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i, ERGE R T B AN R R el 2
B2 EH W R

HAr, KEZEE S EICP KELTZE . SHE.
A B A5 T T FE TR AT . YASUHARA 251 HH R
FHIREGACE IR SF AT B S A i, SR ] 5 3 XFE 1
) R $70 5 558 FE A 400 kPa $2F+ 22 1.6 MPa, 3i%E RAUFK
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REVE R . RREED )BT IRUIRES, R TIEE.
PH BRI R[] A5 %) 38 R g vty P R B R A0S 7 SR ) s i,
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Wt REZE, Yo PR g i E R R,
B b g g gs T, MG B R AR . BhAh,
A KERAZ /N T 0.075 mm A0SR, TARTLBRSE
PN, SR MICP AR 46 6 L 47 A B, A 9 X
PAEEN AR/ INFLISURN AR VR TR, [ Ak R R AR X A RS,
T EICP # A, Af F AR YU IR R~ 2978 12 nm, {UH
B RN 1100 241, SR SN AR, R
Wik H T O E L. {2 H RTE R BICP BiR i B %
BT R MATE S, B R R E AL (IR T

B, AT k48R BICP $ A%t + A 2 W0 ) 2%
FG AT WS P A B, AR SC3E T8 T b X AR 3
PR, ML [RHAE TS RB AR TE, SR R AR =
e P2 [X 550 - 04T 0 [ AL B, R FH IEAS R BRI AL T 3
FIREG I . EALE IS S5 R R E = N &L FEEA T H
B RAG SR KN EA S, HHHEHETENIK
¥y, I SRR AT T B AR B S R R
RO B R s R AE T AL R 45 B AR A
B, TR, DU G X K B Rk E B R
PR YR SRS TR S

1 #MR5RE

1.1 FRESIRENSSEMENE
111 B &5 323

I AT F IR B B SR TOIREE, I — e R E T
P T B 0 SN RO LR, SRS BT 40 C Rt
FEP R AT, BT ER S 0.15 mm 4N
o HUMIBFTE (25, 50, 75 100, 125. 150 g) M
MFEMZF, IMATL EE 7K, BREENTHE
WOBAETE 11 2 % EHEEE 30 min JE#E R B4R, %
HE TGRS (4°C) F 36h. FFHEBIRTHERDE
&, WEEGHTEOE S, FIHGEESOHLEL 4500 r/min
B9 15 min, ATfS BISWREN i SRR (B D,

FREEH  EETK

Dry soybean powder Deionized water|

Wi iikEas
Magnetic stirrer

FTREIRR - b |

& B = = =, —

’i: P—E = na ;_‘I - ““ "lo o0 o.. -

I3 )2 E R
Layered soybean
powder solution

TR A
Soybean urease solution

L
High speed centrifuge
B 1 a2 MR
Fig.1 Extraction process of soybean urease
112 MrBaE MR
6K A WHIFFINEY 2 H (1 F 5 52 ) s fiR G 7% 1
T3k, MR PR KA S TR A 3 R A A R AR BE R,
e o 00 2 Y VR s e L 3 R A (B R (] 3 6 R R R
PEo JLELE 25, 50, 75, 100, 125. 150 g/L 6 FfiAS [ Jii

BREERL LB GIRBA W, HF 9 7E 15, 30 45, 60,
75 C 4N, ¥ 3mL G ARMEAE WS 27 mLIiRE N
1.0 mol/L B JRZVEWIR A, WA 10 min N AW B 548
M, BEINFEEE N SRR HE R
U, =11.11AC (1

A Uy RIREES T, mmol/(L-min); ACHHLSFA &,
mS/cm.
1.2 REESERERSMECELIALE

UG BT IR 0 IR SR 3 TR BV TR, IR
SEBON BRI IR RIS EA SIS IR AW, 7
HNEETIK. JRE (CASF: 57-13-6) HEILAS (CAS
i 10043-52-4) PRSI AR 2, B E PR TTAR L
TAHRAFRME, iR FEEIRAE

RS 7= B AL AL RS2 T T IR P . I 459k
JE AN R s, R RS R R R AR,
DAERTE 3 Folr 5 00040 o5 5 B IR A6 1 7= B RV AL R () L B
Wy RIS, A R A &k R B IR A ) 95 1, B
fEFEAL R AR, 5P T M. MORIUER L, Wk 1
Fros, e 6 M [RNR B 3 G IRBEA R (A, WHE
A HEBRIRE (B) MRZFIEWIE (C) 7R~ 0.5,
1.0, 1.5, 2.0 mol/L.

