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Influence of Silica Fume on Performance of High-Strength Geopolymer

LIU Yiwei, ZHANG Zuhua, SHI Caijun, LI Ning, LEl Long
(Key Laboratory for Green & Advanced Civil Engineering Materials and Application Technology of Hunan Province, College of
Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: Slag, fly ash and silica fume were used as reactive aluminosilicate materials to prepare high-strength geopolymer. The
influence of silica fume on the setting and hardening of geopolymer was particularly investigated based on the optimization of solid
raw materials and activator compositions by a simplex centroid design method. The results show that silica fume can be used as a
filler in the packing void between slag and fly ash particles, thus increasing the liquid film thickness due to the release of activator
from the voids. This reduces the thixotropy of the paste as well as yield stress and plastic viscosity, thereby improving the flowability
of geopolymer. A rapid dissolution of silica fume in a highly-alkaline activator increases the concentration of silicates and decreases
alkalinity, leading to deceleration of the reactions of slag and fly ash and the formation of C-A-S-H gels with the prolongation of
setting, the retardation of acceleration period, and the decrease of peak reaction heat rate and cumulative reaction heat. This affects the
early reaction products and compressive strength development of geopolymer. The compressive strength of the resultant geopolymer
reaches higher than 100 MPa with a good workability and reasonable setting time when slag content is more than 50%, fly ash is less
than 30% and silica fume is less than 30%, indicating a possibility of producing geopolymer-based UHPC.

Keywords: ultra-high performance concrete; high strength geopolymer; silica fume; fresh properties; hardened properties; simplex
centroid design
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Table 1 Chemical compositions of slag, fly ash and silica
fume w/%

Material SiO, AL,O; CaO MgO K,O Fe,O3; Na,0O SO; Others LOL

Slag 33.81 14.78 38.81 7.09 0.44 036 0.26 2.49 1.40
Flyash 41.22 31.18 1.24 0.473 2.63 1.34
Silica
95.38 1.84 0.26 0.85 0.61 0.16 09 248
me

w is mass fraction.
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Fig. 1 Particle size distribution of slag, fly ash and silica
fume
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Table 2  Sieving sizes of the natural quartz sand

Mass fraction/%

Sieve pore size/mm

Differential sieved Accumulated

1.18 14.0 14.0
0.63 26.3 40.3
0.315 39.4 79.7
0.16 15.5 95.2
<0.16 4.8 100
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Table 3 Solid raw fnaterlals of g.eop(.)lymer binder and the FEE R B2 W K FLBE R (% 4), W FIZEAE IR 1 d A
apparent Si/Al and Ca/Si ratios

Mass fraction/% Mole ratio
Sample No.
Slag Fly ash Silica fume Si/Al Ca/Si
1 20 80 0 144 023
2 60 40 0 173 064
3 100 0 0 229 113
4 75 0 25 4.58 0.6
5 50 0 50 875 031
6 35 40 25 295 027
7 56.6 26.7 16.7 27 0.48
8 383 54.5 72 189 036
9 83.3 9.5 72 265 084 2 O
10 50.0 24.7 253 323 039 0.6 1.0
B SCRRS, 1112, BT S RO 32 16y K B e
WEN 032, &R NayO iHEEN 7%, Kb 2 HRMEMR L A

by 1.0, 4 3 B sCR AR 5N 1.04 1.5 Fig. 2 Relative composition of raw materials in geopolymer
&4 HWRPAMRREL

Table 4 Mixture proportion of geopolymer (mass ratio)

No. Modulus Slag Fly ash Silica fume Fine aggregate Water NaOH Waterglass
Al 1.0 0.20 0.80 0 1 0.18 0.06 0.23
A2 0.60 0.40 0 1 0.18 0.06 0.23
A3 1.00 0 0 1 0.18 0.06 0.23
A4 0.75 0 0.25 1 0.18 0.06 0.23
A5 0.50 0 0.50 1 0.18 0.06 0.23
A6 0.35 0.40 0.25 1 0.18 0.06 0.23
A7 0.57 0.27 0.16 1 0.18 0.06 0.23
A8 0.38 0.55 0.07 1 0.18 0.06 0.23
A9 0.83 0.10 0.07 1 0.18 0.06 0.23
Al10 0.50 0.25 0.25 1 0.18 0.06 0.23
Bl 1.5 0.20 0.80 0 1 0.11 0.05 0.35
B2 0.60 0.40 0 1 0.11 0.05 0.35
B3 1.00 0 0 1 0.11 0.05 0.35
B4 0.75 0 0.25 1 0.11 0.05 0.35
BS 0.50 0 0.50 1 0.11 0.05 0.35
B6 0.35 0.40 0.25 1 0.11 0.05 0.35
B7 0.57 0.27 0.16 1 0.11 0.05 0.35
B8 0.38 0.55 0.07 1 0.11 0.05 0.35
B9 0.83 0.10 0.07 1 0.11 0.05 0.35
B10 0.50 0.25 0.25 1 0.11 0.05 0.35
Cl 2.0 0.20 0.80 0 1 0.04 0.04 0.46
C2 0.60 0.40 0 1 0.04 0.04 0.46
C3 1.00 0 0 1 0.04 0.04 0.46
c4 0.75 0 0.25 1 0.04 0.04 0.46
Cs 0.50 0 0.50 1 0.04 0.04 0.46
C6 0.35 0.40 0.25 1 0.04 0.04 0.46
C7 0.57 0.27 0.16 1 0.04 0.04 0.46
C8 0.38 0.55 0.07 1 0.04 0.04 0.46
Cc9 0.83 0.10 0.07 1 0.04 0.04 0.46
C10 0.50 0.25 0.25 1 0.04 0.04 0.46
SFO 2.0 0.80 0.20 0 0 0.04 0.04 0.46
SF5 0.76 0.19 0.05 0 0.04 0.04 0.46
SF10 0.72 0.18 0.10 0 0.04 0.04 0.46
SF20 0.64 0.16 0.20 0 0.04 0.04 0.46
SF30 0.56 0.14 0.30 0 0.04 0.04 0.46
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different modulus of activators (Unit: mm)
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Table 5 Interaction coefficients of compositional factors of
geopolymer mortars on flowability

Modulus B B> B3 P2 iz B3 Pras

1.0 232 -310 244 636 36 76 898

1.5 229 —404 235 867 38 420 558

2.0 223 —743 254 1357 0 749 494
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Table 6 Interaction coefficients of compositional factors of
geopolymer mortars on initial and final setting
times under different activator modulus

Modulus Stage b B B P Pz Pu P
1.0 Initial setting 87 484 440 247 —446 1450 3985

Final setting 110 397 436 -0.01 -392 -792 2835
1.5 Initial setting 48 —1328 291 2452 —118 1691 335

Final setting 77 —1529 341 2706 240 939 4070
2.0 Initial setting 244 —645 436 2324 401 48 102

Final setting 341 820 5345 255 -57 1392 552
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Table 7 Interaction coefficients of compositional factors of
geopolymer mortars on compressive strengths
under different activator modulus

Modulus B B B Pz B3 P Pz
1.0 68 —116 20 302 17 -36 769
1.5 84 -128 27 349 65 —465 1815
2.0 97 0.1 -0.2 65 120 187 274
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