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Research on exothermic and kinetic characteristics of low-temperature oxidation of preoxidized coal
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Abstract: The existing research on the spontaneous combustion characteristics of oxidized coal is mostly
based on the coal samples prepared under the conditions of lower oxidation temperature and air. It lacks the
analysis of the kinetic characteristics during the oxidation process of oxidized coal. In order to solve the above
problems, the C80 microcalorimeter is used to study the exothermic and kinetic characteristics of low-temperature
oxidation reaction of preoxidized coal prepared under different oxidation temperatures (100, 200, 300 °C) and
oxygen volume fraction (21%, 15%, 5%). The effects of oxidation temperature and oxygen concentration on the
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activation energy of low-temperature oxidation reaction of preoxidized coal are discussed. The analysis results of
low-temperature oxidation exothermic characteristics of preoxidized coal are shown as follows. (D The low-
temperature oxidation process of preoxidized coal lags behind that of raw coal. The degree of lag increases with
the increase of oxidation temperature and oxygen concentration. 2 The heat release of low-temperature oxidation
reaction of preoxidized coal is lower than that of raw coal. The heat release gradually decreases with the increase
of oxidation temperature and oxygen concentration. When the oxidation temperature is 100 °C, ¢#; (the temperature
at which the heat flow value starts > 0), #, (the temperature corresponding to the maximum growth rate of heat
flow value) and the reaction heat of low-temperature oxidation of preoxidized coals with different oxygen
concentrations are basically equal. (3 With the increase of oxidation temperature, the effect of oxygen
concentration on 71, #, and the reaction heat of low-temperature oxidation is gradually obvious. The results show
that the effect of oxygen concentration on the low-temperature oxidation reaction of preoxidized coal is only
reflected at higher oxidation temperatures. However, too high oxidation temperature will lead to a serious lag of
the low-temperature oxidation reaction process of pre-oxidized coal and the reaction heat release is less than 0.
The analysis results of kinetic parameters (activation energy and pre-exponential factor) of low-temperature
oxidation of pre-oxidized coal are shown as follows. (D The activation energy of the low-temperature oxidation
reaction of pre-oxidized coal in the accelerated oxidation stage is higher than that of raw coal. The activation
energy of the rapid oxidation stage is lower than that of raw coal. The results show that the threshold of the
oxidation reaction of pre-oxidized coal entering the accelerated oxidation stage is increased, but it is easier to enter
the rapid oxidation stage. (2 The pre-exponential factor data show that the low-temperature oxidation reaction of
pre-oxidized coal is more rapid than that of raw coal. 3 The changes of oxidation temperature and oxygen
concentration have no obvious regularity with the activation energy of the low-temperature oxidation process of
preoxidized coal. In the accelerated oxidation stage, the activation energy increases with the increase of oxidation
temperature. The activation energy first decreases and then increases with the increase of oxygen concentration. In
the rapid oxidation stage, when the oxidation temperature is 100 °C, the activation energy first decreases and then
increases with the increase of oxygen concentration, while 200 °C is the opposite.

Key words: coal spontaneous combustion; oxidized coal; preoxidized coal; low-temperature oxidation;
dynamic parameters; accelerated oxidation; rapid oxidation; oxidation temperature; oxygen concentration;

activation energy; pre-exponential factor

P bR, A 2O A AU A AR R BEAT IS

" V222 H X A AU AR BT T 9T, X

il

MR E EE A BRI, At SR RAA
FRANG R TR, (I B BRRe 2 T
SR FIR R AR R o M5 B BRSNS il BRGS0 U
KR P, 1 H B UK & CO,, CHy F1 NO S E S
T, ke T AR AR AR R, e 3R Ak A H
PRAIR o YA I BB R ¥ 3 K R I, R
R P KX T vk B e SR, DAB KR — 2
Pk, B KX N ERTE R R A R
SR B B 5 AR & A AR RO, IR T
Bl TR SR RS R BB o T AR
28 ik — WA A R, Y IR AR, R A
WRFFVE S IR IR AR R 22 5, S BUEALEE AR
Byt N, B AOX S B RS R A R R
25 DX R MRE KRR I T F B JRE L 2K 0 2 ik — B s ]
TR SR A5 IR GRS A BRI . i

