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Abstract

A new composite photocatalyst of modified oyster shell powder/Ce-N-TiO,
was prepared by sol-gel method. Based on single factor experiment, Ce dop-
ing rate, N doping rate and calcination temperature were taken as input va-
riables. Based on the central composite design (BBD) response surface model,
two functional relationship models between three independent variables and
glyphosate removal rate were established to evaluate the influence degree of
independent variables and interaction on catalyst. The significance of the mod-
el and regression coefficient was tested by variance analysis. The analysis of
the obtained data showed that the degradation performance of the composite
photocatalyst was significantly affected by the calcination temperature and
the rate of N doping, while the rate of Ce doping had little effect; at the calci-
nation temperature of 505.440°C, the degradation rate of glyphosate reached
the maximum of 82.15% under the preparation conditions of 17.057 mol% N
doping and 0.165 mol% Ce doping, respectively.

Keywords

Modified Titanium Dioxide, Response Surface Methodology (RSM),
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1. Introduction

Glyphosate (N-(Phosphonomethyl) glycine, PMG) is one of the most widely used
broad-spectrum active organophosphorus herbicides in the world [1], reaching a

solubility of 15.7 g/L (pH = 7) in water at 25°C. In recent years, with the devel-
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opment of agriculture and industry, the intensive use of glyphosate pesticides on
a large scale has made it an important component of DOP input to the water en-
vironment through the surface water circulation system, with significant toxic
effects on phytoplankton, fish and other aquatic organisms in the water column
[2]. In view of the harmful side effects of glyphosate and its derivative AMPA on
soil and water quality as well as plant, animal and human health, it has been rec-
lassified as a possible carcinogen by the World Health Organization in 2015
based on reports of potential chronic side effects of glyphosate in recent years [3]
[4] [5].

In recent years, photocatalytic technology has shown great promise for the
degradation of various persistent and toxic organic pollutants in water bodies [6]
[7] [8]. Among them, TiO, is the most widely used photocatalyst, however, its
low light absorption capacity and high electron-hole pair loading rate directly
limit its photocatalytic activity and further engineering applications [9]. In re-
cent years, researchers have used various approaches to improve their photoca-
talytic activity, such as surface modification of noble metals, doping with metal
or non-metal ions, and synthesis of different nanostructures, among which, co-
doping with different metal or non-metal ions is considered as one of the most
effective strategies to improve photocatalytic performance. For example, mod-
ified TiO, photocatalysts such as Ce-TiO, [10], C-N-S-TiO, [11] and Fe-N-TiO,
[12] have been explored and studied for their mechanism of pollutant degrada-
tion. However, the low adsorption capacity of the suspension-modified TiO, alone
resulted in its photocatalytic degradation of pollutants and could not be further
enhanced.

Further, combining TiO, photocatalysts with efficient adsorbent materials
may enhance their ability to degrade pollutants, which is mainly attributed to the
synergistic effect of adsorption and photocatalysis [13]. The adsorbent may ad-
sorb a large number of organic pollutant molecules, thus facilitating the reaction
between the organic molecules and the active radicals formed on the TiO, sur-
face, forming an adsorption-catalysis photodegradation pathway. Currently, the
use of waste materials to prepare new, inexpensive, “green” adsorbents is a hot
research topic [14] [15], such as quartz particles, fly ash, zeolite, and other natural
materials and waste residue-based adsorbent materials [16] [17] [18] [19]. Howev-
er, there are not many reports on the preparation of composite photocatalysts with
adsorption-photocatalytic synergy by combining the above-mentioned types of
adsorbent materials with modified TiO,.

In this study, cerium metal and non-metallic nitrogen were doped into tita-
nium dioxide by sol-gel method, based on this research team's study of modified
oyster shell powder prepared by processing and modification of natural oyster
shell as raw material, the Ce-N-TiO, photocatalyst was loaded onto the modified
oyster shell powder to form a modified oyster shell powder/Ce-N-TiO, compo-
site photocatalyst. The effect of the preparation conditions on the degradation of
glyphosate was analyzed on the basis of a single-factor test, and the suitability of

the composite photocatalyst for the removal of glyphosate was assessed by para-
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meter optimization and modelling using the response surface methodology (RSM).
The model was validated for reasonableness.

