fo % % i e

ACTA CHIMICA SINICA DOI: 10.6023/A15080548

EMERENFFITR R EZN NI F 0B
FR% B ghEm TEET

(PEBFEEARRZ KRB EFEAEREE GE 230027)

WE BN 2 H AT RS BRI R AR LR M 5)) 0 AT, BRR AR ZAE M A R AU AR P AT SR DL R e £
SR REE PSR IR, 35 iR S R IE O A R S A AR, P BRR FE 43 T E O 450,520 AT 800 C.
12 A RIS HS BT R SRR R Y R 2 M IR AR50, Rl o 4 3 R 5 S 2R ol R S B AT 1L & DA3R
ARSI NIHSEUE. BT RIESE, W TR AR R (450 FI 520 C)HIFSRIHER, HR 5 A 2 f 5 b [
PR M e AR R E R B AR AR 3 TG 58 T SRR G M FHoRH A 1 4 3B I A o0 PSP A T S A R 28 T
LIS ELE A H] 800 CHY, FE iGN EEA N TC B TR, AT AT 4k 0 8 TR (1 520 IR, Bk B AR i 35 4
S (TR AL RE SR, T A 86~ 147 kJemol ', HH R ACJIGEE 1 F X 18] 4 300~480 °C; JosE JERRIITE L AE Ny 174~208
klemol ', SIZRFETE 370~520 CZ i), F Wi i g LAE A 214~225 kJemol ', ¥ EVEFH X [ATE 420~510 C
Z M. R IAA TS T R E B AR R T EIE. FERCERE T &, AR RS ERR, RN SRR A
SRR AL RS BT K, SRR R U R BLE M T R

KR KRR, EAGRBL BN, R, RS

A Study of Plant Char Oxidation: the Parallel Reactions and
Their Chemical Kinetics

Tao, Junjun Chen, Shuai Yao, Fengqi Wang, Haihui*
(State Key Laboratory of Fire Science, University of Science and Technology of China, Hefei 230027)

Abstract The present work explores the effects of the parallel reactions on the oxidation reactivity of plant chars formed at
various heat treatment temperatures by using a multi-component parallel reaction model in conjunction with the non-linear
kinetic analysis technique. Four plant species were selected. A plant char was prepared in a programme-controlled horizontal
tube furnace under the atmosphere of N, at a purity of 99.999%, and its heat treatment temperature was set at 450, 520 and
800 ‘C, respectively. The aerial oxidation characteristics of plant chars were analyzed by using a simultaneous ther-
mo-gravimetric analyzer and differential scanning calorimeter, and the kinetic data of the parallel reactions were then re-
trieved by fitting both the mass change and mass loss rate data obtained during the oxidation measurements. It was confirmed
that for the oxidation of the chars formed at moderate heat treatment temperatures (i.e. 450 and 520 °C), the variation pat-
terns of mass loss rate and the heat flow rate curves are contributed by the parallel oxidation reactions of lignin residue,
amorphous carbon and the other reactive substances such as crude fat and protein, etc. When the heat treatment temperature
reaches 800 ‘C, the reactive substances stored in the char produced are mainly amorphous carbon, and the char oxidation can
be simplified to an one-step reaction. Compared with the other two reaction components, lignin residue has the lowest activa-
tion energy for oxidation with the range between 86 and 147 kJsmol ', and its reaction temperatures vary between 300 and
480 °C. The activation energy for the amorphous carbon fluctuates between 174 and 208 kJemol ' with its reaction tempera-
tures altering between 370 and 520 ‘C. The other reactive substances undergo oxidation with the activation energy between
214 and 225 kJemol ™" and the corresponding reaction temperatures are between 420 and 510 °C. It is obvious that the oxida-
tion reactivity of plant chars mainly relies on the performance of lignin residue. With the increase in the heat treatment tem-
perature for making a char, the oxidation reactivity of the plant char essentially reduces, which is essentially attributed to the
decrease in the content of lignin residue and the increase in the activation energies for the other two components to oxidize.
The established understanding lays the foundation for developing more effective methodologies for making use of the energy
stored in plant chars and paves the way for identifying the role of plant chars in the spread of a wildland fire.
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Figure 1 Mass change and mass loss rate curves (a) as well as heat flow
rate data (b) obtained during the aerial oxidation measurements of various
plant chars produced at HTT=450 C
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Figure 2 Mass loss rate (a) and rate of heat flow (b) curves obtained by
the oxidation measurements for C. chekiangoleosa chars formed at dif-
ferent heat treatment temperatures
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mass loss rates with the curves determined by the theoretical analysis for
C. chekiangoleosa (a) and M. laosensis (b) chars
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Table 1 Evaluation of kinetic parameters for parallel reactions in char oxidation process and the closeness of the modeling results to the experimental

