved data through analysis of variance (R*= 93.58%, R?, o= 91.48% and Rzm ,=89.68%). In addition, it is ob-
served that the removal of undesirable compounds follows a pseudo-2" order kinetic model with R? = 0.9862. In
conclusion, with the ease of usage of immobilized TiO, and good photocatalytic efficiency, the findings showed

the potential application to the antibiotics from an aqueous solution.

Keywords: amoxicillin; solar photocatalyst; immobilized TiO,; sand; RSM; kinetics.

INTRODUCTION

Pharmaceutical products are one of the most
serious and concerning environmental issues
since they tend to survive in the environment
for longer periods of time due to their recalci-
trance and ultra-low biodegradability (Tarfiei
et al., 2018; Chauhan et al., 2018). Amoxicil-
lin, ciprofloxacin, and tetracycline are the wid-
est drugs used in the world for the treatment of
a variety of bacterial illnesses (Mohammed et
al., 2020a). Numerous conventional wastewater
treatment techniques for removing pharmaceuti-
cal residues have been reported. Unfortunately,
most standard treatments have failed to entirely
remove pharmaceutical chemicals from water,
necessitating the development of new technolo-
gies to remove pharmaceutical compounds from
aquatic sources (Chauhan et al., 2018). AOPs
(advanced oxidative processes) may provide a

solution to this problem. They allow contami-
nants to be degraded by highly oxidizing spe-
cies formed in the reaction media, such as hy-
droxyl radicals. Heterogeneous photocatalysis
with TiO, as a photocatalyst looks to be the most
promising destructive technology among AOPs.
At ambient temperature and pressure, photoca-
talysis has gained traction as a viable approach
for the destruction of persistent organic pollut-
ants (Mohammed et al., 2020Db).

Photocatalysts are substances that destroy
the contaminants of water and wastewater, and
convert them into harmless substances such
as water and carbon dioxide. Photocatalyst is
a substance that can induce a chemical reac-
tion by the light exposure while it would not be
subject to any changes. Among the substances
most widely used for photocatalysis are the Ti-
tanium dioxide (TiO,)-based compounds used
in water and wastewater treatment (Chen et
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al., 2017), also it is cheap and non-toxic and
having high and stable photoactivity (Bielan et
al., 2020). Photoreactors used in heterogeneous
photocatalysis can be divided into two types:
slurry reactors with suspended catalyst par-
ticles and reactors with catalyst immobilized
on various inert substrates. In comparison to
reactors with immobilized catalyst, slurry re-
actors have a large surface area for reactions,
allowing for faster pollutant degradation. Par-
ticle aggregation at high photocatalyst concen-
trations, the need for a filtration step after the
photocatalytic treatment, and the inability to
use a continuous process are all disadvantages
of reactors with suspended catalyst (Manassero
et al., 2017). Chemical spray pyrolysis, hydro-
thermal synthesis, electrodeposition, chemical
vapor deposition, atomic layer deposition and
sol-gel are the most widely used preparation
methods for immobilized catalyst: (Méndez-
Lopez et al., 2020). The sol-gel method offers
a simple and convenient pathway for the syn-
thesis of advanced material systems and for ap-
plying them as surface coatings. A large verity
of surfaces has been used by authors to support
catalyst, such as stainless steel (Danfa et al.,
2021), glass slides (Morjene et al, 2020), glass
spheres (Kutuzova et al, 2021) beads (Sharma
et al., 2020), and Raschig rings (Tong et al.,
2020), zeolites (Ngoepe et al., 2020). The re-
sponse surface methodology (RSM) is a set of
mathematical and statistical techniques focused
on fitting a polynomial equation to experimen-
tal data in order to forecast a system’s behavior
and save time and money as operating condi-
tions change (Dutta, 2015). The traditional op-
timization strategy involves changing one vari-
able at a time while keeping the other param-
eters fixed. The traditional method, on the other
hand, is incapable of determining the intricate
interaction between variables and responses
(Darvishmotevalli et al., 2019).