2. Materials and Methods
2.1. Materials

Discarded oyster shells, Glyphosate (N-(Phosphonomethyl) glycine, C;HsNOsP,
95%) was from Shi-Feng Biotechnology Co. Ltd, Shanghai, PRC; Tetrabutyl or-
thotitanate (TBOT), Absolute ethanol (C,HsOH) as solvent, Cerium nitrate hex-
ahydrate (Ce(NOs);-6H,0) and urea (CH4N,O) were used as the source of cerium
and nitrogen, respectively, hydrochloric acid (HCI). All chemicals were analytical

grade purity and can be directly applied without any further treatment.

2.2. Photocatalyst Preparation
2.2.1. Preparation of Modified Oyster Shell Powder

The surface residue of waste oyster shells was cleaned with detergent and clean-
ing ball, and the surface was polished to white with cutting machine and cut into
small pieces, dried at 65°C in blast drying oven and crushed in sealed sample
making machine, sieved at 120 mesh, then soaked in 0.1% HCI, vacuum dried
and calcined at 900°C for 2 h in muffle furnace to obtain modified oyster shell
powder, sealed and kept for backup.

2.2.2. Preparation of Modified Oyster Shell Powder/Ce-N-TiO:

Measure 36 mL of anhydrous ethanol and quantitative modified oyster shell
powder mixed with ultrasonic shaking for 10 mins, then under the action of
magnetic stirring, tetrabutyl titanate was added to the above mixture drop by
drop at a rate of 1 - 2 drops/s and stirred evenly for 20 min to form solution A;
Measure 36 mL of anhydrous ethanol, 3.0 mL of distilled water, 0.2 mL of hy-
drochloric acid and mix thoroughly, add a certain rate of urea and cerium ni-
trate hexahydrate, and form solution B by ultrasonic shaking for 10 min. The
solution B was slowly added dropwise to the above solution A at a rate of 30 - 35
drops/min and stirred until a uniform transparent sol was formed. After aging in
a vacuum drying oven at 25°C for 24 hours, it was put into a blast dryer at 85°C
for overnight drying, crushed, and finally calcined in a muffle furnace at a cer-
tain temperature for 2 h to form the modified oyster shell powder/Ce-N-TiO,
composite photocatalyst. Alternatively, the method of preparing the Ce-N-TiO,
photocatalyst is the same as that described above except that the modified oyster
shell powder is not added.

2.3. Photocatalytic Activity Measurement

To investigate the photocatalytic activity of modified oyster shell powder/Ce-
N-TiO,, photodegradation tests were carried out on glyphosate solutions under
simulated daylight xenon lamps. 100 mg of catalyst was dispersed into 100 mL of
glyphosate solution, where the initial glyphosate concentration was 50 mg/L and

the pH was adjusted to between 2 and 3. The mixture was magnetically stirred in
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a dark room to achieve complete adsorption-desorption equilibrium before the
light source was switched on. The xenon lamp light source was then switched on
and the appropriate power adjusted. 3 mL of the sample was taken after each
time interval and the supernatant was centrifuged to determine the PO} con-
centration and calculate the organophosphorus degradation rate of the glypho-

sate solution. The formula is shown in Equation (1).

C
17(%) =—=-x100% (1)
CO
n—organophosphorus degradation rate in glyphosate;
C— PO content in glyphosate at moment £ mg/L;
C,—Total phosphorus content in glyphosate at the initial moment, mg/L.

2.4. Experimental Design

Based on the previous research of the subject group, three main influencing fac-
tors, namely Ce doping rate, N doping rate and calcination temperature, were
selected to investigate the effect of modified oyster shell powder/Ce-N-TiO,
composite photocatalyst in the degradation of PMG solution by simulated sun-
light and to analyze the reasons for it. In order to determine the optimal prepa-
ration conditions for the degradation of PMG solution by modified oyster shell
powder/Ce-N-TiO,, as well as to analyse the degree of influence of each factor
on the experimental results, the optimized variable values were determined
through the above experiments, based on Design Eepert 11.0 software, combined
with the central combination design (BBD) response surface test scheme, as

shown in Table 1.

3. Results and Discussion

3.1. Single-Factor Experiment

3.1.1. Effect of Ce Doping Rate on Photocatalytic Degradation

It can be seen from Figure 1 that the degradation rate of PMG increases with the
increase of Ce doping rate. When the Ce doping rate is 0.1 mol%, the maximum
degradation rate is 79.5%, and when the Ce doping rate increases to 1.0 mol%,
the degradation rate of glyphosate decreases to 52%. The results show that, there

is an optimal doping value for cerium doped with different photocatalysts. Ce

Table 1. Process variables and their experimental levels.

