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Evaluation of Compatibility Between Cement and Flash Setting Admixture for Shotcrete

SU Meijuan, WANG Ziming, LI Songtao, ZHANG Yuanyuan, LIU Xiao
(Faculty of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China)

Abstract: At present, the compatibility of cement and flash setting admixture often appears in the application of accelerator, and
the evaluation of the compatibility of cement and flash setting admixture and its influencing factors becomes a necessity. In this
work, the macro-performance and early hydration heat of different cement-accelerator systems were analyzed. The
macro-performance and micro-indicators were organically combined to calculate and compare the compatibility of different
cement-accelerator systems by a comprehensive method for quantitative evaluation of compatibility, i.e., the multi-factor
comprehensive index (f(a) value) evaluation method. The results show that the alkaline flash setting admixture has an optimum
compatibility for the Reference cement with the maximum transition phase content, and the maximum f(a) value is 74. Alkali-free
flash setting admixture has an optimum compatibility for the Jidong cement with the maximum C;A and CsS contents, and the f(a)
values are greater than 80.
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Table 1 Chemical composition of cement and mineral composition of clinker W/%
Cement SiO, Al,O3 Fe O3 CaO MgO SO3 Na,Oeq CsS C,S C3A C4AF
Iz 20.58 4.97 3.76 63.57 2.29 2.00 0.53 45.68 31.44 3.99 11.74
HT 16.71 4.92 2.67 66.49 3.09 3.40 0.75 48.84 27.10 3.49 9.65
zp 17.34 522 3.07 65.03 331 3.35 0.98 48.33 28.23 4.89 8.28
D 18.34 5.59 2.06 64.15 335 4.61 0.88 50.79 27.03 8.60 6.00
w—DMass fraction; JZ—Reference cement; HT —Hongtai cement; ZP—Zuanpai cement; JD—Jidong cement.
F2 IKIERIIEMEEE
Table 2 Physical properties of cement
Specific surface Density/ Setting time/min Flexural strength/MPa Compressive strength/MPa
Cement area/(m”kg ") (gem™)  Initial Final 1d 3d 28d 1d 3d 28d
JZ 341.22 3.13 145 180 2.03 6.00 9.13 9.45 27.60 45.48
HT 393.42 3.04 205 254 3.23 6.52 8.56 12.21 28.32 44.10
zp 388.63 3.05 218 271 2.90 5.82 8.23 11.62 25.65 50.91
D 388.73 3.05 159 204 3.26 6.45 9.87 12.85 28.92 42.09
R3 REEBET B EARBLEE
Table 3 Basic physical and chemical properties of liquid accelerators
Type w(Solid)/% pH value w(Alkali)/%
Aluminate alkaline accelerator (ACA) 45.00 14.00 15.50
Aluminum sulfate alkali-free accelerator (AFA) 47.00 2.29 0.02
Aluminum sulfate-fluorosilicate alkali-free accelerator (AFF) 47.00 2.40 0.02
Aluminum sulfate-magnesium sulfate alkali-free accelerator (AFM) 47.00 221 0.02
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Table 4 Setting time and mortar strength of benchmark
cement mixed with four accelerators

Setting Compressive
Accelerator  w(Accelerator)/% time/min strength/MPa

Initial ~ Final 1d 28d
Without 0 145 180 9.45 45.48
ACA 4 1.5 43 12.30 32.25
AFA 7 2.2 8.0 11.78 55.10
AFF 7 1.5 5.2 5.98 53.72
AFM 7 2.5 8.5 11.93 51.54
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Fig. 1 Setting time of cement paste mixed with different accelerators
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Fig. 2 8 h compressive strength of cement paste mixed with different accelerators
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Fig. 3 1 d compressive strength of cement paste mixed with different accelerators
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(a) ACA accelerator

