343 EH 2 W = + 71 & Vol.43 No.2
202242 H Rock and Soil Mechanics Feb. 2022

DOI: 10.16285/j.rsm.2021.1403

MICP ?ﬁﬂtﬂ%Ag}’Lﬁ H&Mﬁiﬂiﬁﬁ"
SRLE ﬂ:/ifﬁiﬂﬂ"ﬁﬂ’hﬁh 5

F ', w , EHIR, RoREE?, ZTHRE LD

(1. WEE T RSE EARTREZEN, WEEE AR 010051; 2. AZEH DIk L0, WAVEE: 010051,
3. NS TR FE2ERE, B IPRITEER 010051)

WOE: IRk, TRIRRSL PO R R AT S s Y L AR AL B R TR A L. B A RUE Y SRR S T
(MICP) FEiARBA IR AR 84 2 & B G B T5 Je LT/ Fa g (B &, T8 TE0 PR BUESEREe  FEER R,
P AT SIS B LI E AR S B R ARE L RCR, diaafiEst (SEM) M X ST (XRD) ST, #Wnr
MICP AL FREEHT 4 85 Y L MBS M. B LG REH, R MICP H ARG B & @ is g Lt TR/ As e 2 5,
LR Rt EESBIR ME. 45EDY 10 d 1, REETRMIRSUETRE N 942.5 kPa; HYAUR HIRIEN
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Experimental study on zinc-lead composite contaminated soil solidified/stabilized
by MICP technology combined with porous silicon adsorption materials
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Abstract: In recent years, the remediation of heavy metal contaminated soil has become a hot topic, due to the rapid development of
industry and technology. In this study, MICP technology combined with adsorption materials was used to repair the zinc-lead
composite heavy metal contaminated soil. Through unconfined compressive strength test and toxicity leaching test, the solidification
effect of contaminated soil and the stabilization effect of heavy metals before and after treatment were evaluated. Combined with
scanning electron microscope (SEM) and X ray diffraction (XRD) detection methods, the repairing mechanism of zinc-lead heavy
metal contaminated soil treated by MICP technology was revealed. The results showed that the solidification/stabilization of Zn-Pb
heavy metal contaminated soil by MICP technology effectively reduced the leaching of harmful heavy metals from contaminated soil.
When the mineralization time was 10 d, the unconfined compressive strength of the sample was 942.5 kPa. The leaching
concentration of lead was 4.20 mg/L, which was 44.81% lower than that of the untreated sample. The leaching concentration of zinc

was 4.31 mg/L, which was 46.19% lower than that without treatment. On this basis, by adding 10% porous silicon adsorption
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material, the unconfined compressive strength of the sample could reach 1 021 kPa, and the strength was increased by 8.3%. The
leaching concentration of lead was 2.45 mg/L, which was 67.81% lower than that without treatment. Compared with the MICP
method alone, the leaching concentration of lead was reduced by 41.67%. The leaching concentration of zinc was only 2.93 mg/L,
which decreased by 63.4% compared with that without treatment. Compared with the MICP method alone, the leaching concentration
of zinc was reduced by 31.9%. The addition of porous silicon adsorption material significantly improved the remediation effect of
MICP technology on zinc-lead composite heavy metal contaminated soil. Due to the immobilization and adsorption of heavy metal
ions by porous silicon adsorption material, the leaching concentration of heavy metals in contaminated soil decreased. At the same
time, the adsorption material can also be used as the host site for calcium carbonate crystal deposition to accelerate the mineralization
reaction. This study provides a new technology for the treatment of heavy metal contaminated soil and reveals its remediation
mechanism, which provides a theoretical and experimental basis for the application of MICP technology combined with porous
silicon adsorption materials to remediate Zn-Pb composite heavy metal contaminated soil.

Keywords: microbially induced calcite precipitation (MICP); zinc-lead composite contaminated soil; porous silicon adsorption

materials; solidification/stabilization; remediation mechanisms
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Table 1 Basic physical properties of the contaminated soil
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Fig.1 Particle grading curve of the contaminated soil
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Table 2 Test results of heavy metal contents in soil

o BRREHE (mg-ke)  HIRE 5%

s
PR Bl B TR g - ) fp,
Zn  89.00 87.90 88.45 4925 1.80 BRIES Y
Pb  122.00 119.00 120.50 49.52 2.50 TG g
Cr 2840 26.80 27.60 44.05 0.70 MTEE CEMIRD
Ni 1860 1820 18.40 21.30 0.96 MEE CEMIRD
Cu 1730 17.00 17.15 23.53 0.73  MTEE CEMIRD

Cd 1.21 1.19 120 2130 0.08
As 8.17 815 8.16 0.52 0.12
Hg 749 7.06 727 17.40 0.21
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Table 3 Chemical morphology analysis of lead and zinc
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Fig.3 Relationship between unconfined compressive
strength and mineralization time of specimens
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Fig.4 Relationship between leaching concentration of Pb
and mineralization time of specimens
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Table 4 Variation of leaching concentration of lead and
zinc with mineralization time of specimens
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Table S Test results of samples after joint repairing of
adsorption materials

FE MR

BRI

i

[t R HIKE (mg - L) FEARIR /%
/d Pb Zn Pb Zn
0 7.61 8.01 0.00 0.00
1 7.19 7.51 5.52 6.24
3 6.42 7.19 15.63 10.24
5 5.71 6.67 2497 16.73
7 5.20 5.64 31.67 29.59
10 4.20 431 44.81 46.19
12 3.58 3.33 52.96 58.43
14 3.06 2.97 59.79 62.92
15 2.74 2.74 63.99 65.79
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Fig.5 Relationship between leaching concentration of Zn
and mineralization time of specimens

BARE Lo Lo
W A ) PUESRE  REIRE BHKE
/ kPa / (mg+L7") /(mg-L"
0 942.5 431 420
1 945.0 4.03 4.15
3 956.0 3.55 343
IKFEREFT 5 980.0 3.24 3.15
AR 7 945.0 3.06 2.85
10 901.0 2.81 3.12
15 840.0 2.77 327
20 750.0 2.74 3.48
0 942.5 431 420
1 932.0 4.15 4.24
3 949.0 3.73 3.53
5 975.0 3.34 3.15
EZINES 7 989.0 3.13 2.93
10 1021.0 293 245
15 965.0 291 243
20 900.0 2.88 2.40
0 9425 431 420
1 916.0 4.04 424
o 3 951.0 3.62 3.61
5 956.0 3.43 3.35
EUR 7 967.0 3.28 3.24
10 918.0 3.13 324
15 878.0 3.06 3.12
20 796.0 3.00 3.04
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Fig.6 Relationship between unconfined compressive

strength and content of different repairing materials
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Fig.7 Relationship between leaching concentration of lead
and content of different repairing materials
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and content of different repairing materials
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