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ABSTRACT

This study investigates the photocatalytic performance of lanthanum-doped titanium
dioxide/iron oxide catalyst in the photocatalytic removal of methyl red, alizarin red,
methylene blue, methyl orange, and phenolphthalein dyes. This photocatalytic removal
was done under different environmental acidity conditions (pH=3-11), reaction time
(t=0-35 min) at a constant temperature of 45 °C, dye concentration equal to 10 ppm,
and 0.25 g of catalyst. The results show that the photocatalytic activity strongly depends
on the solution pH and reaction time. Response surface methodology optimization was
employed to investigate the simultaneous effects of these two parameters on
photocatalytic degradation efficiency. The best photocatalytic degradation efficiency for
alizarin red dye was achieved at pH=3 and at a time of 35 min with 93.77%. The findings
demonstrate the effectiveness of the La/TiO2-Fe203 catalyst in enhancing the
degradation of other dyes (methyl red (46.25%), methylene blue (42.37%), methyl
orange (11.03%) and phenolphthalein (57.84%)) at pH=3 and provide valuable insights
for the optimization of photocatalytic processes.
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Figure 1: Effect of time on the photocatalytic removal of different pigments by LTF catalyst at pHs of (a) 3, (b) 7, and (c) 11.
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Table 1: Experimental design and CCD results of the performance of LTF catalyst in photodegradation of AR dye.

Independent variables Coded low Coded high

Process time (= t)

-1 < 3.00 +1 < 11.00

-1 < 0.00 +1 <> 35.00

(min) AR PDE (%)
t (min

2 1.34
3 12.66
4 11.00
5 7.00
6 7.00
7 7.00
8 11.00
9 3.00
10 7.00
11 3.00
12 7.00
13 7.00

20.00 30.21 28.99
20.00 29.56 30.50
20.00 51.97 53.37
35.00 77.01 75.66
20.00 28.21 28.99
20.00 28.21 28.99
20.00 28.21 28.99
5.00 15.39 14.08
5.00 15.65 14.66
0.00 0.20 1.45
35.00 43.77 42.75
41.21 62.12 63.34
20.00 30.21 28.99
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Table 2: ANOVA results for the quadratic model of the performance of LTF catalyst in the photodegradation of AR dye.

Model (significant) 5016.54 1003.31 431.52 <10*

3895.67 3895.67 1675.51 <10*

292.71 292.71 125.89 <10*

Residual 16.28

Pure Error

Std. Dev.

Predicted R? CV.%
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Figure 2: (a) Normal probability plot of residual, (b) predicted versus actual AR PDE, (c) residual versus number of runs, and (d) residual versus
predicted AR PDE value.
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Figure 3: (a) Three-dimensional response surface plot and (b) two-dimensional contour plot for AR PDE on LTF catalyst under the influence of pH
and process time.
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Table 3: Comprehensive comparison of this study with similar
researches (22, 23).

Feature Current research Same researches

Catalyst La/TiO,-Fe,03 TiO, pure
PDE of MB 42.37% 24.61%
PDE of PH 57.84% 32.15%
PDE of AR 93.77% 65.89%

Temperature 45°C 25°C
Process time 35 min 60 min
Optimal pH 8 7
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