® 1 RMEL L, (6x4°) ERKFER
Table 1 Ly, (6 x 4%) factor level table for optimal ratio

T RBEIR L SLEGIRE

IKF Soybean urease Calcium chloride }77{%?{12}%{'
. . Urea concentration C/
Level concentration A/ concentration B/ i~
L") (mol-L™) (mol'L™)

1 25 0.5 0.5

2 50 1.0 1.0

3 75 1.5 1.5

4 100 2.0 2.0

5 125 - -

6 150

HRA- U 2 T W2 IR BBV VR 10 mL 73 1) 5 1 45 R 2 AR AR
RE®s, #E 1d)a, RARYENE S RE BT
IS UTiE . HEB T KIERERAT RS, BT
JREACH my, FHRFE I S £ B AR
MM EETKIEY MR/ EEILN my, PIERE
2= (my—my) RIOYBRIRES A . BRIRES 45 R S sk
B 72 A B B R A I e S S 2 Y, R

my—m,
S=——— %x100% (2)
Cew -V -Meyco, ’

K Coo NIREERHPESERIREE, mol/L; VNG RAR,
L; Mcaco, NBRFRESBE /R Fi &, BX 100 g/mol.
1.3 B 5 TFEREFRE
13.1 #K¥EALE

WA EAEE L, WEERTIR XS LKt
TREFEML, FEEH VRS AT, KA. BB 7
fA A PR SERASER AR
AN B 2.69, KARHE 1.68 g/em®, LB & 48.23%,
IR 34.32%, YR 19.51%, YBHIE%0 14.81. Fiki i
MR LPE 2, R En, RIEHTH /N F 0.075 mm
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HIZAURL &5 EE A 20.46%, THEETETREOCT 10, Kb, #
SE ORI

100 ¢
80

60

SL/%

40 |

20 +

O L L n )
10! 10° 10! 1072 1073
Wk B 4% Particle diameter/mm

TE: SLOAVINT BEALAR ) AR5 & A 0 B

Note: SL is the mass percentage of soil particles less than a certain particle size
B2 RAFELEARBRME

Fig.2 Particle size distribution curve of original purple soil
1.3.2  BEfbiRie

BT IEAS RIS e o R b AT, T AR e ) R
Pl 7 AR IR 2R 7= A B R A6 T It A AH B 1) 385 T T R
DR o, ] b 3K 56 o B OE 28 i 50 B 7 B A 7 S R A
(Cr ) SEAFHEAS (C41) HHTIRE, WikK
4 (Cy 4D RWIRAL, LN BRI RS 45
SERBUREGW, INE 7R TR A

g (£ TR5 7 ikbRiE) (GB T50123-2019) B4,
Balse H 3l 2 mm 57 fEIABEAE 105 C 2= EH &,
HESES, HIRAA. BEERHIUREEEAT B AL
P, Sk R B B R I 6 S BN A=
H5ERIBEWE G, BIMANRSRE—SHE5 O
BARHAER A, BEOLEE 18% & & /KE,
% 1.50 glem’® T2 BECEHIRERS N 4 2 SRR S, URE LA
NEAZ39.1 mm, & 80 mm, ANREHELFIEY 7 d.
1.3.3 FEARKKE

XoF 52 B[R J5 BRARRE 73 A EAT 0~7 IRTRAEFE,
W Ne~N,o ABRE BRTRIRE T, LA EKE
A 2 AR L, TR G E I R Y R e v A
KRG EHEFTRE (2%) 208 . R K g
i, BRFEETHERNO00l g (B TR L, EMT
R L A4S b T 35 50 SR 18 R N TE K &
SR K R BT B PRI BT N F5 47 48 h, (/K 43 7E K B
JEER T B8 %, B850 AT LR . B iR
FEIR T, WEN45°C, MTERERE. 25
TR FH KM % 7% 325 0 KR 3 3 28 T R 0 2R AT K
(18%), HEANFERIA— IR TEH T IRIER
1.4 FMBRIERLE

VA5 H 58 BURH B IR E R iR BT 45 C
AT R E R R, EEAT MR YRR . KR
F YSH-2 B4 TE M BR P A, % b a5 75 v b i )
(GBT 50123-2019) P4, ¥ & hN##EF N 1 mm/min, %
G ARSE IV SE Y i T A = N | 1 A
JIHERTEMI PR SUERE .

