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Research on the release mechanism of CO in coal oxidation using in-situ FTIR

WANG Yong-yu, WU Jian-ming; WANG Jun-feng, ZHANG Yu-long, TANG Yi-bo
(College of Mining and Technology , Taiyuan University of Technology ,Taiyuan 030024 ,China)

Abstract: To further definite the generation mechanism and routes of CO in coal oxidation,infrared spectrometer and
in-situ reaction pool were used to investigate the change rule of aldehyde group,ketone group and quinone group with
changing temperatures and CO concentrations ,meanwhile , the apparent activation energy of CO precursor was calculat-
ed. The results show that CO is generated by different precursors. The apparent activation energy in generating three
kinds of precursors is less than the activation energy in releasing CO,so the reactive rate for the production of CO pre-
cursors is greater than the reactive rate for the decomposition of CO precursors. In the coal initial phase at low temper-
ature , ketone compounds are main precursor to generate CO in lignite, while quinones compounds serve as the main
precursor to generate CO in anthracite. When oxidizing temperature is up to 80 “C ,three kinds of functional groups of
compound are CO precursor. When temperature is higher than 150 °C ,aldehyde group is the precursor of CO,regard-
less of coal type.

Key words : coal ; low-temperature oxidation ; CO precursor;in-situ FTIR ; generation mechanism
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Fig. 1 Coal oxidation experimental set-up in the constant
temperature
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Fig. 2 CO concentration of oxidation reaction under
different coal types
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Fig. 3 Evolution of FTIR subtr. spectra of different coalitypes with oxidation time at 100 C
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Fig. 4  Absorption peak area of three groups with oxidation reaction
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Fig. 5 Change rules of three groups versus oxidation time at different temperature
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Table 1 Rate constants for the oxidation reactions of three groups at different temperature

HICHIIE/107* min™!

SN i BRI IE/107* min™! T HEAE/107* min™!

B/ 5L L[58 il JE 5L iR 3 i 5 i I ikt J il J
40 4.10 4.10 5.50 1.65 1.20 0.50 0. 50 0. 80 0.24
60 5.60 6. 80 6.90 1.85 2.20 0.83 0.77 1.10 0.38
80 11.20 8.50 8. 60 4.10 3.10 1.20 2.80 2.10 0.95
100 14. 00 9.20 10. 00 5.10 4.90 2.10 7.10 9.10 3.10
125 30. 10 20. 10 19. 90 17.00 14.10 3.90 21. 10 16. 10 5.20
150 88. 00 39. 80 30. 10 30. 10 20.10 6.20 35.20 28.10 10. 80
175 175. 00 100. 20 70. 00 67. 10 79.20 27.20 99. 30 88.10 20. 20
200 395. 00 185. 10 168. 20 162.20 150. 30 48.10 178. 20 176. 20 75.10

3.2 CO RUSRMFiE{LBE
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Fig. 6  Arrhenius plots for aldehyde, quinonyl and ketone group of the three coals
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Table 2 Apparent activation energies for the three stages of each component kJ/mol
a5 B R AR AR BTG R
i FUME B2ME O HWIMEB WIME H2MB SIMB O BINB BB B3INE
[ere 22.86 36. 61 50. 48 20. 00 38.52 55.97 39.10 40. 87 54.31
Bk 5 20. 54 28. 60 60. 87 20. 96 41.99 67.37 20.79 44.71 61.34
il 5 10. 25 28.01 63.94 20.91 37.68 69. 65 31.32 41.35 63.32
(0] 36.73 76.72 128. 31 42. 84 75.29 148. 31 48.72 103. 60 150. 60

CO, HAREAR T CO Frgk i & BRI B ks 4R 1k

R BB AL TE RS 1 AR B A9 3 fb e
10. 25 kJ/mol , W I /)N T 56 5 R L 9 05 L g, 3R
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ST R TR ek B SO SRR A T TR N, PRE
T CO AR BN % [R] B B i) 3 S T AR A
FEE 1 T5 AL BE A 20. 79 kJ/mol , [RIREAR T 5L 55 R 5L
(R AR BE , 28 BH L A B2 100 3 300 e RO 4 s 7 = 2
B CRIE T CO BRI 138, 4 A 25 1 B B
(R kSR 5 T s AL RE AR T 20 kJ/mol , A 22
AR, 52 BEZ A 1 BB, & AR AL RE Y AN
Wik, FEEE 3 B B, B B KRR LT L BE R
50. 48 kJ/mol , Pfi A= M M B 1% AL RE A 55. 97 kJ/mol ,
T IO BE S 75 TLRE R 54. 31 kJ/mol , YK T[] A
1) iR 5 T () 05 AR R L B IR At PR o P
B, CO AR IS A LE T 53 A0 Wi B A S e ik
Fr R KRR RGN, 2y CO Az Ui BERTIRAA
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