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Adsorbability characteristic of hollow SiO, nanospheres for
heavy metal ions
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Abstract: The adsorbability of hollow SiO, nanospheres of high adsorption capacity and large specific surface area for
Pb*, Cu®*, and Cr*" ions was investigated. The absorbtion equilibrium data were fitted by Langmuir linear equation. The
results show that hollow SiO, nanospheres have high adsorption capacity for heavy metal ions, the adsorption capacities
for Pb*, Cu*" and Cr’*" ions are 1.256, 0.681, and 0.563 mmol/g, respectively. As the fitting data shown, there is a strong
correlation between the adsorption capacity and ion characteristics (covalent index and charge density). The adsorption
capacity increases with the increase in covalent index or decrease in charge density. The adsorption constant is related to
electric field intensity of ion (effective nuclear charge), and the adsorption constant increases with the increase in
effective nuclear charge of ion. This adsorption process should belong to chemisorption. The regenerated adsorbent can
be reused many times.
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Fig. 1 SEM(a) and TEM(b) images of hollow silica

nanospheres
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Fig. 3 Effect of initial concentration of heavy metal ions on

removal efficiency

R T 4 IR R R I IR s IR FERTAN ]
BT LB AR AN R, A5 AR R R
B AR REVMECS Cd®'y PYL O EEE
G B B IR FERCENT, B LR KB MK IR
Pb*". Cu*'. Cr'.

P22 R e A SR DR Ay s LA B DX B a2
T, BEINE R R R (2) A T E SR A ER s T
IR PEDX R TR S RO, MR 25 D R AR )
9 ) RS ), T P JE I R T, DR R R (X 2 )
B T W 28 FE(Z/(Amr3)) % T LB % .

RIS P 0w A O B 70 3 T T 1ty 1F L T 2
(pH fE/NTILEE L, JLAEHL 200N 3), TS O
R R = el 1 K A | NP = | S = RS 3 o
i JImigese i P TS E A, BRI SR DLE
%, ISR . TR Peds TR S W B A,
FRHRH T 25, BB A B R %, WM
A ZRESFHA AH.

3 Zig

1) I H Langmuir B8 06 W8 BT i 8o e T 805
SEE WL EE B SR AR AT, RN Y
T PbY. Cut'. CrfE AR RESS BRI A
BRI B FRRFAE o

2) WRBRT AR AR B B e 2 BB 1 55 W B
GG SN TR B B A OC, e S,
FEL A 55 PN, AT B, @ 8K

3) WP AL b FEERZ B IR, B
A RAZ AT W, (EE S8 5P IR R & 11
HLIZ s B R LR BB MESEE T
WEERE, BRI AR, FZ5m
DA 25 S AN 8 BORT 15 7 i fr 2 5

4) EEE)E BTG, BT LB hRH
IMER N Cu®ty PP Oty R TR TR
I, BT EBRREE KB MEKIRR PHL Cu®' Cr.
WL IR . Ve, TS, WT2RESHA,
H.

REFERENCES

[1] SRIVASTAVA N K, MAJUMDER C B. Novel biofiltration
methods for the treatment of heavy metals from industrial
wastewater[J]. Journal of Hazardous Materials, 2008, 151: 1-8.

[2] FU Feng-lian, WANG Qi. Removal of heavy metal ions from



%23 %5 6 X1

dli, S5 DK SI0, 0B T 4 5T IS

1665

[11]

[12]

wastewaters: A review[J]. Journal of Environmental
Management, 2011, 92: 407—418.

WL A, AR, RIBIR. AT RRIR T AL AT 0T T
TRk B K IR W B A A L [T]. v B B Jm 2R AR, 2011,
21(12): 3182—-3188.

HUANG Kai, LI Yi-fei, JIAO Shu-qiang, ZHU Hong-min.
Adsorptive removal of methylene blue dye wastewater from
aqueous solution using citric acid activated red mud[J]. The
Chinese Journal of Nonferrous Metals, 2011, 21(12):
3182-3188.

XING Sheng-tao, ZHAO Mei-qing, MA Zi-chuan. Removal of
heavy metal ions from aqueous solution using red loess as an
adsorbent[J]. Journal of Environmental Sciences, 2011, 23(9):
1497-1502.

SASSI M, BESTANI B, SAID A H, BENDERDOUCHE N,
GUIBAL E. Removal of heavy metal ions from aqueous
solutions by a local dairy sludge as a biosorbant[J]. Desalination,
2010, 262: 243-250.

WANG Li-hua, LIN Chun-i. The removal of heavy metal ions
from spiked aqueous solutions using solid wastes-Comparison of
sorption capability[J]. Journal of the Taiwan Institute of
Chemical Engineers, 2010, 41: 585-590.

EEat, B9, MM, HIKHE. MeCly BOPERE Ko K#
B T < R T IR R RELT]. b A B AR AR, 2011,
21(9): 2270-2276.

GUO Xue-yi, LIANG Sha, XIAO Cai-mei, TIAN Qing-hua.
Adsorption of heavy metal ions from aqueous solutions by
MgCl, modified orange peel[J]. The Chinese Journal of
Nonferrous Metals, 2011, 21(9): 2270-2276.