Range and levels

Factor name Code Units Actual Coded

Low High Low High

N doping X1 mol% 10 50 —1.000 1.000
Ce dopiong X2 mol% 0.1 0.3 —1.000 1.000
Calcination temperature X3 °C 450 550 —1.000 1.000
DOI: 10.4236/jep.2023.141002 19 Journal of Environmental Protection
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doping makes Ce’* and Ce*" coexist on the crystal surface or gap. Ce**/Ce** is
called “oxygen tank” because of its special redox performance [20]. Ce** has
strong electron capture ability to improve the separation efficiency of photoge-
nerated e”/h* pairs, while Ce®" can absorb oxygen to form superoxide radicals to
participate in the photocatalytic reaction, as shown in Equation (2) and Equation
(3). However, with the increase of cerium doping rate, the TiO, anatase lattice
will cause structural changes, which will instead produce the compound pheno-

menon of photogenerated e /h* pairs [21], thus reducing its photodegradation
activity to PMG.

Ce* +e- —> Ce* (2)
Ce* +0, —» ‘0, +Ce*" (3)

3.1.2. Effect of N Doping Rate on Photocatalytic Degradation

As shown in Figure 2, the N doping reaches a maximum at 10 mol% and the
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Figure 1. Effect of Ce doping rate on photodegradation of PMG.
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Figure 2. Effect of N doping rate on photodegradation of PMG.

DOI: 10.4236/jep.2023.141002

20 Journal of Environmental Protection


https://doi.org/10.4236/jep.2023.141002

W. Zhang et al.

degradation rate of PMG is even inferior to that of the undoped nitrogen photo-
catalyst after the N doping exceeds 50 mol%. It has been shown [22] [23] [24]
that N doping forms a new N 2p energy level band between the TiO, conduction
and forbidden bands. The valence band electrons can be excited and leap to the
impurity energy level N 2p, and then move further to the conduction band,
shortening its forbidden band width to make its absorption edge appear red-
shifted and improve the photocatalytic efficiency. When the rate of N doping is
excessive, it will form deposits on the surface of TiO,, which will not be un-
iformly dispersed and the active sites will be covered, thus reducing the photo-

catalytic activity.

3.1.3. Effect of Calcination Temperature on Photocatalytic Degradation

As can be seen from Figure 3, the calcination temperature has a greater effect on
the degradation rate of PMG than the Ce and N doping, with the degradation
rate of PMG reaching over 80% at 500°C, however dropping to 40% at 700°C.
When the calcination temperature was low, TiO, did not reach the crystalliza-
tion critical temperature of amorphous phase-anatase, and the photocatalytic
degradation performance of the formed amorphous phase TiO, was low. When
the calcination temperature was too high, firstly, the agglomeration and sinter-
ing phenomena on the catalyst surface during the high temperature calcination
led to a decrease in the specific surface area of the modified oyster shell powd-
er/Ce-N-TiO, composite photocatalyst [25] Secondly, when the calcination tem-
perature is excessive, the rate of nitrogen or cerium doping may be lost and thus
affect the effective formation of impurity energy levels [26], reducing the use of

visible light portion of the photocatalyst.
3.2. Response Surface Modelling of Modified Oyster Shell
Powder/Ce-N-TiO;

3.2.1. Model Building and Analysis
Based on the Box-Behnken Design (BBD) design response surface test set shown

80 —s—400°C
—e— 500 °C
~ —a— 600 °C
S60F  —v— 700°C
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1=
N
<
S 40 |
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a
20+
0 60 120 180 240 300
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Figure 3. Effect of calcination temperature on photodegradation of PMG.
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in Table 2, a ternary linear regression equation with N doping (X;), Ce doping
(X;) and calcination temperature (X;) as the response variables and PMG degra-
dation rate (Y) as the response value was established and is shown in Equation
(4).
Y =78.80-2.52X, -0.9375X, +3.58X, +1.37X, X, +0.3333X, X,
+0.8333X,X, —2.30X7 —2.46 X} -14.17X}

