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Effects of pH and Ni’* on Sorption Behavior of Phenanthrene on Engineered

Nano-Silica

LUO Pei, SUN Hong-wen, ZHANG Peng

(Key Laboratory of Pollution Processes and Environmental Criteria, Ministry of Education, College of Environmental Science and
Engineering, Nankai University, Tianjin 300071, China)

Abstract: In order to reveal the sorption behavior of phenanthrene ( PHE) on engineered nano-silica, batch equilibriums were
conducted to study the effects of heating, solution pH, and heavy metal ion (Ni**) on PHE sorption, and a site energy distribution
model was used to analyze the changes of sorption behavior. The results demonstrated that the sorption isotherm of PHE could be fitted
well by the Freundlich model. The sorption capacity of the original nano-silica (PNS) was enhanced by heating ( heated nano-silica,
HNS) , with the Freundlich adsorption coefficient (1gK;) increasing from 1. 48 to 2. 43. The nonlinearity of sorption isotherm increased
after heating. The sorption characteristics together with pore distribution and surface area analysis suggested that PHE sorption on nano-
silica was a combination of pore-filing and surface sorption, with the microspores and mesopores of nano-silica playing a major role.
While changes in solution pH did not show a significant effect on the sorption of PHE on PNS, the sorption of PHE on HNS decreased
significantly with increasing pH, with 1gK; reducing by 73. 7% when pH increased from 4. 0 to pH 8. 0. The pH caused differences in
sorption capacity could be mainly explained by zeta potentials of nanoparticles. High pH enhanced the charge of nanoparticles, and
reduced the pore accessibility. The effect of Ni** on PHE sorption on HNS varied with its concentration. At low concentration ( <5
mmol-L™"), Ni’* suppressed PHE sorption, while at a higher concentration, Ni’* enhanced the sorption of PHE at a lower
concentration (50 pg-L™"), and the inhibition on the sorption of PHE at a higher concentration (500 wg-L™") did not increase
further. This complex pattern was a result of concurrence of multiple processes.

Key words : nano-silica; phenanthrene; sorption; metal ion; pH; energy distribution
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Table 1  Properties of the nano-silica
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Fig. 1 Sorption isotherms and site energy distributions of phenanthrene on nano-silica
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Table 2 Sorption isotherm parameters of phenanthrene on nano-silica
Freundlich #7 Ky/L-kg -1
KA % 1gK
AR A LR s e n R ¢, =0.05 c, c.=0.1c, . =0.5c,
/pg-kge (pg-L7H)"
pH=4.0 1.50 +0. 03 1.12 £0. 02 0.996 52.1 56.7 68.7
IR K EALEE pH =6.0 1.48 0. 03 1.10 £0. 01 0.998 45.8 49.1 57.7
pH=8.0 1.40 0. 05 1.13 £0.03 0.991 43.2 47.2 58.2
pH=4.0 3.12 +£0.02 0.76 0. 01 0.996 485.0 410.6 279.1
KIgegk EALiE pH =6.0 2.43 +0. 04 0.88 +0.02 0.995 163.2 150.2 123. 8
pH=8.0 0. 82 0. 06 1.39 +0. 03 0.994 33.6 44.0 82.4
5 mmol-L~" Ni?* 2.51 £0.02 0.81 +0. 01 0.997 146. 6 128.5 9.7
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Fig. 2 Sorption isotherms and site energy distributions of phenanthrene on nano-silica under different pH
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