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Article Info ABSTRACT

Article type: research paper Objective: "Phenol and its water-soluble derivatives are among the most important
toxic pollutants. In recent years, the use of MOFs as photocatalysts for wastewater
treatment has attracted much attention. Combining a MOF with a semiconductor
that can minimize electron-hole recombination can be very effective in

Article history: photocatalytic reactions."

Received 26 June 2024 Method: In this research, TiO./MIL88 composites with different percentages of

Received in revised form titanium dioxide were synthesized using a one-pot hydrothermal method and

9 September 2024 investigated for phenol removal in a hexagonal photoreactor. The unique hexagonal

Accepted 1 October 2024 design of the reactor increases the surface area available for radiation, resulting in

Published online 11 December 2024  more effective removal of contaminant. In order to achieve the highest degradation

efficiency, the variables: amount of photocatalyst, reaction time, phenol

concentration, pH, and H»O, concentration (ml/L) were selected as effective
parameters on the photocatalytic degradation process. In order to design the
experiments, Design Expert software was used, and among the RSM methods, Box

Behnken method was selected.

Results: Catalyst characterization analyzes showed that TMA10 composite was

Keywords: correctly synthesized. Using this composite, the optimal conditions for the

maximum efficiency of phenol degradation (95.96%) are as follows: initial

Photocatalytic process, concentration of_ phenol 58 mg/L, pH equal to 7.51, reaction time 68.61 minutes,

Hexagonal photoreactor, H20- con_centratlon equal to 0.18 mL/L, and the amount of catalyst equal to 0.4 g/L

TiO./MIL88 composite, was obtained.

RSM Conclusions: The results of photocatalytic experiments showed that TMA10
composite (10 molar ratio TiO2:MOF) has a better performance than other
composites in phenol degradation. Photoluminescence (PL) analysis showed that
the better performance of TMA10 composite is due to the reduction of electron-
hole recombination in it. Also, analysis of variance showed that the quadratic model
fits well with the data.

Phenol degradation,
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Table 1. Range and levels of operational parameters
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Factors (unit) Code Level of value
-1 0 1

Time (min) X1 10 50 90
pH X2 3 7 11
H202/PW (ml/lit) X3 0.1 0.2 0.3
Photocatalyst dosage (gr/lit PW) Xa 0.1 0.3 0.5
Phenol concentration (ppm) Xs 10 55 100
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Figure 1. Photocatalytic system: 1- hexagonal chamber, 2- lamp, 3- magnetic stirrer, 4- fan
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Figure 2. Photocatalytic degradation of phenol using TiO,, MIL88, TMAS5, TMA10, TMA15 (phenol concentration: 55 mg/L, amount of
photocatalyst: 0.3 g/L, time: 50 minutes, pH equal to 7 and H,O, concentration (ml/L) equal to 0.2
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Table 2. Comparison of degradation efficiency of photocatalysts

ConaJU51S g3 () 85 qu s pleaily 42,85 30 3l uw @i w39 Gleaily 44,55 45 ;| sy (GBS 938 555 ylenily
Photocatalyst Ovigﬁgigﬁgyre}gglon . ) 55%)‘_3 - (-/_ ) S u‘-‘l: -
Absorption degradation efficiency Photocatalytic degradation efficiency

after 30 minutes of darkness (%) after 45 minutes of visible radiation (%)
TiO2 13 3 10
MIL88A 46 23 23
TMAS 71 11 60
TMAL0 92 14 78
TMAI15 61 21 40
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Figure 3. PL photoluminescence spectroscopy
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Figure 4. SEM images: (a) MIL88, (b) TiO, and (c) TMA10
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Figure 6. (a) DRS diagram, (b) Tauc diagram for TMA10 composite
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Table 3. The results of the experiments

