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Experimental study on optimizing ratio of EICP solution to reinforce red
mudstone filler based on response surface method
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Abstract: In order to explore the effects and mechanisms of the urease-induced calcium carbonate precipitation ( EICP )
technology on the solidification of red mudstone fillers, urease is extracted from soybean, and the ratio of EICP solution is
optimized by the response surface method. The curing effects of EICP solution under the optimized ratio are tested through the
unconfined compressive strength tests, expansion tests, permeability tests and crack development tests under wetting-drying
cycles. The curing mechanism is explained by using the XRD, NMR and SEM tests. The results show that the optimized
process parameters are as follows: the ratio of gum to enzyme is 1.5 I 1, the concentration of urease is 100 g/L and the
concentration of cementing solution is 1.4 mol/L. The unconfined compressive strength of the sample under the optimized ratio
is 55.21% higher than that of the plain soil. The free expansion rate and the loadless expansion rate decrease by 25.10% and
45.65%, respectively. The saturated permeability coefficient is reduced by 90.54%. The cracks of red mudstone filler samples
are greatly reduced after wetting-drying cycles. The content of calcium carbonate in the red mudstone filler increases
significantly after curing, and the generated calcium carbonate plays the role of pore filling and cementing soil particles,
reducing the number of large and medium pores in the samples. The research results provide a reference for the engineering
applications of the EICP technology in red mudstone filler.
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Table 1 Physical indexes of red mudstone filler
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Fig. 1 Production of calcium carbonate at different gum enzyme

ratios
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Fig. 2 Production of calcium carbonate at different urease
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Fig. 3 Production and yield of calcium carbonate at different

cementing solution concentrations
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Table 2 Design of response surface factor analysis
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Table 4 Results of regression equation analysis of variance
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Fig. 4 Response surface and contour map of effects of gum enzyme

ratio and urease concentration on calcium carbonate production
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Table 6 Results of unconfined compressive strength tests
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Table 7 Free expansion rate of soil samples under different

treatment solutions
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Fig. 7 Loadless expansion rates of soil samples under different
treatment solutions
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Fig. 8 Photos and corresponding binarized images of fracture
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graying after 1, 3 and 5 wetting-drying cycles of red

mudstone filler
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graying after 1, 3 and 5 wetting-drying cycles of red
mudstone filler modified by EICP solution
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RS OLUNER 8 s .

x8 FTENERTHRASE
Table 8 Calcite contents under different treatment solutions
AL L B 1% RAKECEE/%
Ji A b E 13.00 13.90 14.60

LR 8 WTLUE W, Rk BICP ¥ [E 1L 5 4T
EeEERT A S EA G, ARIBCE N A
A RREAFTAE, RAEL LT J5 fd AR s TR
1 IOV A BE G UE T BB () A2 iR AR AR KRR B 52
M T o R PR

(2) IZHEFLARIAL

IS R RRLS, RS LR e
R T A2k, i 10 fror. BHAFEE T
LIETUUE W, T ERE—RENZ SN, EFR
B — A E AR — AN RIS ER SR, 25 IR
[ 44 )5 L2 e 2 SR T B (1) 3 RIS 5
BN, BRI N . TEHFE SRR, TEE, K
SCRER, MR JERILLE VR R Tr 70 Af it S e/ ith
RIS R A A AN B, T B R st PR IS TR] 357 1) 2 A )N
PEAGEC LG T ()5t AR T RC LG 1 45 2R 20 PR
FEH K.

MRIEFLER A0 B, XA LB NEEAT R 5, T
<6.82 ms NWU/NLER, 6.82<7»<<155.22 ms N 4L
B, 155.22 ms<<T» A KFLFR. 3R 9 XA A b BRI 21
VR ERL T 2T R AT 8 2o #r, AT U mat



W

R, S T RN EICP W RAC EL A 21 e RS it 72 2423

KL Z Ve A Rl (B R 40, Fekb 1 XAk ECEL B

AT I T 19.25%, 20.63%. M 3 AN
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Fig. 10 T» distribution curves of red mudstone filler before and
after treatment
9 TREAER FLRREAIAL ) EER
Table 9 7> spectral areas of red mudstone filler under different

treatment solutions

14N B
O g;i/¢ﬂ% AL miﬁﬁ
i o, % 5% %
E st 112099.66 92.13 7.51 0.36 —
Hekl 1 90525.02 96.52 3.38 0.1 19.25
AL
b 88971.97 96.72 3.20 0.08 20.63
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Fig. 11 SEM images of red mudstone filler before and after EICP
improvement ( 3000 times )
MWL AR FE 534, B6E 17 MR IR 14 £ FH AL
I IR BRI AL PR KA BRI AR BT (COY), BRIR
RESF S5 S BT (Ca¥™) 4B TR BRIR R S 4
HAR SR A0 F

CONNH,),HH,0 — CO»+2NH; ,  (2)
NH3+H,0 <> NH;+OH ™, 3)
C0,+OH <HCO, (4)
HCO,+OH « CO* +H,0 (5)
Ca’+CO!" — CaCOs| - (6)

I BRI S A TR, R B ) TR AT R,
45, RN FLBE RIS, Aok R A4

5 & it

U 3daE = PR 2 =P (i 7 TR, % DRI 2= 0T
TR, it PR 2B B I S AR D IRl TR P > Jse i
b > WREREAR B2 o i o2 TR LA 245 21 LA BE L A R g
Eb 1501, IREEFREIRIE 100 g/L, WEERIKE 1.4
mol/L.

(2) W, BB JE A T PR S0 i FE AR R T
F LA LM R PUE R & T 55.21%, H HEZK
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RS R 5 1R 2L BRI A5 R B
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