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Experimental Study on Stabilization of Sandy Soil Using Urease — Catalyzed Carbonation of Magnesium Oxide
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Abstract: This article focuses on the method of carbonizing solid soil using oxidase based on the hydrolysis of urea catalyzed by
soybean urease. Through liquid reaction kinetics experiments, unconfined compressive strength (UCS) tests of solidified sand,
and micro — scanning electron microscopy tests, the effects of soybean urease concentration, urea concentration, magnesium
oxide content, and moisture content on the curing reaction process, solidified sand performance, and microstructure are
systematically studied. The results indicate that at a soybean urease concentration of 60 g/L and urea concentration of 1 mol/L,
the conversion rate of magnesium oxide is highest. When the magnesium oxide content is 8% and moisture content is 20% , the
UCS of the solidified sand is maximized, which is a 221% increase compared to the unconfined compressive strength of sand
treated only with magnesium oxide. Microscopic observations show that the carbonization products of magnesium oxide can
effectively fill the pore spaces in the soil.
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Table 1 Basic properties of sandy oil

HE WRTHE /N ERCEEY
G, Pun/ (&/cm’) Puin/ (g/cm’) C,
2. 65 1.937 1.555 4.22
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Table 2 Chemical index table of light magnesium oxide
m B wEE MR MK BRI S MRS
(Ba) (Fe) (BAPbit) A¥# @i (50,)  (C) /(wml/g)
<0.003% <0.005% <0.005% <0.05% <4.5% <0.05% <0.07% =8.0%
1.2 X#H7*
L2.1 Wi s oAl
$r 2.4 g S EE . 30 mL BYRELMREEAR . 30 mL
P19 PR 2R TR AT P A8 A A A 2R A B B A SR
FEZEE 25 °CO1 R W AN ] Bz st 18] S AL B 11
R IR R I 3,
R3 REREHNFREFR

Table 3 Liquid reaction kinetics test protocol

KT DRIt e B IREWRE AR
A e/L) /(mol/L) /(e/L)
20 1,2,3 40
40 1,2,3 40
60 1,2,3 40
80 1,2,3 40

T RO DR R AN DR 3 Mk B 2 v R B e VR B
1.2.2  JoOUBR BT 58 B R Ao g
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RMEER N AL o il 485 RS i AR 50 mm, 5y B
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Fig. 2 Relationship between magnesium oxide conversion
rate and time at different urea concentrations

AR PR ER e B AR P B e i R 15 s g I [ 114 5%
AN 3 PR E=FIRFEWET, BB FRR
it A R A 2 %y 3 o 2 A R, R



5 PN . R IR A . [ Ak I [ 20 4 i g 5

WA BE I 60 o/ L), LB AR R IE A R
R VLB 1 2 IR A R, B B B S M AR R 2
Terk, AbPRWOR B SINRIR R 60g/ L, JRERUKE
oA Tmol/ L A7 PRIEHA g e #2411 ] Pk g AR A e A

100
80
& oof
L
£ 40f
= 20 /L.
——40 ¢/L.
20 —— 60 g/L.
—¥ 80 g/l

| 1
0 20 40 60 80 100 120 140 160 180
SIS )/

(a) FRERE 1 mol/L

1001
90
80
70F
§ 60
5
= 30k =20 g/l
§ 40 g/l
201 —&— 60 g/LL
10 —¥-80 g/L
Il Il 1 1 Il Il 1 1 ]
0 20 40 60 80 100 120 140 160 180
S HsFE] /R
(b) FRERE 2 mol/L
1001
90
80
70F
e 60
¥ ool
50
% 40+
= 30k =20 g/L.
—— 40 g/L
201 —&— 60 g/LL
10 —¥ 80 g/l

Il Il
0 20 40 60 80 100 120 140 160 180
S VE I [ /b

(¢) FREFERE3 mo/L
E3 AERBRETAEUEERESHENXR

Fig.3 Magnesium oxide conversion rate vs. time at

different urease concentrations
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Fig.4 Relationship between compressive strength and moisture
content under different magnesium oxide contents
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Fig. 5 Relationship between compressive strength and magnesium
oxide content under different moisture contents




YRR M

39 &

B 5 PE AR, 75 HMCs 1 A i A5 T R IR
IR BB R R, B A% AR K, AT
R ARG PR R 58

TRTES KA A 20% , FREWE N 1 mol/L R4
KGR EEAL B AT 09 AL BEE 1 -5 IO BR YT 1 9 1
G 2 th 2 AL ant&l 6 iz, K DR A4k BER e A
I FRPCH: 551 J3E it R RO MU A — 88, Bl AL BB
W, LR Jo O BR BT 55 B 1 TS R R,
TEAACHES T 8% WK FIE(E, 2K GIRMEAL 2R
(19 - VRGN R s 58 152 728 A AR L Ak BRRG F) 4 A G
BRI 38 B2 A2 AL SN B ., K SR AL B S A 1A
TEIEEAE TC N BR 7T 1 5 BE A0 A HE T 40 FR ARG Y J0 00 BR 47t