There are many methods to optimize the pro-
cesses such as Box Behnken Design (BBD), and
Face centered design (FCD) and central com-
posite design (CCD). Among of these methods
the CCD was widely applied, due to its simple
structure and good efficiency. The goal of this
research is to determine the performance of TiO,
supported on sand/ hydrogen peroxide /sun ra-
diation for the removal of AMOX residue from
synthetic wastewater based on pH, irradiation
time, initial concentration of AMOX, hydrogen
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peroxide concentration and titanium dioxide. In
addition, CCD was utilized to create mathemati-
cal equations for pollutant elimination, allowing
for a quantitative assessment of the AOP process
employed to degrade AMOX. The diagnostic
checking tests offered by analysis of variance
are then used to determine the adequacy of the
proposed model.

MATERIAL AND METHOD

Materials

Amoxicillin powdered was chosen as con-
taminant model with purity 99% without further
purification gotten from the general company
for drugs industry (Iraq) (original manufacturer:
Merch, Germany). Their chemical structure and
specification was shown in Figure 1 and Table 1,
respectively. Titanium tetra-isopropoxide (TTIP)
contained 95% anatase and 5% rutile and Isopro-
panol have been used for support TiO,. Hydrogen
peroxide H,O, (50% w/w) obtained from Merck
was used as an oxidizing agents. The pH value
of the aqueous solution was adjusted using HCI
and/or NaOH. However, because of its high den-
sity (specific gravity 2.65), local availability, low
cost, chemical inertness, mechanical resistance,
and abundance in varied particle sizes, natural
sand of zone (1) complying to 1QS No.45/1984
was utilized to support TiO,.

Fig. 1. Chemical structure of AMOX

Table 1. Main properties of the Amoxicillin (Balarak
etal., 2017)

Parameter Character/value
Molecular formula C,H,N,O.S
Molar mass 365.4 g/mol

Solubility in water

3430 mg/L at 20 °C

Dissociation constant (pKa)

2.4 (carboxyl), 7.4 (amine),
and 9.6 (phenol)

Henry’s law constant

2.73x 10" at 20 °C
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Experimental work and analysis

TiO2 immobilization

Sol-gel dip-coating technique was used for
direct immobilization of TiO, on sand (TiO,/
sand). Firstly, sand was washed thoroughly with
tap water and then distilled water after that dried
at 120°C for 2 hours to remove organic impuri-
ties. The dried sand was sieved to obtain grain
sizes ranging from 150-180 microns and kept
in polyethylene bags for further use. The desired
molar ratio of TTIP: isopropanol: water (1:25:10,
2:25:10, 3:25:10, 5:25:10) was stirred by using
magnetic stirrer and then sand was added. Fur-
thermore the coated sand was dried in a muffle
furnace at 120°C for 2 hours, after that leave it in
the furnace for one hour at 500°C and, then leave
to cool. The thickness of the immobilized TiO2
film was then increased with a second coating
cycle. Finally, unconnected TiO2 particles were
removed by washing covered sand with distilled
water (Abdel-Maksoud et al., 2018), and kept for
further use (Fig. 2).

Procedure and analysis

Photocatalytic degradation process was car-
ried out in a batch mode reactor under solar ir-
radiation (Fig. 3). The reactor consisted of Py-
rex glass (1L) painted by silver nitrate to act as
excellent reflective for solar power (Zaier et al.,
2017) and contained a piece of mirror at the bot-
tom (used as reflector). Different concentrations
of AMOX solution (10, 30, 50, 80 and 100) mg/L
were prepared then pH was adjusted, (using pH
meter type INOLAB 72, WTW Co., Weilheim,
Germany) by adding a dilute solution of HCI or
NaOH to the reactor contents and at room tem-
perature. Where after the desired concentration of
TiO,/sand (50, 75, 100) mg/L was added to the
solution. The suspension was magnetically stirred
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Fig. 3. Schematic diagram of the batch reactor

