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Abstract

Related studies have shown that the solidified soil by EICP can significantly improve the mechanical
properties, and the modification effect is related to factors such as carbonate production, crystal
type, urease concentration, and cementation concentration. This article intends to use orthogonal
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experiments with carbonate production as the dependent variable to evaluate the effects of urease
concentration, cementation concentration, defatted milk powder concentration, pH value, and set-
tling time on carbonate production, in order to obtain optimized conditions for mineralization reac-
tion. The experimental results indicate that the urease concentration and cementation concentration
are significant factors, while pH value, defatted milk powder concentration, and settling time have
no significant effect on the production of carbonate. The effects of various influencing factors on the
production of carbonate is: cement concentration > urease concentration > settling time > pH value >
defatted milk powder concentration. The optimal combination for obtaining CaCOs generation per
unit volume is: soybean powder concentration of 200 g/L, cementation concentration of 1.50 mol/L,
defatted milk powder concentration of 2 g/L, pH of 7, and settling time of 120 hours.
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1. 53|

JT4E3K, EICP (Enzyme Induced Carbonate Precipitation)$i A7 7 AR [E AL 5T 15 22 N A .
EICP EL#HMAED) T S IR, s IR ZR A A P BRI AR B, 55 IR G VR o B85 88 1 S L A B IR 5 7
YE[1]-[3]-

CH BT EE R RW], EICP B0 LR VERE 32 BIBRIRES A il . fn AR AL DRBER S . A5 OKR JE 45
Z PR R IS0 . Yan S5 [418 0 BREREE 5 IR 25 0R & 5, SR b 7 SRR, Wi SRR,
EICP [ LB UCS 58% 5 CaCOs e B EHAZAMK . Lee S5[SIWEIT 1 3¢ G NRAE T IR £h TIRA(EICP)
FaE LR, IR aE R, HIRE-CaCLIEHIKE/NT 1L5M I, [EfLIE(7. 14, 21, 28 d)X%f
AR IR SR E . BiR5E(6)5 T EICP HURES ARG, TFE 726 o R 2 s B Rr i
FHLERF T, S5REWH, MERSGBIRER K, CaCOs & EIBWiHN, HERZHFE. H0g o
Hr W] EICP AE 1) CaCOs A R 3 1 %6 B BURL AT L M50 2 18] R RE 45 IR 578 7 FLBR . H e[ 7)% R H EICP
BRSNS A E LI AT AP, 8 AT A O PR PURSREE L ) - R AR 4k BRI T A 56k W 1 EICP
SREXS B B A AR AN B VERE RO RE R, RIS IR A T PR BTk v S G K B SRR A R 2
REIRBOCR, RYIRIRE R AR R AR DT R oR EE R R BRI 3 AL 1 A5 (8] N W AN GO A %
3T T RS IRBEAI AR A AR AR A BOR 45 R W IREG 136 M 5 PR R IR AR L VIR, 2
WA D 0.8 ML, AWM A I BRBR 5 TE b Ko AR FNE T BRI 5 A il B B 35 R
IR RRMESE T EXEE[91F K G HRBET FE BICP HiARACB GG ZK 1, Jiid 2 K ER A IEAE
ISR FUIRBRIR S . WIUh Ca> k. BECLL. JREGLL. FRI I TR AZAK LA RS A2 iR . H HIZAK R 5
me Jx FEARA AR, € T BICP RS FERC L o BXFFEE[ 1R IE T MORIZLIE . IRES TR FE L IRE5 T, 74P
JE SHATAE G 2 52 B0 EICP A AD L BERF R 2, 45 KW, JIRE5MOR BEAE 0.5 mol/L~1.5 mol/L i [#]
W, JRESBOREEERR, EICP B L MR TR E K. FARF0EE AN FRE 5B E N
EICP RS, i€ i b NS HON: IRERGFUEIRE N 1 mol/L, THIEHN 30T, ZRMEZBANE
M5 g/l

bR I SR T R DT A BRAE R EE L [ AT R BREEE PR REE . BEACLL . RS

DOI: 10.12677/hjce.2025.144077 712 (0 N


https://doi.org/10.12677/hjce.2025.144077
http://creativecommons.org/licenses/by/4.0/

FA F

PUSE A 3R EICP A4 Sy B R 5 A Al B sl 5o i H ARV AT S8 35 RO RE i, W R SRR W], AR5
Wi R R AEAE AN AR, HSCE MR R 22 57, 3 B EILT A Fth AR AR ] BRI, 9 1 ER
TARPIREI, AR TT % PR 3O BRER A AR R LA ST AL OB S, AT E S LA BB R 2K

