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Synergistic Enhancement Mechanism of Calcium Carbide Residue-
Desulfurization Gypsum-Steel Slag Modified Fly Ash Geopolymer

GAO Yingli', ZHU Zhanghuang, MENG Hao, HU Xinlang, LI Zhengkang

(School of Traffic and Transportation Engineering, Changsha University of Science &.
Technology, Changsha 410114, China)

Abstract: Taking the contents of calcium carbide residue, desulfurization gypsum and steel slag as the influencing
factors, and the compressive strengths of modified fly ash geopolymer at 7 and 28 d as the response values, the
response surface method (RSM) was used to study the influence of each solid waste interaction on the strength of
modified fly ash geopolymer. The enhancement mechanism was analyzed by hydration heat, scanning electron
microscope (SEM) and X-ray diffraction(XRD). The results show that the optimal contents of calcium carbide
residue, desulfurization gypsum and steel slag after optimizing design by RSM are 6.34 %, 1.60% and 29.47%
respectively, and the compressive strength of modified fly ash geopolymer at 7 and 28 d reaches 18.10 and 29.92
MPa respectively. Calcium carbide residue and steel slag improve the strength of modified fly ash geopolymer at each
age by increasing the alkalinity of the system, which accelerating the dissolution of Si and Al, and promoting the
generation of calcium (sodium) aluminosilicate hydrate. Desulfurization gypsum improves the early strength of
modified fly ash geopolymer by increasing the contents of Ca® and SO} to generate ettringite crystals. With
increasing curing age, modified {ly ash geopolymer gradually produces more gel, which filling in the microscopic
pores and improving the structure density, and hence improving the strength.
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Fig.1 XRD patterns of FA,CCR,DG and SS
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Table 1 Chemical compositions of FA,CCR,DG and SS

w/%
Material Sio, ALO, Ca0 MgO Fe,0, Na,0 K,0O S0, IL
FA 56. 28 30. 06 1.84 0.81 5. 20 0.09 1.23 0.47 4.02
CCR 2.56 1.68 67.20 0.22 0.09 0.35 0.03 0.68 27.19
DG 3.94 0.77 36. 69 0.70 0.31 0.56 0.98 50.63 5.42
SS 2.56 18. 80 45.72 4.82 20.70 0.35 0.13 0.32 6. 60
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Table 2 Mix proportions and strengths of modified geopolymers

Compressive

Sample Mix proportion/ %

strength/MPa

No.
FA CCR DG SS 7d 28d
1 64.9 5.0 1.6 28.5 16.10 25.50
2 61.9 8.0 1.6 28.5 16.30  23.90
3 63.7 5.0 2.8 28.5 18.20 23.80
4 60.7 8.0 2.8 28.5 17.40 24.40
5 68. 8 5.0 2.2 24.0 16.40 21.50
6 65.8 8.0 2.2 24.0 16.20 19.70
7 59.8 5.0 2.2 33.0 17.20 24.00
8 56.8 8.0 2.2 33.0 16.60 22.40
9 67.9 6.5 1.6 24.0 18.20 26.50
10 66.7 6.5 2.8 24.0 19.20 25.80
11 58.9 6.5 1.6 33.0 18.00 28.40
12 57.7 6.5 2.8 33.0 21.20 27.10
13 62.8 6.5 2.2 28.5 18.70 29.40
14 62.8 6.5 2.2 28.5 18.30 29.80
15 62.8 6.5 2.2 28.5 18.60 29.70
16 62.8 6.5 2.2 28.5 18.50 29.30
17 62.8 6.5 2.2 28.5 18.70 29.40
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Table 3 Analysis of variance for response surface model equations

7 d compressive strength

28 d compressive strength

Compile source

F value P value Equation coefficient F value P value Equation coefficient
Model 76.230 <<0.0001 18.560 0 60. 390 <<0.0001 29.3200
A 5.980 0.044 5 —0.1800 8.790 0.0210 —0.5500
B 166. 950 <<0.0001 0.9200 4.650 0.0680 —0.4000
C 27.440 0.001 2 0.3800 32.020 0.000 8 1.0500
AB 6. 100 0.0429 —0.2500 4.390 0.074 3 0.550 0
AC 0.980 0.356 2 —0.1000 0.036 0.854 3 0. 050 0
BC 29.510 0.0010 0.5500 0. 330 0.5854 —0.1500
A* 433.690 <<0.000 1 —2.0500 379.890 <<0.000 1 —4.990 0
B* 25.160 0.001 5 0.5000 0. 065 0.806 7 0. 006 5
c? 0.930 0.3678 0.0950 90. 640 <<0.000 1 —2.4300
R* 0.9899 0.987 3
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Fig. 3 Response surface and contour plots of interaction of CCR and DG on 7 d compressive strength of modified geoplymers
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Fig. 10 SEM images of modified geopolymer after optimizing design
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