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Study on Reaction Kinetics of Soot Oxidation in O,/CO, Atmosphere
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Abstract: To study the reaction kinetics of soot oxidation in O, /CO, atmosphere, thermogravimetric analy-
sis was conducted with focus on the influence of oxygen concentration (¢(O;)), so as to carry out a comr
parison with that in O,/N, atmosphere, and to obtain the quantitative relations between ¢(0O,) and the ki~
netic parameters including apparent activation energy (E) and frequency factor (A) for soot oxidation un-
der oxy-fuel combustion conditions. Results show that in O,/CO, atmosphere, both the starting and end-
ing temperatures of soot oxidation are higher, indicating that the reactivity is inhibited in contrast with
that in O, /N, atmosphere; with the rise of oxygen concentration in O,/CQO, atmosphere, the TG-DTG
curve moves toward the lower temperature region, the maximum mass loss rate increases, and the reactivi-
ty improves significantly. Obvious kinetic compensation effect exists between A and E of soot oxidation.
When the value of ¢(0O,) is lower than 20% . both E and In A have positive correlations with (03
whereas when the value of ¢ (0O,) is higher than 20% ., both E and In A have nearly no correlation
with ¢(0O,).
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Tab.1 Properties of the soot tested
(
“ w( )/ % w(C) /% w(H) /% w(N) /% w(S) /% w(0)/ %
/nm /%
13 6. 00 0. 04 91. 20 0. 65 0.21 0. 15 7.79
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Fig. 1 Comparison of TEM morphologies among the soot, candle flame, and engine emission
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Tab.2 Combustion characteristic parameters of soot samples

©(O2) T,/°C Toear/C T¢/C Winax /(Y * Min™D) Wiean /(% « min™ ') S/(%2% « min~ 2« C3)
0, /Ns 0. 05 632.9 726.1 778.4 12.633 2.579 1.05X10°7
0, /N, 0. 20 585.0 638.2 678. 6 19. 820 2.951 2.52X1077
0,/CO, 0.05 650. 8 768. 8 838.2 9. 828 2.395 6.63X10"8
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0,/CO, 0. 35 570. 2 617.8 663. 8 19. 488 3.065 2.77X10°7
02 /CO, 0. 40 560. 1 606. 3 646. 4 20.933 3. 049 3.15X10°7
O, 2.3
O, , 1.3 ,
. 6 )
(23-24] 4 O, 3. 6 3 , O, 5%
TG-DTG , 0O E A; O, 20%,2
20% , O, TG-DTG E ., 0,/CO, A
O, ,
0. O  5%0(02)/95%¢(CO5)
0, ©10% 0(0:)/90%p(CO2)
’ 72 -12.0F 4 15% ¢(02)/85%p(CO,)
—125h v20% (02)/80%¢(CO5)
*30% (02)/70%((CO)
100 125 — "13.0F <35% 9(02)/65%(CO,)
8ot 120 % -13.5} »40% 9(0,)/60%¢(CO,)
. 60k —5%p(01/95% p(CO) N 1is = , 05% p(02/95%¢/(COz)
£ 4oL = 10%0(0,)/90% p(COy) v 1o € o ~l140r v 20% 9(02)/80%(CO2)
¥ - - 15% 9(0,)/85% p(CO,) A T -145f
& 200 - 20% p(0)/80% p(COy) 1 s E 5o
OF N do X -15.0F
@ —20} REFEE {5 @ -155}
% ~40F —-30% ¢ (0,)/70%  (CO 1108 -16.0 —
=60 ---35% (0,)/65% ¢ (CO) 1-15 0.90x107  1.00x107°  1.10x107°  1.20x1073
—80F -+ 40% ¢ (0,)/60% (COy) N 120 0.95%107 1.05%1073 1.15x1073 1.25x1073
_100L— . . . . Q/TyK™!
0 200 400 600 800 1000
wE/C 6 O,
4 0O, TG-DTG Fig. 6 Arrhenius plotting under different atmospheres
Fig.4 TG-DTG curves at different oxygen concentrations and oxygen concentrations
135%107®
8501 (’)2
430x107®
800} ~ ( @, ( 4). 7 4
750+ _ZSXIO_RLU ’()Z/C()z 902 20% ’
o i -8 ".‘. E
@ 700k 20% 10 E
@ 650k i 15)(10_8(:\'0 ln A ()2 ’ E:
LA 82.27+485. 46 X ¢ (0O,) kJ/mol,In A=2. 97+
600 110x10
77.41><90(()2)9 :da/dl:
550 L 1 L 1 1 1 Il 5)(]()’K
07005 0107015 020 025 030 055 040 045 19. 49 X exp[77. 41¢(0,) — (82 270+485 4606(0,))/
02 I\
RTIX (11— a); O, 20% LE
5 0O
A .
Fig.5 Effect of oxygen concentration on characteristic Oy ’

parameters of soot oxidation

172.96 kJ / mol  7.861 X 107 s™',



8 , :0,/CO, < 677 -
3 20.
= 0,/CO, 4 2
Tab.3 Kinetic parameters of soot oxidation under i -
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Fig. 7 Effect of oxygen concentration on kinetic parameters E and A
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Tab.4 Relations of E and In A with oxygen

concentration in O, /CO, atmosphere
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