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Abstract: The solidification technology of enzyme-induced carbonate precipitation (EICP) has been
gradually applied to land desertification control because it is environmentally friendly and cost-effec-
tive. It can form a curing layer on the surface of desert aeolian sand for wind-breaking and sand-fixa-
tion. However, the rapid deposition of calcium carbonate on the soil surface produces a pore throat ef-
fect, making it to be accumulated on soil surface, causes shallow solidification depth and uneven solid-
ification effect. To this end, the urease inhibitor was used to delay urea hydrolysis and control the for-
mation rate of CaCOs, to further optimize the surface solidification effect of soil and improve its ability
of wind-breaking and sand-fixation. Results show that the addition of NBPT could effectively delay
the hydrolysis rate of urea and reduce the initial formation rate of CaCOs, but did not affect the final
formation amount of CaCO,. The inhibitory effect of NBPT was strongly related to concentration and

mixing time. The higher the concentration, the shorter the mixing time was, the better the inhibitory
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effect would be. Compared with untreated samples, the wind erosion resistance of the samples treated
by EICP was significantly improved whether NBPT was added or not. Adding NBPT to the EICP so-

lution could effectively improve the surface strength, thickness, and calcium carbonate distribution of

the soil curing layer. The solidification effect was the best when the concentration of NBPT was 0.1 g/L.

SEM and XRD results show that with NBPT addition, the morphology of calcium carbonate crystals

was mostly spherical and needle cluster, and the interweaving and nesting of needle cluster crystals

could improve the solidification effect of EICP.

Keywords: EICP; urease inhibitor; curing layer; wind-breaking and sand-fixation
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Table 1 Basic properties of aeolian sand
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2.68  2.60 1.697 1.346 1.4 0.858  9.46
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Fig.1 Particle size distribution curve of aeolian sand
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Fig.2 Schematic diagram of the simple wind tunnel device
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Fig.4 Urea hydrolysis rate under different mixing time of
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Fig.7 Precipitation experiments at different NBPT concen-
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Fig.9 Variation of water content with time under different

NBPT concentrations
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Fig.10 Surface strength and thickness at 6 days of curing
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Fig.12 Calcium carbonate content distribution at different lo-

cations

2.3.3 IS

SEM il 28 M\ SO0 71 15 X6 e T EICP % i NBPT
Jei U JIURL L B 45 A B e 19 5 RO B i AR 4k, an
& 13 s o

P

=]

(a) NBPTH## 40 g/L

=R

8 CERT

(b) NBPTi#HE 0.1 g/L
BI13  [Efbikke A SEM EI
Fig.13 SEM images of the solidified sample

H P& 13 0] LAt v 0 2 T A7 R o ik TR 465 4y
TR AE B, BB A 28O 78 LI 5 () A, o0 AR 22 [ A 49 Bk
(R VAT BN =R B2 v i 2 SV o B
FEHBREER . K 13(a) B, EICP [ 1k i ke A 5
F14) Bl 2 615 M T 5 22 30T B R OE B BR AR R AR IR AN
MR B NBPT J& |, i R 85 df /R B 35 & A2 T A8 4k
(FE13(b)), Z R BRARFNEF AR

J5 A7 AT FIVER T A SR Bl R 8% R L 1Y) TE K &5
an B — RN R B R S () 45 Tl AR R e
TE Bk 2 45 5% 1k o BR B A, I JE A R e 1Y T i
A fE EICP N i F2 v, B R S by R
(—COOH ) i 12 X 45 25 7 1) W B R 175 5 0 192 45 i
TR DLERAR 8 45 5 . IR 14 v mT DL & B,
EICP [& b 12 B 52 55 it 442 345 1h J7 e A7 3K o A 14
WLHA M NBPT (AR B A S EH B L . X
UL B NBPT A RUIE 28 T FR 25 /K fif i %, B AIG
e TR 515 149 A IS 23R 4010 ) e TR S o AR 19 A A R
il Bk T A 3 22 5 ) B B R R T A 5 R L AR
i B 1R 5 DA BT R 0 2 X A R R R
A 22 18] () AH B8 20 S i B 1 5 A 2K, 0T 4 b 3% 2
B VD SR, 386 5 1 Vb 0K [R) 1) 3 TR 5 RS AE
A R T EICP 3 A [ b 58 B2 0 $2 5, 3 sl J2 4
NBPT Ji [ 4k 2505 o8 i J

1025



¢ My e

— ¥RINBPT
— RIEIMNBPT
C-7ikh

V-IREH

mE /au

20/ (%)
P14 [ AR 9 XRD P 3%
Fig.14 XRD spectra of the solidified sample

3 & it

i 2T PR 2K it R S AR 56 A 8 5
W58 T NBPT %t EICP B XU V0 3 R i 52 o fir 7%
BT

(1)NBPT 1y 38 G P 400 i 57 B A7 R0E 28 K 3R
K it 5 B AR ETCP %) 40 Bk R 85 1 A= J i %, (H AN
M) S5 2B R R A B o HE R, VR RE T 91 A%
SRR AT, 5 TR TR A BoF ) A

