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Abstract: To investigate the regulatory mechanisms of low-alkalinity admixtures on the performance of clay-

cement slurry in mine water hazard prevention and curtain grouting engineering, this study employed an
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orthogonal experimental design. The rheological properties of the slurry, including flowability, pumpability,
setting time, and pH evolution, were systematically analyzed under varying mix conditions. By introducing
phosphogypsum, fly ash, and the SJIP admixture, the effectiveness of these materials in reducing the alkalinity of
the slurry was evaluated. The results reveal that phosphogypsum effectively reduced the pH to 11 and prolonged
extending the setting time. Although fly ash showed limited efficacy in alkalinity reduction, it significantly
enhanced the pumpability of the slurry and shortened the pumping period. The SJP admixture demonstrates
outstanding performance in both pH reduction and pumpability extension, with the pH decreasing notably to 8
when the dosage is increased from 2.5% to 3.5%. Based on experimental data, an optimized formulation of the SJP
admixture, clay, phosphogypsum, and cement (CCAS) is developed. Orthogonal tests identify the optimal
proportions as follows: composite acid salt 0.5%, calcium sulfoaluminate 1.5%, phosphogypsum 10.0%, and clay
50.0%. The optimized slurry achieves a significant reduction in pH to 10, maintains a flowability of 18-23 cm, and
extends the pumpability window to 100-220 minutes, fully meeting the engineering application requirements. This
study provides a scientific basis for controlling slurry alkalinity in curtain grouting projects, thereby mitigating
environmental pollution.

Keywords: low-alkalinity admixtures; clay-cement slurry; rheological properties; pH regulation; optimized
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Table 1 Chemical composition of phosphogypsum

W5 ca0  Si0, ALO, Fe,0, MgO MWifkih pP,0; #ALY

B RU% 4906 584 0.60 041 049 4265 082 0.13
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B 1035 13 2 B0 F o i 4 Sio, g ALO,
B, R, IS PR GE, B0E REUER/N. FSR
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Table 2 Main chemical composition of fly ash

S Sio, ALO, Fe,0, CaO MgOo  Hfth

B $u% 5418 2235 1236  0.40 0.06 10.65

(3) PRSP 55 (substance of Jin Pin, SJP)
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Fig. 2 Flowability and pumpability tests
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Table 3 Results of the proportioning test case 1

ke AN,

s ; A EE/min - pHE
T Fhtig Kilg BEAETRE S H/%  Kig
1 500 500 5% 1000 12 12.0
2 500 500 10% 1000 18 12.0
3 500 500 20% 1 000 25 11.5
4 500 500 30% 1000 40 11.0
5 500 500 40% 1000 50 11.0

T BB TR & HOAREAE F UK BRI 2 L
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SRy 55 UE oy B IR0 26t - -7k 8 SRR 4 S i, SR FH BRI
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R pH (B R AT S 1 52 0 35 55 85 41
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Table 4 Results of the proportioning test case 2

BhRE AL

P - AT pHH
7 Fitsg Klelg ByBOKETE S H/% K/
1 500 500 5% 1000 20min 125
2 500 500 10% 1000 22min 125
3 500 500 20% 1000 25min 125
4 500 500 30% 1000 20min 125
5 500 500 40% 1000 19min  12.0

T MR Ak o8 LB AR ot 2 AR D8 BB 9 1 90 Lo

(3) 5 F =ik

B S RS NSNS BU D= e s\, P S 4 o
AT B A8, By 15 B I W pH (E R 4/, 5
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Table 6 Factor level
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Table S Results of the proportioning test case 3
s e ]
A AL ZE I
g SIP SIP Bt KR BEOE /g /min P
W% 2% g g 1% &
1 0.5 2.0 300 500 10 1 000 20 11.0
2 1.0 2.0 300 500 10 1 000 40 10.0
3 1.5 1.5 300 500 10 1 000 60 8.6
4 2.0 1.5 300 500 10 1 000 75 8.2
5 2.0 1.0 500 500 5 1000 90 8.2
6 2.0 0.8 500 500 5 1000 105 8.0
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1#/% 2#/% WA % #it%
1 0.3 1.0 10 50
2 0.5 1.5 13 75
3 0.7 2.0 15 100