9 BRAL L AR S TRAE BRI 25 AL R, A
K 25 40 P R e I8 8 3 U KOx - Ak 5 152 1 45 1 7
JERO, RIS RE R, 2 B E A S TR ARG PR 4 R
i, AR AT

D, = L9« 100% (3)
9o

b D NEMBRPUR SRR L, Y%: g NFIURIRES
TR TR BUESRE, kPa; g, NEE n IRTIRAGH 5
BRI TEMIBR ST R SR, kPa.

BN A7- AR A, TR SRR 1 2 5 AR
Eso, CABFFCRIEARMEHET, Hit s F.

Eso=@ (4)

Es0

K o509 50% Fli 7] S TR s 50 5 50% Fli[a] B 77U
ARG 2 P 2l ) B2
15 RtIE
1.5.1 SEM-EDS »#7

KA FH#i 4% (scanning electron microscope, SEM)
XF AR B AR AT O TSR, A R E R
X 5 £k BB 43 HT{X Cenergy disperse dpectrometer, EDS)
TR 3 X I AT 34, st oo R L&,
IOHEE: Cy-Ny (O R TIBAEIA X IELL) . Ce-N, (0 K
TRMEA RN L) . Cp-Ny (0 IR TG 5 K
BEH), LM R Pt o8 B e e, BURAFER 2
10 mm R FEAL B HATUIE, TN S mm’ 3274k, HT
TG AN fE OIS, 7E 100~10 000 i PIIEA TR .
1.5.2 1RG4z mEda4b K56

WH3E3R (nuclear magnetic resonance, NMR) AR
JE Ak, A R AR A TR BEAS 1 B e SR IR
RemIRIT B mAeds, SR R T E s T R E RN
TR AR AR A, A2 S 2 LR 45 R A AR P
AR I FLBROK st T4t 18] 7, 5L IR R RO

\%
= ,02_5 (5)
A Mm%, S5EMWEALFEERER, A
B 8  [R [ 3 7R 08 2.838 ym/ms. S\/V A FLBR R T
RS HAMRAEERZ L, em™. T, H 5L R IE
e, DR, T w50 A Sem 7R LRI DL A AL 73T

PRI K 55 MescMR12-060H-1 [ 4130 ¥ g L3R
SRS, FIFEEE: Cy-N, (0 KT IBI5 R4 |
Cp-No (O IRTFIBIE =452 4H ) . Cp-N, (0 KT
PER A=) 3 A AT, o E T 5
R T, i FLIGE 23 A A AL BT S AR A B

2 HBRESH

2.1 REXIRESEMAIEZ N

Bl 3 2y 6 it AN [R5 60 B 10 3 & JOR T i 12 B ik P
AR g Ol BT, TER—IRERMA T, &SR
TS R BRI A DG, R REE IR T, IR
RS XIS R T IREE IR IR T, W IR

T,
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THENZ, H5RFEMAJIEBER, KRR E A
Wt —BiRTt.

JIR R4 [ Urease concentration/(g-L™)
-0-25 ——50 -9-75 ——100 -0-125 —=—150

AR KPIBL PO B T REHBE
140 Slow growth Rapid growth stage  Descent stage
stage f 1
120 ;

100
80
60
40
20 ¢

0

IR % 1 Urease activity/(mmol-L™"-min™")

/% Temperature/ C

B3 KRR AR T 4R 2 kS M
Fig.3 Soybean urease activity at different temperatures and urease
concentration

Tk P2 X 28 S R Bl v P B 2 O R R 2 i U
JEI AR A T LAy 9 3 ANBrBL: 1D 15~30 C
NI K B U R I K PR SR OB AL T AR
TR CRZS . 2) HIREELE 30~75 C JEH A, BEERE
F T, RS PR P G, R B TR T i AT A
HE AR 7> T RIS EE IR BNIE L, R 5 5K R
I R A L b, REEA T 60~75 C I, HRERE
PR G K AT U0 R B, (H AR B VS RS AL T B R K,
AP S P58 o FOR A 1 A S A A E O . 3D Bl
L 75°C I, R R PR . R T B O REE  A
FRREEAR DT, mie SBERA R T2 A
AR, AR FURE R IR RO, NI S BUR B 0 3 5
AR, FIRIRIG SRR, G AREEAE SR A
A EB R E, AT R AR R 2R R B AR N
T,

22 RMREELRIELER S

K F TR o0 4 o e AT [ AL AL 2], i Tl i
PR R BENIN — T S IRV O IR S L, i AL AR
TR 52 381 e R 5 A il 5 2 e SR X A 2 R s Y[R,
NHEBIZE GRS BACROR, RYE AR E R, FkiR
MR G (Ced) M HEAS (G4, 2
HIERZ RIS R G E W85 R IE 2.

