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Modeling study on the biomass char gasification kinetics under
CO, atmosphere: II. Pre-exponential factor
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Abstract: Based on the simple collision theory ( SCT) the calculation method of biomass char gasification rate
was developed and the combined parameters to characterize the pre-exponential factor were found. Furthermore
some experimental tests for six acid-washed biomass chars such as the isothermal gasification and so on were
performed under CO, atmosphere using a thermo-gravimetric analyzer ( TGA) over the temperature ranges of
800-1 000 °C  respectively. Through the comparison of experimental data and modeling results it is found that
a good agreement is made and the developed model equations can provide an effective guidance to clarify the
general gasification law of biomass chars.
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Table 1

1

Proximate analysis and ultimate analysis of samples

Biomass sample

Proximate analysis w,/%

Ultimate analysis w /%

Average molecular weight /( gemol™)

Vv FC A C H N S 0 M,
SS-de 55.45 10.66  33.89 31.41 4.45 1.01 0.29 28.95 43.5
ML-de 68.66 17.11 14.23 40.57 5.05 1.60 0.24 38.31 45.5
PS-de 80.38 15.54 4.08 46.05 6.16 0.12 0.06 43.53 60.7
CCde 73.86  16.43 9.71 41.09 5.69 0.49 0.08 42.94 50.6
RH-de 65.64 16.02 18.34 37.55 5.41 1.05 0.18 37.47 40.8
BS—de 68.27 24.59 7.14 43.19 5.97 0.97 0.07 42.66 31.5
2.2 Ca.Mg 2,
2
Table 2 Inorganic component analysis of
biomass chars
Content w /%
Char sample
5 1 K Na Ca Mg
| SS char 1.638 0.023 1.870 1.067
& _ N ML char 1.102 0. 005 13.11 0. 600
! 2 PS char 0.462 0.003 0.737 0.139
o N, CC char 2.112 0.010 0.576 0.430
300 mL/min 30 K/min RH char 0.785 0.078 0.401 0.136
110 °C 10 min : BS char 4.831 0.057 0.513 0.251
N, 750 °C SS-de char 0.167 0.012 0.092 0. 065
. . ML-de char  0.075 0.003 0.054 0.019
10 min :
N PS-de char 0.070 0.002 0.170 0.031
2 ° CC-de char  0.176 0.015 0.099 0.080
) RH-de char  0.053 0.008 0.020 0.014
valve electric crucible
furnace BS-de char  0.106 0.010 0.056 0.017
7 flue gas 2 95%
g g K.Na 99% o
g & 4 Ca.M 5% ~10%
é é J \ a-~ g 0 ©
E] D thermocouple KN 20 21
_ temperature v
controller R 2
1 X ° 2
Figure 1  Schematic diagram of char production system 002 100
2
0.1¢g 3 mL °
1 mL 0.05¢ 30 mL
: 150 °C I'ml
: 20 ml 24 h 15 min M astersizer
2000G
.750-800 C K.Na. 3
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Figure 2 XRD analysis of biomass chars
3
Table 3  Particle size analysis of biomass chars
Particle size d/pm
Char sample - - - -
median diameter area-averaged diameter volume-averaged diameter
SS-de char 26.006 19.019 31.469
ML-de char 22.579 14. 604 37.348
PS-de char 49.929 30. 655 60.904
CC—de char 25.791 17.601 30.39
RH-de char 8.658 4.72 30.32
BS-de char 20.392 13.951 26.968
2.3
Netzsch STA449F3
16 i
3 o
800.850.900.925.950.975.1 000 C. .
0.2
o 5
4, (1000 C) B (800 °C)
3
o 4
E =
: In8—10 000 /T
314.6 kJ/mol (24) 4 B
( 0.987 3% -6%)
B 5. 5
B (17)
InB=( ~13.820.43) +(0.8320. 05) %(25)
° (25) (22) (24)
19 7
char vV 8 300
Z=1. 705><1012><M5,3(ﬁ) exp(T) (26)
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Figure 3  Gasification reaction rate of acid-washed chars

