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Rheological properties study of portland and sulphoaluminate cement composite

slurry considering hydration superposition effect
FAN Jianguo'?, LIU Rentai'*?, LI Junchang', SUN Xiang’, CHEN Mengjun’,
BAI Jiwen', ZHU Zhijing', MA Chenyang3
(1. Institute of Geotechnical and Underground Engineering, Shandong University, Jinan 250061, China; 2. Shandong Energy Group Co., Lid., Jinan 250014,
China;, 3.School of Future Technology, Shandong University, Jinan 250003, China)

Abstract: The silicate-sulphoaluminate cement (PO—SAC) composite slurry has the advantages of short setting time, high early strength
and good impermeability, and has broad application prospects in the treatment of coal mine water inrush. In the process of actual grouting
parameter design, it is necessary to reveal the rheological characteristics and viscosity time-varying law of PO—SAC composite slurry. The
effects of compound ratio and water-cement ratio on the viscosity time-varying behavior of PO—SAC composite slurry were studied. The
composite ratio of the slurry is from 10 : 0 to 0 : 10, and the water-cement ratio is from 0.5 to 1.0. The results show that Portland cement
(PO) and sulphoaluminate cement (SAC) have a hydration superposition effect, and 30% SAC has the strongest promoting effect on OPC,

which increases the slurry viscosity by more than 4 times. The water-cement ratio of the composite slurry is inversely proportional to the
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viscosity value and the viscosity growth rate.The time-varying curve of the viscosity of the composite slurry under different water-cement
ratio conditions conforms to the form of a quadratic equation. The flow pattern of the slurry is related to water-cement ratio and has noth-
ing to do with the composite ratio. The yield stress and plastic viscosity of the slurry decrease with the increase of water-cement ratio. The
water reducing agent can significantly reduce the initial viscosity of the composite slurry, and the initial viscosity of the sample is reduced
by more than 82.46% when the water reducing agent is 1%o. The PO—SAC material was applied to a coal mine floor water inrush treat-
ment project, which effectively blocked the aquifer fissure water and ensured the safe mining of coal mines. It can provide reference for the
establishment of PO—SAC slurry grouting theory, numerical calculation and grouting parameter design, and help the efficient treatment of
water inrush in coal mines.

Key words: portland and sulphoaluminate cement composite slurry; time-varying characteristics of viscosity; rheology; microstructure;

hydration superposition effect
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Table 1 Mass fraction of chemical composition in OPC and SAC %

EY wCa0)  w(Si0,)  w(ALO;)  w(Fe,0;)  w(MgO)

w(S0;)  w(K,0)  wNa0)  w(TiO)  w(Loh  wilfh)

OPC 53.65 22.33 9.19 2.78 3.89
SAC 35.25 16.22 28.45 1.58 1.04

3.45 0.75 0.22 0.44 2.98 0.32
8.36 0.55 0.52 0.44 7.38 0.21
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Table 2 Test variables and gradients
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REAL 3:7.2:8,1:9,0:10
HAH4:1 05, 06, 07, 08, 09, 1.0
KK BAHL:1 05, 06, 07, 08, 09, 1.0
. HAH1:4 05, 06, 07, 08, 09, 1.0
A HAEN4 1 0.1%. 03%. 0.5%. 1.0%
WOk EAKL: 1 01%. 03%. 0.5%. 1.0%
HAHL 4 01%. 03%. 0.5%. 1.0%
EA4:1 05, 06, 07, 08, 09, 1.0
KK EAEHI:1 05, 06, 0.7, 0.8, 09, 1.0
_— HAEHL 4 05, 06, 07, 08, 09, 1.0
e HEH4:1 0.1%. 03%. 0.5%. 1.0%
WOKFIBE ZAH1I: 1 01%. 03%. 0.5%. 1.0%
BAENL 4 01%. 03%. 0.5%. 1.0%
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Fig.2 Time-varying curves of slurry viscosity at high
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Table 3 Viscosity time-varying fitting equations at high complex ratio
m(OPC) : m(SAC) AT R