2 WHRERISFTRIEZINIRES
Table 2 Range analysis of CaCO; productivity by orthogonal test
WRERES = % CaCO, productivity/%

1845 Index

A B C
ky 80.759 80.700 80.700
ky 82.500 86.925 84.600
ky 84.065 85.634 85.016
ky 87.350 80.195 83.138
ks; 87.150 - -
ke; 81.825 - -
R 6.591 6.730 4316
EEt/d 52 B>A>C
A A4B2C3

e ky NE AT, 5K G=1~6) RIS UGRIE LS RIGFIME: RN
8 AT k. TR

Note: k; represents the mean of test results associated with level i (i=1~6) in column
J, while R denotes the range of k within column j. The same below.

HIEA R 45 B (38 2) aldn, BRERAS ;45 R 52 3
SIHEIEFEER, &5 0 R ER S 7 R B KN IR P
W B CRMEERE) . A CEGRIIKE). C (R
FHIRIE); B4 SN A4B2C3 (Cp 41, BN # & Rl
WHERA 100 g/L, SALE AN 1.0 mol/L, JREWE
5 1.5 mol/L.

R 3 M el AT S0, &% 2050 WP RRER A 7 B Bk
INFIR PRI C RFEWRED) . B (RALESIRED) . A
(HGREEIRE ), mIEH AN A6B4C4 (Cp 41>, Bl
BT IREEAR BN 150 g/L, S ALESIRE N 2.0 mol/L, JRE
W N 2.0 mol/L.

R3 RERISEERIRERES
Table 3 Range analysis of CaCO; precipitation by orthogonal test
TiER 45 7 CaCO, precipitation/g

F845 Index

A B C
ky; 0.410 0.202 0.202
ky 0.366 0.385 0.372
ky; 0.427 0.486 0.479
ky; 0.330 0.491 0.511
ks; 0.329 - -
ke; 0.487 - -
R 0.158 0.297 0.309
FE R C>B>A
WRAE A6B4C4

2.3 FEREASEMRIREIRIELE RS
23.1 FIBABAIRITRARI 64808
Kl 4 3 AT 7 IRTBIEIA G AP ARAL .

s

N, N
a. C 4 (i57K)

a. C,, group (pure water)

N, N, N N,

b. Cfl (Bl #1575%)
b. Cy group (optimal CaCO; productivity)

p—

No N, N, N; N,
c. Coffl (R #5 8)
¢.C, group (optimal CaCO; precipitation)

E: Ne~N; 3 3ER 0~7 IRTRIEH
Note: N, to N indicates 0 to 7 wetting-drying cycles.
B4 3 mEHTFRMAAMEA T eI MEA
Fig.4 The appearance changes of 3 groups of samples under the
action of wetting-drying cycles

& 4w, REAL S B ARLE 0~7 IRTRAEA
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i, WEEANUAI R R T MR . Hdr, Cy HiHE
18 3 IRTIRAIEIM JG WA P2 AE U R, 56 7 IRTIRTR
WE R IR ™E, SRR Y. Cr
HRFEAESE 5 IRTIRAE A Ja R 1 3 IAS 8 ™ AR 4,
7 W TEAEA G NI . Cp AR FEAE TR T
FE R R R T B A SR AR R R T A H 3B
WA, (B S RTRIEN ERERI ML A, A8
b AR R B TGRS T VRS PR AE A = A I R 14T e
BT, AU E R R S WO R AT A
232 BEMOLRAATRARSR E 69 %R
RIELMRESUE R R, AFEFENHE S TRE
IR URB R B B - R AR i R a5 B o

700
n;i 600
£ 500
= 400
<300
=
11200
=
=100
0 1 2 3
gl 7] A% Axial strain/%
a. CyZi
a. Cy, group
] 1400, _. N
%—: 1200 e Ni
% 1000 —-N;
& - N,
Z 800} —— N,
£ — N,
-E 600t o N
= 400
= 200
0 1 2 3
Hly 1) A8 Axial strain/%
b. C 2
b. Cy group
1000F .
‘3‘:‘ —— N,
< 800f -+ N,
2 —— N;
g —— N,
Z 60t T\
% -,
S od00p —N;
=
E 200
=

