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Effects of Bacillus circulans on decomposition behavior of bauxite
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Abstract: The microbial decomposition mechanisms of bauxite include direct and indirect mechanism, while the
contribution of each mechanism to the mineral weathering is still in controversy. The impact of Bacillus circulans on
decomposition of bauxite was studied under the conditions of microbe-mineral direct contact and indirect contact. The
microfiltration membrane was used to segregate mineral powder from bacteria. The results show that Bacillus circulans
and its metabolites can clearly promote the degradation of bauxite through either mechanisms during incubation in 0—
216 h, and the effect of direct mechanism on the mineral degradation is more efficient than that of indirect one. The Al
dissolution from bauxite is mainly determined by the direct mechanism, and K, Fe, Si are considered to be released by
indirect mechanism. The bacterial metabolites can flocculate and inhibit Al in supernatants, but have good dispersibility
on Si. The Bacillus circulans can selectively degrade different minerals due to the difference in mineral crystal structure.
Kaolinite, illite and chlorite with layer structure are more easily decomposed than quartz with framework structure by
bacteria. The Bacillus circulans can produce extracellular polymeric substances during incubation, and form the
mycelium-mineral aggregate between bacteria and mineral powder. It is concluded that the Bacillus circulans can
decompose bauxite at the mechanical breakage of the mycelium growth, the corrosion and complexation of metabolites
and their synergetic operation.
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Table 1 Main chemical components and contents in bauxite and their relative percentage (mass fraction, %)

Diaspore Kaolinite Illite Hematite Chlorite Goethite Quartz Orthoclase Calcite
64.60 16.50 9.1 2.10 2.30 1.63 trace 2.50
F 2 BRSO A R
Table 2 Main chemical components in bauxite and their relative percentage (mass fraction, %)
Al,O4 SiO, Fe,04 TiO, CaO MgO Na,O Total
65.00 12.58 4.53 1.09 1.55 0.13 1.17 89.14
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Fig. 1 Growth curves of Bacillus circulans
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Fig. 2 Concentration variation of ions in supernatants with time
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Table 3 Relative contents of minerals in bauxite at different incubation times under microbe-mineral direct contact

Mass fraction/%

Time/h
Diaspore Kaolinite Illite Hematite Quartz Chlorite Goethite Calcite
0 64.60 16.50 9.10 2.10 1.63 0.97 2.30 2.50
72 65.51 12.60 6.24 1.95 1.91 0.87 2.20 2.23
168 67.75 6.53 5.96 1.10 3.70 0.20 1.95 1.85
216 67.86 6.25 5.93 1.10 3.89 0.20 1.94 1.82
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v— Calcite v— Calcite
*— Quartz *— Quartz
*— Hematite *— Hematite
- o— Goethite - o— Goethite
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Fig. 3 XRD patterns of bauxite before(a) and after 216 h leaching(b) in microbe-mineral direct contact
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Table 4 Relative contents of minerals in bauxite at different incubation times under microbe-mineral indirect contact

Mass fraction/%

Time/h
Diaspore Kaolinite Illite Hematite Quartz Chlorite Goethite Calcite
0 64.60 16.50 9.10 2.10 1.63 0.97 2.30 2.50
72 64.91 15.59 8.78 2.10 1.63 0.91 2.30 2.44
168 65.10 12.12 8.01 1.10 2.03 0.51 1.96 1.87
216 65.42 11.25 7.95 1..09 2.15 0.49 1.95 1.83
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Fig.5 SEM images and EDS spectra of bauxite before and after incubation: (a), (a") Raw powder; (b), (b’) Powder after 72 h direct
leaching; (c), (c') Powder after 216 h direct leaching; (d), (d") Powder after 216 h indirect leaching
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Table S Elemental mass fractions of bauxite before and after bioleaching
Material Mass fraction/%
Al Si Fe Ca K Mg Na (0]
Raw ore 13.26 18.98 3.12 2.16 2.75 2.30 1.01 56.42
R1 11.24 16.97 3.08 2.10 2.70 2.21 0.80 59.90
R2 22.20 12.13 1.96 1.97 1.30 1.88 0.96 57.60
R3 18.26 16.12 1.97 1.95 1.31 1.87 0.98 57.54

R1, R2 and R3 are residues of bauxite after 72 h and 216 h direct leaching and after 216 h indirect leaching, respectively.
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