10:0 H10() = —4.652x 10712 +3.679% 107t +0.03 0.996 83

9:1 o (1) = 9.425x 10772 +3.952 x 10761 + 0.055 0.978 98

8:2 us (1) = 1.525x 107842 +2.236 x 10751 +0.06 0.98703

7:3 w7 (1) = 2.654x 10782 — 1.267 x 10751+ 0.077 0.997 11
H:7:3.8:2,9:1,10:0, 7E0~3000s,4 FE W ARk . R 450 TR EE A HH K
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Fig.3 Time-varying curves of slurry viscosity at medium

composite ratio
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Table 4 Viscosity time-varying fitting equations for medium complex ratio

m(PO42.5) : m(SAC42.5) WEI R
6:4 1 (1) =3.479%x 10712 +6.982 x 10721 +0.022 0.994 48
5:5 ws (1) = 8.124x 107712 +6.465x 10751 +0.034 0.998 53
4:6 14 () =3.191x 10782 + 6.448 x 1071 +0.045 0.99791
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Table 5 Viscosity time-varying fitting equations at low complex ratio

m(PO42.5) : m(SAC42.5) AT R
3:7 u3 (1) = 1.281x 107712 — 1.096 x 1071+ 0.086 0.991 49
2:8 p2 () = 8.149x 107812 — 7.474 x 10751+ 0.069 0.990 34
1:9 11 () =4231%x1072+9.131x 10721 - 0.007 0.989 90
0:10 uo () =4.035x 1072 +7.216 x 10721 = 0.017 0.994 05

0.70
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Table 6 Viscosity time-varying fitted equations at 4 : 1 composite ratio
KIK PEHE R
0.5 Hos (1) =1.154x 10782 +4.112%x 10751 +0.167 0.989 14
0.6 Ho6 (D) =1.675x 10782 —4.406 x 10707 +0.121 0.983 76
0.7 107 (1) =1.525%x 10782 +2.236 x 1071 +0.06 0.987 03
0.8 Hog () =-3.033x107192 + 4,086 x 1075 +0.014 0.993 34
0.9 Hoo (f) = —4.323x 107102 42,287 x 10721 - 0.001 0.973 19
1.0 11.0(0) =—-1.009x 10772 +1.837x 10721 - 0.002 0.957 06
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Fig.6 Time-varying viscosity of slurry with 1 : 1

composite ratio
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Table 7 Viscosity time-varying fitting equations for 1 : 1 composite ratio

KR L AT R
0.5 wos(@) =1.285x 10772 +4.362x 1075:+0.183 0.99731
0.6 woe(® =7.277x 10782 +1.277 x 10~*1+0.073 0.996 38
0.7 w070 =8.124x 10792 +6.465x 10751+ 0.034 0.998 53
0.8 wos(® =1.137x 10782 +3.231 x 1075+ 0.014 0.99726
0.9 wo9() =1.539% 10782 —3.439x 10761+ 0.027 0.994 82
1.0 w0 =1.707x 10782 =2.059 x 10757 +0.015 0.994 55

MIEL 6 BT LI Y, KK LA 0.5 F1 0.6 BIRE A
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IS BEEmE A ETE. 76 5 ~305s, KKK 0.5~ 1.0
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0.033.0.024, 0.013 Pa - s, S5EALHHIN 4 : 1 [kE
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Table 8 Viscosity time-varying fitting equations for 1 : 4 composite ratio

KK WE N R
0.5 o5 =3.208x 107712 -3.332x 107+ 0.193 0.993 44
0.6 o6 =1.321x1077£2 = 1.993 x 1075+ 0.076 0.998 84
0.7 Ho7(H)” =8.149x 10782 = 7.474 x 10751 +0.069 0.990 34
0.8 o)’ =2.151 x 10782 +6.250x 10751 - 0.023 0.99131
0.9 o9(t)” =9.276 x 10712 +5.305x 1075 - 0.014 0.997 02
1.0 10 =3.331x107%2 +1.581 x 1073 +0.016 0.946 02
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Fig.8 Time-varying viscosity curves of composite slurries at a

compound ratio of 4 : 1
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Table 9 Viscosity time-varying fitted equations at 4 : 1 compounding ratio

