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Abstract: A new treatment, microbially induced calcium carbonate precipitation (MICP) with micro-particle improved
nucleation (MICPMPIN), is introduced to improve the performance of MICP technology for the stabilization of coarse sand. A
certain amount of kaolin is augmented into the bacterial suspensions to obtain immobilized bacterial slurry, then the bacterial
slurry is mixed with cementation solution to form MICP-clay slurry (MICPCS) and percolated through the coarse-sand
specimens under gravity. The results show that the unconfined compressive strength (UCS) of MICPMPIN-treated specimens is
higher than that of MICP-treated ones. When other conditions are the same, the UCS increases with the increasing dosage of
kaolin and volume ratio of immobilized bacterial slurry. The specimens with higher UCS can be obtained by grouting MICPCS
every two cycles. The cementation of pure kaolin is so small that the stabilized specimen cannot be a solid. The main
contribution for the higher UCS of kaolin is the nucleation that is formed by kaolin, the increment in the amount of effective
precipitates, and the decrement in the amount of pore. The wet UCS of the MICPMPIN-treated specimens is larger than that of
the conventional MICP treated ones, and the softening resistance is also improved by adding kaolin into the MICP process.

Key words: MICP; coarse sand; kaolin; MICP-clay slurry; micro-particle improved nucleation

—_

51 B
WA L RORE — R R AR A B, e R

MA Guo-liang" %, HE Xiang" 2, LU Hua-ming" 2, WU Huan-ran" 2, LIU Han-long" > *, CHU Jian*, XIAO Yang' > ?

fipt s I F i R — b s S A2 T % s A Al
Yoo b ORI, (et PR KAl AL AR AN BRBR AR, T

A S0 AR IAERD FLBR - T L 4 UIZ
gib ki, EM TR S IRIREGUIE (MICP) V2
H AW 2 i — s Lok, b R K

EEUH: EXRARBSELIHE (51922024); e AR S
PIH (2019CDQYTMO31): HKHHF AR AIHIHE (CYB19012)
Uk BHEA: 2020 - 06 - 25

*B{E1E# (E-mail: hhuxyanson@163.com)



% 2 3

LR, S5, i ORI B A A T AR R i 291

ARFLBRIA ) pH AE, TEES B AR A T AR R
FRES o B RS UIVE AE D UKL [ SRR #2 A s A, H
FEIURE [H] FLBR e S W0 M0, AT S 2] B 9 A0 0 [ 1)
YEHE,

IEAEk, W E 2NN MICP [ 46D+ 1 )%
RIS, By RO Ss g R At R e TR
RIHTE, I MICP HAR S A H TR E AR EE 1,
BT R AT A FRUPIAE kB 22 1) 238 K MICP
FORH Tauki o, A =4 L0 BRI
MBS K ok 190

WO UL A A2 R MICP i ] 2850 51 1 — A B 2 ]
o HIG, PURDRAR 2 oMb 1 Y EALME RN, AT
S0 A B AE LR A T . B IRA )\ S BKEE
(Sporosarcina pasteurii, CGMCC 1.3687) R~} —
N 0.5~3.0 um, AT {E4H B e EALIR ET RS, 2
W B FIRHIERLAR Dio U AUK T M R 5 £
ITEIN B AR 2 5y B ZE 1 R 20, FRk, 78
FRFEIINEFREE T, BORCRAR 22 520 MICP & 4b b 1=
A TC PR e 5% B 212%), Rebata-landa [RIHF 5045 %R
B MICP 7] DLA U E5 BORLRLAE 9 10~1000 pm [
. b, (SRR I RO A E R A AT
FEER T HYRP 1) MICP [E4k, F¢Hagnki+ 77 1m
EAH, AHRAESL PRt B R D L A A A, g
Xl e 2B 2R AD . ARAHERY, AN ED . BRA
SERRLRHE RS A IS TR W h AR E,
T P RERRE R B A P [ A A 5 e /D 28330 Kb T
FLBREOR, Mk [a) il p o £, ZARI 5. 4imb
FH 2 1 ] A0 B0 2 75 AT 2 R AL B, B
IS BCARIG I, ASFIT MICP BRHE R o