JEBR AR R T 221% .
= K RE- LB A

o fBET
201
18}
s16F
=14+
% 12
1.0
4
go.s -
=06 ./‘\,\‘
R4l
02}
1 1 1 1 1
0 4 8 12 16 20

AR %
E6 XEREYRAFHERELL

Fig. 6 Comparison of compressive strength before
and after soybean urease improvement
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Fig.7 Micrograph at 500x magnification under
different treatment methods

] 8 JE AR AL B T7 3R R 20 000 A7 1 319l
A K (a) NEMBAEHURRRAL I IRRE, £



5 PN . R IR A . [ Ak I [ 20 4 i g 5 83

KRBT R S AL f iR B s, 18 (b) W]
A H R UREAR I A i R ofR HMCs B, B (o)

s000m EHT= 300KV

Sgnal 4 = SE2
wo= 58mm Mag= 2000KX Date: 15 Aug 2025

(a) |HHIBE 8% R

EHT = 3.00kV

Signal A = €2 Aperture Size = 30.00pm
wo = 7.7mm Mag= 2000KX

Date: 15 Aug 2025

(b) FUEIBE 4%

LA A
EHT= 300KV Signal A = SE2
wo= 7.2mm Mag= 2000KX

(d) |EHEBE 16 DAL

8 AREALIEFT 20000 £5 5K R0 E
Fig. 8 Micrograph at 20000x magnification under
different treatment methods

AR HMCs P=pgksedisin, & (d) A REER X
RS AR iR TR BRI R, A
Yz, MAABEB R ZN, RENREHE EFRER,
BRAE= Pkl PG (d) Ao R R S 9 R
(la-

X S WA S 3y g 2 a8 AT A TG M PR A7 5
BERKIRMITE 1 R SR Al 1 A P B8 [ A S5 o o 7 %
ORI - i o ] A5 2Rl KRR R, R RLT
45E

(1) REZMR M 12 55 P 28 e 2 SR A B ik A 2%
RAAWHELW HIRMHKE N 60 o/L, JREWE
M1 mol/L i, EACBERALRIL 85% LI L, H )
RGBT ER PR AT IRERWSL L 1 mol/L
I, R SN R RS, R T R

(2) Joful BRYT o8 BE 2 5 K R 2, 5K
g 20% JoAN R0 e 58 L I B WA, LA HMCs Al
AT L ALBR, RIS

(3) JCMFRAT s o 1 52 SR AL B 45 1R S T . 3
BB RN 8% I G FRYT 58 BE A FIEAH, Bt
Ao e S DRI I 905 78 52 80 900 ) B 8 4 A B R S B 5
BORE T .

(4) KSR Al A A BE AL 0 AR B T A A Bk
[ PR TCA BRAT R 580 BE A R E 4R T

(5) iyt SEM 7p#fr, KSR ARG A Al B Uk
BIRAL T 90 S W AR A, AT DU ROE FE R LB,
$e LR

Z % X #

(1] fukg, #&), XD, % WHMAeYE ZHERBITHERE [T].
A THREAR, 2016, 38 (4): 643 -653.

[2] HAMDAN N, KAVAZANJIAN E. Enzyme — induced carbonate
mineral  precipitation for fugitive dust control [ J/OL ].
Géotechnique, 2016, 66 (7). 546 -555.

[3] R, mEME, (T8, % KERIEE SRR IIUR S K
ABTXE Y= RIS [J]. & R TR, 2020, 42
(10): 1914 -1921.

(4] 0. KENREERS S UURBRAR TS 18 SR e L IR 15 5 ik B T 50
[D]. RJat: REHETIRY:, 2021.

[S] Bk, WREGSSIRERESTIR (EICP) 252 IR EE 1+ 248 150
78 [D]. V9% PUni#Be, 2023.



BRI

Gallic| 9%

[10]

[11]

[12]

[14]

[15]

Hehe. BRSO LR 99 KA T R 12 S HU S R R
[D]. =K. HRGEAY, 2024,
BAbte, IR, DiRAE, % BUEWELED L B BE SR I R
[J]. Tolkzest, 2018, 48 (7): 1-9, 15.
R, FENE, IR, SF. R EIRERS SRS DI B R
AP v AR AT [T]. & TR, 2020, 42
(10): 1914 -1921.
GAO Y F, HE J, TANG X, %¢. Calcium carbonate precipitation
catalyzed by soybean urease as an improvement method for fine —
grained soil [ J/JOL]. Soils and Foundations, 2019, 59 (5):
1631 - 1637.