PEJIC B M, VUKCEVIC M M, PAJIC-LIJAKOVIC 1 D,
LAUSEVIC M D, KOSTIC M M. Mathematical modeling of
heavy metal ions (Cd*", Zn**and Pb*") biosorption by chemically
modified short hemp fibers[J]. Chemical Engineering Journal,
2011, 172: 354-360.
g, AR, B9,

HRHE, MM ot 2B

B SRR e A R IR B P RE D). A e 243, 2012, 22(2):

599-603.

GUO Xue-yi, GONG Qi-qi, LIANG Sha, TIAN Qing-hua,
XIAO Cai-mei. Adsorption properties of modified persimmon
biosorbent on Cu®*" and Pb*'[J].
Nonferrous Metals, 2012, 22(2): 599-603.

SR, Beaot, M, JUM T, KUk, Pannonibacter
phragmitetus T1 BXt Po™ (ML BHFPEI]. P A 4 40 23R,
2011,21(12): 3211-3217.

SU Yan-rong, CHAI Li-yuan, YANG Zhi-hui, YOU Xiang-yu,
ZHU Yong-hua. of Pb*" by
Pannonibacter phragmitetus TI1[J]. The Chinese Journal of
Nonferrous Metals, 2011, 21(12): 3211-3217.

AN Fu-giang, GAO Bao-jiao, DAI Xin, WANG Min, WANG

The Chinese Journal of

Biosorption characteristics

Xiao-hua. Efficient removal of heavy metal ions from aqueous
solution using salicylic acid type chelate adsorbent[J]. Journal of
Hazardous Materials, 2011, 192: 956—962.

BAI Lan, HU Hui-ping, FU Weng, WAN Jia, CHENG Xi-liang,
LEI Zhu-ge, XIONG Lei, CHEN Qi-yuan. Synthesis of a novel

[13]

[14]

[15]

[17]

(18]

[19]

[22]

(23]

silica-supported dithiocarbamate adsorbent and its properties for
the removal of heavy metal ions[J]. Journal of Hazardous
Materials, 2011, 195: 261-275.

ZHANG Lin-zi, ZHAO Yong-hong, BAI Ren-bi. Development
of a multifunctional membrane for chromatic warning and
enhanced adsorptive removal of heavy metal ions: Application to
cadmium([J]. Journal of Membrane Science, 2011, 379: 69—79.
MIZOGUCHI K, IDA J, MATSUYAMA T, YAMAMOTO H.
Straight-chained thermo responsive polymer with high chelating
group content for heavy metal ion recovery[J]. Separation and
Purification Technology, 2010, 75: 69-75.

HUANG Ji-quan, CAO Yong-ge, LIU Zhu-guang, DENG
Zhong-hua, TANG Fei, WANG Wen-chao. Efficient removal of
heavy metal ions from water system by titanate nanoflowers[J].
Chemical Engineering Journal, 2012, 180: 75—80.

ZHANG Dong, ZHANG Chun-li, ZHOU Pin. Preparation of
porous nano-calcium titanate microspheres and its adsorption
behavior for heavy metal ion in water[J]. Journal of Hazardous
Materials, 2011, 186: 971-977.

LI Shou-zhu, YUE Xiu-li, JING Yuan-miao, BAI Shan-shan,
DAI Zhi-fei. Fabrication of zonal thiol- functionalized silica
nanofibers for removal of heavy metal ions from wastewater[J].
Colloids and Surfaces A: Physicochem Eng Aspects, 2011, 380:
229-233.

MES, B, A, 5k F, RRG, B8 40K
TiO (IR IR RELI]. o A (6 B 241, 2011, 21(12):
2971-2977.

LIU Xue-yan, YANG Li-jun, JIN Yan-li, ZHANG Lei, XU
Tian-ci, LI Na. Adsorption properties of nano-TiO, for Cd( Il )[J].
The Chinese Journal of Nonferrous Metals, 2011, 21(12):
2971-2977.

AGRAWAL M, PICH A, GUPTA S, ZAFEIROPOULOS N E,
SIMON P, STAMM M. Synthesis of novel tantalum oxide sub-
micrometer hollow spheres with tailored shell thickness[J].
Langmuir, 2008, 24: 1013—1018.

LIU Chun, GE Chen, WANG Ai-li, YIN Heng-bo, REN Min,
ZHANG Yun-sheng, YU Long-bao, JIANG Ting-shun.
Synthesis of porous hollow silica spheres using functionalized
polystyrene latex spheres as templates[J]. Korean J Chem Eng,
2011, 28(6): 1458—1463.

LIU Chun, YIN Heng-bo, WANG Ai-lil, WU Zhan-ao, WU
Gang, JIANG Tao, SHEN Yu-tang, JIANG Ting-shun.
Size-controlled preparation of hollow silica spheres and
glyphosate release[J]. Transactions of Nonferrous Metals Society
of China, 2012, 22(5): 1161-1168.

PAULING L. The nature of chemical bond and the structure of
molecules and crystalsfM]. 3rd ed. New York: Cornell
University Press, 1960.

MCCLOSKEY J T, NEWMAN M C, CLARK S B. Predicting
the relative toxicity of metal ions using ion characteristics:
Microtox  (R) assay[J].
Toxicology and Chemistry, 1996, 15(10): 1730—-1737.

(%58

biolumineseence Environmental

i)



