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Adsorption of Antimony by a-Al,Os;-bacteria Binary Composite Colloid

DU Huihui, TAO Jie, NIE Ning, LEI Ming’, YANG Ruijia, TIE Boging

(College of Resources and Environment, Hunan Engineering and Technology Research Center for Irrigation Water Purification, Hunan
Agricultural University, Changsha 410128, China)

Abstract: Objective  Adsorption-desorption of Sb on micro-interfaces of soil colloids deeply affects its mobility,
transformation and fate in the soil environment. Various soil minerals, organic matter (OM), microbes and soil colloids often
combine with each other to form complicated mineral-organic complexes, which vary in properties (e.g., surface charge, particle
size and the functional groups) with their composition and hence affect adsorption-desorption of the trace element differently. So
far, though much have been done on the behaviors of antimony binding to single soil components, little attention has been paid to
adsorption processes of Sb to mineral-organic composites and its mechanism. Method In this study, a batch adsorption

experiment was carried out to investigate Sb (V/III) adsorption behaviors on the interfaces of typical aluminum oxide-bacteria

* HRARPFIEETH (41907015) MMIMEAAETRFE HHFELTH (18B120) % B Supported by the National Natural Science
Foundation of China ( No. 41907015 ) and the Scientific Research Fund of Hunan Provincial Education Department, China ( No. 18B120)
+ M IRAE#H Corresponding author, E-mail: leiming@hunau.edu.cn
TEHEEIA: AR (1989—), 55, IWIZAREMA, WL, RIEER, FENFEEERREG RPN, E-mail: duhuihui@hunau.edu.cn
Wk B 0T 2019-11-08; YK EMEMORS H M1: 2020-03-05; W% H % H W (www.cnkinet): 2020-04-03

http://pedologica.issas.ac.cn



33 FEMERESE : o- S AR SR— AN R —on A A AR 6 (4 I BT 5 705

composites different in component ratio (30:70 and 70:30), with the aid of spectroscopic techniques and to validate whether
bacteria affect Sb oxidation on mineral surfaces and to explore underlying mechanisms. Result Nano-sized particles of a-Al,O;
over on the surface of Bacillus cereus form an incomplete “mineral film”, which may suggest that some of the available
adsorption sites on either the mineral or the bacterial cells are covered or blocked. The Langmuir model can adequately describe
Sb adsorption isotherms with a goodness of R*>0.98; a-ALO; adsorbs much more Sb (~50 mg-g ') than bacterial
cells(15-24 mg-g"), which may be explained by difference in surface charge property, i.e., bacteria are negatively charged
whereas a-Al,Oj; is positively charged; the binding of Sb to a-Al,Os;—bacteria composites does not follow the “component additive
rule”, i.e., the sum of the individual adsorptivities, but is significantly enhanced compared to the predicted assuming additivity.
Scanning electron microscopy-energy spectrum analysis shows that the elemental distribution of Sb is highly correlated to that of
Al rather than C, suggesting that Sb is mostly bound to minerals in the binary composites; and XPS analysis shows that the AIOH
group of a-Al,0; and the COOH and NH,; groups of bacteria are all involved in binding Sb in the binary composite, possibly
through formation of strong inner-sphere type complexes; moreover, bacteria inhibit oxidation of Sb (III) on the surface of
a-Al,O3, probably indirectly by hindering electron transfer between Sb and 0-Al,O;. Conclusion All the findings in the study
suggest that bacteria affect not only the quantity of Sb adsorbed onto Al minerals, but also oxidation-reduction of the element,
therefore mineral-organic interaction should be taken into account in predicting transformation, translocation and fate of antimony
in soils.

Key words: Antimony; Soil colloid; Mineral-microbe interaction; Adsorption; Oxidation-reduction
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Fig. 1 Scanning electron microscopy ( SEM ) images of a-Al,O; and a-Al,O3-B. cereus cell composite
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Fig.2 Adsorption isotherms of Sb to a-AlL,O;, B. cereus and a-Al,Os—B. cereus composite
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Table 1 Fitting of Sb adsorption isotherms with the Langmuir model
Qua/ CA-Quax/ K/ .
(mgg™) (mgg™") (Lg™")

Sb (1II) a-AlO; 52.72 0.15 0.99
a-ALO;—B. cereus (70: 30) 45.73 43.49 0.13 0.99

a-AlL,Os-B. cereus 30: 70) 38.12 27.79 0.15 0.99

B. cereus 15.46 0.11 0.98

Sb (V) a-AlLO; 50.64 0.15 0.99
a-AlL,O; -B. cereus (70: 30) 43.81 0.17 0.99

a-ALOs-B. cereus 30: 70) 39.61 34.24 0.15 0.99

B. cereus 2491 13.88 0.19 0.98

T Quax TR AR IR 5 CA-Quuax FANRYE “LLAMHEIN" 25 T (1) S5 KR B 25 12t 5 K ARESERTT s R WHUGE . B. cereus
ORI ZE AT H o Note: Quax stands for maximum adsorption capacity; CA-Qpay for maximum adsorption capacity predicted in line with

the “component additivity” rule; K for the binding affinity; R* for goodness of fitting. B. cereus stands for Bacillus cereus.

Ummme

SE  MAG: 5000x  HWV: 15KV IAD: 15.0 mm

JGE i & & EElement
I3 mass proportion/%
Sites
C N (e} Al Sb

1 26.05 1.54 4591 2427 025
2 45.65 879 3235 1061 002
3 16.30 031 4323 3926 0.29
4 51.28 931 2844 909 0.02

K3 a-ALOsB. cereus 5243 eV EEE M 0 BE-REIE Ko 1, 2.0 3 F1 4 ZbJT R AAH N Bt 25 4
Fig.3 The SEM-energy spectrum image of a-AL,Os—B. cereus composite bonded with Sb, and relative mass content of the element at sites 1,
2, 3and 4
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Fig. 4 High-resolution O 1s and C 1s XPS spectra of a-Al,03 and Bacillus cereus before and after adsorbing Sb ( III/V )
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Fig. 5 High-resolution Sb 3d, XPS spectra of Sb ( III ) adsorbed
on 0-AlLO; and a-Al,O3—B. cereus composite
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