(2) A A $REAE KU AR R 2k b 1 Bl XUk
PR 3 i 5 0 s TS & RS N NBP T, £ EICP 4b 3
Jei IR 40 XU 1 i 350 I b

(3) 17 EICP ¥ W ¥ i NBPT 68 A &g & +
I T A J2 32 THI 0 B )R B O B i TR 5 43 A A 115
PE, Hp ONBPT W E R 0.1 g/L B, [5 46 )2 36 1 5%
B 5 R S R T 49.6% M1 52.5% , B BR A o A
HA), A ROCR Fe

(4) ITIOUL A7 B2 L2, U8 n NBPT J5 9 3204 ik
PR 85 i AR T 3 & A T AR AR, 2 o8 BROIR LR SRR
BERRIR AR Z 8] A B 22 21 i B rT 4 = EICP [#
RO

S 3k

[1] Huang J, Zhang G, Zhang Y, et al. Global desertifica-
tion vulnerability to climate change and human activities
[J]. Land Degradation & Development, 2020, 31
(11): 1380-1391.

[2] HuangJ, YuH, Guan X, et al. Accelerated dryland ex-
pansion under climate change [J]. Nature Climate
Change, 2015, 6(2): 166-171.

[3] Henry N, Le H. Climate change, drought and desertifi-

cation[ J]. Journal of Arid Environments, 1996, 34(2):

1026

[4]

[5]

[7]

[9]

[11]

[12]

[13]

133-185.

ZOE . E Y R R EIML b s B i A,
2009.

Wu Z. Desert and its control in China[ M ]. Beijing: Sci-
ence Press, 2009.(in Chinese)

Ran D, Kawasaki S. Effective use of plant-derived ure-
ase in the field of geoenvironmental/geotechnical Engi-
neering[J]. Journal of Civil & Environmental Engineer-
ing, 2016, 6(1): 1000207.

Mahawish A, Bouazza A, Gates W P. Unconfined
compressive strength and visualization of the microstruc-
ture of coarse sand subjected to different biocementation
levels[J]. Journal of Geotechnical and Geoenvironmen-
tal Engineering, 2019, 145(8): 04019033.

A, R, TULER, S RO R IR R
BB E SR EIT] FHRRFE M T ¥R,
2020, 50(2): 642-647.

Yuan J, Chen X, He H L, et al. Repair and rejuvena-
tion of cracked concrete by microbiologically - induced
calcite-precipitation[ J]. Journal of Jilin University (En-
gineering and Technology Edition), 2020, 50(2) : 642~
647. (in Chinese)

T, B0k, XA, 5 MICP $oR %t bk £ JF
2L AE A Bl g R S LT B A s K TR e
2021, 41(3): 455-462.

Yue JW,LiJL, LiuD L, etal. Study on crack preven-
tion of earthen sites using MICP technology[J]. Journal
of Disaster Prevention and Mitigation Engineering,
2021, 41(3): 455-462.(in Chinese)

Ve, B E, M. MUEM T kgL E &R
Je b HELT]. BT TR, 2013, 7(7): 2763-2768.
Xu Y B, Qian C X, Lu Z W. Remediation of heavy
metal contaminated soils by bacteria biomineralization
[J]. Chinese Journal of Environmental Engineering,
2013, 7(7): 2763-2768.(in Chinese)

MR . B W RO e 7S 3 0k TR 5 U 3 B 2 4 24 ]
WO D]. M At KBRS, 2018.

Jiang Y D. Research on new dust-depressor of calcite
precipitation induced by microbe and enzyme[D]. Nan-
jing: Southeast University, 2018.(in Chinese)

Gao Y, Meng H, He J. Field trial on use of soybean
crude extract for carbonate precipitation and wind ero-
sion control of sandy soil[J]. Journal of Central South
University, 2020, 27(11): 3320-3333.

Miao L., Wu L, Sun X. Enzyme-catalysed mineralisa-
tion experiment study to solidify desert sands[J]. Scien-
tific Reports, 2020, 10(1): 10611.

Miao L, Wu L, Sun X, et al. Method for solidifying
desert sands with enzyme-catalysed mineralization [J].
Land Degradation & Development, 2020, 31 (11) :
1317-1324.



[14]

[20]

[21]

[22]

[23]

(24]

S, B RN, RR, S OR IR S R IR S VIS
B I B XL Vb s IR AT Y LT e e TR
., 2020, 42(10): 1914-1921.

Wu M, Gao Y F, He J, et al. Laboratory study on use
of soybean urease-induced calcium carbonate precipita-
tion with xanthan gum for stabilization of desert sand
against wind erosion[J]. Chinese Journal of Geotechni-
cal Engineering, 2020, 42(10): 1914-1921.(in Chinese)
Hamdan N, Zhao Z, Mujica M, et al. Hydrogel-assist-
ed enzyme-induced carbonate mineral precipitation [J].
Journal of Materials in Civil Engineering, 2016, 28
(10): 04016089.

