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Adsorption of heavy metal ions by loofah sponge—immobilized biogenic manganese oxides

MENG You-ting'?

(1.Beijing Radiation Center, Beijing Academy of Science and Technology, Beijing 100875, China; 2. Key Laboratory of Beam Technology
of Ministry of Education, College of Nuclear Science and Technology, Beijing Normal University, Beijing 100875, China)

Abstract: The biosorption capacities of loofah sponge—immobilized biogenic manganese oxides (LIBMOs) for heavy metal ions were
investigated. The manganese-oxidizing bacterium Bacillus cereus CP133 was immobilized onto NaOH-treated loofah sponge to produce
biogenic manganese oxides (BMOs). Fourier transform infrared spectroscopy (FTIR) and scanning electron microscopy (SEM) analyses
showed that the hydrophilicity and surface properties of the loofah sponge were improved by NaOH pretreatment. After 14 d of culture, the
proportion of biogenic manganese oxides (BMOs) immobilized by the NaOH-treated loofah sponge (79.66%) was higher than that of
untreated natural loofah sponge (49.39% ). The Langmuir and Freundlich isotherm models were used to simulate the adsorption behaviors.
On the basis of the experimental data, the adsorption behaviors of Cd** and Pb** well fitted both isotherms (R> > 0.98), while those of Cu™"
and Zn®" better fitted the Langmuir isotherm (R* > 0.98) than the Freundlich isotherm. The adsorption capacities of the LIBMOs (2.0 g'L.”",
pH of 6.0, and 25 °C) for Pb*", Cd**, Cu*, and Zn*" were 0.81, 0.68, 0.51, and 0.41 mmol-g™', respectively. The pseudo—first—order and
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pseudo—second—order models were used to simulate the adsorption kinetics. The adsorption kinetics of Pb**, Cd*", Cu**, and Zn** by the

LIBMOs could be better fitted by the pseudo—first—order model than the pseudo—second—order model, although the adsorption kinetics of
Pb*, Cd**, and Zn* could be well fitted by both models (R* > 0.95). These findings suggest that LIBMOs have a considerable potential for

the removal of heavy metal ions from aqueous solutions.

Keywords : loofah sponge; heavy metals; adsorption; Bacillus; biogenic manganese oxides
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Figure 1 Immobilization of biogenic manganese oxides onto

natural and NaOH-treated loofah sponge
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Figure 2 SEM micrographs of the loofah sponge and biogenic

manganese oxides
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Figure 3 FTIR spectra of loofah sponge and LIBMOs
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Figure 4 Adsorption isotherms of heavy metal ions by LIBMOs fitted by Langmuir and Freundlich models
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Table 3 Comparison of adsorption capacities of heavy metal ions by loofah sponge-related sorbents

Wz Bk 254 Adsorption conditions

SR B Adsorption isotherms

% B g/ (mg - g™

KIR2L )%, 25 °C,pH 5.8
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22 N5 [ e TG P B L 25 °CLpH 5.0
22 JINE% [ 8 i , 25 °C,pH 5.0
22 N4 T E AL B ELAT, 20 °C, pH 5.0
NaOH Fil b #2214 , 25 °C,pH 7.0
LIBMOs,25 C,pH 6.0
LIBMOs,25 C,pH 6.0

Langmuir Cd 6.71%
Langmuir il Frundlich Cu 14.49"

— Cu 22.94%
Langmuir Pb 87.82
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03r1 O Ph*

—A— Cd*
-7 Cu™
— Zn™

02

W o6} q/( mmol-g™)

0{‘ 1 1 1 ]
0 60 120 180 240

H5F[E] Time/min
5 WR B B 18] %ot LIBMOs R Bft 25 4 /8 5 F ) S i
Figure 5 Effect of contact time on heavy metal ions adsorption

onto LIBMOs
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Table 4 Kinetic parameters for the adsorption of heavy metal
ions onto LIBMOs

HE—E 3 Jy2E A e G 2R
ERRAT Pseudo— Pseudo-second order model

first order model

Heavy metal
g./(mmol « k>/(mmol +

ions ky/min™ R ) ¢ emin”) R

Ph* 0.036 0.989 8 0.28 0.14 09623

Cd* 0.035 0.9813 0.16 026 09560

Cu* 0.037 0.956 2 0.14 032 09271

Zn* 0.040 0.988 6 0.12 042 09734
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