VE: HEROK IR BT 0.7, BT bt o7 LR K IR R R 11 43 L, B 41 7
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SRR IE 2SS N R pH AR 10, IfA7E
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Table 7 Orthogonal test
PERETE bR
75 A B c - -
B /em 1] 4 1 /min pH{E WIEET ] /min
1 1 1 1 1 23 100 10.0 225
2 1 2 2 2 22 160 10.5 220
3 1 3 3 3 20 220 10.8 270
4 2 1 2 3 22 247 10.0 420
5 2 2 3 1 23 225 10.0 290
6 2 3 1 2 19 290 10.9 330
7 3 1 3 2 19 210 10.1 359
8 3 2 1 3 18 180 10.1 260
9 3 3 2 1 22 235 10.0 386
K, 65 64 60 68
K, 64 63 66 60
) K, 59 61 62 60
BB W 6 3 6 8
ER/ 4 D>A=B>C
i A,B,C,D,
K, 480 557 570 560
K, 762 565 642 660
— K, 628 745 625 647
W2 282 188 172 100
F A>B>C>D
i A,B,C,D,
K, 313 30.1 31.0 30.0
K, 30.9 30.6 30.5 30.5
K, 30.2 31.7 30.9 30.9
pH
W2 1.1 1.6 0.5 0.9
Fk B>A>D>C
i A,B,C\D,
K, 715 1004 815 901
K, 1040 770 1026 909
- K;A 1005 986 919 950
W2 325 234 211 49
FI A>B>C>D
L AB,C,D,




- 164 -

GSES
FXK: D>A=B>C
(fk: AB,C,D,)

(a) #PRFE X2

(b) £ PRIZXS AT AR A 22 ]

(c) £ P FE X pHEE M2 &

B3 EHEENERIEELNRER

Fig.3 Range of the influence of each factor on the slurry performance
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Table 8 Performance parameters after optimization
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Fig.4 Test samples

R9 ECHEBELERE
Table 9 Core compressive strength results
FF5 HE#/mm {1 J#/mm B3R %/ MPa
1 61 90 20.40
2 60 101 26.10
3 59 101 28.00
4 62 101 23.30
5 62 103 20.20
6 62 102 25.80

H 25 S TR0, 3047 I T B o0 e R W R 5
28.00 MPa, iz /NJL 58 i A 20.40 MPa, - 24T < 5% JiE
M 23.97 MPa, #% #8 1 MPa 7K 52 100 m /K £ JE /1 % J&,
ARG J 25 A T S5 /N BE B 7K A2 2 000 m /K A R 7,
SE4 N R IR 300 m KA R T I ER
32 it

AHRGEEE R R W, B A E R M vy 1 2
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HORC A FEME T AT T o RO MBI ZE T DL — 2
PR Wl A1 8 S5 R B v D IRV L DA AR IO L
FEARFRAORAE (9 [ B, B TR Y 25 B TAEMERE .

(1) 35645 5143 B

TS X AN [ 1 700 £ OB & i R B, AR E
ST R BAWREAT S . R K AT STP AN 3 7 [ I Bl J3E ke
B TAEERE 7 1H 25 HAR S . WA B RE A% B FR L pH
(B, (HH I 25 ST SR R B A It ), SR A TR
o7 FF H P AR 1 I P 5 M B AR R A R AR B2 - 92
AR, (FRE B 5T S L e RE . SIP AR 7
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T R pH S 4 2R 326 3 05 i 2 B 8, o D T X
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(2) Bl o [ 2

B A5 R R W, SIP AN 5 B A1 7 2 18] 4715 2
F O FEAE R, AN P i) b R B 5, i AL
3 T IR T S S AR AR RE, D Bt TR A T
Bz M as ] SR, B TR AT AR A
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(3) PREE

3 B TS0 A F R A Bk, A (L BE A% Dk
/8 Ml T AR 3 2 K A 95 2 XU, I STP A
%9 7, 7 A 2 R AR B P HE B D B 35 e 1 R
TREF T RAFISORERE . AR A0 5E ) o — 22 4R 0
HEA & TRY TR R 10 380 76 A [R5 DX o 2% 1 A9 B2
W1, FRETZ MRS TR N E.

4 #Hit

(D BEAFE T WG R, 16K pH J7 1H
B AOR, GRS F pH (H B ARFE 2= 11, (A LREI g
TIAFHE—E WY BRBE o[RBT, A 7 X0 R VAR Rk 485 B[] L
H—EMIEREM .

(2) J 58 Moy R DA I AT 5 8 el P T ) RICR A
BRL, R A A K v T 2 0 i R L g o, W AR T
TR TR [R]

()W A8 5 SIP A sAl iy B [ 4 H i — 20 B AR
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Y SE A L, K 2R T A ZE K & 100 ~ 220 min, i 2

(AR E N RNBEITERN: EGIRK
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50.0%. L IT AL 2 BEAR T 3O v, 6 B R
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it /& B il 155 2K o
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