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Adsorption of Cd’* Ions in Aqueous by Diamine-Modified Ordered Mesoporous

SBA-15 Particles

ZHANG Meng', YANG Ya-ti*, QIN Rui', WANG Li', ZHANG Zeng-qiang', LI Zhong-hong’, LI Rong-hua',
MENG Zhao-fu'

(1. College of Environment and Natural Resources, Northwest A&F University, Yangling 712100, China; 2. College of Science,
Northwest A&F University, Yangling 712100, China; 3. College of Food Science and Engineering, Northwest A&FE University, Yangling
712100, China)

Abstract; Highly ordered channel structure SBA-15 was widely concerned as new adsorbents in environmental protection, in order to
increase its heavy metal ions adsorption ability from aqueous solution, the diamine -modified porous silicate SBA-15 was synthesized by
a hydrothermal grafting method and characterized by TEM, X-ray diffraction, FTIR and N, adsorption-desorption. The SBA-15 and
modified SBA-15 samples were used as sorbents to adsorb Cd( I ) ions from aqueous solution. The effect of experimental parameters,
such as pH,contact time, sorbent dosage and temperature were examined, and the maximum adsorption amount was also calculated.
The results showed that under same conditions,the Cd( Il ) removal rate was higher for 2N-SBA-15 than that of the unmodified SBA-
15. The adsorption process was controlled by system pH. The highest removal rate could reached about 95% after pH was higher than
4. Adsorption equilibrium was reached within 30 minutes ,and more than 95% Cd*>* was adsorbed when 7. 5-20 mg sorbent was added
into 100 mL solution contained 25 mg-L~' Cd**. The adsorption capacity increased from 94.73% to 98.22% with temperature
increased from 25°C to 35°C. The Langmuir model can be used to describe adsorption isotherms. The adsorption capacity of Cd** was
0.9 mmol+g ™" which is comparable to the adsorption capacity of various adsorbents reported in the literature, and 0. 1 mol-L~" HCI
could remove nearly 93% Cd** from 2N-SBA-15 particles. Based on the thermodynamic, pH, XPS and Zeta potential analysis results
in this study, it could be concluded that the adsorption process was an endothermic and spontaneous reaction which contained physical
adsorption, ion exchange and chelating reaction etc. The study indicated that the diamine -modified ordered mesoporous material SBA-
15 is a potential sorbent which could be used for the aqueous Cd** removal.
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Fig. 1 TEM images of SBA-15 and 2N-SBA-15
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Fig. 2 Nitrogen adsorption-desorption isotherms at 77 K, pore size distributions, X-ray diffraction plots and FTIR spectra of SBA-15 materials
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Fig. 4 Effects of adsorbent dosage and contact time on Cd*>* adsorption
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Fig. 5 Effects of temperature on Cd>* adsorption and the relationship between AG and T
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Table 1 ~ Parameters of the Langmuir and the Freundlich models
. Langmuir 5% Freundlich &%)
HE/K Q,/mmol-g ! K(jL'molfl R? K /mg'V/m Vgt n R?
298 0.9017 2512.73 0.9924 0.6234 0.9553 0.6883
303 0.9816 3768.83 0.994 5 0.5201 0.9528 0.6937
308 1. 096 5192.89 0.998 2 0.458 2 0. 966 6 0.6925
318 1.212 8527.98 0.999 2 0.3224 0.9333 0.724 4
F2 TERMFIT CA>+ R & PL %
Table 2 Comparison of Cd>* adsorption capacity with other reported adsorbents
R A e E/C pH Q./mg-g~"  WLPHHAY W R0 /g - L Sk
ERAEHE T MCM41 22.0 5.0~6.0 58.20 Langmuir, Freundlich 2.0 [1]
Rl LR iR 25.0 4.5 40.72 Langmuir, Freundlich 3.0 [3]
JHe FE M 7S Ok Bk 25.0 4.5 31.89 Langmuir, Freundlich 3.0 [3]
LSO S E=Rigy/FLP Sk A 25.0 8.0 18. 80 Langmuir 0.24 [7]
MDA-SBA-15 25.0 4.0 98. 00 Langmuir 1.0 [8]
NH,-SBA-15 25.0 7.0 78.32 Langmuir 1.0 [11]
S N 2 25.0 5.0 14.71 Dubinin-Radushkevich 10.0 [24]
T TRt MCM48 25.0 — 62. 94 Langmuir 1.0 [25]
JH S AT FLFe, 0, 45 A UK 20.0 7.0 446. 4 Langmuir 0.2 [26]
M HE — 2 BRI SBA-15 30.0 5.6 36.29 Langmuir 4.0 [30]
Fe;0,@ Si0,-NH, 45.0 6.2+ 0.2 29. 60 Langmuir 0.4 [29]
NH,-HMS 25.0 — 28.10 Langmuir 2.0 [31]
SH-HMS 25.0 — 14. 61 Langmuir 2.0 [31]
COOH B PETE M A% 25.0 — 12.36 Langmuir 2.0 [31]
FREE AL EE Cystoseira indica 25.0 5.5 19.42 Langmuir 2.0 [32]
2N-SBA-15 25.0 4.26  100.99 Langmuir 0.125 ENGIE
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Table 3 Thermodynamic parameters

RE/K AG®/kJ-mol 7! AH® /K] -mol ~! AS°/kJ+ (mol - K) !
298 -19.40 24.78 0.0156
303 -20.40
308 -21.20
318 -22.42

2.5 Cd>* A fige e S LR BREAIL )
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PN Ly B e R SUN T I (Y I R e

SRS SRS AT RO R I T R A A
2N-SBA-15 i f—NH, & 2E i 74675 Jg—NH, A
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Fig. 6 XPS analysis of 2N-SBA-15 before and after Cd>* adsorption
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