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Abstract: In order to solve the problem of weak early strength and slow growth in later strength of fly ash
based geopolymer concrete, this paper designed and prepared solid waste based geopolymer concrete using
metakaolin and fly ash as the main raw materials. Through orthogonal experiments, the effects of four factors,
including water glass modulus, alkali content, ratio of fly ash to metakaolin, and water reducer dosage, on
the performance and mechanical properties of geopolymer concrete were studied, and its mechanism was
analyzed. The results show that the optimal ratio is sodium silicate percentage of 45%, fly ash to metakaolin
of 1:1, water cement ratio of 0. 55, sand ratio of 0. 5, water glass modulus of 1.4, and naphthalene based
water reducer dosage of 1.2%. The concrete under this ratio has higher early strength and a larger growth
rate in later strength compared with fly ash based geopolymer concrete, with a strength growth rate of 106 %
after 28 days. The increase in compressive strength of metakaolin geopolymer concrete is attributed to the
geopolymerization reaction of quartz and mullite of metakaolin with water glass solution, resulting in the
formation of amorphous network structured sodium zeolite (Na,[ Al,Si,0y, ] 2H,0).
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Fig. 1 X-ray diffraction pattern of fly ash
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Fig. 2 X-ray diffraction pattern of metakaolin
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Tab.3 Horizontal factors

K- B ACKBEEBE)  HEBORERAE0/% B2 C (g s )/ %6 [ 2 DK FIE L)/ %
1 1.0 8 65:35 0.9
2 1.2 6 50:50 1.2
3 1.4 4 35:65 1.5
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Tab.4 Orthogonal test proportioning
e g 4 TR KB T K K b 5~10mmATF  JKH KT
1 129.92 241.28 327 82 0 504 230 3.34 0.55
2 185.6 185.6 245 62 50 504 230 4.45 0.55
3 241.28 129.92 163 41 100 504 230 5.56 0.55
4 185.6 185.6 327 88 0 504 230 5.56 0.55
5 241.28 129.92 245 64 50 504 230 3.34 0.55
6 129.92 241.28 163 43 28 504 230 4.45 0.55
7 241.28 129.92 327 90 0 504 230 4.45 0.55
8 129.92 241.28 245 66 50 504 230 5.56 0.55
9 185.6 185.6 163 45 100 504 230 3.34 0.55
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Fig.3 Experimental flow chart of geopolymer concrete test blocks
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Tab.5 Orthogonal test results

H%A H%B Rz C WD HURFRIE/MPa —

eae A B B JeE/mm  SESHTTL/

TS OKBONERD BRERAE0  Onpaimae,)  GUKFEERD 34 7q TRE/mm  BEEEE/min

z1 1 1 1 1 25.4 26.5 255 75

72 1 2 2 2 27.4 30.5 270 93

73 1 3 3 3 31.4 37.3 235 120

74 2 1 2 3 28.3 32.3 260 54

z5 2 2 3 1 34.0 41.3 220 84

76 2 3 1 2 28.7 30.3 290 143

727 3 1 3 2 27.3 324 230 43

78 3 2 1 3 26.1 27.4 285 80
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Tab.6 Orthogonal test analysis of 3 d strength

e PR ACK BB P 2R B 2 53 40 I COm gy g 1) PR DOBK A1)
L1 28.1 27 26.7 29.6
L2 30.3 29.2 28.3 27.8
L3 27.6 29.8 30.9 28.6

W= 86(2.7)2 86(2.8)2 86(4.2)1 86(1.8)3
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Tab. 8 Orthogonal test analysis of spreading degree
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Tab.9 Orthogonal experiment analysis of setting time
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Fig.5 SEM images of samples with different ratios of fly ash to metakaolin
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