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Effect of Desilication Treatment Using Silicate Bacteria on the Bioleaching

Efficiency of Municipal Solid Waste Incineration Fly Ash
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Abstract One silicate bacteria strain SDB6 with good performance in silicon removal was isolated and screened from soil. Based on the
morphological physiological ~biochemical characteristics and 16S rDNA sequence analysis SDB6 was identified as Bacillus mucilaginosus
strain. The effects of nitrogen source pH temperature rotate speed and medium volume on the growth of SDB6 were investigated. The above
factors were optimized using the orthogonal design. The optimized condition was described as follows 10 g/L yeast 250 mL flask with 50mL
culture medium pH 7.5 30°C 180 r/min. The bioleaching of un-desilicated and desilicated fly ash using the adapted Aspergillus niger AS
3.879y strain was carried out for 20d. The results indicated that the metal extraction yield in bioleaching increased obviously with desilication
treatment comparing to that without desilication treatment. The extraction yield of Cu Mn Cr Zn and Fe from desilicated fly ash was 31%
75% 60% 60% and 48% respectively. The total metals extraction yield of desilicated fly ash increased to 50% . The TCLP results of the
fly ash after bioleaching indicated that the leaching toxicities of the treated fly ash were far lower than the regulated levels of China and
permitted to the further landfill or reuse.
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Table 1 Factors and levels of orthogonal design
1 2 3
A pH 7.0 7.5 8.0
B /C 25 30 35
C /r min~! 140 180 220
D /mL 50 100 150
250 mL 1%
AS 3.879y 100 mL
120 g KH,PO, 0.5 g MgSO, 0.025 g KC1 0.025
g NH,Cl 4 ¢ 1000 mL. pH 121C
20 min 1.7x 10" /mL
4d 70 g/LL
20d
10 000 r/min 0.45 ym
ICP-OES
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Fig.1 Silicon removal of isolated strains
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Fig.2  Colony shape of silicate bacteria strain SDB6 on plate

2.2.2

SDB6

2. Bacillus

muctlaginosus Bacillus circulans

SDB6 2

15 16
2.2.3 16S 1DNA
SDB6  16S rDNA 1508
GenBank SDB6

Bacillus muctlaginosus D(Q898308. 1 Bacillus
muctlaginosus  DQ898310.1  Bacillus  mucilaginosus



269

(a) SDR6EEZHMN

3 SDB6

(b) SDROEHKET AL,

Fig.3 Microscope and atomic force microscope photos of SDB6 strain

DQ898306.1  Bacillus mucilaginosus  AB045091.1
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Table 2 Physiological and biochemical characteristics of SDB6 strain

SDB6 B. mucilaginosus B circulans
G- G- G* G-
+ - + - + -
D- + - + - + -
+ +
V.P - -
- - d
+ + +
- - +
- - d
+ - d
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12 3
10l @ Table 3 Responses of orthogonal design experiments
E A B c D x 10°
5: 8 pH /°C /r min~! /mL - mL™!
(=1
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10
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=) 9 8.0 35 180 50 3.3
X
g 4+ M, 9.42 8.16 8.84 10.33 T=27.9
E 5L M, 10.21 10.54 10.0 895 7 =T/9
M;  8.27 9.2 9.06 8.62 y =3.1
0
50 55 60 65 70 75 80 9.0 .
pH A, B, G D, Ay B, G Dy
. 8r I ©
F
< 6l 4 SDB6
'§ ! /mg g’l
‘]?L( 4 Table 4  Comparison of metals content in un-desilicated
§ ) and desilicated fly ash by SDB6 strain/mg g~ '
O
0 — ——
20 25 30 35 40
BEIC Fe 22.9 21.8~24.0 22.7
23 T @ Zn 5.25 4.62~6.65 5.19
g 201 Pb 2.15 1.88~2.70 2.13
é‘g 15| Mn 0.74 0.66~0.81 0.72
é 10k Cu 0.55 0.49~0.59 0.53
£ s : t Cr 0.18 0.13~0.24 0.19
i . { Cd 0.062 0.054 ~ 0.081 0.066
0
60 100 140 180 220 8
#38 /r-min !
4
@
.
T T
3t 1 500
$ r SDB6
T o2t L p »
@ 4 000
£ SDB6 5
T 41
= ::
0 . Avakyan ' Rozanova "*
50 100 150
B & /mL
4 pH
SDB6
8 19

Fig.4  Effect of nitrogen source pH value temperature

rotate speed and medium volume on the growth of SDB6 strain
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AS 3.879y 1.4
20 d
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Fig.5 Scanning electron micrograph of desilicated fly ash 6 b
1000 100 10 000
@) RBRECR — O wp
. R -
_ 8 = 1000
E" 100 | X ED X
2 05 = o
% - T =
b £ B %
4 wE ¢ I
= 10} 4 £ #
i 2 ol
< 0 2
1
Zn Total
6
Fig.6 Metals concentration and extraction yield from un-desilicated and desilicated fly ash
Cu
Mn 21%
51% 31% 75% Cr Zn Fe 5 TCLP ! /mg L7
45% 48% 40% Table 5 TCLP test results of raw fly ash and bioleached
fly ash/mg L~
60% 60% 48% .
41% 50% a b
1102.9 mg/L. Cd  2.23+0.02 0.11+0.03 0.08+0.01 1 1
Cr 0.19+0.01 0.08+0.01 0.07+0.03 15 5.0
Cu  2.37£0.10 1.06£0.08 1.54+0.02 100 NS
Fe ND ND ND NS NS
Mn 1.43£0.15 0.26+x0.05 0.31+0.03 NS NS
5 Pb 3.10£0.03 0.17+0.01 0.09+0.02 5 5
Zn 56.02+£0.30 5.56+£0.03 5.44+0.06 100 NS
1 ND NS a
GB 5085.3-2007 b 40 CFR 261.24
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