KM BE OGRS IREEIR L « IRV B bk 5 . pH B AN i B AN (1] S5 AN [R] 8 2% 2 )
N EICP WAt [ B2, LABA5E EICP Uitk fh, ek A A AR (P BRI RE AN ) 2 1 e 45 55 B iR 2k
fito

2. MRS RE*E
2.1. iREERIE

JOR B0 K T IR BRGSO R R R 2 S, I N 25 B K BC A RO FE TR A
W, AE PR SR e RE 30 min J5, IR AVRAE 4000 r/min (RIS R B0 20 min, MBSOV R ECH G E
TR R A IR, DRIV R A P SRR BRI o T 425 AR ST 05 Y YRR R 2 Vs T A TR 5 R 5 S5 A
FRLCIR G . ARAE I T R TE, 4 20 ml X RER B2 19 e 45 W0 AN e AR oK T8 50 mi U 9 kA7 TR
Ay VAP pH E, 285 5 HREC G 20 ml BREGVA R TIR G, #H S WIEE RN 25°C L N 50%,
FEAH ST AL (] N 5 E . BATUE B R NI A5, B 8O0 3 N IUT e AT i 08, B S R e
HR MU PIBCETE 60°C FIMAR P T 24 he XTHEFIIDTEYIR A 1 mol/L B ERRIEAT 78 /3 IR (L & 3%
AAIFEAE), BRVETERUE, KH EDTA J5i2:30 € BRUeva il i (1) Ca> 551, i i 10 v - e A )
BRERES (1) Ca> W) 5 1) &2 o

22. WEAHR

RAIEARIE, DA S A B VP Fa b, PRI IRBEAR IR S5WIREE AR WIR R L . pH {H.
i BN A [FI A Z2 R EICP A AR 26 o kB8 7 M A 7 BoKk-P e 1 fos . Sk 25 41k
B, REMEAMST PP BEAS DR ZO0T M AR B R, SEILE AR B R I 26 AF R, R AT RE 4z T Al 2 A
e QRO N e AR

Table 1. The orthogonal experiment influencing factors and levels of EICP

3 1. EICP IE3ZiR 3 520 A T M7k

T & TR Joe 25 AR B JBE G ok AR B B 18]
S (/L) (mol/L) (g/L) pH (h)
1 40 0.50 0 6 24
2 50 0.75 2 7 48
3 67 1.00 4 8 72
4 100 1.25 6 9 96
5 200 1.50 8 10 120

Table 2. The orthogonal experimental scheme and experimental results of EICP
% 2.BICP EXREHRRIAELER

—
—

T BRSO GRS REBRE BURYPRIREE H 1 i B (] CaCOs Jii &

RsHs (g (mol/L) (g/L) P (d) (©
1 40 0.50 0 6 24 0.599292
2 40 0.75 8 9 48 0.865644
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s%
3 40 1.00 6 7 72 1.154192
4 40 1.25 4 10 96 1.431642
5 40 1.50 2 8 120 1.853366
6 50 0.50 6 8 96 0.665880
7 50 0.75 4 6 120 0.987722
8 50 1.00 2 9 24 1.220780
9 50 1.25 0 7 48 1.420544
10 50 1.50 8 10 72 1.764582
11 67 0.50 2 10 48 0.699174
12 67 0.75 0 8 72 0.976624
13 67 1.00 8 6 96 1.265172
14 67 1.25 6 9 120 1.609210
15 67 1.50 4 7 24 1.808974
16 100 0.50 8 7 120 1.143094
17 100 0.75 6 10 24 1.032114
18 100 1.00 4 8 48 1.320662
19 100 1.25 2 6 72 1.631406
20 100 1.50 0 9 96 2.019836
21 200 0.50 4 9 72 1.620308
22 200 0.75 2 7 96 2.075326
23 200 1.00 0 10 120 2.141914
24 200 1.25 8 8 24 2.019836
25 200 1.50 6 6 48 2.463756

3. BRSS9
3.1. EICP # L R ML i Kl 43 47

# 2 FIHASFEFZ N R EICP B Nk B 45 5 . B CaCO; A g NN AR &, KA SPSS B AFX™
S BRI 25 AT T ZE 30, AR AR 3. BRI, SRR FE AN S Wk B R e IR 1 32 AR, Ul
BRAEAN 5 RE A — /N 20 R, EICP SN A R A% AE Rl 2 il A 7 R0 VAR JBE BB 485 AR 5 1 A A i
A AR T pH B AR Wk VR B DL R e B s B I [R) 42 35 M 451>0.05, BEIHIX = AN X EICP R B
PR ES A2 B S AN B3, XATRER A (1) RSB R RS MAT pH H IR E, 5REEERRS
JEW S N R A B, 554k T pHEDG IRBGYE T MR s (2) AR W8 (R I N BB CECSR B R A 11 i 2
i —¥B o ER B ATV A AT BB s [ A AR B B2 [ 11, ] BEXT T B RS I AR B VA R 1
RBER: 3) MIRMA N SRR GG, v LSRR AR il 6, DB A B ER S A i, IX IS
PRV BR RS A B P i o e 22 R I B 43, BHE R BN T 3G, AR AR E N R AR E .
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Table 3. Analysis of variance of CaCO3 precipitation amount in EICP orthogonal experiment

