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Mix design and performance analysis on the fly ash based geopolymer
material for repair

Deng Xin, Xu Fang, Zhu Xinping, Chen Qian, Ni Mingliang
(Faculty of Engineering, China University of Geosciences, Wuhan 430074 ,P. R. China)

Abstract: We used two kinds of industrial waste of Fly ash and blast furnace slag as major raw materials,
and modules of sodium silicate ranging from 1. 2 to 1. 8 as the activator to manufacture geopolymer. We
conducted the orthogonal experiment in five-factor and four-level form, and studied water to binder ratio
(W), alkali-activator proportion (S), blast furnace slag replacement ratio (B) and the module of sodium
silicate (M) on the four essential properties including the fluidity, setting time, compressive strength and
tensile bond strength of the geopolymer used in green materials for construction mending. The relation
between mix design and performance index of the green repair material were investigated by range analysis
and factor analysis. By synthetic analysis, an excellent geopolymer-based green material for construction
mending could be manufactured when W, S, B and M were 0. 28, 0.14, 0.4, 1.2, respectively.
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Table 1 The chemical composition of fly ash and blast furnace slag %

JE R SiO; Al, O; Fe, O3 MgO Na, O K, O MnO TiO; Bege 5
WK 50,34 35.97 3.711 0.552 0.45 0.812 0.053 1.361 1.953
Wy 34.32 16. 06 0.334 8.6 0. 44 0.508 0. 326 0. 813 3.559
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Table 2 Main parameters of sodium silicate

A1 A (728 W Na,O/%  SiO:/%

TR BY 323 39.50 8.81 27. 40
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Table 3 The factors and levels of orthogonal test

) e R B K K B B
K KK H ) )
Ba/% b/ % [
1 0. 26 8 10 1.2
2 0.28 11 20 1.4
3 0. 30 14 30 1.6
4 0.32 17 40 1.8
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Fig. 1 Preparation process of geopolymers
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Table 4 The performance results of orthogonal experiment

R Wk ORI kg B HikJE / MPa RIGHHRIE/MPa g/ Rt AR
%5 R B i (VS 84 3d 7d 3d 7d mm  [i]/min  [A]/min

1 1 1 1 1 13.33 20.07 0. 54 1.12 0.00 63 93

2 1 2 2 2 32.60 36.00 1. 45 1. 86 0.00 68 83

3 1 3 3 3 31.17 48. 43 1.08 2.05 13.00 45 60

4 1 4 4 4 42.63 49. 83 1.32 1.13 16. 90 46 58

5 2 1 2 3 15.67 27.50 1.09 0.76 10.70 18 33

6 2 2 1 4 8.37 17.70 0.82 1.02 0.00 80 95

7 2 3 4 1 52.60 59.90 1.72 2.00 18. 60 60 80

8 2 4 3 2 27.37 29.57 1.92 2.08 15. 00 117 147

9 3 1 3 4 19. 20 32.20 1.01 1.28 15. 60 35 50
10 3 2 4 3 40.73 50.07 1.08 0. 81 17. 80 27 52
11 3 3 1 2 8.57 20.03 0.98 1.19 22.00 198 228
12 3 4 2 1 15.73 23.73 1.18 1. 98 17.70 195 255
13 4 1 4 2 27.80 36. 97 0.66 1.27 20. 00 20 40
14 4 2 3 1 33. 957 36.57 1.63 1.12 19. 80 65 95
15 4 3 2 4 18.63 26.52 0.92 0.74 21. 40 58 88
16 4 4 1 3 8.57 14.13 0.75 1. 33 15. 80 258 288
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Table 5 Range analysis of fluidity
Ui 3 &/ mm
2 /mm
w S B M
Kij 7.48 11.58 9.45 14.03
Ky; 11.08 9. 40 12. 45 14. 25
K3; 18. 28 18.75 15.85 14. 33
Ky 19. 25 16. 35 18.33 13.48
R; 11.78 9.35 8. 88 0. 85
TE Ky Koy Ky K RS R BOUKP A 1.2.3.4 B3 EE 194y

A RARERAHRIEE.
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Table 6 Range analysis of setting time

W% 1 [F] / min

L BEMS ] /min

i 2% /min
w S B M w S B M
Ky 55.50 34.00 149.75 95.75 73.50 54.00 176.0 130. 75
Ko 68. 75 60. 00 84.75 100. 75 88.75 81. 25 114.75 124. 50
Ks; 113.75 90. 25 65.50 87.00 146. 25 114. 00 88. 00 108. 25
Kyj 100. 25 154.0 38. 25 54.75 127.75 187. 00 57.50 72.75
R; 58. 25 120. 00 111. 50 46. 00 72.75 133 118. 50 58. 00
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Table 7 Range analysis of compressive strength

3 d iR &/ MPa

7 d YRR E /MPa

ez

w S B M w S B M
Ky, 29.93 19. 00 9.73 28. 80 38.58 29. 20 17.98 35.08
Ko; 26.03 28.83 20. 65 24.10 33.68 35. 10 28.43 30. 65
Ks; 21.05 27.75 27.85 24.05 31.50 38.70 36.70 35.03
Kyj 20. 15 23.58 40. 93 22.20 28.55 29. 30 49. 20 31.55
R; 8.88 9.83 31.20 6.60 10. 03 9.50 31.23 4.43
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Table 8 Range analysis of tensile bond strength

3 d P ARG 2538 % / MPa

7 d L iR £ 3/ MPa

T

w S B w S B M
Ki; 1. 46 0. 83 0.77 1.27 1. 54 1.11 1.17 1.56
Ko 1.39 1. 05 1.16 1.25 1.47 1. 20 1. 34 1. 60
Ks; 1. 06 1.18 1.41 1. 00 1.32 1.50 1.63 1.24
Kyj 0.99 1.29 1. 20 1.02 1.12 1.63 1. 30 1. 04
R; 0.40 0. 47 0. 64 0. 27 0.43 0.52 0. 47 0.56
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Fig. 2 Factor analysis of fluidity
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Fig. 3 Factor analysis of setting time
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Fig. 4 Factor analysis of compressive strength
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Fig. 5 Factor analysis of tensile bond strength



AR FH I R B R IR M R A 15 AN R 0 4B R R B A 59

2.5 ZEMMASH

BRI 7 S ORI EE 0. 28, B 38 4 51
BRD 0. 14 B U 0.4 K BEFEHERO 1. 2
I g A R S PR RE SR AR AR 9 Fran. iR

9 AL B L Y 3 2R A ) R B ORE . A AR RE
R R ER A 5 5 ) BE T S SRR A ) ZEOR
A LR 3] 52 PR TAR B4

®9 MALE LR

Table 9 Performance of the optimal proportion

3 d PR

7 d PR 3 d R4 R 7 d KB
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18.6 60 80 59.9 1.72 2.00
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