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Adsorption properties of immobilized
spores on terbium ions
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Abstract: As an efficient, cheap and environmentally friendly biotechnology, microbial adsorption has been
gradually developed and utilized in the separation and recovery of rare earth ions. Through immobilized
microbial technology, sodium alginate embedded activated carbon and Bacillus subtilis spores to prepare
immobilized particles to treat the wastewater containing rare earth ions. The adsorption effects of immobilized
spores plus activated carbon and immobilized activated carbon on Th(Ill) were compared, and the effects of
different conditions on the adsorption of Tb(Ill) by several immobilized adsorbers were explored. The results
show that the immobilized spores plus activated carbon have the advantages of both embedding method and
adsorption method, with better adsorption effect of Th(Ill). The removal efficiency can exceed 90% under the
conditions of a carbon inclusion amount of 1:100 (activated carbon mass: total mass of solution), the

concentration of sporulation suspension of ODgy (absorption value of the bacterial solution at 600 nm
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wavelength) = 2, Th(Ill) concentration of 100 wmol/L, temperature of 15~ 25°C, pH = 4.5~8.5 and adsorption

for 60 min. The adsorption of terbium ions by immobilized spores plus activated carbon is more in line with

quasi—first—order dynamics and Langmuir adsorption isotherm model.

Keywords: immobilization; bacillus subtilis; spore; Th(Ill); adsorption; recovery
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Fig. 1 Spores under phase—contrast microscope
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Fig. 2 Standard curve of terbium ion

concentration and fluorescence
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Fig. 9 Adsorption kinetic curves
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Table 1 Adsorption kinetic model parameters of

immobilized spores plus activated carbon

E— 28 712 %8 12 Elovich 3l J1 2
qJ/(nmol-mg™) K, R? q./(nmol-mg™) K, R? a B R?
32.895 0.039 0.999 0.410 0.001 0.998 2.154 0.089 0.994
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Fig. 11 Appearance of immobilized adsorbents
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Table 2 Adsorption isotherm model parameters of

immobilized spores plus activated carbon

Langmuir 5% VHGL W o A A Freundlich %5 i W [ 5 74

G/ (nmol -mg™) K. R? 1/n Ky R?

151.111 2.479%10° 0.989  0.563  0.048 0.955

2.3 [EE b IR B 5 B SR AE
23.1 B RALEM A 6 & @R

AN TR) S5 A 1 1 o Ak W B 50 A0 TR SR An D 11 B
TN 1.2 JT R S R [ A W B R 2 EORE 43 B
BRIE 25 4, 1 WL I8 1 3 L /N4 ) O R AR
3 mm, W09 PR 1 [ S T B ) A B R S T
TG P i 1) T A 28 96 SR oK L

() ATl Je dik #1867 P 25 60 035 8 5

i AT W 1) 5 B T (251 5 A 355 P 5 U 2 B SR/ N 4%
SIRY IR FRBUIRGE R, UL ZF 4 14 [ AR ROCR B, 5
TR B TR A 6 A 2 S MR B i



162 Herkmtty s i 2022 4F 10 H

(a) [F5E A 2 Fn G 1 A (b) [ & G P ¢
12 iHZE BHE T K E E IR 7
Fig. 12 Immobilized adsorbents under phase-contrast microscope
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Fig. 13 Immobilized spores plus activated carbon under scanning electron microscope
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Fig. 14 Immobilized adsorbents under transmission electron microscope
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