using a magnetic stirrer type (MSH-300N, BOE-
CO, Hamburg, Germany) at 200 rpm for 150 min.
To achieve primary adsorption equilibrium, first
spend 30 minutes in the dark between AMOX and
TiO,/sand, subsequently H,O, (250, 400, 600 and
800) mg/L was added and then switching on the
lamp to start the reaction. To separate the cata-
lyst, 10 ml of the sample was extracted and centri-
fuged at 200 rpm for 15 minutes at regular inter-
vals. The concentration of AMOX in each sample
was measured at 278 nm using a spectrophotom-
eter (UV-Vis Spectrophotometer Perkin—Elmer
55 OSE). However, the following equation was
used to compute the target compound’s elimina-

tion efficiency:

ffex 100 (1)

where: Co and Ce represent the primary and
equilibrium drug concentration (mg/l),
respectively.

Removal percentage =

RESPONSE SURFACE DESIGN

The DOE software serves as a foundation
for the creation of experimental runs. The Cen-
tral Composite Design (CCD) was selected in
this study since it is the most typically used with
DOE. The effects of AMOX concentration, TiO,/
sand dosage, H,O, concentration, pH, and time
were studied using CCD. Table 2 shows the num-
ber of variables and their ranges, which were
determined using linked scientific literature as
well as experimental data obtained in preliminary
study utilizing the AMOX antibiotic. The vari-
ables were analyzed at two levels: (minimum)
and (maximum), using the whole face-centered
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Table 2. Experimental range and levels of the independent variables

Factor Name Unit Lower limit Upper limit Lower weight | Upper weight Importance
A AMOX conc. Mg/L 10 100 1 1 3
B TiO, conc. Mg/L 50 200 1 1 3
C H,0, conc. Mg/L 200 800 1 1 3
D pH - 3 1 1 1 3
E Time Min 30 150 1 1 3
R Removal % 7.82 93.12 1 1 3

CCD experimental plan as a guide. RSM was
used to create mathematical models for photocat-
alytic reactors in the form of multiple regression
equations. All conceivable factor combinations’
main and interaction effects have been calculated.
A third-order polynomial equation was utilized to
fit the experimental data in Eq. 2 for the creation
of regression equations relating to the corrosion
process (Salam et al., 2015):

Y =8,+BuA+ BgB+L:C+BpD +

BaaA® + BpgB? + BccC? + BppD* +

BagAB + L4cAC + BapAD + LgcBC +

BepBD + BepCD + BaaaA® + BpppB® +

BeecC? + BoppD? + BaapA?B + BascA*C +
BaapA®D + BappAB* + BuccAC? + )
BappAD? + BapsAB? + BgpcB*C +

BespB>D + BpccBC? + BpppBD? +

BcopC?D + BeppCD? + BapcABC +

BagpABD + BacpACD + BgcpBCD

where: B — offset term,
B> By B By, — linear effect terms,
B oo Pag Bees Brop — squared effects,
ﬁAB’ ﬁAC’ ﬂAD”BBC’ﬁBD’ ﬁCD’ﬁAA.B’ﬁAAC’ .ﬁAAD’
B ABB? B ACC? B ADD? B ABB? B pac — 10teraction,

BBD, /7"BCC? ﬁBDD’ ﬂCDD’ ﬁABC,ﬁABD,ﬂACD,ﬂBCD
— effects,

Brans Bagps Peces Popp — cubed effects
Y — fitted response.

Model terms are chosen or ignored based on
the probability of error (P) value with a confi-
dence level of 0.95. An analysis of variance was
used to examine the statistical results produced
using CCD (ANOVA). Design expert software
was used to analyze the data, create the experi-
mental design, and optimize the interaction effect
of independent factors on the answer.