The results of the preliminary model statistical significance analysis based on
analysis of variance (ANOVA) of the model data based on Design-Expert 11.0
software are shown in Table 3. the ANOVA results show a p-value of <0.0001
and an F-value of 101.69, indicating that the model is highly significant; on the
other hand, the lack of fit term has an F-value of 2.39 and the response has a
p-value of 0.2092 > 0.05, which indicates that the model is not significant in
terms of its shortcomings in predicting the data. The X, X; and X; terms in the
model were all significant levels, with the interaction term X;.X; being more sig-
nificant, indicating that the three factors selected through the one-way test had a
more significant effect on the photocatalytic performance of modified oyster
shell powder/Ce-N-TiO,.

Table 2. Matrix design results in the experiments performed according to the BBD me-
thod for PMG removal.

Code Removal efficiency (%)
Run
X1 (mol%) Xz (mol%) X (°C) Actual Predicted
1 30 0.1 550 65.33 65.85
2 30 0.2 500 78.00 78.80
3 50 0.2 550 63.33 63.73
4 10 0.2 550 68.00 68.10
5 30 0.3 550 66.67 65.64
6 50 0.3 500 71.33 71.96
7 30 0.1 450 59.33 60.35
8 30 0.2 500 80.00 78.80
9 10 0.3 500 73.33 74.25
10 30 0.2 500 78.67 78.80
11 30 0.2 500 79.33 78.80
12 30 0.2 500 78.00 78.80
13 10 0.2 450 62.00 61.60
14 50 0.1 500 72.00 71.08
15 30 0.3 450 57.33 56.81
16 50 0.2 450 56.00 55.90
17 10 0.1 500 79.50 78.88
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Table 3. Analysis of variance (ANOVA) for response surface quadratic model applied for

modeling PMG removal.
Source Ss:ll;r(:ai df Sl\:z::e Fvalue pvalue
Model 1104.27 9 122.70 101.69 ,<O'.0001
(Significant)
Xi-Ce doping 50.84 1 50.84 42.13 0.0003
X:-Ce doping 7.03 1 7.03 5.83 0.0465
X;-calcination temperature 102.72 1 102.72 85.14 <0.0001
XX 7.56 1 7.56 6.27 0.0408
XX 0.4444 1 0.4444 0..684 0.5631
XX 2.78 1 2.78 2.30 0.1730
X? 22.19 1 22.19 18.39 0.0036
X22 25.53 1 25.53 21.16 0.0025
X2 845.53 1 845.53  700.78 <0.0001
Residual 8.45 7 1.88
Lack of Fit 5.42 3 1.81 2.39 (Not (:é?l?f%lcant)
Pure Error 3.02 4 0.7556
Cor Total 1112.72 16

Based on Pareto analysis, the effect of each independent variable, the interac-
tion effect variable, on the photocatalytic degradation of PMG was assessed [27].
The relative magnitude of the effect of each factor on the response was calculated

according to Equation (5) [28] as follows.

.:ﬂi2
I Zﬂlz

)

where f; denotes the regression coefficient for the linear, quadratic and interac-
tion effects of the response of the second order polynomial. As shown in the Pa-
reto graphical analysis in Figure 4, where calcination temperature had the greatest
effect on the response, followed by N doping, the interaction effect of X; X, was
more pronounced than X, X; and X.X;. In summary, the results of the Pareto
analysis remained consistent with the results of the ANOVA analysis. The sign
of the single factor coefficients in Equation (4) indicates positive or negative ef-
fects, and within the range of this study, catalyst calcination temperature has a
positive effect, while N and Ce doping are both negative effects; for the crossed
product coefficients, positive and negative values represent synergistic and an-
tagonistic effects, respectively, and there are mutual synergistic effects between

the three factors within the range of this study.
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Figure 4. Pareto graph analysis showing the relative effects of the first order, interaction
terms of Eq.5 on the photocatalytic reduction of PMG.

