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Table 1 Ultimate analysis and proximate analysis of raw and torrefied cotton stalk

BE T4 4T Proximate analysis/% JL# 43T Ultimate analysis/% R R R
Sample Cs H, 04" Na Va4 Aq FCq HHV/(MIkg")
J5FE Raw 46.07 7.06 41.26 0.61 78.62 4.81 16.57 18.53
200C 46.82 6.95 40.48 0.57 78.01 4.95 17.04 18.86
230C 48.97 6.69 38.17 0.65 75.49 5.52 18.99 19.82
260°C 53.06 6.34 34.09 0.67 70.98 6.53 22.49 21.56
290°C 62.63 5.26 24.84 0.86 54.99 10.13 34.88 24.85
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Note: oxygen content is obtained by difference
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Fig.1 Schematic flowsheet of biomass two-staged pyrolysis system
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Fig.2 Effect of torrefaction temperature on products yield of
cotton stalk pyrolysis
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Table 2  Pyrolysis bio-oil components of torrefied cotton stalk

B 4Tk WETHAR 43 LL Peak area precent /%

Compounds Raw 200C 230°C 260°C 290°C
48 Acetic acid 4335 34.654 31.829 23.770 11.147
NIR Propanoic acid 3414 0 3.383 2.630 1.834

T Butanoic acid 0 1.168 1.339 1.530 0

2-FRFEPYSUIEM 2-Furanol, tetrahydro- 0.942 0.946 1.126 1.076 0
BEE Furfural 6.057 6.033 1.520 1.946 2.1346

2,3 T 2,3-Butanedione 1.166 1.003 1.456 0 0

¥4 IL AW 2-Propanone, 1-hydroxy- 8.362 6.070 6.964 6.048 0

F4IET WA 1-Hydroxy-2-butanone 0.783 0 1.101 0.562 0
FF%HH Cyclopentanone 1.001 0.876 0.934 0.894 0.660
LA %E 2-AA 2-Propanone, 1-(acetyloxy)- 1.683 1.758 4.125 2.720 1.605
2K Phenol 1.577 1.882 2.073 2.465 5.171
2-HI3EZKE;  Phenol, 2-methyl- 2.001 2.301 2.295 2.619 4.135
4-HI3LZE}  Phenol, 4-methyl- 0 0 0 3.350 5.810

3-FAEEZKY  Phenol, 3-methyl- 2.169 2.971 2.209 0 0
2,6-—FI3LZE®E)  Phenol, 2,6-dimethyl- 1.076 1.105 1.075 1.045 1.139
2,4- " HI3LZE®E)  Phenol, 2,4-dimethyl- 0.723 1.737 1.607 1.745 3.019
3,4- " HI3EZEE)  Phenol, 3,4-dimethyl- 0 0.709 0.579 0 1.519
48 2K} 1,2-Benzenediol 4.812 7.347 3.711 5.494 9.196

4-FHELAR 2K} 1,2-Benzenediol, 4-methyl- 0.376 0.822 0.570 0.813 0

4 45 g

AT WS T A JE A AT A P 5 S A
fi PR YR AR AL, B E AR

1) 290°CHERE 2 5, HAERSY 34%, O/C
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Effect of torrefaction on characteristics of pyrolytic products of
biomass

Yang Qing, Mei Yanyang, Hao Hongmeng, Yang Haiping™, Wang Xianhua, Chen Hanping
(State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The pyrolysis of biomass is one of the promising methods for obtaining bio-energy, and is discussed
widely. Bio-oil obtained from pyrolysis is easy to store and transport, and can be used directly and indirectly as a
fuel. However, bio-oils have high acid content, high water content, and low heating value. These drawbacks have
limited the broad application of bio-oils. Torrefaction is a low temperature pyrolysis process carried out at
temperatures ranging from 200 to 300°C for liberating water and releasing volatile organic compounds, which
may affect the subsequent pyrolysis process and related products. In this sense, there has been significant increase
of interest in biomass torrefaction techniques.

In this work, torrefaction of cotton stalk was conducted on a tube furnace at 200, 230, 260, 290°C with a
residence time of 30 min. Pyrolysis of torrefied cotton stalk was also performed on a tube furnace reactor at 550°C
with a residence time of 30 min. The effect of torrefaction temperature on the yield, products composition, and
physical properties of bio-oil were studied. In addition, the product distribution of torrefied cotton stalk pyrolysis
was also investigated. Torrefied cotton stalk was chosen as the benchmark when calculate the yield .The gas
products of pyrolysis were analyzed by chromatograph (GC), and liquid products were analyzed by gas
chromatography mass spectrometry (GC-MS) and Karl Fischer moisture tester.

The research results showed that increasing torrefaction temperature resulted in the increase of the carbon
content of torrefied biomass from 46.07% to 62.63%. However, the hydrogen and oxygen contents decreased from
7.06% to 5.26% and 41.26% to 24.84%, respectively. With the increase of torrefaction temperature, the cotton
stalk gradually converted to charcoal. The highest calorific value was 24.85 MJ/kg when torrefaction was
performed at 290°C. The solid yield of pyrolysis was decrease sharply with elevated torrefaction temperature,
which was in contrary to the liquid yield, while gas yield had no obvious change. As for pyrolysis of gases, the
content of H, and CHy, increased with elevated torrefaction temperature, and the yield of H, increased by 77.4%,
the content of CO decreased from 48% to 34%, the yield of CO, had no obvious change. However, the total
content of combustible gases increased. As for liquid production, with the increasing torrefaction temperature, the
yield of liquid was decreased by 3.4%, 17.6%, 25.0%, 42.8% compared to the raw biomass. Water and acetic acid
content in bio-oil decreased greatly while the quantity of polycyclic aromatic compounds increased, which
indicated that torrefaction could improve the quality of bio-oil, and provide process optimization for subsequent
fast pyrolysis.

Key words: pyrolysis, cellulose, lignin, torrefaction, bio-oil.
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