0. 800 °C; 0: 850 C; A: 900 °C; v: 925 C; ¢©: 950 °C; «: 975 °C; >: 1000 C
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Table 4 Initial gasification reaction rate of acid-washed chars

r.o( 1/min)

Char sample

800 °C 850 °C 900 °C 925 °C 950 °C 975 C 1000 °C
SSde char 0.002 8 0.007 5 0.0330 0.049 6 0.1073 0.1402 0.2310
ML-de char 0.001 0 0.003 3 0.008 2 0.0132 0.0235 0.0390 0.066 8
PS-de char 0.008 1 0.0254 0.064 0 0.093 0 0.1531 0.2874 0.3500
CC—de char 0.0012 0.004 0 0.0159 0.0282 0.0420 0.0730 0.1242
RH-de char 0.0009 0.001 8 0.006 9 0.0130 0.016 8 0.034 6 0.058 7
BS—de char 0.000 8 0.0023 0.008 7 0.013 1 0.024 6 0.0429 0.0629
5 B
Table 5 Ratio of average pore length to char apparent diameter for different acid-washed chars
B(m/m)
Char sample
800 °C 850 °C 900 °C 925 °C 950 °C 975 C 1000 °C
SS-de char 2.34x107°  1.34x107°  1.43x107°  1.11x107°  1.27x107  9.02x10™*  8.28x107*
ML-de char 1.49x107  1.01x107°  6.19x107™*  5.13x10™*  4.84x10™  4.37x10™*  4.16x107*
PS—de char 5.28x107°  3.52x107°  2.16x107°  1.62x107°  1.41x107°  1.44x10°  9.77x10™*
CC-de char 1.37x107  9.96x107™*  9.53x10™*  8.71x10™*  6.88x10™*  6.50x10™*  6.16x107*
RH-de char 3.69x107°  1.55x107°  1.46x107°  1.42x107°  9.71x10™  1.09x10”  1.03x107°
BS-de char 1.40x107°  8.48x10™*  7.76x10™*  6.03x10™*  6.00x10™*  5.69x10™  4.64x107*
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Figure 4  Effect of temperature on the parameter 8 Figure 5 Comparison between experimental

and simulation results

1 KIRKELS A F VERBONG G P J. Biomass gasification: Still promising? A 30-year global overview ] . Renewable Sustainable Energy Rev
2011 15(1): 471-481.

2 KAJITANIS SUZUKIN ASHIZAWA M HARA S. CO, gasification rate analysis of coal char in entrained flow coal gasifier J . Fuel
2006 85(2): 163-169.

3 KIRUBAKARAN V SIVARAMAKRISHNAN V. NALINIR SEKART PREMALATHA M SUBRAMANIAN P. A review on gasification



536 45

of biomass J . Renewable Sustainable Energy Rev 2009 13(1): 179-186.

4  FERMOSOJ ARIAS B PEVIDA C PLAZA M G RUBIERA F PIS J J. Kinetic models comparison for steam gasification of different
nature fuel chars J . J Thermal Anal Calorimetry 2008 91(3): 779-786.

5 SEO D K LEESK KANGM W HWANG ] YUT U. Gasification reactivity of biomass chars with CO, J . Biomass Bioenergy 2010
34(12) : 1946-1953.

6 OLLERO P SERRERA A ARJONA R ALCANTARILLA S. The CO, gasifcation kinetics of olive residue J . Biomass Bioenergy 2003
24(2): 151-161.

7 FOUGA G G DEMICCO G BOH A E. Kinetic study of argentinean asphaltite gasification using carbon dioxide as gasifying agent J . Fuel
2011 90(2): 674-680.

8  COZZANI V. Reactivity in oxygen and carbon dioxide of char formed in the pyrolysis of refuse-derived fuel J . Ind Eng Chem Res 2000 39
(4): 864-872.