Almajed A, Lemboye K, Mohamed G A, et al. Miti-
gating wind erosion of sand using biopolymer-assisted
EICP technique [J]. Soils and Foundations, 2020, 60
(2): 1-15.

Sun X, Miao L., Yuan J, et al. Application of enzymat-
ic calcification for dust control and rainfall erosion resis-
tance improvement[J]. Science of The Total Environ-
ment, 2020, 759(14) : 143468.

Isaac A, Mizanur R M, Rajibul K M, et al. A review
of enzyme induced carbonate precipitation (EICP) : the
role of enzyme Kkinetics [J]. Sustainable Chemistry,
2021, 2(1): 92-114.

Wang H X, Miao L C, Sun X H, et al. Experimental
study of enzyme-Induced carbonate precipitation for
high temperature applications by controlling enzyme ac-
tivity [J]. Geomicrobiology Journal, 2022, 39 (6) :
502-514.

Liu G, Yang Z, DuJ, et al. Adding NBPT to urea in-
creases N use efficiency of maize and decreases the
abundance of N-cycling soil microbes under reduced fer-
tilizer-N rate on the North China Plain[J]. PloS One,
2020, 15(10): 0240925.

RAE, BRGNS, LAY BUIK BT S R IR S
Flfe b Ll s Ao [T]. & & TR %4k, 2020, 42(4) .
1-7.

Wu LY, Miao L. C, Sun X H, et al. Experimental
study on sand solidification using plant-derived urease-
induced calcium carbonate precipitation [J]. Chinese
Journal of Geotechnical Engineering, 2020, 42(4): 1-7.
(in Chinese)

Almajed A, Tirkolaei H K, Kavazanjian E. Baseline in-
vestigation on enzyme-induced calcium carbonate precip-
itation[ J]. Journal of Geotechnical and Geoenvironmen-
tal Engineering., 2018, 144(11) : 4018081.

Whiffin V' S. Microbial CaCOj precipitation for the pro-
duction of biocement[D]. Perth: Murdoch University,
2004.

Manunza B, Deiana S, Pintore M, et al. The binding

[25]

[26]

[28]

[30]

[31]

[32]

mechanism of urea, hydroxamic acid and N-(N-butyl) -
phosphoric triamide to the urease active site. A compara-
tive molecular dynamics study[ J]. Soil Biology and Bio-
chemistry, 1999,31(5): 789-796.

Cantarella H, Otto R, Soares J R, et al. Agronomic ef-
ficiency of NBPT as a urease inhibitor: A review [J].
Journal of Advanced Research, 2018, 13:19-27.

B, ATGSE, BI04 NBPT 16 b S v i % fi
Hm N [J]. A8 2 40K, 2006, 25(9) @ 1082-
1086.

Li T, ShiY L, Li X W, et al. Degradation and its af-
fecting factors of NBPT in soil [J]. Chinese Journal of
Ecology, 2006, 25(9): 1082-1086.(in Chinese)
LA, ARk, & BT KRR YD A R 1 5 e
JEEKEM ORI LT]. B ol K2z 540, 2010,
33(1): 88-94.

JiaY Q, Li Z N, Jin C N. Study on relations between
rebound modules, compactedness and moisture content
of aeolian sand roadbed[ J]. Journal of Xinjiang Agricul-
tural University, 2010, 33(1): 88-94.(in Chinese)

Seo K, Han C, Wee J, et al. Synthesis of calcium car-
bonate in a pure ethanol and aqueous ethanol solution as
the solvent[J]. Journal of Crystal Growth, 2005, 276
(3/4): 680-687.

BRE), RN, PNERE, 55 SN -FE IS AR R
B Mk TR B 1Y AU A AR 5 85 S HLIE LT Ak T,
2015, 66(10): 4007-4015.

LiYZ, Song X F, SunY Z, et al. Polymorph transfor-
mation and formation mechanism of calcium carbonate
during reactive extraction-crystallization process[J]. CI-
ESC Journal, 2015, 66(10): 4007-4015.(in Chinese)
KB, S, 1B IREE O R4~ H RE X E LA
B RS W AR B4R [T ] S MR, 2012, 29(1) -
21-27.

Liu X J, Gao Y H, Feng Q L. Regulation of different
functional groups on inorganic phase of calcium carbon-
ate crystal [J]. Acta Materiae Compositae Sinica,
2012, 29(1): 21-27.(in Chinese)

Sousa M, Bertran C A. New methodology based on
static light scattering measurements for evaluation of in-
hibitors for in bulk CaCO, crystallization[J]. Journal of
Colloid and Interface Science, 2014, 420(8): 57-64.
gk R R T R A R FTR BE L R A e IR
WD bt WK, 2014

Zhang Y. Research on sand cementation and concrete
cracks repairment by microbially induced carbonate pre-
cipitation technology [D]. Beijing: Tsinghua Universi-
ty, 2014.(in Chinese)



