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Effect of pyrolysis temperature on physicochemical
properties /and hygroscopicity of biochar

ZHAO Yue ZHAO Baowei " LIU Hui LI Liujun ZHANG Xin

(Faculty of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou, 730000, China)

Abstract: Soil moisture is erucial for the growth and development of plants and animals. The
addition of biochar torsoil has potential to improve soil water retention. The influence mechanisms of
biochar to soil water retention is confirmed by the unique characteristics and structures of biochar,
besides biochar affected the soil structure. Herein, wheat, corn, and rice straw were used to produce
biochars at pyrolysis temperatures of 300 °C, 500 °C, and 700 °C, respectively. Through element
composition analysis, specific surface measurement, and infrared spectroscopy, the physicochemical
properties of biochars such as surface structure, pore size and surface functional groups were
characterized. Meanwhile, the hygroscopicity of biochars were determined by weight method. The
effect of pyrolysis temperature on the hygroscopicity of biochar was studied by analyzing the
physicochemical properties of biochar. The results showed that the three kinds of straw biochars

underwent aromatization process, and the polarity and hydrophilicity gradually decreased with the
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increasing pyrolysis temperature. The BET specific surface area of corn straw biochar was the largest,
while the micropore volume and average pore size were in order of rice straw biochar > corn straw
biochar > wheat straw biochar under the same pyrolysis temperature. When the pyrolysis temperature
rose, the BET specific surface area and the micropore volume started to rise rapidly, and the average
pore size gradually decreased. The FTIR characterization showed that the surface functional groups of
biochars prepared from the different biomasses at the same pyrolysis temperature were similar.
Biomass and pyrolysis temperature had a significant influence on the hygroscopicity of biochars. The
water absorption effect of corn straw biochar was the best at the same pyrolysis temperature and the
maximum water absorption of corn straw biochar at 300 °C was 5.68%. 300 °C and 700 °C pyrolysis
temperature were more favorable for biochars to absorb water. Different humidities affected the
moisture absorption of biochars and the moisture absorption of corn straw biochar at 300 °C at 70%
humidity was 2.18% higher than that at 50%.

Keywords : biochar, pyrolysis temperature, physicochemical properties, hygroscopieity.
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Table 1" Elemental composition and atomic ratios of biochars

B Sampeld 4 A JLE 75 HE Element content JF . Atomic ratio
H 0 N H/C 0/C N+0/C
XM300 5.49 63.10 3.91 27.04 0.46 0.06 0.43 0.44
XM500 7.62 71.41 2.83 17.56 0.58 0.04 0.25 0.25
XM700 9.46 83.60 1.86 4.47 0.61 0.02 0.09 0.06
YM300 9.30 63.95 3.86 22.25 0.64 0.06 0.35 0.36
YM500 11.79 73.89 2.38 11.51 0.43 0.03 0.16 0.16
YM700 15.41 76.70 1.07 6.20 0.62 0.01 0.08 0.09
SD300 9.77 55.56 3.14 30.17 1.36 0.06 0.54 0.57
SD500 12.28 60.04 1.89 24.95 0.84 0.03 0.42 0.43
SD700 16.32 63.32 1.34 18.36 0.66 0.02 0.29 0.30

2.1.2 255 BT

A W) W P 5 L LR 4 b R B A 567 A b R R A A /N 32 Bl LB R B
T BRI E M2 5 A o (R FLBR 25 A0 20T A6 2 B, AN ] BrURE AN 3R A 32 S A5 1 AR 0 B X BET [
FEA SRFLARFRF- LA 9 /NG T 25 7 A [ A0 TR T L 2 TR TR/ N A KA o > R AT e >
FFE LR BRI FLAR A KN R R R o > R ORFF I > 22 FF i i 8 22 S Pk R 8L 5 REFF o I3 R o0 &%
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Table 2 Specific surface area, micropore volume and mean pore size of biochars

B BFT L2 . LA TR

Sampels Specific szurfflfe area/ Mlcropor}e \lollume/ Medn, pore
(m>g™) (em™g™) size/nm

XM300 0.43 0.0002 3714
XM500 23.12 0.0040 2.33
XM700 311.51 0.1121 2.00
YM300 1.28 0.0007 4.56
YMS500 60.87 0.01 2.40
YM700 378.19 0.123 2.09
SD300 0.97 0.026 12.23
SD500 53.58 0.135 9.37
SD700 273.48 0.214 5.06
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Fig.1 . Infrared spectra of wheat straw biochar (a), corn straw biochar (b) and

rice straw biochar (¢) at different pyrolysis temperatures
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Fig.2 Moisture absorption process (a) and water absorption rate diagram (b) of biochar at 25 °C and 50% humidity
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Fig.3 The moisture absorption process (a) and the water absorption rate diagram (b)

of YM300, YM500, YM700 at different humidity conditions
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3 %5 ( Conclusion)
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