3.2.2. Model Validation

In response surface experimental analysis, the model validity depends on a num-
ber of assumptions expressed by diagnostic statistics [29] [30], such as scatter
plots of actual versus predicted values, scatter plots of studentized residuals ver-
sus predicted values, fold plots of studentized residuals versus number of runs
and normal probability plots. From Figure 5(a), it is found that the scatter points
corresponding to the actual and predicted values are evenly scattered around a
certain straight line, indicating that the predicted response is in good agreement
with the actual values and that the model shows a good fitting trend. Figure 5(b)
compares the studentized residual values with the predicted response values and
then tests the assumption of constant variance. The scatter plot has some ran-
dom dispersion, with residuals randomly distributed between the range of [-3,
3]. In addition, the uniform random distribution of each point does not indicate
that the variance has a peculiar tendency of linear increase or decrease, so the
assumption of constant variance is tenable. Figure 5(c) shows the studentized
residuals from a model run test, usually used to test hypothetical outliers. The
studentized residuals should obey N (0, 1) interval distribution and be approx-
imately independent of each other, and by the nature of the standard normal
distribution there exists approximately 95% falling in the range of [-2, 2] hori-
zontal band and further approximately 97% falling in the range [-3, 3] horizon-
tal band [31], whereas Figure 5(c) shows that the model studentized residual
values fit perfectly and do not show any trend. Figure 5(d) is the normal graph
of simulation residuals, indicating that the model residuals follow the normal
distribution. Obviously, it is proved that it is sufficient to describe the relation-
ship between the research variables and the response values.

From the statistical analysis of the errors, the correlation coefficient R? of
0.9924 indicates that the model can explain more than 99.24% of the deviation of
the data; the corrected coefficient of determination R:dj of 0.9827 indicates that
there is a high correlation between the experimental and predicted values; the
signal-to-noise ratio (Adeq Precision) of 27.2764 is much greater than 4, indi-
cating that the model has sufficient signal and likewise The CV of 1.57% < 10%

DOI: 10.4236/jep.2023.141002

24 Journal of Environmental Protection


https://doi.org/10.4236/jep.2023.141002

W. Zhang et al.

Predicted vs. Actual Residuals vs. Predicted
(a) (b)
80 6.00-|
g 4.81963
75 % 4.00 |
S E 2.00 - . s
3 70 i - [
2 £o000l0s ° :
> 2 —= -
565 S e o "
g 2 200 . .
: i
& 60 400
£ -4.81963
&
55 -6.00 -
T T T I T T T T T T T
55 60 65 70 75 80 55 60 65 70 75 80
Actual Values (%) Predicted Value (%)
(c) Residuals vs. Run (d) Normal Plot of Residuals
3.0013
£ 99 |
£ 2.00 ] .
¢ B
& E E
& 100 g9 e
5 £70° «
o = (u]
5 00010 A £ 50 e
1'% E/-/E/t \\/ $ } =D
>~‘_1_00, 'g 20 - <
a
E 200 Z %
K 1
-3.00 3
T T 1T 1T T 1T 7T 1 T T T I T T T
135 7 9 11131517 -3.00 -2.00 -1.00 0.00 1.00 2.00 3.00
Run Number Externally Studentized Rediduals
Figure 5. Statistical plots for PMG removal by catalyst: (a) Graph of actual values against predicted
ones; (b) The Internally Studentized Residuals against predicted values; (c) The Externally Studen-
tized Residuals against run number; and (d) Normal plot of residuals.

indicates that the test data is accurate and the experimental operation is reliable.
In summary, the response surface regression model designed by this central
combination can be used to predict the optimal preparation process parameters
of modified oyster shell powder/Ce-N-TiO, for the degradation of PMG aqueous
solution.

3.2.3. Optimized Model Response Surface and Contour Analysis

By fixing one preparation factor parameter, the relationship between the other
two preparation parameters and the response can be analyzed by 3D response
surface plots and contour plots [32]. Figure 6 shows the contour and 3D re-
sponse surface of the degradation rate of PMG solution (150 mL, 50 mg/L, reac-
tion time of 300 min) by simulated Ce doping rate, N doping rate and calcina-
tion temperature under fluorescent light.

The contours formed by Ce doping and N doping at a calcination temperature
of 500°C are elliptical, indicating a more significant interaction between the two
factors. From the (Figure 6(a), Figure 6(b)), the resulting 3D surface has less
curvature and is a gentler convex surface, indicating that both have less influence
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Figure 6. Three-dimensional response surface plots using RSM for PMG photocatalytic reduction: ((a), (b)) Ce dop-

ing rate vs. N doping rate; ((c), (d)) N doping rate vs. Calcination temperature; and ((e), (f)) Ce doping rate vs. Calci-
nation temperature.
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on the degradation rate within the range of values taken for this test. However,
the slope of the N doping curve is steeper and denser compared to the Ce doping
curve, indicating a greater contribution of N doping to the effect on response
values. This is consistent with the results of comparing the F-values of Ce doping
and N doping in Table 3, where the contribution of N doping to the response
value is much greater than that of Ce doping.