3% 3. EICP EEXTIRIE CaCE R E R ENH

% 25 0 H 7 F B EME
TR 2.685 4 0.671 102.811 0.000
B G5 R 5 3.177 4 0.794 121.685 0.000
pH {f 0.077 4 0.019 2.945 0.160
JI5t JE ok R 0.034 4 0.008 1.287 0.406
5 LN [R) 0.160 4 0.040 6.140 0.053
R 0.030 4 0.007
R2=0.995 (%5 R?=0.971)

3.2. IREREEILAAE 4

AN [F R R 26 R RO R A A6 i R AR 22 0 ikt AT b, &5 SRk 4 fioR. BRI, 45
W ZEE RN, ®KER 1.0366, HUICHERMKE, pH MREMER/DN, &MEMN N 0.111, X5
ZE TN A R — 8. I ZEHUE R I DR 2 B s PR, R kN 1 B 12 s e DR 3 0 4 R A
RN 8 22 A 90 A /0N 1 T 5 5 i K156 i P 5 A BB S I 1) SR U D IR G TR > ORIk
fE > FRERNE > pH E > BilR kiR EE . BT S5 A AN SRR B b S B 3, TR
TEAR I I T H B2 709025 R 45 W 5 K IR (v n e IR0 45 R . MG AL g R, AR
el BR 32 BOT A S BE SR PE R, RS e AR I AR B . iR RS ATEAS St AN . Ahenkorah 5[ 12]H/F 5
KR OUAE KBS S IRBRES 1) S B E BT ffA, DR BRSO, AU IREE R . AT
AT G DR 2R B R o FEAR S 2R BE R, CaCOs I8 H S RIGIB Y di A, B 5 FI 45 VMR BE 15 0, CaC O
n R B RSHAERE N, FF HBLER BRI CaCOs YTIE[6] -

Table 4. Analysis of the CaCO3 precipitation amount in EICP orthogonal experiment
F 4. EICP EEXIRH CaCOs £ B DT

\j\\ FSEN SRR JBE S5 AR It JE ok R pH {i L 1]

Wz (g/L) (mol/L) (g/'L) (d)
HE 1 1.1808 0.9455 1.3894 1.4316 1.3361
BifE 2 1.2119 1.1874 1.5204 1.4960 13539
%IE 3 1.2718 1.4205 1.3672 1.4338 1.4294
YIE 4 1.4294 1.6225 1.4671 1.3850 1.4915
¥IE 5 2.0642 1.9821 1.4138 1.4116 1.5470
&= 0.8523 1.0366 0.1532 0.111 0.2109

3.3. &RMTHWHEEIH

N1 #33) EICP Sl thactF, W B2 iRIG 45 R 4t IEAC R IG vt 2k, wilsl | foos e MBI eI LG
H, BRIERAET AE L TRV R Gh AR A RN IS T (0 30 im0k VA< P AN pHL LI 3
IR IS KRN A . IR AS B RALRF N IRMS CaCOs AEE M BIR AL A . SRR 200
g/L, MEEHIRIEZH 1.50 mol/L, MFEWRHREE N 2 ¢/L, pH K7, FEEEEN 120 h.
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Figure 1. Orthogonal experimental effect curve
1. IEATIRN IR fh 2k
4. &g

(1) JE EASRE, AMTIREIREE . BRGSO AR VR B . pH B AN B [ Ao oy ) 0 BA B 5 A=
R RN, 7 ZE AT S AR TR IR R R G R FE S DR - SR AN R, 1T pH AL IR Wk A
DA% i BT [R6E BICP s 7 P e I 05 A= i i e A S35

(2) IR ZE S ATIERE & S R R AT HE T, 1530 & 50 DR 0] B R AR BCER A 1) E UT R: JR
GEMRIE > SRR > FERMNEE > pHE > BUARTRREE .

(3) HAAFIN IR CaCOs EMEMBAMAEN: THIRE R 200 g/L, RE5HBIKER 1.50 mol/L,
WEREGR RN 2 /L, pH N 7, B ELISE4 120 he
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