(¢) AFF accelerator

(b) AFA accelerator

(d) AFM accelerator
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Fig. 4 28 d compressive strength of cement paste mixed with different accelerators
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(a) ACA accelerator (b) AFA accelerator
(¢) AFF accelerator (d) AFM accelerator
5 BANASEIE LR 17K e 15 5 A AR A Tk it 2
Fig. 5 Hydration heat evolution of cement paste mixed with different accelerators
F5 KRIKALH B 2 AR
Table S Characteristic value of hydration heat curve of cement
Accelerator  Cement E)fothermic peak First exothermilc Second exothefmic 8h hydrati?n 24h hydratlion
time/h peak/(mW-g ) peak/(mW-g ) heat/(J-g ") heat/(J-g ')
ACA JZ 6.49 37.57 4.24 95.94 177.02
HT 9.44 22.66 5.00 55.37 194.59
ZP 9.06 2291 5.14 39.68 159.49
JD 5.34 29.82 4.89 80.24 131.42
AFA 4 8.51 52.73 2.42 79.94 155.76
HT 11.67 59.70 232 70.36 180.73
zp 9.64 80.74 3.20 96.21 212.14
JD 7.62 89.12 3.83 123.84 233.47
AFF 1z 11.87 66.80 2.20 64.75 160.67
HT 11.95 62.64 2.39 74.70 183.91
zpP 7.62 88.61 2.68 103.11 185.08
D 9.28 79.37 2.92 100.90 207.54
AFM JZ 10.97 52.62 2.41 54.67 144.21
HT 11.25 58.47 2.59 73.80 191.33
ZP 5.84 82.98 3.01 109.45 199.09
D 8.23 80.08 3.81 106.68 219.69
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Table 6 Quantitative range of macroscopic evaluation indicators of compatibility

Macroscopic performance evaluation indicators

Quantitative

range a;/min a/min a;/MPa

as/%

as/MPa

Alkaline Alkali-free
100 <2 <6 >5 >17 >90 >110
80 2-4 6-8 4-5 12-17 80-90 100-110
60 4-5 8-10 34 7-12 70-80 90-100
40 5-7 10-12 2-3 5-7 60-70 80-90
20 =17 =12 <2 <5 <60 <80
x7 HEAMRUERHENEE
Table 7 Quantitative range of microscopic evaluation indicators of compatibility
Microscopic performance evaluation indicators

Quantitative range ; 71 7] 7]

as/h @/(mW-g ) as/(mW-g ) a/(J-g) a/(J-g)
100 <5 >80 >5 >120 > 190
80 5-7 60-80 4-5 100-120 170-190
60 7-9 40-60 34 80-100 150-170
40 9-11h 20-40 2-3 60-80 130-150
20 >11h <20 <2 <60 <130
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Table 8 Compatibility evaluation results of different compositions of cement and accelerators

Specific evaluation indicators

Accelerate Cement f(a)
a, a a3 a as s a7 ag Q9 ajo
ACA iz 100 100 40 80 60 80 40 80 60 80 74
HT 80 60 60 80 80 40 40 80 20 100 68
zp 60 60 20 80 40 40 40 100 20 60 52
D 80 100 60 60 60 80 40 80 60 40 69
AFA iz 80 60 60 60 100 60 60 40 40 60 67
HT 80 100 80 100 100 20 60 40 40 80 83
zp 100 100 60 100 80 40 100 60 60 100 84
D 100 100 100 100 100 60 100 60 100 100 9%
AFF V4 100 100 20 40 100 20 80 40 40 60 66
HT 100 100 40 100 100 20 80 40 40 80 79
zp 100 100 40 100 80 60 100 40 80 80 81
D 100 100 60 100 100 40 80 40 80 100 86
AFM 1z 80 60 60 60 100 40 60 40 20 40 64
HT 80 20 80 100 100 20 60 40 40 100 70
zp 80 60 80 100 60 80 100 60 80 100 78
D 80 20 100 100 100 60 100 60 80 100 80

FE TR Pe—TR IR EE-K " R G, ACA HEEET
517 KPR B LR E P HR bR f(a)fE S s (FH 2
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ZARN: DL ZP. HT. JZ, H:$“JD-AFA-H,0”
R f)fEf s, FHAETERLT
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PR S S, T [F]—Ff 7K e 45 A [ T g 551 R A 25 P T
e RN X IZ KPR 5, Sois &7 1A 2
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3
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.
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