From the Figures 6(c)-(f), the interaction between N doping and calcination
temperature is not significant; the contour plot of Ce doping and calcination
temperature is approximately elliptical, indicating that there is some interaction
between the two, and this result is more consistent with the results of the p-test
in Table 3. The 3D response surface shows that the calcination temperature
plays an important role in the degradation of PMG by the photocatalyst, with the
degradation rate of PMG solution increasing and then decreasing with the in-
crease in calcination temperature while the Ce or N doping is kept constant,
with the maximum response value around 500°C.

The results of the contour and 3D response surface analysis are consistent
with the ANOVA as derived from the graph. Both the steepness of the 3D sur-
face and the F-value showed that the degradation rate of PMG degradation by
modified oyster shell powder/Ce-N-TiO, was affected in the order of calcination
temperature > N-doping rate > Ce-doping rate. The model was solved using De-
sign-Expert 11, and the optimum conditions for the preparation of modified
oyster shell powder/Ce-N-TiO, to achieve the highest activity in degrading PMG
solution were as follows: N doping rate of 17.057 mol%, Ce doping rate of 0.165
mol% and calcination temperature of 505.440°C. The predicted degradation rate
of PMG solution (100 mL, 50 mg/L, 300 min reaction time) was 82.15%. Consi-
dering the actual conditions, the optimal preparation conditions were finally de-
termined: N doping rate of 17 mol%, Ce doping rate of 0.165 mol% and calcina-

tion temperature of 505°C.

3.3. Model Validation and Reusability of Catalyst

As shown in Figure 7(a), the photocatalysts were prepared under the optimum
conditions, and three replicate tests (150 mL, 50 mg/L, 300 min reaction time)
were carried out to degrade PMG under simulated daylight xenon lamp, and
the mean value of PMG degradation was 81.51% and the predicted value was
82.15%, with an error rate of 0.64%, which indicated that there was good agree-
ment between the predicted and experimental real values, confirming that the
response surface model is reliable

Furthermore, compared to the composite photocatalyst, photocatalytic expe-
riments using the P25 catalyst and Ce-N-TiO, under the same conditions were
48.67% and 22% less effective, respectively, indicating that Ce and N doping
enabled photocatalytic reactions under visible light and that the addition of
modified oyster shell powder resulted in a significant increase in its ability to

adsorb pollutants.
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Figure 7. (a) Comparison of PMG degradation rate with TiO: (P25) and Ce-N-TiO: under optimized conditions; (b) the reprodu-
cibility of modified oyster shell powder/Ce-N-TiO; catalyst after three times of photocatalytic reduction of PMG.

As the stability of the photocatalyst was equally important, the recycling of
modified oyster shell powder/Ce-N-TiO, for PMG removal was tested and the
results are shown in Figure 7(b). After three cycles, the degradation rate of PMG
decreased but was still maintained at around 80%, and the catalyst did not show
a significant deactivation trend, indicating that the catalyst has good stability

under the experimental conditions studied.

4. Conclusion

Based on the single factor test results, the degradation of PMG by the modified
oyster shell powder/Ce-N-TiO, under the analog daylight xenon lamp was stu-
died in detail; Box behenken design and response surface methodology (RSM)
are used to further optimize and determine the optimal level of the three factors.
Compared with the N doping rate, the Ce doping rate and calcination tempera-
ture have a greater impact on the photocatalytic process. The interaction be-
tween the three is a synergistic effect, and the synergistic interaction between the
Ce doping rate and the N doping rate is more obvious. Compared with TiO,, the
photodegradation rate of PMG by the modified oyster shell powder/Ce-N-TiO,
was improved, which was mainly due to the improvement of adsorption perfor-
mance and the generation of impurity energy levels to expand the light response
range. After three consecutive catalyst cycles, the catalytic activity of the compo-
site photocatalyst didn’t decrease significantly. The results showed that the re-
sponse surface model was an effective tool to optimize the preparation condi-
tions of the modified oyster shell powder/Ce-N-TiO,.
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