B, INERE, EHF, . SRBEE SRR IE AR 5 1
HIJ12E . IEIKRTERE M BOWALEL [J]. A TREH, 2024, 46
(9): 1840-1848.

R, 3, SRECE, &5 SUALBEDTR ST ICIN BERD A r s R
P (1), ARSI TR (PH30), 2025, 47 (3): 36-40.
AL, e, SONEs, A IR TESAEE E AR L A RO
B (J]. WCBE T AEpesEdlk, 2020, 36 (5): 28-32, 39.
WU HL, FELJ, DU Y J. TRIGHEMT MR LT E-
e 1 1) B 0 T R PEE Y (3E3C) [T]. Journal of
Zhejiang University — Science A ( Applied Physics & Engineering) ,
2019, 20 (12): 948 -960.

XIAO X, GOH L X, UNLUER C, et al. Bacteria — induced
internal carbonation of reactive magnesia cement [ J/OL ].
Construction and Building Materials, 2021, 267. 121748.

TUNG H, NGUYEN T D, UNLUER C, %. Use of microbial

carbonation process to enable self — carbonation of reactive MgO
cement mixes [ J/OL]. Cement and Concrete Research, 2021,
143 . 106391.

EARE, BER, £S5, % A - MEY S ME SR
BRERELUCIE B fL 7 b ORI I Y [J]. Tl s 3,
2022, 52 (11): 79-83..

YANG Y, RUAN S, WU S, et al. Biocarbonation of reactive
magnesia for soil improvement [J/OL]. Acta Geotechnica, 2021,
16 (4): 1113 -1125.

RUE. BEYEE AR R LR RER (1] 5iF
SeRHE, 2024, 36 (2): 71-75.

HE J, GAO YF, GU Z, et al. Characterization of Crude Bacterial
Urease for CaCO; Precipitation and Cementation of Silty Sand [ ]/
OL]. Journal of Materials in Civil Engineering, 2020, 32 (5):
04020071.

L, JAldE, SUNEE, S OKENREEVE SRRARES AL 1
HsR eI sE [J]. MR IR, 2024, 46 (5): 1009 -
1020.

TN, RN, R, AF. RTEPER E R G R S
RERES DU BN RORZ mpE R (], & R TR,
2024, 46 (4). 823 -3832.

RME, BIE, IMNER, S HYIRIRERS SO [ 1
TimrsT [1]. & LTRAER, 2020, 42 (4): 714 -720.

RGN, FRA. MICP 5 MeO oA Ry Hikss [J]. Aol
TR, 2024, 9 (6): 173-179.

NS U W WY YOS U W W (Y YOS U WD W (VN S UGS W U/ (Y W O U W @

(L35 77 )

(5]

(6]

[10]

g, FBIEWE, XUZT, . WK B0 R R S0 L RE
s [J]. RERRERMER, 2020, 39 (5): 1540 - 1546.

Efl. REUEOBR BB RS 4 S AERE (D] IR/REE:
MRE TR, 2016.

Tz, TR, mu, S5 SRUEREAE 5K UE P IR E 1L e
B SO [J/0L]. & TR, 1-10 [2025-
04 —27]. hitp: //kns. cnki. net/kems/detail /32.  1124. TU. 20250418.
1435. 002. html.

HEW, DiME, SR, FO0HE - K - BEO R
Hil g M PkRE [1]. L3RR, 2025, 45 (2): 255-260.
B, REEE, BEAK, F ST RS B RS K
WRE A ETEREVISE [T]. mIkde, 2025 (2): 4-7.
WL, R, WS, & WEKE X TEOE R
EERPRERERZIR [J]. POIKYE, 2025 (1): 29-32.

BRI, BRI AL ML S s AR ML B Y [D].
EPH: BRI, 2024

GRS, B AUE FECEERRH I A MERERFSY [D]. BtFH: STMR
2, 2023.

Wl BRBGERPEAEZ SR & SRS [D]. SR
22022

FERYE, WOH, BRIR, . KRB EUUEREO I E AR K
HEREIXIRFY [J/0L]). R T R¥Z% M (ZGEF S TR
fi), 1-7 [2025-04-27]. http: //kns. cnki. net/kems/ detail/
42.1824. U. 20250319. 1745. 026. html.

BEELE, mIMSEE, EORUM, . BEAE RS A E NG
FHBEREVIIY [J]. R EE A, 2023, 42 (12): 4416 -
4426.



