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Prediction of ignition temperature of pulverized coal under oxy—fuel combustion

condition based on optimized random forest( GA-RF) model
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(1.State Key Laboratory of Coal Combustion ,Huazhong University of Science and Technology ,Wuhan 430074, China;
2.School of Environmental Science and Engineering , Huazhong University of Science and Technology , Wuhan 430074, China)
Abstract: Carbon dioxide emission is one of the main reasons for the greenhouse effect. Oxy—fuel combustion has an extensive research
prospect as an effective carbon emission reduction and storage technology.The ignition temperature of pulverized coal in oxy—fuel combus-
tion in coal—fired power plants is an important indicator of burner design and operational safety, which has complex correlations with
the composition of coal, coal particle size,and the atmosphere of combustion. Therefore, the research of the ignition temperature predic-
tion model of pulverized coal oxy —fuel combustion is very meaningful. In this study, the ignition temperatures of five coal samples
were measured in dropper furnace under 30% ,35% ,40% ,50% ,60% ,70% ,80% ,90% and 100% volume fraction of O, in CO, atmos-
phere.The relationship between coal ignition temperature and the oxygen concentration and the composition of pulverized coal was analyzed.
The research finds that the coal ignition temperature decreases significantly with the increase of oxygen concentration, and the degree of de-
crease is higher when the coal sample contains more volatile. A machine learning sample base with 45 sets of coal ignition temperature in

the experiment and 69 sets of ignition temperature collected from recent year's research with the same measurement was established. The
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ultimate analysis and proximate analysis of the pulverized coal ,the coal particle size and the oxygen volume fraction were selected as the

input features,and the ignition temperature was the target output,a random forest model optimized by genetic algorithm ( GA-RF model )

was constructed and the ignition temperature of pulverized coal in oxy—fuel combustion was accurately predicted ,with the accuracy of R*>

0.99, RMSE<16 ,MAE<8.The feature importance of ignition temperature shows that the ignition temperature increases immediately when

the H content is over 5% ,which is proved by the existing ignition data of pulverized coal.
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Table 1 Proximate and ultimate analysis of five coal samples
Tlks3 8/ % TEER M/ %
M4 Vad Ay FCy Cor Har Ny (O+S)

MR

SF 6.40 36.95 290 53.75 72.82 4.88 0.93 21.37
DT 2.62 2548 3521 36.69 46.62 3.29 0.82 49.27
Sample 1 2.19 13.96 59.7 21.25 2843 1.65 0.62 69.30
Sample 2 11.39 33.56 15.97 39.08 53.83 3.80 0.67 41.70
Sample 3 2.27 31.44 20.25 46.04 66.36 4.50 1.23 2791
T IR BN BN 1 R B R K
HRZ A A A2 50 mm F1 80 mm, MUk
Wit 1.0 L/min ( STP) B — WS AR A0
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Fig.1 Schematic of thedropper furnace equipment
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Fig.2 Relationship between ignition temperature of

pulverized coal and oxygen volume fraction
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Fig.3 Relationship between coal ignition temperature and volatile
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Fig4 Relationship between coal ignition temperature and moisture
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and carbon content
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Table 2 Parameters of RF model and GA-RF model

24 RF i GA-RF Al

test_size 0.25 0.10
random_statel 0 20
n_estimators 100 33
max_features 3 9

random_state2 0 797
min_samples_split 2 2
max_depth 10 10

%3 RF#E% GA-RF HEFEE
Table 3 Accuracy of RF model and GA-RF model

LAY R? RMSE MAE/K
RF-test 0.889 68.278 43.203
RF-train 0.979 25.741 14.453
RF-total 0.951 40.988 21.766
RF-oob 0.837
GA-RF-test 0.978 12.492 8.186
GA-RF~train 0.992 17.311 8.918
GA-RF-total 0.992 16.869 8.841
GA-RF-o0b 0.929
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Fig.6  Prediction results of random forest model RFand GA-RF
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Fig.7 Importance of coal composition parameters to ignition

temperature of pulverized coal
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Fig.8 Univariate analysis of hydrogen composition
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Fig.9 Relationship between coal ignition temperature

and hydrogen content
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