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Optimization of Composite Excitation of Volcanic Ash Activity in Coal Gasification Slag Based on Response Surface Method
BAI Chenyang' s, GUO Yuxia'?, HU Weiyang', SHI Yunji', WAN Ying'
(1.College of Mining Engineering, Taiyuan University of Technology, Taiyuan, Shanxi 030024, China;
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Abstract: In order to promote the resource utilization of coal gasification slag (CGS), the effect of composite excitation of four
activators on the volcanic ash activity of CGS was studied by response surface method. The compressive strength of the
prepared samples at different ages was measured respectively, and then the corresponding activity index was calculated to
evaluate the volcanic ash activity. Meanwhile, a quaternary quadratic polynomial regression model for the effects of the dosages
of four activators on the activity index was established, and the optimal composite excitation ratio of CGS was obtained through
multi-objective optimization. The results show that in the process of composite chemical excitation, water glass has the greatest
influence on the 3 d and 7 d activity index of CGS, and calcium carbide slag has the greatest influence on the 28 d activity index
of CGS. The multivariate correlation coefficients of the three regression equation models are close to 1, which proves that the
model has a good fitting effect. Numerical function of Design-Expert software was used to optimize the multi-objective. The
optimal ratio of composite chemical excitation is obtained: the dosage of calcium carbide slag, desulfurization gypsum, sodium
sulfate anhydrous and water glass is 0.97%, 1.61% ., 2.55% and 10% , respectively. The absolute error between the measured
value and the predicted value of the activity index on 3 d, 7 d and 28 d is not more than 14% , and the relative error is not more
than 7%, indicating that the regression model is reliable.
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Fig.1 CGS samples and SEM images
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Table 1 Chemical composition and physical

properties of CGS

SiOz/ CaO/ Al; O3/ Fe O3/ HAth/ %8/ WREBE/ FK
% % % % % (g/em®) (m?/kg) F/%

52.71 18.62 11.62 6.22 10.83 1.55 683 11.4
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Table 2 Chemical composition of activators %
3 >
/%Ziﬁfj Si0; CaO Al O3 Fe; O3 SOs; Nap SO, NazSiOs HiAls
AW 2.80 93.60 1.10 0.58 1.02  — —  0.90
WimR A H 1.77 44.74 0.64  0.26 51.43 — — 1.16
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Fig.3 Excitation process of CGS
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Table 3 Factors and levels of respond surface analysis

S 1 mAE BEATE JEUR K
BUA/YG  BRB/Y% BRC/Y% BED/%
—1 0.5 0 2.0 1
0 1.0 1 2.5 7
1 1.5 2 3.0 10
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Table 4 Design schemes of response surface test
UIES A% B/% C/% D/%
1 1.0 1 2.5 7
2 1.0 1 2.5 7
3 1.5 2 2.5 7
4 1.0 1 3.0 4
5 1.0 2 2.5 4
6 0.5 1 3.0 7
7 1.5 1 2.5 10
8 1.0 2 2.5 10
9 0.5 0 2.5 7
10 1.0 2 3.0 7
11 1.0 0 3.0 7
12 1.0 0 2.0 7
13 1.5 0 2.5 7
14 0.5 2 2.5 7
15 1.0 1 2.0 4
16 1.0 1 2.5 7
17 1.0 1 2.0 10
18 1.5 1 2.5 4
19 1.0 0 2.5 10
20 1.0 1 3.0 10
21 0.5 1 2.0 7
22 1.0 1 2.5 7
23 0.5 1 2.5 10
24 1.5 1 2.0 7
25 0.5 1 2.5 4
26 1.0 0 2.5 4
27 1.0 1 2.5 7
28 1.5 1 3.0 7
29 1.0 2 2.0 7
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Table 5 Results of response surface test %
VES 3 d iR AL 7 d AR AL 28 d G MR A
1 166.67 136.65 130.4
2 177.16 132.77 129.6
3 182.10 138.35 109.0
4 195.06 118.20 113.2
5 174.69 121.85 107.7
6 175.31 125.73 98.3
7 226.54 143.93 98.8
8 212.96 138.84 127.2
9 160.49 124.76 96.2
10 183.33 123.54 131.4
11 187.65 122.82 106.2
12 175.93 126.94 116.5
13 175.31 138.59 104.0
14 179.63 139.56 99.1
15 219.75 122.57 132.3
16 188.89 133.98 128.2
17 248.15 133.50 111.0
18 167.28 128.40 116.3
19 222.22 135.44 104.4
20 236.42 127.91 140.6
21 188.89 129.61 106.5
22 179.63 137.86 130.2
23 214.20 140.78 113.2
24 201.85 140.53 105.9
25 170.37 127.18 88.1
26 174.69 117.47 128.0
27 182.10 139.56 126.4
28 160.49 136.41 116.5
29 227.16 128.40 108.5
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Table 6 Error statistical analysis of regression equation
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Fig.4 Residual normal distribution of each regression model
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value and the predicted value of the model
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Fig.6 Response surfaces and contour plots of the interaction of different factors on 3 d activity index
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