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Composition and combustion dynamics analysis of typical crop straws

ZHAO Wen—xia'?*?, YANG Zhao—xu"*?, LIU Shuai'*?, REN Ai-ling'**

(1.School of Environmental Science and Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China; 2.Nation-
al Joint Local Engineering Research Center for Volatile Organic Compounds and Odorous Pollution Control, Shijiazhuang 050018, China;
3.Hebei VOCs and Odour Pollution Control Engineering Laboratory, Shijiazhuang 050018, China)

Abstract: In order to discuss the composition and the combustion characteristics of typical crop straws from a typical region of China, three
typical crop straws (wheat straw, rice straw, and corn straw) were chosen from typical crop straw planting areas (Hebei Province and Jilin
Province). The compositions (industrial analysis, elemental analysis, and fiber composition) were analyzed and the combustion dynamics
characteristics were studied using different heat and a thermogravimetric analyzer. The results showed that the contents of ash and synthetic
cellulose of the rice straw were the highest among the three straws, and that the contents of S and Hg of the corn straw were the highest. Oth-
er industrial analyses (moisture, volatile matter, and fixed carbon) and element(C, H, O, and N) compositions showed no significant differ-
ences. At different heating rates, the overall trends of the TG and DTG curves of the three straws were similar. The two distinct weightless-
ness peaks corresponded to the precipitation and combustion stage of volatile matter and the combustion stage of fixed carbon, respectively;
the weight loss rate of the former was much higher than that of the latter. At the same heating rates, the maximum weight loss rates of the

three straws in the low temperature combustion zone (volatile matter precipitation and combustion stage) were from high to low in the order
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of wheat straw > rice straw > corn straw, while those of the rice straw and corn straw in the high temperature combustion zone (fixed carbon

combustion stage) showed no significant difference, and both were higher than that of wheat straw. The combustion process of the straws in

the low temperature zone and high temperature zone accorded with the two—stage combustion kinetics equation. The results indicated that

the three straws had the characteristics of high volatile matter, low ash (except rice straw), and low sulfur contents. The weight loss of straw

combustion was mainly due to volatile matter precipitation and combustion followed by fixed carbon combustion, while the contribution of

water evaporation was the least. The peak shape of fast weightlessness was not only related to the composition of straw, but also to the initial

precipitation temperature of volatile matter. The two—stage reaction model can scientifically describe the combustion kinetics of crop straws.

Keywords: crop straws; compositions; thermal gravimetric analysis; combustion dynamics; maximum weight loss rate
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Table 1 Elemental and industrial analysis of straw

o 53 e /% JLRAHT
FfFR M. Au Vi FCu [Clw/%  [H]w/%  [0]u/%  [Nlu/%  [S]a/% [Hglu /g kg™
FEILI/NAE 6.03 9.60 66.60 17.78 41.52 5.76 36.24 0.61 0.24 8.35
MK R 5.20 15.29 63.82 15.69 40.67 5.73 32.30 0.80 0.01 1.10
TS A 4.99 6.17 72.90 15.94 41.67 591 40.53 0.58 0.15 2.98
FfAC AR 1.48 9.54 30.77 58.21 71.40 4.42 23.28 0.65 0.25 —
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Table 3 Combustion characteristic temperature parameters
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Table 4 Combustion kinetic parameters of straws

FHER/C-min™  FEFF T/C LR EAE & A R E/k]-mol™! A/min™

20 °C/min INE 3012 230~420 n=1 y=-10.920x+5.383 0.923 90.7 6.63x10’
301.2 230~420 n=2 y=-12.905x+9.220 0.960 107.24 6.53x10"

446.5 420~510 n=1 y=-25.504x+21.749 0.854 211.94 1.51x10"

446.5 420~510 n=2 y= ~56.874x+65.887 0.979 472.61 4.74%10%

KR 299.8 220~380 n=1 y=-13.182x+10.014 0.929 109.54 6.16x10°

299.8 220~380 n=2 y=—15.386x+14.490 0.977 127.86 2.86x10°

426.6 380~530 n=1 y=-17.311x+10.833 0.898 143.85 1.91x10"

426.6 380~530 n=2 y=—35.879x+38.066 0.984 298.15 2.54%10%

Tk 3007 200~390 n=1 y=-9.812x+3.338 0.934 81.54 5.81x10°

300.7 200~390 n=2 y=-13.580x+10.590 0.982 112.85 2.83%10"

429.4 390~510 n=1 y=-19.606x+13.795 0.897 162.93 4.14x10"

429.4 390~510 n=2 y=-30.095x+29.314 0.995 250.1 3.40x10"

30 C/min N 3329 240~410 n=1 y=-11.078x+5.232 0.897 92.06 6.99x107
3329 240~410 n=2 y=~16.400x+14.877 0.967 136.28 1.48x10"

466.8 410~550 n=1 y=-19.357x+12.799 0.891 160.86 2.28x10"

466.8 410~550 n=2 y= —41.384x+43.807 0.975 343.90 1.36x10%

IKFe 3354 230~390 n=1 y=—11.143x+5.732 0.933 92.60 1.16x10°

335.4 230~390 n=2 y=-16.359x+15.467 0.972 135.94 2.76x10"

453.4 390~555 n=1 y=-15.173x+7.388 0.908 126.09 8.14x10°

453.4 390~555 n=2 y=—33.226x+33.221 0.964 276.11 2.79%10%°

ok 3309 200~400 n=1 y=-8.363x+1.172 0.940 69.50 9.48x10°

330.9 200~400 n=2 y=-12.003x+8.254 0.969 99.74 1.54x10°

4438 400~540 n=1 y=-17.540x+10.717 0.893 145.76 2.59x10"°

4438 400~540 n=2 y=—37.529x+39.196 0.966 311.87 1.05%10"
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