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Study on the Properties of Composite Admixture for Concrete Prepared by Partially Substituting Coal Gangue for Fly Ash
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Abstract: The composite mineral admixtures for concrete were prepared by partially replacing fly ash with coal gangue powder. The
effects of coal gangue powder, fly ash and phosphorus slag on the flexural strength, compressive strength, activity index and strength
growth ratio of the tested mortar were studied through orthogonal experiments. The results showed that there was a strong interaction
between gangue powder, fly ash and phosphorus residue on the hydration of cement, and when the design mix ratio is appropriate, the 7—
day and 28 —day activity index and strength growth ratio of the tested gum sand reached the requirements of the ordinary grade III
composite mineral admixture of composite admixture for concrete, indicating that it was completely feasible to prepare composite mineral
admixture for concrete by replacing fly ash with gangue powder, and the optimal scheme is to add 25. 0% coal gangue powder, 62. 5% fly
ash, and 12. 5% phosphorus slag.
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Table 1 Main chemical composition of gangue powder /%

Si0,  ALO;  Fe,0,  Mg0  MaO  CaO TiO,

45. 86 20. 80 15.09 2.14 0.31 5.46 4.46
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Table 2 Main chemical composition of fly ash / %

Si0,  ALO; Ca0 Fe,0; K,0 Na,0 MgO eskdt

43.56 25.37 16.12 5.80 0.8 0.34 0.81 3.45
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Table 3 Main chemical composition of phosphorus residue /%

a0  ALO; S0, K,0  Mgo  P,0;  TiO,

50. 41 3.54 38.17 0.39 1.10 2.86 0.34
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Table 4 Orthogonal table of composite admixture ingredients for concrete
e AL *ﬁﬁ%g’f’a 1
WS OACHEF BOREE  C(BE D(% MHEE OB BRE

R/ %) WK/%) /%) BN W% K% /%

1# 1 1 1 1 3636 5455 9.09
2# 1 2 2 2 28.57 57.14 1429
34 1 3 3 3 23.53 58.82 17.65
44 2 1 2 3 4286  42.860 1429
S# 2 2 3 1 3529 4706  17.65
6t 2 3 1 2 3529  58.82 5.88
TH# 3 1 3 2 4706 3529  17.65
8# 3 2 1 3 4706  47.06 5.88
o# 3 3 2 1 40.00 5000  10.00

T &4 TEITH

o

LI RBEARZET 100%, FHEH 100%.
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Table 5 Mix ratio of glue sand

L , . g4 FrifE ik
Py S 3
LUGIES Kit/g BEER/g /e H/mL
b= 450 — 1350 225
R 315 135 1350 225
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Table 6 Flexural strength at different ages /MPa

XS 74d 28 d 90 d
0# 8.53 9.01 9.69
1# 6.48 7.74 9.59
24 6.71 7.71 8.98
34 6. 80 8.24 9.25
44 5.85 7.43 9.15
54 5.87 7.26 8.74
6# 6.19 8.15 7.65
TH# 5.77 7.83 7.60
8# 6.18 8.24 9.11
9# 5.89 7.81 9.41
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Table 7 Range analysis of flexural strength at different ages

/MPa
H#E
#/d WiH A B Ea C b

k, 6. 66 6.03 6.28 6.08

k, 5.97 6.25 6.15 6.22

7 ks 5.94 6.29 6.14 6.28
W2z 0.72 0.26 0.14 0.20

k, 7.90 7.67 8. 04 7. 60

2 k, 7.61 7.73 7.65 7.89
ky 7.96 8.07 7.78 7.97

2z 0.35 0.4 0.39 0.37

k, 9.27 8.78 8.78 9.25

% k, 8.51 8.94 9.18 8.08
ks 8.71 8.77 8.53 9.17

W2 0.76 0.17 0.65 1.17
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Table 8 Compressive strength at different ages /MPa

BB

W 7d 28 d 90 d
o# 39.72 51.30 60. 51
1# 26.21 33.84 44.19
24 26.52 36.53 44.28
3# 26.51 36. 70 46.01
44 25.63 34.63 43.88
54 23.72 34.72 42.09
64 24.85 34.61 43.18
T4 21.32 31. 40 37.57
8# 23.76 33.25 40. 08
94 22.47 34.71 43.07
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Table 9 Range analysis of compressive strength at different ages

/MPa
i&3/d I H A B C D

k, 26.41 24.39 24.94 24.13
k, 24.73 24.67 24. 87 24.23
7d ky 22.52 24. 61 23. 85 25.30
W2 3.89 0.28 1.09 1.17
k, 35. 69 33.29 33.90 34.42
28 k, 34.65 34.83 35.29 34.18
ky 33.12 35.34 34.27 34. 86
2 2.57 2.05 1.39 0. 68
k, 44.83 41.88 42.48 43.12
k, 43.05 42.15 43.74 41.68
% ky 40.24 44.09 41. 89 43.32
W2 4.59 2.21 1.85 1. 64
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Table 10 Activity index and compressive strength growth ratio

. 7 d GRS 28 A IHMEFEEL 90 d BUIESRIE
é =3

WS /% /% B 1
1# 66. 24 65.93 1. 11
2 66.77 71.21 1.03
3# 66. 74 71.54 1. 06
a4 64.53 67. 50 1.07
54 59.72 67.68 1.03
6# 62.56 67.47 1. 06
7# 53. 68 61.21 1.01
8 59. 82 64. 81 1.02
o# 56.57 67. 66 1.05
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Table 11 Range analysis of activity index and compressive
strength growth ratio

K%
B C D
k, 66.58  61.48  62.87  60.84
k, 62.27 62.10  62.62  61.00
ky 56.69  61.96  60.05  63.70
W 9.89 0. 62 2.82 2.86

it i H

7 d G HEFEEL %

k, 69.56  64.88  66.07  67.09
k, 67.55 67.90 68.79  66.63
ks 64.56  68.89  66.81  67.95

W2 5.00 4.01 2.72 1.32

28 d I MEFE B %

k, 1.07 1.06 1.06 1. 06
90 d LR ky 1.05 1.03 1.05 1.03
MK ky 1.03 1.05 1.03 1.05

W2z 0.04 0.03 0.03 0.03
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