1R (2] Ay figp he R s DR A AR MRE (95t B A ) At )
FHAR P FHIR S IR AR 9T 1 A [) U1 1 B 1 A A B A
i AR A B . SCHk (31K R DB 35 TR
Jin# 80, 120, 160, 200 °C, A [EEE R4 4L 10 h, I
K AR P T A B 2T AN S g i o T R LI
Fa bR PE A AR VR AR B RE B AR AR R, e T AN
[7) A A B S Ab R R M o M R o SR (40 %6 [
AT T AN TRDRL AR R | IR S SRR AR
AR, B USRI T L R B v T R R
WIK AL BE . SCHR [STHRSE T A A0 s A AR EE R
R KGR S AL R REPE, B SRR &0 120 C
TR ARG, AR Pl B v e A 5 f v T DR,
A L JE S i 0 3 R e . SCHR (6] R T
TR AL IR T TS A A2 R 3 v 8 A% BRI
A, SCHKL7IR FH 2R 250 07 0018 T AL B2 0%



2022 &% T

E B %% FRANBIKB AR A ) FH R R . 137 -

I s B RE P AR fh R R R, & BT R AL T
5 S0 FL B R B AR P 380, AR N AR R
SCHR (81 H M 4% S S0 R 5% T AS [R1RL AR (1
HERETE R AL B R B S A AR .
TR AIF 5 AT 2 E B AR A SR AR TR (<200 CO FlAs <4k
PR AR 21%) T il B4 39 4 Ak I8 S BfF 5 XoF
G, AH R Bl = X A AR AR Ak et AR 3 ) SRR Y
53T .

3t bR IR) R, AR S A A ] 4EAR I (100, 200,
300 °C) AR M F 43 K0 (21, 15, 5%) 2544 il B
AR IR 42, I35 IR TR A AL B B, R
C80 izt AN 191 4 P AREATG 3 4 A s I 1 i 4 A
TR IR TR 9T o

1 SSBWEERFE

L1 FRAAPEH] &

He 2R B LG A DRSS AR T )T G i i TR
Yk iE, I 0 R AR R 0.150~0.178 mm KRS
RPN B2 T A o, IFAE 30 C M HEAIREE T
TR 24 h SR HUT S ERAE o AR Tk o BT AT R
ST I 1o AR ARBUN O 21, 15, 5% BTEA
RA T, K gk e Py AR IR 5 23 51 T v 21 100,
200, 300 °C J, {5 (TR A 2 h, DL (R RAE BT
oA, o B LR AN [ 3l B8 A AR O B 2R A T SR A Y
9 Pl AA AL

T TR T AT AT R ST
Table | Proximate and ultimate analysis of

experimental coal samples %

Lok TR

WEE Ky RS RS BERK C H o N

S 365 17.24 3393 4518 7942 536 13.83 153

K FH C80 fill 2 FA AN 2 781 4 b I A1 IR A AL B
BLOBVRRAE, DT A 2 Bl J7 2 Rk o 280 51k
FREL 1 500 mg Tl 48 AL M5 TR RE b, JFl A R
R 21% A RIRG R, @R E RN
100 mL/min, F} & ¥ [ & 30~ 300 °C, F i 3 K h
0.8 °C/min.

