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Abstract: To analyze the impact of mix proportions on the performance of geopolymer concrete (GC) , the effects of
the ratio of fly ash (FA) to granulated blast furnace slag (GGBS) , the sodium silicate modulus, and the content
(mass fraction) of sodium silicate on the mechanical properties of geopolymer concrete were studied. Further, the
microstructure of geopolymer concrete was investigated by means of scanning electron microscope (SEM) , energy
dispersive spectroscopy (EDS), X-ray diffraction (XRD) , Fourier transform infrared spectroscopy ( FT-IR), and
mercury intrusion porosimetry ( MIP) tests. Results show that with the increase in curing age, the degree of
polymerization was higher, the amount and types of gel observed in SEM images increased, and the macroscopic
strength of geopolymer concrete was higher. The decrease in the modulus of sodium silicate resulted in the decrease
in Si/Al ratio and increase in Na*, which promoted the formation of gel and made the geopolymer concrete exhibit
higher mechanical properties. A decrement in the ratio of fly ash to slag, i.e. the increase in the amount of Ca in the
system, promoted the generation of gel. When the content of sodium silicate increased from 20% to 25%, Si/Al
ratio increased from 1.31 to 3.37, and the microstructure density and macroscopic strength of geopolymer concrete
samples were improved. However, when the content of sodium silicate was excessive, Si/Al ratio decreased from
3.37 to 2.00, and the formation of gel was difficult, showing a lower strength of the geopolymer concrete samples.
Reducing the modulus of sodium silicate and increasing the proportion of slag can both promote the polymerization,
which is helpful to the improvement of the mechanical properties and the compactness of the microstructure of
geopolymer concrete.
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Tab. 1 Chemical composition of FA, GGBS, and OPC
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Si0, 56 24.8 21.03
AL O, 27 9.2 6.16
Fe,0, 6 2.9 2.58
MgO 2 3.2 2.62
Ca0 2.89 57.3 64.67
Na, O 1.11 — 0.34
S0, 2.1 1.02 2.03
K,0 1.5 0.89 —
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Fig.1 SEM images of raw materials
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Fig.2 XRD patterns of raw materials
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Tab.2 Mix proportions design of GC

RS/ (kg » m™)
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Liirs /R i KB EEaiq0 Sk R R %
GC-1 148.8 223.2 93.0 14.197 115.104 1302 25 1.0
GC-2 148.8 223.2 93.0 12.94 110.6 1302 25 1.2
GC-3 148.8 223.2 93.0 11.054 103.844 1302 25 1.5
GC-4 148.8 223.2 93.0 5.990 102.071 1302 25 2.0
GC-5 186.0 186.0 93.0 16.182 105.639 1302 25 1.2
GC-6 223.2 148.8 93.0 16.182 105.639 1302 25 1.2
GC-7 148.8 223.2 74.4 16.182 105.639 1302 20 1.2
GC-8 148.8 223.2 111.6 19.421 100.727 1302 30 1.2
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Tab.4 MIP results of OPC and GC samples after curing for 28 days

" LM i L/ %

Y s a /% B/pm y/pm  A/(mg- L")
<0.01 pm 0.01~0.1 pm 0.1~1 pum 1~10 pm >10 wm

OPC 7.740 0.038 0.056 0.034 4.203 74.301 8.365 5.032 8.100
GC-2 1.025 0.057 0.066 0.004 0.797 65.073 10.394 14.668 9.068
GC-3 2.430 1.017 0.099 0.009 0.061 41.961 39.025 11.149 7.865
GC-4 0.770 2.970 68.309 0.003 0.360 2.007 4.599 13.228 79.806
GC-5 1.945 0.093 0.091 0.008 0.057 36.320 34.213 22.667 4.133
GC-6 3.016 0.159 0.217 0.011 0.035 17.045 54.904 25.206 19.855
GC-7 4.614 0.076 0.383 0.019 0.962 10.291 59.736 13.199 15.179
GC-8 3.459 0.111 0.075 0.014 0.100 53.018 25.213 5.600 16.069
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