1 2
h17) % 48 Axial strain/%
c. Gl
c. C, group

B S5 IR EEEL TIBMEIRREN A - R 2k
Fig.5 Stress-strain curves for different curing combinations and
the number of wetting-drying cycles

HIE] 5 AR, 5 E R 7T - AR 5G ARl 26 2 ST
SIARALRFALE, MR T, IRgid R aet, b
£ 3% [ AR V0 Bl A O B BSIR 5 i 1 AR 38 K B Wi )
Bl g N SRR R, R AR R FE R R G VR AR .
FH TR E R O LR RS AR B, AR,
UL R TR R B, IR EIGURREE IR FME S, ol

SRE37A5 111 27N

HRUNE 77 7 A 26 g Kl 1) 2 4 D 56 sl e
MIPRGTE SR L, 2% 4 By 3 A [ e 416 0 N R R E
FHTT B TE A BR AT s 58

F4 3 HENEEIN N FERIMER THLNRERE
Table 4 The unconfined compressive strength for three curing
combinations under the wetting-drying cycles

SR B
TR JE O B 5

Number of dry-wet cycles Unconfined compressive strength/kPa

Cy Cr G
0 617.92 1263.47 988.61
1 441.66 1092.86 883.26
2 384.11 817.94 844.26
3 320.74 660.01 726.30
4 302.22 577.14 694.13
5 255.42 531.88 616.14
6 234.67 476.73 550.82
7 183.38 440.65 507.92

& 5 & 4 7750, EICP [E4L)E, 0GR
PUE AR R ZER T 76 0 IR TGN, MET
Cy ARFET M PR PTE SR IE ) 617.92 kPa, Cp ZHFETAN
PR HT 58 2N 998.61 kPa, 2T 60.03%, 1M Cr 4LiRFE
TAM R #1558 B2 1263.47 kPa, 53 FF MR & &, T
104.47%.

2.3.3  TIRABIRAXARIR LA R

3 HIRFES T 0~7 IR TIBAEIAE F G iR s %5

TR A A0 6 FTw .

—=— C, 258 % Strength(C,) o C, 41954k fE Deterioration grade(C,,)
- C A58 % Strength(Cy)  --a- CpZH %54k & Deterioration grade(Cy)
—o— C 4158 % Strength(Cy) o+ Cp2H 451K ¥ Deterioration grade(C,)

N

=)

S
=
S o o

1200F
1000
800 |
600
400
200

—_ B D
(=

s 388
%51k % Deterioration grade/%

(=}

To R 5
Unconfined compressive strength/kPa

08— . . : : .
0 1 2 3 4 5 6 7
THEIEHA X FNumber of wetting-drying cycles
B 6 FIRAAIRARBAT XA IR E A S R0
Fig.6 Effects of the number of wetting-drying cycles on the
strength and degree of deterioration of the sample

ME 6 A, ETIRIGIHAER T, 3 kRS
BIEREGER . Cy AR 3 T RIEH LR+,
BB SEKEERCR, HEREIRR, 3B 3 IRTRAE IR
Je, BORE TG M BR bR 5E BN 320.74 kPa, KL E R
4827%, ZJGHWEMKEERLZE, 7R TREFE,
TEMIBE T 58 5y 183.38 kPa, HAKE N 70.26%. Cy 4
RS 1 IRFIRIEA SR, ST B,
I B E R 13.54%, Jo Ml BR UK 58 9 1092.86 kPa,
BLESE 2 TR R, WP SR K, T
] PR 40 e 58 P K R BE, 2 R B RS
Cy HERRFF—F, 757 KRG, TEMPRPTE
[ 440.65 kPa, HALEN 65.12%. Cp iRFEAE 7 KT
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WG R, B AR T H AR P 4 0 & AR RN
RrKEs, Hd, 5 3 M TEESRNEREF, Hik
FE G AR, I BN 26.55% , oM BR Bk 5%
JE8 726.30 kPa, 2 JEiAFE B EZREK, £ 7 KT
WG G, HALE A 48.63%, &0 R T K 38 FF A
507.92 kPa.