13 #hFitHak

FE T TS A AP TR ST R A A i 2ok 15
B 128, ARSI TN
g—;:(é)Aexp(—%)(l—Q)" D

my

K o GRS TR, K g oA THE R, p=
0.8 °C/min; 4 N FE I F, s'; E, N4k g, J/mol;
R E IR S AR H 8, R=8.314 J/(mol-KD; n 4y [ I 4%
B5 mo R TR AL 09 SRR T 1, g5 my, A TR AR REAE
b B2 i, g

TS AR T A Ak R SRR AR B AR A 1 O
/z%jjm]

dm;,z—— (3)

K. O AR AME S PRI, J; g TR ALY
SR, J/go

PR AL B AT A 2 AT, B my=
moo B X ORAKX D, FFxF 22U A SR
XL, TS

ln((d—Qi)min)z—ﬂ +1In(As) 4
dT gmy RT

2 LWERRSN

2.1 FREACHAK R BAL A S AF T

HRAE C80 FAIAL iy 2 A1 — B S 5 ity 2k 2 HRURRAIE
TR, I MR A 1 R AR A L AR A R I SR 1
R 4k 18 E ALY BE (30 C—tp) | i A AL By
Bt (h—t) . P AL B Bt (,—300 °C) 3 AN FEAE B
Be, tE 1 s, Hod o 3G > 0 BEXE R Y I B
t I B KR I RAE X B TR . v R IR A
b By B AR SRy B0, o sk 48 Ak B B DR s 48 Ak B B
ARy I AH, 33X 2R B AR SR AL RN 2218 Ak B B
FEH N WA, T AR Ak B B R A AL B B R B R
B

L e 10
800 r |
: : 1% =
oo} & IR le 7
' ' E
| 14 =
% 400 ﬁ
£ 12 &
= 200 S
1° =
V] T Ve | L . L#
-200

1 1 1 1 1 74
0 50 100 150 200 250 300
IRLEE/C

BT RRAR BRI AL B
Fig. 1 Characteristic temperatures and stages
22 HEBAER
AL R PO i 2 an ] 2 fros . Wl &
Hh T A RE A 14 R R B I e R AT IR B R <
0), SR Bt I T 1B W T AR A (PR > 00 0 13
SE AR S A A e Y AR B /N T JRUBERE o AR



« 138 -

5 8k

% 48 %

[ A S R BT, TS A A A I il 4P 3 2 T
TR LEAR R 0 AR L, PR A A B B
TR AR X T AR IR AR
WeE B TR IR TR S B, R B IUR A RAE
WA BRI AR RIS PRSI 22 0 ILAb, AL
I JBE T 2] 300°C I, 7 AP B B0 2B

BEAT 2 I A AR R AL, 3k BT R e Y LA
it JBE P H R I T IS AR 0 R R AR T B A,
B R AR A R 1) B e ) XTI RS Bl i ol T
A b 2 5 S O B 35 P 45 R i B T A,
s ZEA GRS T A0 B, YO B 2 BT R A R A
REZEFRF IS (1 S R

800 ¢ 800 800
i | — ik i
600 600 La0C 600
= = — 200°C =
T 400 E 400 | 300°C B 400}
ES ES B
g o900} £ 00 =200 b
of ol - of
_200 1 1 1 1 1 1 _200 1 1 1 1 1 1 _200 1 1 1 1 1 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300 50 100 150 200 250 300
TG HRE/C TR/
(a) HAAERGE 21% (b) ASMAEBTEL15% (c) SRR EL 5%
800 800 800
| — IR | —— AR | — IR
600 s, 600 s, 600 5o,
= — 15% = — 15% = — 15%
E 400} 21% T 400} 21% E 400} 21%
2 = 2
00} £ 00 £ 200
o} oF —_ ol
7200 1 1 1 1 1 1 7200 1 1 1 1 1 1 7200 1 1 1 1 1 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300 50 100 150 200 250 300