RESULTS AND DISCUSSIONS

Optimization representation

The results of experiments in the form of
removal percentage of AMOX from aqueous
solution were appraised based on the CCD
were shown in Table 3. The use of RSM’s his-
torical data design yielded a regression model
for the response of corrosion rate, which sug-
gested fitting the response data with a third-
order polynomial model (Salam et al., 2015).
The model is a modified cubic model that was
generated through manual reduction and sim-
plification of the model, which included delet-
ing bigger inconsequential elements to get the
final empirical model in terms of actual fac-
tors, as shown in Eq. 3:

100 ¥=.9358x+ 45251

S0
20
70
&0
S0
40 %
0
20
10

Fi= 9358

Precicted

1] 10 20 30 40

50 &0 0 &0 20 loo

Actual

Fig. 4. Relation between predicted and actual data of AMOX removal
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Table 3. Results of experiments according to CCD

Run pH Time AMOX conc. TiO, /sand amount H,0, conc.
1 8 82.5 55 125 500
2 5 15 10 200 800
3 5 15 100 200 200
4 1 15 100 200 800
5 1 15 100 50 800
6 11 15 100 200 200
7 1 150 10 200 800
8 5 150 100 200 200
9 1 150 10 50 200
10 11 150 10 50 800
1 5 150 100 50 800
12 8 82.5 55 125 500
13 8 -78.043 55 125 500
14 1 15 10 50 800
15 5 150 10 200 800
16 1 150 100 200 200
17 1 150 100 50 800
18 5 15 100 50 200
19 1 150 100 50 200
20 8 82.5 55 125 500
21 5 150 10 50 800
22 5 150 10 200 200
23 8 82,5 -52.0286 125 500
24 8 82,5 55 125 1213.524
25 5 150 100 50 200
26 1 15 10 50 200
27 1 150 10 200 200
28 5 15 10 200 200
29 1 150 100 200 800
30 8 243.043 55 125 500
31 5 15 100 200 800
32 5 150 10 50 200
33 8 82.5 55 125 -213.524
34 1 15 10 200 800
35 5 15 10 50 200
36 1 15 100 50 200
37 8 82.5 162.0286 125 500
38 8 82.5 55 -53.3811 500
39 8 82.5 55 125 500
40 8 82.5 55 125 500
41 0.864757 82.5 55 125 500
42 5 150 100 200 800
43 5 15 10 50 800
44 15.13524 82.5 55 125 500
45 1 15 10 200 200
46 5 15 100 50 800
47 8 82.5 55 303.3811 500
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AMOX removal = —699.56812 —

1.276304 + 11.81151B + 1.46411C +
96.00149D + 1.37018E + 0.006388AE —
0.006685CE + 0.0186034% — 0.121647B? —
0.003136C? — 14.20631D? — 0.001623E? — (3)
0.0000604%E + 0.000015C%E —

0.00010643 + 0.000352B3 + 1.97945E —

06C3 + 0.635221D3 — 9.35199E — 09C3E

The predicted and actual AMOX removal
percentage was given in Figure 4. According to
the results the points given in this scheme have
reasonable correlations. With respect to the equa-
tion addressed here, as the antibiotic concentra-
tion was increased, the removal reduced progres-
sively with increasing units of contact time, and
as the catalyst dose was increased, the removal
increased, and the model properly explained the
experimental range tested.

Variance analysis (ANOVA)

The results achieved from the ANOVA anal-
ysis (Table 4) demonstrated that R?, adjusted R>
R ;) and predicted R? (R2m ) for the removal
of AMOX were 0.9358, 0.9148 and 0.8968, re-
spectively. The correlation coefficients. and were
found to be close to each other, This suggests that
the regression model explains the connection be-
tween the independent variables and the response
very well. The P-value and F-value used for re-
sponse were used to determine the relevance of
the model term. A bigger F-value and a smaller
amount of probability signified a stronger rel-
evance of the associated model in this study. The
probability value (0.0001) was determined to be
quite low, indicating that the term was signifi-
cant for the model. With respect to the equation
addressed here, as the antibiotic concentration
was increased, the removal reduced progres-
sively with increasing units of contact time, and
as the catalyst dose was increased, the removal
increased, and the model properly explained the
experimental range tested. (Ozturk et al., 2017).
In addition Table 5 shows Adeq Precision ratio
was 21.734% which means an adequate signal. In
which Adeq Precision measures the ratio of signal
to noise, and is desirable at a ratio > 4 (Darvish-
motevalli et al., 2019).

