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Optimization of the ratio of modified alkaline solution for hydrogen sulfide
treatment in coal mine based on response surface method

ZHANG Chao'* ,WANG Xinglong' , LI Shugang',LIU Chao'? ,XUE Junhua'?,LIU Hua'

(1. School of Safety Engineering ,Xi’ an University of Science and Technology,Xi’ an 710054, Chinas 2. Key Laboratory of Western Mine Exploitation and
Hazard Prevention of the Ministry of Education ,Xi’ an University of Science and Technology ,Xi’ an 710054 ,China)

Abstract:In view of the shortcomings of traditional alkali solution in the process of hydrogen sulfide treatment,which
has low absorption rate and is easy to exceed the limit twice ,the surfactant (AE,C—Na) and oxidant (H,0,) were se-
lected as the base material to modify the alkali solution. Taking the content of sodium carbonate , surfactant and oxidant
as the influencing factors and the removal rate of hydrogen sulfide as the response value, firstly, the influence of the
change of the influencing factors on the response value was investigated by single factor experiment,and the influence
of different concentrations of surfactant and oxidant in sodium carbonate solution on the removal of hydrogen sulfide

was studied. Then,according to the central combination design,the experiment was arranged. According to the test re-
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sults, the fitting and regression analysis were carried out to get the regression fitting equation. Also, RSM was used to
further determine the interaction of the influencing factors. The results showed that the significance order of the influ-
encing factors was;sodium carbonate solution concentration>surfactant concentration>oxidant concentration. The inter-
action of sodium carbonate solution concentration and surfactant concentration had the greatest impact on the removal
rate of hydrogen sulfide. Finally,a design expert software was used to optimize the ratio of modified lye. After consider-
ing the absorption efficiency and cost,the optimal percentages for the modified lye developed in this experiment are as
follows ; the concentration of sodium carbonate solution is 2. 5% , the concentration of surfactant is 0. 25% , and the
concentration of oxidant is 0. 8% . Taking the 2303 working face of Cui Jiagou coal mine as the test site,the modified
alkali solution was sprayed to treat the hydrogen sulfide on site. The field test results showed that the average removal

rate of the modified alkali solution for hydrogen sulfide was 90.3% ,and there was no hydrogen sulfide overrun and

secondary escape,so the treatment effect was significant.

Key words : hydrogen sulfide ;modified lye ;response surface methodology ;sodium carbonate ; surfactant ; oxidant
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Table 2 Experimental scheme and results

LBRE/ % s xf
5 A B —_—
R T RE
1 3.5 0.25 1 88.7 88.71 -0.01
2 1.5 0.35 0.8 852 85. 14 0. 06
3 2.5 0.25 0.8  90.5 90. 50 0
4 3.5 0.35 0.8 94.5 93.91 0.59
5 1.5 0.25 1 83.6 83.56 0. 04
6 2.5 0.25 0.8  90.5 91.90  -1.40
7 2.5 0.15 1 92.0 92. 00 0
8 2.5 0.25 0.8  90.5 91.90  -1.40
9 2.5 0.25 0.8  90.5 91.90  -1.40
10 2.5 0.35 0.6 94.0 94.51  -0.51
11 2.5 0.35 1 93.8 93.94  -0.140
12 2.5 0.25 0.8  90.5 91.90  -1.40
13 2.5 0.15 0.6 91.0 90. 86 0.14
14 3.5 0.15 0.8  88.6 88.66  —0.06
15 3.5 0.25 0.6  90.0 90. 07 0.07
16 1.5 0.25 0.6 83.0 82.55 0.45
17 1.5 0.15 0.8  83.7 84.29  -0.59
xR3 SMERBEER o
Table 3 R’ analysis of Multiple model
He IR R® R IE(H R T E #i
LR 0.3015 -0.052 9
2F1 57 0.1322 -1.2252
TRAE Y 0. 860 0 0.804 6 HUCRH
=AY 0.782 7

x4 ZRBRBEKRBRERTESN

Table 4 Variance analysis of quadratic model test results

FIE FAT HBE B FE BEHKEP
R 228.60 9 25.340  11.92 0.001 8
A 86. 46 1 86.460  40.68 0. 000 4
B 18. 60 1 0.089  0.47 0.021 1
0.013 1 1.920 10.17 0.9813
AB 4.84 1 0.360  4.84 0.175 0
AC 0. 90 1 0.900  0.42 0.535 4
BC 0. 36 1 0.360  0.17 0.693 0
A? 111.13 1 111.130  52.29 0.002 0
B2 6.45 1 6.450  3.03 0.125 1
c? 0. 81 1 0.810  0.38 0.557 5
B2 14. 88 7 2.130
PRIES 1.68 3 0. 540
Bz 13.20 4 3.300
MBI 242,94 16

H.P<0.01, 25 W 5.3 ;P<0.05, 25 8.3 ;P>0.05, 25 R~
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Table 5 Optimizational results and results verification
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o . N o
Bt B B4

1 1.8 0.20 0. 80 86.9 87.1  -0.2
2 2.7 0.18 0.75 89.0  88.9 0.1
3 3.2 0.28 0. 60 9.3 92.0 0.3
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