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Mechanical Properties of Alkali-Activated Slag-Fly Ash Geopolymers

LIU Yang, WANG Jizhao', LU Naiwei, WANG Bowen

(School of Civil Engineering, Changsha University of Science & Technology, Changsha, Hunan 410114, China)

Abstract: In order to respond to the national strategy of energy saving and emission reduction and improve the

comprehensive utilization rate of industrial waste, the influence of slag content, alkali equivalent, sodium

silicate modulus, and water-cement ratio on the compressive strength of slag-fly ash geopolymers was

investigated by single variable and orthogonal experiment method. The compressive strength of geopolymers

was analyzed by combining XRD, SEM, and porosity. The results show that the gel formation is promoted

with the increase in slag content, and the structure of geopolymers is more compact, which is conducive to

the development of strength. After 28 days of standard curing, the influence of various factors on the

compressive strength of geopolymers in descending order is as follows: slag content, alkali equivalent, water-

cement ratio, and sodium silicate modulus. When the slag content, alkali equivalent, water-cement ratio, and

sodium silicate modulus are 0.5, 0.07, 0.36, and 1.6, the compressive strength of geopolymers is the

highest, reaching 78.84 MPa.
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Table 1 Main chemical composition of slag and fly ash %
JERE A w(Si0,) w(ALO3) w(Ca0) w(MgO) w(Fe,0y) w(SO3) w( TiO,) w(K,0)
TR 47.98 33.73 5.52 0.48 6.66 2.18 1.52 1.26
IS 35.00 15.38 38.19 7.06 0.44 2.47 0.58 0.49
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Figure 1 XRD patterns of raw materials
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Table 2 Factor levels

o WBE BNE KBORBR KK

o (A) (B) ©) (D)
1 0.1 0.04 0.80 0.34
2 0.2 0.05 1.00 0.38
3 0.3 0.06 1.20 0.42
4 0.4 0.07 1.40 0.36
5 0.5 0.08 1.60 0.40
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Table 3 Influence of slag content on strength and porosity

SN g/ HUEWRE/MPa

945 o
A B C D % 7d 28 d
S1 0.1 006 12 0.38 12.69 8.76  31.41
S2 02 006 12 0.38 9.38 24.18 4781
S3 0.3 006 12 0.38 7.32 38.03  58.86
S4 04 006 12 0.38 5.20 43.90  66.35
S5 05 006 12 0.38 4.15 51.76  76.13
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Figure 2 XRD pattern under different slag contents
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Figure 3 SEM images under different slag contents
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Table 4 Influence of alkali equivalent on strength

and porosity

Sy LR
A B C D /% 7d 28d

PUEGRE /MPa

N1 0.3 0.04 1.2 0.38 14.42 19.44 31.32
N2 0.3 0.05 1.2 0.38 10.21 27.81 50.01
N3 0.3 0.06 1.2 0.38 7.32 38.03 58.86
N4 0.3 0.07 1.2 0.38 6.48 45.65 64.17
N5 0.3 0.08 1.2 0.38 6.89 39.78 57.18
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Figure 4 SEM images under different alkali equivalents
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Table 5 Influence of modulus on strength and porosity
S fLBR PUE B/ MPa
A B C D /% 7d 28d

415

M1 0.3 0.06 0.8 0.38 9.13 32.48 49.88
M2 0.3 0.06 1.0 0.38 8.61 36.05 52.01
M3 0.3 0.06 1.2 0.38 7.32 38.03 58.86
M4 0.3 0.06 1.4 0.38 7.14 40.16 59.12
M5 0.3 0.06 1.6 0.38 6.88 41.24 60.07
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Figure 5 SEM images under different sodium

silicate moduli

F6 KR EEMIALBRERNF N
Table 6 Influence of water—cement ratio on strength

and porosity

EES LB SRR/ MPa

A B C D /% 7d 28d

W1 0.3 0.06 1.2 0.34 6.67  35.34 53.66
W2 0.3 0.06 1.2 0.36 5.14  47.55 67.49
W3 0.3 0.06 1.2 0.38 7.32  38.03 58.86
w4 0.3 0.06 1.2 0.40 9.17  30.35 51.04
W5 0.3 0.06 1.2 0.42 11.25  23.15 44.98
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Figure 6 SEM images under different water—cement ratios
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Table 7 Compressive strength results
me [H % BUIESRE/MPa

A B C D 7d 28d
1 0.1 0.04 0.8 0.34 1.62 5.51
2 0.2 0.04 1.0 0.38 4.11 14.83
3 0.3 0.04 1.2 0.42 4.22 18.12
4 0.4 0.04 14 0.36 41.17 58.08
5 0.5 0.04 1.6 0.40 38.31 48.23
6 0.1 0.05 1.0 0.36 8.34 34.04
7 0.2 0.05 1.2 0.40 14.78 36.80
8 0.3 0.05 14 0.34 37.90 57.99
9 0.4 0.05 1.6 0.38 42.39 57.40
10 0.5 0.05 0.8 0.42 35.98 59.32
11 0.1 0.06 1.2 0.38 8.76 31.41
12 0.2 0.06 14 0.42 16.29 34.50
13 0.3 0.06 1.6 0.36 39.73 63.73
14 0.4 0.06 0.8 0.40 32.96 50.06
15 0.5 0.06 1.0 0.34 48.66 69.15
16 0.1 0.07 1.4 0.40 8.53 26.10
17 0.2 0.07 1.6 0.34 23.30 49.38
18 0.3 0.07 0.8 0.38 35.29 63.42
19 0.4 0.07 1.0 0.42 33.92 61.35
20 0.5 0.07 1.2 0.36 60.62 71.73
21 0.1 0.08 1.6 0.42 7.57 28.79
22 0.2 0.08 0.8 0.36 21.86 40.01
23 0.3 0.08 1.0 0.40 36.42 42.87
24 0.4 0.08 1.2 0.34 51.81 64.82
25 0.5 0.08 1.4 0.38 41.08 46.64
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Table 8 Range analysis results

AR S 28 d ok 2
A B C D A B C D

K1 6.96 17.89 25.54 32.66 25.17 28.95 43.66 49.37
K2 16.07 27.88 26.29 26.33 35.10 49.11 4445 42.74
K3 30.71 29.28 28.04 19.59 49.22 49.77 44.58 40.41
K4 40.45 32.33 28.99 34.34 58.34 54.40 44.66 53.52
K5 44.93 31.75 30.26 26.20 59.01 44.63 49.51 40.81
R 37.97 1444 472 14.75 33.84 2544 584 13.11
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