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Abstract  
Discharge of pharmaceutical industry wastewater by organic compounds containing 
pharmaceutical compounds, especially antibiotics into aquatic environments is one of the 
environmental issues. Advanced oxidation processes such as photocatalytic process is one of the 
processes which has attracted attention. The aim of this study was to optimize the efficiency of 
the advanced photocatalytic oxidation process in the presence of NH2-MIL125(Ti) catalyst in 
the treatment of pharmaceutical industry effluents. In this study, NH2-MIL125(Ti) catalyst was 
synthesized by solvothermal method and its characteristics were investigated by SEM, EDAX, 
FTIR and XRD analyzes. For optimization, use of the central composite design, and the effect 
of pH, nanocomposite dose and reaction time variables, on the COD removal in pharmaceutical 
wastewater was investigated. The results of the catalyst analysis illustrated that the synthesis of 
catalyst was successful. Also, the proposed optimization of the model based on the correlation 
coefficient (R2=0.99), is quadratic. Optimal conditions of process were pH 6.9, reaction time 79 
min, and nanocomposite dose equal to 0.5 g/L. At optimal conditions, 68% of the initial COD 
was removed. Adsorption and photolysis mechanisms are much less efficient than the 
photocatalytic process. In this study, the soluble COD decreased from 3100 mg/L to 992 mg/L. 
The effluent from this system can be discharged to the municipal wastewater collection system. 
 
Keywords: Photocatalytic Process, NH2-MIL125(Ti), Pharmaceutical Wastewater, Central 

Composite Design. 
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Table 1. Variables and ranges 

Factor Name Unit Min Max LLC HLC Mean C.V
A pH - 2 10 -1 ↔ 4 +1 ↔ 8 6 1.84
B Catalyst dose g/L 0.1250 0.6250 -1 ↔ 0.25 +1 ↔ 0.50 0.375 0.1147
C Reaction time min 20 100 -1 ↔ 40 +1 ↔ 80 60 18.35

Fig. 1. Picture of the photocatalytic process reaction 
chamber 
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Fig. 2. FTIR pattern of NH2-MIL125(Ti) catalyst 
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Fig. 3. SEM image of NH2-MIL125(Ti) catalyst 
;,� �0�,��
SEM 7:6���� NH2-MIL125(Ti) 

Fig. 4. EDX image of catalyst NH2-MIL125(Ti) 
;,� �0�,��
EDX 7:6���� NH2-MIL125(Ti) 
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Fig. 5. XRD pattern of NH2-MIL125(Ti) catalyst 
;,� Q0�]6�)XRD 7:6���� NH2-MIL125(Ti) 
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Table 2. Results of photocatalytic process efficiency 

1 Quadratic 

Factor 1 Factor 2 Factor 3 Effiency
Run A:pH B:Catalist 

dose
C:Reaction 

time %
- g/L Min

1 6 0.125 60 46
2 10 0.375 60 39
3 6 0.375 60 63
4 6 0.625 60 62
5 4 0.25 40 41
6 6 0.375 60 64
7 2 0.375 60 42
8 6 0.375 60 59
9 6 0.375 100 70
10 4 0.25 80 52
11 6 0.375 20 47
12 6 0.375 60 61
13 4 0.5 80 69
14 6 0.375 60 60
15 8 0.5 40 49
16 8 0.25 40 30
17 6 0.375 60 62
18 4 0.5 40 50
19 8 0.5 80 73
20 8 0.25 80 52
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��%T�02�" ��
� 7	 �=R� 
Table 3. Summary of model fit 

Source Sequential 
p-value

Adjusted 
R²

Predicted 
R²

Linear 0.0008 0.56 0.37
2FI 0.89 0.49 0.16

Quadratic 0.0005 0.99 0.88 Suggested
Cubic 0.0004 0.89 0.71 Aliased

y��4� 
� &����
	 f.�
� )�
� -�> #�(�!� 2�" &����! y�4� 
�
q��> )�*P-value  $F-Value �����<"��� q���> 2�" ��� �� .