TEBE/C
(d) F AR 100 C

TR C
(e) AL 200 °C
B2 TR AR R R i £

R/ C
() LIRS 300 C

Fig.2 Heat flow curves of pre-oxidized coal and raw coal samples

T AR R R LB WL 2% 20 BT 300 °C
TSR () AL T ™ S T SRR R, LB i
R PIFEA R B KR R, T o AR
iR, RE2AFEN, BEAARER o F o BT
JEAERE, ELARIN S B A AR B T R B R R, Bl AR
VA I VG328 /N 1 R A, 3R B T AR O 1) 1R R
P EREA G T RRERE, ELUE S L B Bl 25 0 f0 I 5 A
AR TR R . X T TR R T T
AACHEE ST T — 0 W B ISR A N, T FE
TS5 R E GRS R U S B R STe R E
I F R ) A R T I 4 B B D, R Y
TR B /N T IS, S R i, LU R A
AARMBU B R, TR HTHFE R Z . AL, A
Tk R 8 T AR SRR A3 0N TSR A I B I R 1 R
M) B K, Y AR TR A 100 °C B, R[] &SRR
Y BCHURACIENY 6 B o AR . R R A
HROGT T3 4 P ARV IR 42T 2 7 114 56 Wi A A8 1 1) R AR TR
FETNA PRI . g2 R R 2 i B AR, 5 b b s
RENE 2 5 K2 I I PR 45 #0 /D, SUSURRR 3 By i

AR I AN 22000 I B 7 AR RS ) 5 T A L T
iR, IR PSSR 22, B I SR AR B U A 2 X
BB 7= HE R
2 BRI
Table 2 Temperature characteristics of pre-oxidized coal and raw

coal samples

TR n/°C tC
JERE 134 199
AALIRIE 100 C AT E21% 1) TR AL 139 203

)

SRBUMEES Yo B AL 136 201
FALILEE200 C . SRR B 1 %I TR AL 185 240
SEALIRBE200 C . ARV 5% A A AR 173 232
SAAGIIE200 °C S TR RS Y% B TS AL 154 204
SFALIREE300 °C AR 1 %1 TR AL 234 —
SFALIREE300 °CL AR 5% 1) B A 213 —
SAALIRIE300 C AR BUN B %y B AL 188 —

AALIRIE 100 C SEUSAFE1 5% 1) TR AL 139 203

FALIREE100 °C ., 45

23 RIHAFHM
h T BB 2R S GER AR RE A AT R O,



2022 &% T

EEH S TRACHARE BACH Ao 3h Ty 54 AT R

« 139 .

TE 30~300 °C (1Y FHif i [l N B BR 5 °C eI — A~ S0k
144 In((dOMAT) (Blgme) min) FI T FAE , I F1) FH 2%
PELG K BE AT LG, S5 R B 3 s, T
4 A I VL AR Ak e R 1 2 12 SRk B B R B

BT DL TSR A A B B R PR A Ak B B 1Y) #A
IIFSEL AN, AR BT R 21% F 15%.
AABIREE A 300 °C 4 P AR AL BAIG IR AT il R A A 3R
PRI CO<0), FHEUDAE ] FIX 2 MEeE.

8.0 8.0 70
=~ 90} :“-?ﬁ‘:a%“% ~ -0} "“‘\ _ 80}
\i —10.0 - ‘\AA "nus \i -100F \&‘Q“% § _38 I ‘g?n'ﬂu
= n A Uy s X e | -10.0 } FRE Sa, Oy
SEL] PR T * SO o NS S ol o AR e N
2 ool o 100C a 2 o0 o 100C a @ 2 200°C 8 %y
Y . - by ] Q . N @ Q-120} ~ 00°C a a
S 30 4 200¢C S 30} 4 200C . A < 300°C A e
E VT — P AL B = : P AL BB E 130 e b B
-14.0 } i S AR B °n —-14.0 | ik S AL B B ] -140} A B e on

50 I I I '
0.0017 0.0019 0.0021 0.0023 0.0025
T-'/K™!

(a) SAUEBECH 21%

50 I I I '
0.0017 0.0019 0.0021 0.0023 0.0025
/K

(b) A ECH 15%

50 I I I '
0.0017 0.0019 0.0021 0.0023 0.0025
T/K?

(c) SRS ER 5%

K3 BEACHA ARG AL RE LS 2k

Fig. 3 Fitting curves of activation energy of pre-oxidized coal and raw coal samples
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Table 3 The dynamic parameters of pre-oxidized coal and raw coal samples
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