ISIARENAORL, @ E R TR, 5
I R FE B A, 511 Cheng S5 B44E HIH MICP
SR SR s 25 A 5 D VR S PR N R S
[i75; Dhami ZPUg i SL IR SR B A B, Pk
REV SR —IRE SR E B S SR [ PR 77 7%
Zhao FFEPOHE H FVE M A Bh M E D, 1 S IR A s TE R
ik, SRJEFH MICP RN 2R HRA
YA Xiao SFPMRIAERD HIRA A 4R SCER L
[l J5 PRI B S WIS R EIR TR T 2 FhiAsin ),
B R IX SR S As IMA SR &, SR E N MICP
S o SRTIAESERR TAE T, JGH 2 O g5 |
RKIN, B HELEFPE N TAE A G AR R H gk
AT Ab TR, ) F TR Ak e A e s hn A B A R ESE .
FT FIRJRE, Pan ZEPSR 1 MICP RS 5] S
R IR0 MICP R FRUA B RS F0URE , e 485
RFINZITIE ] DLPRGE RS 9208 28, HE N
[i5] J5 PR SR SR LN, AT o N BRI ] AR

AR IE S TE A R RIS TR e B S Bk
SIRPRISAE R IR b RHE R A AE Pk
3% MICP Jn B (2R

mE LR E AR, YRR E, G
Y, HAMFARER, & FrEAER KRR BRI A
SCHRE TR0 LA DR S 7] ] 28 ok 2 A T B Ak A A ]
Bk, 5 RN G R A (MICPCS) [1#
YA TE 777 (MICPMPIND, K A TR i A A= 40
[ o 38— R AT PR b e 5 2 iR IR i 7 = 0e LB =,
T 2B P [ B e A i, EN MICPCS (14 18] B U B0 R
WE BRI e T s EotieE. ik
s R A AE I BR K ARG [ A R D S PR
PSR FE IR0 .

1 MICPMPIN ME 7%
1.1 RIEAHR

A SCAE FH (A S AR AR AR R A, RiARN
1~2 mm, AGERPHXS R R RN 2.65, e RFLER L
A/ NLBELE 2500 0.83 AT 0.54 ik + E B N
Si0,(53%) ALO3(45% ) Fe03(0.3%) Ti02(0.6% )
CaO (0.07%). MgO (0.06). KO (0.05%) %5, “F
BIRifE N 5 um, MXRREHEERN 257, HEN
(94+0.5) %, W& N 40%~45%, T /KJG pH 14
N T s A RTAE 105 CHET 24 h, SR 5 EBHRAF
mlE L ACE SR B BITEE 1 (2, (b)
i

(b) %R

(a) Wikt

B 1 ks
Fig. 1 Test materials
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Fig. 2 Moulds for preparating specimens
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Table 1 Parameters of MICP-clay slurry
WAEMIE R RN R MICP Ak

RILER, TR

WeEYE R . .
PR mm o Wi W
Rt & ] :
/mL /mL  /(mol‘L'") /(mol-L")
1/2 25.0 25.0 2.00 1.00
1/4 12.5 37.5 1.34 1.00
1/10 5.0 45.0 1.11 1.00

# 2 MICPMPIN fnE#E RS IK 8%+
Table 2 Test design for stabilizing coarse sand by MICPMPIN
g BRI (g L)

e
RLEEE S 0 10 20 40 100
0 S
! N e
3 D

[B] B R B R B IRE N MICPCS 2 AV ENAE5¢
MICP F1IREL, A& 5 5 [H 41 MICPCS #H[H .
BT [A)R% 0 JRB, JREWKEN 40, 100 g/L [Eie +
S G POE RS, DRI AR IR AR R R (SR
BEANEIRE 3 IR, AT R FUEIRIE 20, 100 g/L &g
R
1.6 FoiMIPRE 58 E it

I 8 kg, FRE HRAKMPEIRFE, B
JECHB IR VRIE . o, SRS AETE 65C T
ZIRFER R EA T, RAALFEF2 ) B 5 Akl
WA M PR T R o B, WA MEBEER 1.0
mm/min.