Response surface and contour plots
for AMOX residue removal

The model-predicted response’s three-dimen-
sional (3D) response surface and two-dimensional
(2D) contour plot for solar photocatalytic remov-
al of AMOX removal from aqueous solutions.

Initial value of pH

The effect of different initial pH value (3, 5,
7 and 11) on AMOX removal was studied while
keeping other parameters constant (AMOX conc.
=10 mg/l, H,0,= 400 mg/l, and TiO, = 75 mg/l),
and their results were plotted in Figure 5, as can
be seen in this figure, that the removal efficiency
of AMOX decreased at low and high pH value
due to the ionization states of the substrate and the
catalyst where that AMOX is positively charged
at acidic pH while at alkaline pH it is negatively
charged. On the other hand TiO, surface charge
change from positive to negative. Point zero
charge for TiO, was 6.8 (Tio, 2017). Where the pH
affects the electrostatic load of the TiO, surface at
photocatalytic reactions.TiO, particles are shown
to be granule in an aqueous medium due to the pH
and ionic strength. It is known that agglomeration
of TiO, particles is lower at acidic conditions than
at alkaline ones (Tiirkay and Kumbur, 2019). The
increase in degradation rate when pH rises from
3 to 5 is due to more extensive hydroxyl radical
production at higher pH on the one hand, and an-
tibiotic hydrolysis on the other. Because AMOX
and TiO, have the same charge (negative) at al-
kaline pH as they do at acidic pH, adsorption is
hindered once more (Tio, 2017). Therefore, the
best removal was achieved at pH 5 and this re-
sults were in agreement with finding of (Elmolla
et al, 2010; Kalash and Al-Furaiji, 2020; Mala-
kootian et al, 2019)

Initial concentration of AMOX and reaction time

The effect of the initial concentration of
AMOX on the photocatalytic efficiency was in-
vestigated with concentrations ranging from 10 to
100 mg/l, immobilization TiO, = 75 mg/l, H,0, =
400 mg/l, and pH = 5 and their results were plot-
ted in Figure 6. According to this graph, when the
starting AMOX concentration increased from 10

Table 4. The results of the analysis of variance for the response quadratic models

Std. Dev. Mean CV% R?

2 2

ad) R g Adeq Precision

4.6 70.49 6.53

0.9358

0.9148 0.8968 21.734
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Table 5. The ANOVA results for the design expert software equation

Source Sum of Squares df | Mean Square F-value p-value Significance
Model 17891.12 19 941.64 44.49 < 0.0001 significant
A-conc. Amox(mg/l) 84.11 1 84.11 3.97 0.0509
B-conc.TiO2(mg/l) 6436.30 1 6436.30 304.09 < 0.0001
C-conc.H202(mg/l) 1041.14 1 1041.14 49.19 < 0.0001
D-PH 881.75 1 881.75 41.66 < 0.0001
E-Time 584.27 1 584.27 27.60 < 0.0001
AE 2.39 1 2.39 0.1131 0.7378
CE 84.48 1 84.48 3.99 0.0504
A2 233.35 1 233.35 11.03 0.0016
B2 3537.87 1 3537.87 167.15 < 0.0001
C? 347.68 1 347.68 16.43 0.0002
D? 384.57 1 384.57 18.17 < 0.0001
= 142.61 1 142.61 6.74 0.0119
AE 75.41 1 75.41 3.56 0.0641
C%E 8.48 1 8.48 0.4007 0.5292
Al 71.64 1 71.64 3.38 0.0709
B2 4933.68 1 4933.68 233.10 < 0.0001
c? 708.15 1 708.15 33.46 < 0.0001
D? 861.41 1 861.41 40.70 < 0.0001
CE 73.79 1 73.79 3.49 0.0669
Residual 1227.60 58 21.17
Lack of Fit 192.13 22 8.73 0.3036 0.9978 not significant
Pure Error 1035.48 36 28.76
Cor Total 19118.73 77