2005 26(6): 766-771.
( MI Tie CHEN Han-ping TANG Ru<iang WU Chuang<hi MA Longdong SHAO Jing-ai WANG Xian-hua HE Qiao LIU De-chang
ZHENG Chu-guang. Reactivity study on biomass chars in CO, atmosphere J . Acta Energ Sol Sin 2005 26(6): 766-771.)
10 . Co, J .
2009 37(3): 289-295.
(HUANG Yan—gin YIN Xiudi WU Chuangzhi WANG Cong-wei XIE Jianjun ZHOU Zhao-qiu MA Long-ong LI Hai-bin. Study on
CO, gasification reactivity of rice straw chars J . J Fuel Chem Technol 2009 37(3): 289-295.)

11 . J. 2013 41(1): 40-45.
(ZHAO Bing ZHOU Zhi§ie DING Lu YU Guang-suo. Changes in the microstructure and gasification reactivity of petroleum coke and coal
samples after rapid pyrolysis J . J Fuel Chem Technol 2013 41(1): 40-45.)

12 . CO, J. 2012 33(2): 236-242.

( XIAO Ruiui CHEN Xuedi WANG Fu—chen YU Guang-suo. Research on kinetics characteristics of gasification biomass semi-char with
CO, J . Acta Energ Sol Sin 2012 33(2): 236-242.)

13 . J. : 2012 42(8): 1210-1216.

(LIU Wen—<zhao YU Jian ZHANG Ju-wei GAO Shigiu XU Guang-wen. Kinetic study of reaction of porous solids J . Sci Sin Chim
2012 42(8): 1210-1216.)

14 FU W B ZHANG B L. ZHENG S M. A relationship between the kinetic parameters of char combustion and the coal’s properties J .
Combust Flame 1997 109(4) : 587-598.

15 WANG X H ZENGX]J YANGHL ZHAO D Q. General modeling and numerical simulation of the burning characteristics of porous chars

J . Combust Flame 2012 159(7): 2457-2465.

16 . CO, c L J. 2014 42(3): 75-81.
(DONG Cun—zhen WANG Xiao-han ZENG Xiaojun SHAO Zhen-hua. Experimental study on the gasification kinetic parameters of
biomass chars under CO, atmosphere: 1. Activation energy J . J Fuel Chem Technol 2014 42(3): 75-81.)

17 . I 2015 15(4): 599-606.
(SHAO Zhen-hua WANG Xiao-han ZENG Xiaojun WU Yong. Gasification Activation Energy of Biomass Chars Based on Simple
Collision Theory J . Chin J Process Eng 2015 15(4): 599-606. )

18 . —PART L I

2005 26(2): 153-156.
( FU Peidfang FANG Qinyan YAO Bin ZHOU Huai-chun. Study on the reaction kinetics model of pulverized coal combustion based on
SCT-part I: Theory and TGA J . J Eng Thermophy 2005 26(2): 153-156.)

19 . I 2009 60(7): 1793-1799.
(FU Peng HU Song XIANG Jun SUN Lu-shi ZHANG An-chao YANG Tao JIANG Long. Evolution of pore structure of biomass
particles during pyrolysis J . CIESC J 2009 60(7): 1793-1799.)

20 YIPK TIAN FJ HAYASHIJ WU H. Effect of alkali and alkaline earth metallic species on biochar reactivity and syngas compositions
during steam gasification J . Energy Fuels 2009 24(1): 173-181.

21 ZHANG Y ASHIZAWA M KAJITANI S MIURA K. Proposal of a semi-empirical kinetic model to reconcile with gasification reactivity
profiles of biomass chars J .Fuel 2008 87(4 /5): 475-481.

22 . Co, I
2013 42(6): 1040-1046.

( LIN Xiong-chao WANG Cai-hong TIAN Bin ZHANG Shu ZHOU Jiandin WANG Yong-gang. Effects of de-ashing on the micro—
structural transformation and CO, reactivity of two Chinese bituminous coal chars J . J China Univ Min Technol 2013 42(6): 1040-1046.)

23 MIN F F ZHANG M X Zhang Y CAO Y PAN W P. An experimental investigation into the gasification reactivity and structure of

agricultural waste chars J . J Analy Appl Pyrolysis 2011 92( 1) : 250-257.