o lois (min) ¢yl pH H,0./PW (9/L) el 928 oo (Ppm) ¢ Jgsd cdale Jgi8 56 de
No Time (mliL) Amount of photocatalyst Phenol concentration Phenol degradation percentage
1 10 3 0.2 0.3 55 51.58
2 90 3 0.2 0.3 55 41.36
3 10 11 0.2 0.3 55 28.27
4 90 11 0.2 0.3 55 85.82
5 50 7 0.1 0.1 55 72.28
6 50 7 0.3 0.1 55 49.98
7 50 7 0.1 0.5 55 80.36
8 50 7 0.3 0.5 55 78.89
9 50 3 0.2 0.3 10 39.98
10 50 11 0.2 0.3 10 42.35
11 50 3 0.2 0.3 100 40.23
12 50 11 0.2 0.3 100 68.24
13 10 7 0.1 0.3 55 40.85
14 90 7 0.1 0.3 55 88.32
15 10 7 0.3 0.3 55 53.67
16 90 7 0.3 0.3 55 60.49
17 50 7 0.2 0.1 10 50.35
18 50 7 0.2 0.5 10 55.47
19 50 7 0.2 0.1 100 56.24
20 50 7 0.2 0.5 100 75.98
21 50 3 0.1 0.3 55 68.28
22 50 11 0.1 0.3 55 62.89
23 50 3 0.3 0.3 55 30.23
24 50 11 0.3 0.3 55 68.59
25 10 7 0.2 0.1 55 46.32
26 90 7 0.2 0.1 55 70.98
27 10 7 0.2 0.5 55 58.36
28 90 7 0.2 0.5 55 84.68
29 50 7 0.1 0.3 10 65.78
30 50 7 0.3 0.3 10 35.34
31 50 7 0.1 0.3 100 59.36
32 50 7 0.3 0.3 100 65.91
33 10 7 0.2 0.3 10 27.97
34 90 7 0.2 0.3 10 58.35
35 10 7 0.2 0.3 100 46.67
36 90 7 0.2 0.3 100 70.98
37 50 3 0.2 0.1 55 28.36
38 50 11 0.2 0.1 55 75.84
39 50 3 0.2 0.5 55 73.83
40 50 11 0.2 0.5 55 52.28
41 50 7 0.2 0.3 55 95.23
42 50 7 0.2 0.3 55 94.96
43 50 7 0.2 0.3 55 95.08
44 50 7 0.2 0.3 55 94.84
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45 50 7 0.2 0.3 55 94.93
46 50 7 0.2 0.3 55 95.04

gl 59y & dnlp slo e Jloline I3 S5l sl el ol (yg05] 058 50 45T il g 5IUT
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Oglite bagy] 156 a5 00 lolins Slkes (sla pitie pled izren Canl ol (g,b] il Joe a5 e

oty 56T gl ¥ g
Table 4. Results of analysis of variance

Source Sum of Squares df Mean Square F-Value p-Value
Model 18238.66 20 911.93 168.52 <0.0001
A-Reaction time 2685.57 1 2685.57 496.27 <0.0001
B-pH 762.17 1 762.17 140.84 < 0.0001
C-ml Ho0a/lit PW 564.30 1 564.30 104.28 <0.0001
D-photo catalyst 749.39 1 749.39 138.48 <0.0001
E- phenol concentration 729.27 1 729.27 134.76 <0.0001
AB 1148.19 1 1148.19 212.18 < 0.0001
AC 413.11 1 413.11 76.34 < 0.0001

AD 0.69 1 0.69 0.13 0.7242

AE 9.21 1 9.21 1.70 0.2039
BC 478.52 1 478.52 88.43 < 0.0001
BD 1191.29 1 1191.29 220.14 < 0.0001
BE 164.35 1 164.35 30.37 < 0.0001

cD 108.47 1 108.47 20.04 0.0001
CE 342.07 1 342.07 63.21 < 0.0001

DE 53.44 1 53.44 9.87 0.0043
AND 3299.78 1 3299.78 609.77 <0.0001
BA2 5092.66 1 5092.66 941.08 < 0.0001
cr2 1685.94 1 1685.94 311.55 < 0.0001
DA2 1150.96 1 1150.96 212.69 <0.0001
EA2 5055.14 1 5055.14 934.15 < 0.0001

Residual 135.29 25 5.41
Lack of Fit 135.20 20 6.76 367.65 <0.0001
Pure Error 0.092 5 0.018

R? 5 R%adjustedR? olie .ol oo (3,155 el p a8l 35l Jow sylel 5JUT ol & Jgaz o
aS axes oo L g axiws Jod B polie cpl il ce </AVF o < [AAFY +/AYF Ll 5 5 4 predicted
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Phenol removal (%) f)
=95.01 +13.67A + 7.60B — 5.97C + 6.22D + 6.60E + 16.94AB — 10.16AC + 0.42AD
— 1.52AE + 10.94BC + 17.26BD + 6.41BE + 5.21CD + 9.25CE + 3.66DE — 19.44A%
—24.16B? — 13.90C% — 11.48D? — 24.07E*
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Table 5. The results of the statistical analysis of the fitted model on the response

sk Jsid e 58
Variable Phenol removal

standard deviation 2.33
Mean 62.65
coefficient of variance 3.71

R? 0.9926

R? Adjusted 0.9867

R?predicted 0.9706

Adequate precision 42.400
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Figure 7. 3D plots of phenol removal: (a) interaction between pH and reaction time, (b) mIH,O-/lit PW and reaction time, (c) photocatalyst
amount and pH, (d) photocatalyst amount and mIH,O/lit PW, (e) mIH,O,/ lit PW and pH, (f) phenol concentration and pH, (g) phenol
concentration and amount of photocatalyst, (h) phenol concentration and mIH,O/lit PW
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