P-Value $F-Value ��
��
� a�
���/��$����/���� ��� ��
 .� 
����� )�������<" �
��	��/�$� ����� ����e�* .���> -�[���4

��I�!� ���J	 
�"���� )�
� q��>��� 
���
� a��
���/�$��/�
��� 2�" 
� ��W� �� ����
	 #���" ).�47>�� .��6��<" ��^����&

��P� �6��<" �"1���! �� ).�4 �*� 

)�(

C²×0.7-1.9B²-A²5.1×-BC×1.25+AC×1.25+AB×1.25
+C×+7.5×6.25+A×0.62-59.7 =(%) Efficiency 

1 Lack of Fit 

�02020L +4 3��+4 	.#X4 � � +#�@� y.= %.I�+� 9:�� 

.� 1(� ��� ��1*$U� \*
�� &��4�
� )��*
��" ��� 1��� -��>
��!�" pH %��[!� 7�:6���� ����J" $ 1����$ ���". &EF" ��> ��� 

A > �� �8 ����!�.74� -�> -��� 1���! 
�� ����! y�4� 
� 
�"���� -�"8 74�pH &��F�" ��
H� 
�� ��!�3

 ����
	 ������&7>�� ����� )��; ��
��S� �� �����
	 �������pH 
�$�/���� 1*�� $ 1��?	� �� $pH ���� 1*�� ������ &.�
�� ��

.$� 1��?��	� ���� ������
	 �������� &7��:6���� .$� 
�"������ ���� �������
�" ��� 1��?	� &7:6���� ���S! 7:6���� 1(� ��F�" a> .���

 .7�4� �����
	 ������� 1��?�	� 
�� 7�:6���� ���J" 
HW� 1*�� .�
 ��� $ 7�4� ��S��?	� -�����* 1����$ ���". 
�"����� 
HW�� ��e�*

&
��" ��� 1��?	� �" ��� 1��?	� ?! ����
	 ������ .��� 

�020�0y#( %.I�+� 	.#X4 WI�+� 3.#4 
�J" \@�� �� &1(� ��� ����7<^$ �� �*
��"t������� \�@�� $

1� E��
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����/ )$� 
� ����
	 2$��B) 7�4� -��> ���
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2 In Range 

��%T�0) m!����$ ?6�!8 ����!ANOVA)� ���B $� 2�" ( 
Table 4. Results of analysis of variance (ANOVA) of the quadratic model 

Source Sum of 
squares df Mean 

square F-value p-value 

Model 2254.43 9 250.49 16.64 < 0.0001 Significant 
A-pH 6.25 1 6.25 0.4151 0.0433 

B-Catalist dose 625.00 1 625.00 41.51 < 0.0001  
C-Reaction time 900.00 1 900.00 59.77 < 0.0001 

AB 12.50 1 12.50 0.8302 0.0321  
AC 12.50 1 12.50 0.8302 0.0398 
BC 12.50 1 12.50 0./8302 0.0383  
A² 657.47 1 657.47 43.67 < 0.0001 
B² 99.43 1 99.43 6.60 0.0279  
C² 13.72 1 13.72 0.9111 0.0362 

Residual 150.57 10 15.06    
Lack of fit 150.57 5 30.11 3.41 0.12 Not significant 
Pure error 0.0000 5 0.0000    
Core total 2405.00 19 
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Fig. 6. The effect of parameters on the efficiency of the photocatalytic process 
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��%TQ0��P� ����! � �6�������	 ����
	 ).�4 
Table 5. Results of photocatalytic process optimization 

Code Parameter Unit Optimum 
Theatrical 
efficiency 

(%)

Experimental 
efficiency 

(%)
A pH - 6.9

71 68 B Time min 79
C Catalyst dose g/L 0.5
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