2 BICP ¥ 5, WHEETREFEH FIEAR
UFHO AE, RBUNAET Cy 4, Cx 45 C, HilFEfE
25 7T TR G R FF 140.29% 5 176.98% 48 K
MERE. ETRMEAEARTRES, CyHELUREER;
Cr HATHI L WERAR, SRS cy H—3: G
HEW UG AA AL, 7 R TRIEH G, T Cy 4,
Cp AHWEIRMK 21.63%, B 3 2L BT TR IG BN
HIRE I LA Cp dfi, Cy dE/N, Cr AT & 20,
234 FIRABEIRATIRALR) BT 04 B vk

7 NTRIGIART 3 HARKE Eso FISZI RN

ETRIEAER T, 3 ke Esy UK
., FF4 Logistic B EHEAY.
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1 +(n/4.529)"
2111
. —32915 +24.036(R? = 0.939) o
1+ (n/2.339)"
7.012

- T 127.600(R*=0.929 (8
T 1+ (n/3.403)34 ¢ )
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4
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Note: 1 to 3 indicates the test area of energy-dispersive spectroscopy (EDS).
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Q 7 Soil particle
i

Calcium carbonate crystal

e. C-N, (x5000)

RBIRES, Cy 4 Es=24.26 MPa, Cy 41 Es=45.21 MPa,
Cp 4 E5=33.13 MPa, 73 liRTt T 86.36% 1 36.56%.
i, Cy 4 Eso 7201 2 IRFIBIEHER TR, 25
BT RE, 4EfFE 14 MPa K4, 5 7T IRTRIEHR
JEEEIE 11.8 MPa; Cyp 41 Eso 755 1 IRTB AR L FE
HHRE R BERUIK, 58 2~4 IRTIRIE A 78 o S s
B S TFRMEH G B faE, £ TRTEBERE
E5=24.02 MPa; Cp ALIAFEAERT 3 KT 1RAE A i A2 o
Eso FEARMRFFRGE, YEEFLE 34 MPa 247, 5 4 IRTEAE
WAHAFENIE BN B3, Es MIEER, ZFETR
JE, BT IRTREN G E5=27.57 MPa.
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Fig.7 The effect of wetting-drying cycles times on the elastic
secant modulus (ESM) of samples
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Fig.8 The scanning electron microscope images of purple soil before and after EICP curing
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H, K 9aH Ca mREASTEN 1.14%, & 9b. K 9¢
W Ca JLE & H 73807 N 1.68% F1 2.04%, Ca JLHR
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a. EDS spectra of the region shown in Fig.8a
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b. EDS spectra of the region shown in Fig.8b
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X6 #E X -ray photon energy/keV

c. [ 8¢ Fizn X3k EDS fig i
c. EDS spectra of the region shown in Fig.8a

B9 K 8a~H 8c ¥ 34 KKy X Hekptidatr
Fig.9 X-ray energy-dispersive spectroscopy of the three regions in Fig.8a-Fig.8c
*5 8a~[E 8c 1 3 AXBHTERREENELRFEFEIEL

Table 5 The weight percent and atom percent of the elements within three regions in Fig.8a- Fig.8c

T 4% Index C 0 Ca Si Mg Al K

CuN, JFU 1 43 b Weight percent/% 31.49 40.82 1.14 15.69 2.04 7.11 1.71
JRFH 45 b Atom percent/% 42.62 41.48 0.46 9.08 1.36 428 0.71

CoN Iﬁ%ﬁ%tt Weight percent/% 32.10 41.05 1.68 15.09 3.04 5.93 1.10
o JRF 45 e Atom percent/% 43.17 41.44 0.68 8.68 2.02 3.55 0.46
CoN, JFU 1 43 b Weight percent/% 11.77 46.09 2.04 25.41 2.19 9.34 3.15
JRFH 43 b Atom percent/% 18.37 54.02 0.96 16.97 1.69 6.49 1.51
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FELE 0~10 um, J&T/NLI, Hf Cy ke it
27.27%, Cg 15t 25.49%, Cp 4H5H25.92%, 158 EICP
[l 4k f5, Cp 4HAT Cp 2H /N FLIR 5 B 43 B8 T 1.78 Al
135 NE 2 s 10~100 pm #550 Ah LI, EILIX R A
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11.37%, Cp H A 11.78%, 4rHl3EhnT 3.12 M 353 NE
I3 R 100~1000 wm 8 5 9KFLBR, Cy AARFE7E L X
8] P A FL B 5 BB 3.40%, 1T Cr 411 Cp 4L7E L IX 8]
W EEAUA 2.09% 1 2.12%, 205l 1 1.31 F11.28 A4
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Fig.12 Magnetic resonance imaging analysis of three
solidification combinations
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Fig.13  EICP curing purple soil mechanism diagram
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Mechanical properties of EICP solidified sandy viscous purple soil