1.7 WRERES R SIS L ITE MR

TeAMBR BT 50 BRI S5 5, 43 BIAEIRFE T0H
Hh ) R G BURE, RN B 20 ¢ A ORE S, R
&1 1 mol/L HCl ¥ EMREIRFRES o H Tyl A
TR, URMBENSMNREZEETELH T
MICP A& IR BRAS UTUE 512 S T IX 7 AR 45 A
Fen i =, R A s e AR R IR A VA A IS VAT
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Fig. 3 UCS of MICPMPIN-treated coarse sand specimens
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Fig. 4 CaCOs contents and precipitation efficiency
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Fig. 6 Distribution of kaolin and CaCOs along height of specimens

(injecting MICPCS with 1/2 immobilized bacterial slurry

every 2 times)

6 (a) M1 (b) 43l /2 & L ABRERES UTVE I
R ER A ATESL. BR T 100 g/L 244 T ho il it
FEAR,  FAh A R I B )35 2% . 7E 100 g/L
ZAET S AASE 00 81 JE 8 v 8 - AN B 5 U e 45
WIRFEAR, FHEIE TPl RZERFFEHE, KUY
I LB EEER,  mE R G UTIE R A TR,
FEER O HE.

2.5 {MLEF

K7 (a), (c) M (e) 4T HEYE ik
A B R RN 0, 20, 100 g/L I (4
WIS BN 12, A& 1 RIEN MICPCS) ) SEM
g, K7 b, (M D 45 @, (e
(o) MIRIBHOCHE.

M AT DU ARSI i i, R S5 7R
POEESME R 2 (B 7 (a)), I H ARG IEE LA
BBk B A AR R = AL (7 (b)), FLIFRT
5MERS WG AIAER L E, TEY S ER R

B, RREFERARTEmR (B7 (o M ()
KA nEs LRyt (B 7 () KHIESEMR
UF, MICE T BB R . AR, DN Eg
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ISR . FE ENE T USR], DUE SR
UKL (1 43 25 2 [ AR D IR I — Fh o =X &8 T RRIRATS
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SiKa ﬁ§ gﬁ%

C 15.4

[} 59.1

Al 0.7

c|Kat St 17.7

Cal CaKa Ca il

S o, Al Ka N
0 1326 39526578 0 1326 39526578
(g) 20 g/L (h) 100 g/L

7 MICPMPIN E{LEES A4 ([BFR 1 ZEN MICPCS, 4%
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Fig. 7 Microstructure and chemical composition of MICPMPIN-
treated coarse-sand specimens (injecting MICPCS with 1/2
immobilized bacterial slurry every 2 times)
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TR ERE, St EUiE R R 2.

3 MICPMPIN B R S ME & 54
3.1 BmldLiiEE s E R R E RSN

U T PUE R S A RS T PR 5 2 (R OK &
EE 8 g, EFIT 172, 1/4 F11/10 43 B ERM A
VIE SR S . s Rl ERIER (<0.5%), T
R 47T 55 B A% (<400 kPa)  HLiRREZ 8] i el
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Fig. 8 Effects of kaolin content on UCS
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7 B # K T (R AH B 9% B 1) MICPMPIN [El46 0FE , 1X
55 FAth 22 (ORI T 25 SR — S04, X i B 7R KL o ]

I, B A R A A TG SR N EOR . — 5%
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Fig. 9 Effects of bacterial density on UCS
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