data illustrated by the parameters R? and Sprg

Species HTT/C Reaction component* E,v/(kJ-molfl) A; (1/s) n; R? (DTG) Spre
LR 90.7 490%10*  1.33
450 AC 174.1 1.66X10"  1.03 0.998 3.6X10°*
Oth 218.0 6.31X10"”  1.01
C. chekiangoleosa LR 1385 3.72%10° 1.66
520 AC 184.9 1.41Xx10"  1.10 0.999 45X107°
Oth 2174 1.12X10"%  1.27
800 AC 205.3 2.75%X10"”  1.34 0.991 22X%1073
LR 86.5 525X10*  0.98
450 AC 175.6 6.46X10"  1.06 0.994 20X107*
Oth 216.3 7.94X10%  1.03
M. laosensis LR 130.3 3.80X10° 145
520 AC 181.2 5.13X10"  1.30 0.989 6.1X10°°
Oth 218.8 3.72X108  1.18
800 AC 206.5 1.15X10"  1.87 0.991 1.5X10°°
LR 89.7 7.24X10°  1.22
450 AC 179.9 1.29%x10"  1.03 0.995 22%107*
Oth 215.1 6.92X10%  1.01
0. fragrans LR 133.5 240X10°  1.22
520 AC 182.5 1.86Xx10"  1.18 0.990 6.4X107°
Oth 219.4 1.48X10"%  1.11
800 AC 206.4 1.00X 10" 0.98 0.948 1.9X102
LR 91.3 3.55X10°  1.19
450 AC 1753 2.57X10"  1.12 0.998 28%107
Oth 214.1 9.55X 102  1.43
P. massoniana LR 146.8 8.13x10° 1.02
520 AC 178.7 1.35X10"  1.01 0.990 1.2X1073
Oth 2252 6.46X10"  1.01
800 AC 207.5 2.40X10"%  1.00 0.991 2.0%10°3

* LR (Lignin residue): %% AJif %; AC (Amorphous carbon): JG7E fEH#; Oth (Other reactive substances): /&),

4 SILERSY

STUGFE A B R R R B HE 21 AR I % (Camellia
chekiangoleosa), K % H (Mytilaria laosensis), 1 1t
(Osmanthus fragrans)F1 5 KA (Pinus massoniana). X5
Wi N ARA TN E R E (N 23°11'14.52"; E
113°21'42.92") 55 . REMM M IE~S CHE TN
EHRAE. 4 PR k() Tl AC 2 i 45 R Lk 2.

il AR AR A RIERIBH GL-1200 M B i g 200,
THIRAG BT IE £1 °C. G /K 28O0 il AR i R 1 5
M 281 S 4 B B T AR P T AR A B (R R A
80 C), RJE¥T 15 HIFE M A FE N, il FE R
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KAZER 99.999% I m2i %, SEIRE, LI 12 C/min
FHE R B IR THE 350 C, 1HiR 5 min; #EiLL15S C
/ min FITHE BRI E AR, 4R 40 min, X B
WE AR IR FE(HTT) 733 450+ 520 11 800 °C. il
R R ) H R T % = R AT

FIFHZEE TA 25 #FEE RS SDT Q600 Ff&
AL, ZRETIRESHEAN 0.1 png, FREMFE
N E1.0%, EHGKEE AL £2.0%. BEREBBR(<S
mm), FRENA~8 mg 3% N Mg &, MR R Tolk
K<, WEBEN 100 mL/min. MRS, #E 55 %61
35 CIRZ&C-F#T, FELL 10 C/min THEE R INAE
800 C. SEIG pi REEHZEN 2 Ws.
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Table 2 Proximate and ultimate analyses for the leaf samples of alive plants

Proximate analysis* (wt%) (received basis)

Ultimate analysis (wt%) (air-dried basis)

Species
Moisture Volatile matter Fixed carbon Ash C H N
C. chekiangoleosa 58.0 29.3 10.0 2.7 48.44 6.81 1.42
M. laosensis 74.3 19.6 5.7 0.4 46.37 6.19 1.94
O. fragrans 47.6 41.4 8.7 23 49.59 6.51 2.18
P. massoniana 65.6 26.3 7.6 0.5 46.78 6.33 1.52

Proximate analysis results of the individual species were determined by a pair of thermo-gravimetric results obtained during the measurements either under N, at

a purity of 99.995% or under air atmosphere!?*?").
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