Reroral %)

E: Tierst: [

0 P

Fig. 5. 2D contour plots express and 3D surface plot of pH on removal efficiency

to 100 mg/1 in the photocatalytic process, the effi-
ciencies of AMOX degradation elimination grad-
ually declined. The amount of antibiotic adsorbed
to the photocatalyst surface increases as the anti-
biotic concentration rises. However, the photoac-
tive patches on the catalyst surface are reduced,

and the rate of antibiotic degradation is reduced
as a result (Tirkay and Kumbur, 2019). Further-
more, the concentrations of generated radicals
were consistent across all samples. Lower con-
centrations of amoxicillin with the same quantity
of hydroxyl radicals had a better chance of being
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Fig. 6. 2D contour plots express and 3D surface plot of AMOX concentration on removal efficiency

removed than samples with a higher concentra-
tion of antibiotic (Olama et al, 2018; Jouali et al,
2020). According to this graph, when the starting
AMOX concentration increased from 10 to 100
mg/l in the photocatalytic process, the efficiencies
of AMOX degradation elimination gradually de-
clined. The amount of antibiotic adsorbed to the
photocatalyst surface increases as the antibiotic
concentration rises. However, the photoactive
patches on the catalyst surface are reduced, and
the rate of antibiotic degradation is reduced as a
result (Tiirkay and Kumbur, 2019).

Effect of the amount of TiO/sand

The effect of different amount of TiO,/sand
(50,75,150 and 200) mg/l on AMOX removal was
studied while keeping other parameters constant

Bomaval (%)

(10 mg/l AMOX concentration, H,0, 400 mg/I,
and pH 5) and plotted in Figure 7. According to
this figure the degradation of AMOX increased
by increasing TiO, concentration till it reached 75
mg/l, then it decreased until it reached 150 mg/I.
Antibiotic degradation did not improve signifi-
cantly when TiO, concentrations were raised over
150 mg/1. This could be attributed to a decrease
in light penetration, increased light scattering, or
aggregation of TiO,/sand. (Olama et al., 2018).
Based on the results, the optimum TiO,/sand con-
centration for degradation of AMOX in aqueous
solution was 75 mg/l. The reason for a decrease
in the mineralization rate at high concentration of
TiO,/sand was the aggregation of TiO, nanopar-
ticles at high concentrations causing a decrease in
the number of surface active sites and an increase

F: Tieme (min)

] S [ Fa) 1hS Fl

B cone Teo? (maguT)

Fig. 7. 2D contour plots express and 3D surface plot of TiO,/sand amount on removal efficiency
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in the opacity and light scattering of TiO, nanopar-
ticles at high concentration. This tends to reduce
the amount of irradiation that passes through the
sample (Olama et al., 2018). The following steps
can be used to describe how UV light activates
TiO, (Elmolla and Chaudhuri, 2010):

TiO, + hv — TiO (e + h") (4)
h*+H,0 — H" +*OH 5)
h*+ OH — *OH (6)
Organics + *OH—Degradation Products (7)
e~ +0,—*0, (8)
H,0, + e — *OH + OH 9)
H.,O, concentrations

The effect of different H,O, concentrations
(200, 400, 600 and 800) mg/L on AMOX removal
was studied, while keeping other parameters con-
stant (AMOX concentration of 10 mg/L, pH 5,
and TiO,/sand = 75 mg/L) and their results were
plotted in Figure 8.This figure reveals that the re-
moval efficiency increased from 80.96 to 93.12%
by increasing the H,O, concentration from 200 to
400 mg/1, respectively. The degradation efficien-
cy decreased as the H,O, concentration increased;
these irregular fluctuations might be explained by
the probable scavenging action of H,0,, a well-
known phenomena for H,O, involving AOPs. A
local excess of H O, caused this reaction, which
resulted in the creation of HO," (hydroxyperoxyl)
radicals, which have a very low oxidation poten-
tial (Tekin et al., 2018) according to Eqgs. 10 and
14 (Daneshvar et al., 2005; Lofrano et al., 2017):