MEI Likui' , WANG Shiji*?* , QIN Yongfu! , XIANG Chao!, LI Xian' , LI Anjun’ , ZHANG Qiyong®

(1. School of Engineering and Technology, Southwest University, Chongqing 400715, China; 2. Chongqing Engineering Research Center
for Structure Full-Life-Cycle Health Detection and Disaster Prevention, Chongqing 408100, China)

Abstract: Purple soil, one very representative type of agricultural land, has been widely distributed in the Sichuan Basin and
the Three Gorges Reservoir area, such as Chongqing. Among them, purple soil often exhibits a loose structure, low strength,
poor corrosion resistance, and water stability. Therefore, it is prone to soil and water loss under the frequent alternating action
of dry and wet conditions caused by heavy rainfall and hydraulic erosion. Enzyme Induced Carbonate Precipitation (EICP)
technology can be expected to effectively enhance the pore structure, strength, stiffness, and corrosion resistance of the soil,
thereby achieving soil solidification. In this study, self-extracted soybean urease was used to induce calcium carbonate
precipitation, in order to solidify the purple soil. A series of tube tests were carried out to investigate the relationship between
temperature and urease concentration. Furthermore, an orthogonal test was conducted to explore the optimal calcium yield
combination (Cy group), as well as the maximum calcium production combination (C, group) under the combined influence of
soybean urease concentration (A), calcium chloride concentration (B), and urea concentration (C). Subsequently, curing tests,
wetting-drying cycles tests, and unconfined compressive tests were performed on the purple soil samples to investigate the
impact of different curing combinations and numbers of wetting-drying cycles on sample quality, appearance, unconfined
compressive strength, and stiffness. The evolving nature of the curing process was characterized to analyze its mechanism by
using scanning electron microscopy (SEM), X-ray energy dispersive analysis (EDS), and low-field nuclear magnetic resonance
imaging (NMR). The results showed that: 1) The yield of calcium and the productivity of calcium carbonate are dependent on
the concentrations of urease, calcium chloride, and urea. The optimal combination of calcium yield (Cy group) was a urease
concentration of 100 g/L, a calcium chloride concentration of 1.0 mol/L, and a urea concentration of 1.5 mol/L. The maximum
combination of calcium production (C, group) was a urease concentration of 150 g/L, a calcium chloride concentration of
2.0 mol/L, and a urea concentration of 2.0 mol/L. 2) EICP treatment significantly enhanced the unconfined compressive
strength and stiffness of purple soil (elastic secant modulus E5;). Compared with the Control group (C, group), the unconfined
compressive strength increased by 104.47% in the Cy group and by 60.03% in the C, group; while E50 increased by 86.36% in
the Cy group and by 36.56% in the C;, group. The cured sample shared excellent durability after seven wetting-drying cycles.
Among them, the unconfined compressive strength remained at 440.65 kPa for the Cy group samples and at 507.92 kPa for the
C, group samples; Es, reached 24.02 MPa for the Cy group and 27.57 MPa for the C; group. 3) SEM and NMR tests were
carried out to quantitatively characterize the pore structure of soil. Microscopic analysis showed that EICP was used to solidify
the purple soil with generated calcium carbonate particles sized between 0.1-2.0 um. In small pores, calcium carbonate was
used to fill and cement them. While in large and medium pores, the generated calcium carbonate was provided cementation and
film coating, resulting in the transformation of large pores into medium-sized ones. Thus, the proportion of small and large
pores decreased greatly, while the proportion of medium pores increased. As such, a more uniform pore structure was obtained
in the purple soil, in order to effectively improve its integrity and compactness. Nuclear magnetic imaging analysis also
intuitively proved that the EICP technology shared a better curing effect on the purple soil. This finding can provide the
scientific basis and recommendations for engineering applications, such as foundation construction, slope reinforcement, and
soil erosion protection in the area of purple land.

Keywords: purple soil; urease; calcium carbonate precipitation; wetting-drying cycles; unconfined compressive strength;
stiffness; microscopic mechanism
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