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Abstract  
Nowadays, provision of sanitary water is one of the main concerns of the world society, and 
heavy metals are one of the most important pollutants in water resources. Heavy metals, 
including copper, can enter the food chain and the body of living organisms and can affect 
humans through toxic and carcinogenic effects. Therefore, in this study, nanoporous SBA-15 
functionalized with di and tetra carboxylic acid was synthesized and used for remove copper 
ions from aqueous solutions. The adsorbents were characterized by scanning electron 
microscopy, N2 adsorption-desorption measurements and infrared spectroscopy for investigation 
of porosity and functional groups of mesoporous silica. Flame atomic absorption spectroscopy 
was used for determination of ions. Effective parameters on removal process including amount 
of adsorbent, contact time, pH of solution and presence of other metal ions in the medium, were 
evaluated and optimized. The best removal efficiency with di and tetra carboxylic acid 
functionalized SBA-15 was obtained at pH>5 with 10 mg of adsorbent in the stirring time of 15 
minutes. The recovery of copper from adsorbents was done with 20 ml solution of nitric acid (3 
mol/L). Langmuir and Freundlich adsorption isotherms were evaluated for both adsorbents. 
According to the Langmuier model, the maximum adsorption capacity of 232.56 and 93.46 mg 
of copper per gram of adsorbent and correlation coefficients (R2) of 0.857 and 0.9688 for di and 
tetra carboxylic acid functionalized SBA-15 were obtained, respectively. But, the correlation 
coefficients (R2) obtained from the fitting of the data using the Friendlich isotherm were 0.991 
and 0.972 for di and tetra carboxylic acid functionalized SBA-15 silicas, respectively, which 
indicates that this model is suitable to explaining the behavior of copper adsorption on both 
adsorbents. Finally, the removal of copper from real wastewater samples was performed. The 
results indicate that nanoporous SBA-15 silicas functionalized with di and tetra carboxylic acid 
are desirable adsorbents for copper ions removal.

Keywords: SBA-15 Functionalized with Di and Tetra Carboxylic Acid, Copper, Removal, 
Flame Atomic Absorption Spectroscopy, Wastewater Sample. 
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Fig. 1. SEM image of SBA-15 nanorods 
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Fig. 2. a) N2 adsorption-desorption isotherms and 
pore size distribution curve and b) FTIR spectra of SBA-

15 and functionalized SBA-15 
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��5: �X�%�3$�� |�8$SBA-15  SBA-15 +��> M�/���8��� -��� �� &-, %�* 
Table 1. Textural properties of the SBA-15 and carboxylic acid  functionalized SBA-15 

Sample Specific surface area 
(SBET) (m2g-1)

Pore volume 
(Vp) (cm3g-1)

Pore 
diameter 
(Dp) (nm)

SBA-15 1010 1.270 7.06

SBA-15-C2 169 0.405 5.40

SBA-15-C4 127 0.115 4.20

+	�,YXb2��: ���� FTIR ���80� ����� �% &-�, a3.�� ����
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Fig. 3. Selectivity of S functionalized BA-15 with di 
(SBA-15-C2) and tetra carboxylic acid (SBA-15-C4) 
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Fig. 4. Effect of amount of adsorbent on the removal 
efficiency of copper 
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Fig. 6. Effect of pH on the removal 
efficiency of copper 
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��5:04Jf) �8�h�
��� * z8/4� �� 

Table 2. Removal of copper ion from binary mixturesa

Diverse ions Amount 
taken(µg)

%Removal with
SBA-15-C2

%Removal with
SBA-15-C4

Zn2+ 450 69 (0.9)a 80 (1.0) 
Cd2+ 300 61 (1.1) 82 (0.9) 
Cd2+ 150 70 (0.7) 82 (0.8) 
Ag+ 150 69 (0.9) 81 (1.2) 
Ni2+ 150 69 (1.3) 82 (0.8) 
Mn2+ 150 70 (1.1) 80 (0.7) 
Mg2+ 300 71 (0.9) 81 (1.3) 

a Values in parentheses are RSDs based on three replicate analysis. 
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(Freundlich, 1906).
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��5:�4%�-e� ���c ��� p�7-� �I  ��0��� P�� a�� 
Table 3. Values of Langmuir and Freundlich isotherm constant 

Parameters of Langmuir 
isotherm qm(mg/g) Kd(L/mg) R2

SBA-15-C2 232.56 353.28 0.857
SBA-15-C4 93.46 114.88 0.968 

Parameters of Freundlich isotherm Kf(mg/g) 1/nf R2

SBA-15-C2 1.46 0.743 0.991
SBA-15-C4 2.59 0.569 0.972

��5:f4Jf) �8�h�����80� ������ 
Table 4. Removal of copper ion from wastewater samples 

Samples %Removal with
SBA-15-C2

%Removal with 
SBA-15-C4

Sample (10 mg/L) prepared 
with wastewater 75 (1.7%)a 48 (1.4%) 

Sample (5 mg/L) prepared with 
wastewater 73 (1.6%) 70 (1.8%) 

a %RSDs based on three replicate analyses has been calculated. 
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��5:h4�V�1 ����e� �V�1 �� �*�\.�� ��� �GDN ��� �%�a@ h�Jf) ���� &-, 
Table 5. Comparison of the proposed adsorbents with that previously reported for Cu2+ removal 

Reference Contact 
time

Adsorption
capacity (mg/g)Adsorbent

Aydin et al., 
2008 3 h8.98, 9.51, 9.59 Shells of lentil, wheat, and rice 

Amarasinghe and 
Williams, 200720 min 48 Tea waste 

Salman et al., 
2020 10 min 15.15 Sorghum/thiourea 

Pavan Kumar  
et al., 2019 30 min 4.24 Powder of groundnut, sesame and coconut seed 

García-Díaz et 
al., 2018 30 min 8.80 Carbon nanofibers 

Kikuchi et al., 
20063 days 16.6 ZnO/granular activated carbon 

Kanani et al., 
2018 10 min 208.3 Magnetically modified MCM-41/piperazine 

Shooshtary et al., 
2018 30 min 256 Silica-coated Fe3O4 magnetic nanoparticles / imine 

Mirabi et al., 
2017 15 min 100 SBA-15/diphenyl carbazon/ SDS 

Hajiaghababaei 
et al., 201215 min 156.0 SBA-15/diethylenetriamine 

Hajiaghababaei 
et al., 201310 min 57.0 SBA-15/guanidine 

Present work 15 min
15 min 

232.56 
93.46 

SBA-15/di carboxylic acid and
SBA-15/tetra carboxylic acid 

�V�1 W/^� �f1 ��I�v A���* ����*��� -�%�* (Aydin et al., 
2008, Amarasinghe and Williams, 2007, Salman et al., 
2020, Pavan Kumar et al., 2019, García-Díaz et al., 
2018, Kikuchi et al., 2006, Hajiaghababaei et al., 2013)  

+��N  �V��1 F���3\� �� 
�$�� �� ���N% +�4/43�8��� ���� SBA-

15jGK� -.3��� &-, .(Hajiaghababaei et al., 2012, Kanani 

et al., 2018, Shooshtary et al., 2018, Mirabi et al., 2017) . 
+��N F0H %* ��� �18� �*�\.��� �V�1 P�� [�0� ���� ��
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