TiO,(e”) + H,0, - Ti0, + OH™ + OH (10)
‘0724 H,0, > OH" + OH+0, (i)

Rrrural (u)

H,0, + h, — 20H (12)
H,0, + "OH - HO} + H,0 (13)
HO, + 'OH - H,0 + 0, (14)

Process optimization

The optimal values of independent param-
eters including pH, TiO,/sand loading, H,O, con-
centration, and reaction time to obtain maximum
removal of AMOX residue from aqueous solution
using the photocatalysis process. A desirability
function is created by combining the goals. De-
sirability is an objective function with a value of
one at the goal and 0 outside of the bounds. The
program looks into how to improve this feature.
This functionality is being investigated by the ap-
plication. The goal-finding process starts at a ran-
dom location and progresses up the steepest slope
to the highest peak (Ghorbani and Kamari, 2017).
Figure 9, shows the desirability profile of the pro-
jected response, which shows that the values of
optimal circumstances for independent variables
are as follows: (pH = 5.177, TiO,= 69.555 mg/l,
H,0,= 353.254 mg/l, time= 143.568 min, and
10.0001 mg/l of AMOX concentration), under
these conditions the predicted value (91.9788%)
which was very adjacent to the experimentally
observed value of (93.12%).

KINETIC

The kinetic model of the pseudo first order
reaction (Eq. 15) and pseudo second order (Eq.
16)were used for studying 10 mg/l of AMOX

Removal (%)

§: Time (min)

€ eane H20X e (gl

Fig. 8. Effect of H,0, on AMOX degradation
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Fig. 9. Desirability profile of the predicted response

Table 6. Reaction rate constants in heterogeneous
photocatalyst

First order Second order
K (min™") R? K (min™") R?
0.0175 0.9198 0.0099 0.9862

residues removal from aqueous solution at pH =
5, H,0,= 400 mg/l, and TiO,/sand = 75 mg/l, and
their results were shown in Table 6. The results
revealed that the pseudo-kinematics of the second
order showed the best correlation coefficient (R?
=0.95), and this is in agreement with the study of
(Rahda and Ahmadi, 2018).

Co _
ln? =k (15)
1 1
E_C_o =kt (16)

where: £k is the reaction’s rate constant, C and Co
are the AMOX concentrations (mg/l) af-
ter exposure time ¢ and the initial AMOX
concentration (mg/1), respectively, and # is
the exposure duration (min).

CONCLUSIONS

In the present study, RSM was used to opti-
mize the effect of experimental factors on AMOX
removal efficiency by using TiO, immobilized on
sand in the presence of solar irradiation in pho-
tocatalyst process. The 3rd-order polynomial
equation is used to build an empirical relationship
between the response and independent variables
based on experimental results. A high removal ef-
ficiency for AMOX was (91.9788%) was obtained
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at the optimum conditions (pH 5, catalyst TiO,/
sand (69.555 mg/l), 10 mg/L. of AMOX concen-
tration, H,O, concentration (353.254 mg/l) during
143.568 min), predicted by CCD have reasonable
agreement with the value of 93.12% obtained by
experimental work (pH 5, AMOX concentration
of 10 mg/L, H,0, concentration (400 mg/1), cata-
lyst TiO, /sand = 75 mg/l during 150 min. ANO-
VA revealed a coefficient of determination (R* =
93.58%, R*adj = 91.48% and R*pred = 89.68%),
indicating that the third regression model could
be adjusted to the experimental data well. It’s also
worth noting that the photodegradation of AMOX
appears to follow pseudo-second-order kinetics,
with the rate constant being inversely proportion-
al to the pollutant’s initial concentration level.
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