WK T 340 % Sy R
0 1o (£) = 1.525x 10782 +2.236 x 10707+ 0.06 0.987 03
0.1 1%, (1) = =4.094 X 10722 = 6.216 X 10751+ 0.021 0.994 18
0.3 W30, (1) = 6.642x 1071972 44,735 x 10767+ 0.01 0.992 23
0.5 sy (1) = 5.878 X 1071022 +2.454 x 10707+ 0.01 0.994 92
0.1 H1g () =3.194x 1071022 +4.747 x 107+ 0.003 0.989 13
7K 380 TRt 43 KA TR 00 2 4 R L £y e e 7
s 1T B AR 2k 9 R . 42T L 03 Fomr
Ls RS IBRIE TR NZE WEL A, AR L 10, R T N /
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—v—w (JIKF)=5%0 —o—w (HIKF])=0
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Fig.9 Viscosity time-varying curves of composite slurries at
the compounding ratio of 1 : 1
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Table 10 Viscosity time-varying fitted equations at 1 : 1 compounding ratio

KB U % AR R
0 1o(t) =8.124x 10722 +6.465 x 10751 +0.034 0.998 53
0.1 1ot = 1.025x 107872 = 3.014 x 1075¢+0.026 0.991 05
0.3 139%,(1) = 1.243%x 10782 - 1.026 x 107%¢ +0.008 0.994 98
0.5 Usoe (1) = 1.634x 107102 ~9.798 x 1087 +0.007 0.984 05
0.1 Hoe(0) =2.263x 107112 +5.633 x 10771 +0.006 0.955 39
H0.057 Pa s, USSR FAAE il 54940 4 2 2 {EL 22 12 . §
/NT0.01 Pa - s, FEIRHIHEIL 82.46%. 5 4LEEH (I Lol o H Fi
S TR 155 ~ 230 s, sl : }" /
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(0).0.029Pa * s(1%0).0.019Pa * s(3%0).0.014Pa - s
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Fig.10 Viscosity time-varying curves of composite slurries at

the compounding ratio of 1 : 4
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Table 11 Viscosity time-varying fitted equations at compounding ratio 1 : 4

KR T 350 % BAEH R R
0 ()" =8.149x 107872 —7.474 x 10751+ 0.069 0.990 34
0.1 Hioe(1)” = 8.640x 107812 =2.226 x 10™*1 +0.146 0.995 48
0.3 139, (1) =9.374x 10712 —4.038 X 10721 +0.045 0.94542
0.5 Lo = 1.521 x 10712 —4.556x 1077t +0.007 0.989 77
0.1 1190’ = 1.187x 1071922 43325 x 10777+ 0.007 0.996 53
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Fig.11 Rheological curves for various fluids
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Fig.12 Rheological properties of composite slurries with differ-

ent water-cement ratios
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Table 12 Rheological equations and flow patterns of

compounded slurries

W B] KIKE  Rheological equation R’ Flow pattern

0.5 T= 4.892)/0'354 0.982 Power law model
0.6 7= 1.315y0441 0.979  Power law model
0.7 7=2309+0.015y 0.975 Bingham model
o 0.8 7=1212+0.01y 0968 Bingham model
0.9 7=0.47+0.008y 0.978 Bingham model
1.0 7=0.201+0.007y 0.982 Bingham model
0.5 T= 3.164)/0'4'9 0.980 Power law model
0.6 7 =0.768y0334 0.976 Power law model
0.7 7=2.618+0.017y 0976 Bingham model
b 0.8 7=1479+0.014y 0.973 Bingham model
0.9 7=0.407+0.0ly 0945 Bingham model
1.0 7=0.292+0.008y 0.958 Bingham model
0.5 T=1.607y"% 0973 Power law model
0.6 7 = 0.440-60 0.978 Power law model
ia 0.7 7=1.898+0.015y 0.977 Bingham model

0.8 7=0.861+0.011y 0.975 Bingham model

0.9 7=0445+0.009y 0971 Bingham model

1.0 7=0.193+0.008y 0.990 Bingham model

70(a) = D(a)* (1)
uy(a) = F(a)° (2)
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Fig.13 Relationship between rheological parameters
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Fig.14 Rheological properties of composite slurries with different water reducer dosages
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Fig.15 SEM images of samples with different curing times
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Fig.16  XRD results of samples with different hydration ages
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Table 13 Retention rate of slurry at different flow rates

PR KK Mm-S RAER

0.5 37
0.6
1.0 13
0.5 11
OPC 0.8
1.0 7
0.5 <5
1.0
1.0 <5
0.5 88
0.6
1.0 75
0.5 67
PO-SAC 0.8
1.0 55
0.5 46
1.0
1.0 41

H 17 shKkok Bl 3 R

Fig.17 Effect of dynamic water scouring test
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Fig.18 Water inrush before and after grouting
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