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Effect of gasification temperature on the properties of the bio-gas, bio-char,
and tar derived in biomass gasification
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Abstract: [Objective] Biomass gasification technology is a clean and renewable energy utilization approach.
The purpose of this study is to investigate the influence mechanism of gasification temperature on the properties
of gasification products, and to build the evolution law of the characteristics of gasification products, which is of
great significance for China to achieve the goal of carbon peaking and carbon neutrality. [Method] Three types
of lignocellulosic biomass, namely Zea mays, Trachycarpus fortunei, and Pinus massoniana, were gasified in a

home-made fixed bed gasification reactor. The effect of different gasification temperatures (GT) (700, 800, 900
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°C) on gasification performance were systematically studied, as well as the mechanism of their effects on the
characteristics of gasification products (bio-gas, bio-char, and tar). [Result] With the increase of GT from 700
°C t0 900 °C, the yield of bio-gas gradually increased, while the yields of bio-char and tar gradually decreased.
Higher GT resulted in better quality of bio-gas. Among the three types of biomass, bio-gas from P. massoniana
had the highest calorific value. The contents of CO, H,, and CH, were 40.03%, 18.27%, and 18.29%,
respectively, and the lower calorific value was 13.58 MJ-m™. With the increase of GT, the contents of C and
ash increased, while the contents of H decreased. The calorific value of bio-char from P. massoniana was the
highest, reaching 29.70 MJ-kg™'. With the increase of GT, the content of acids, alcohols, aldehydes, ketones and
furans in the liquid products of biomass gasification gradually decreased, while the content of aromatics
increased significantly, with the highest aromatic content in P. massoniana, reaching 61.12%. [Conclusion]
GT has a significant influence on the yield and properties of gasified products. Optimizing the gasification
temperature is crucial for improving the calorific value and gasification efficiency. [Ch, 6 fig. 2 tab. 25 ref.]

Key words: biomass; gasification poly-generation; gasification temperature; bio-gas; bio-char; tar
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Table 1 Ultimate analysis, proximate analysis, and calorific values of corn stalk, palm kernel shell, and pine wood

) Tolksr#r TCEIHT o
FEdh A AE/(MI - kg ™)
Mgz 3/ %o mysy/ % Mgl Yo mcl% my/% mo/% my/% mg/%
FRFEFF 77.79 3.38 18.83 4575 5.80 47.75 0.49 0.21 16.16
FEAHE 73.04 451 22.45 48.50 5.53 44.80 1.08 0.09 17.06
L 85.08 0.20 14.72 4791 6.17 45.82 0.10 0.00 17.77
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Figure 5 Effect of gasification temperatures on the compound distribution and calorific values of gaseous product from corn stalk, palm kernel shell, and

pine wood

3 PP A TR A AR I TR R AL VB AR 2 22 . SARIREE S 900 C B, SRR
PR CO MR B, H 40.03%, RN FARFEFF (31.37%) FIAFRHAT (26.36%); FKFEFSALr4E
(1) Hy RSB &, H 21.93%, HUCHERHTE (21.05%) FILRBHY (18.27%); Fitd7e Ak 4= CH, &
BB, M 20.63%, HUKCH DR (18.29%) Al £ KFEFF (16.65%). D RANSALF A ] BRA A KL
i, RF] 13.59 MI-m”, FEALE 3 FplEokb g, I EAMGE BAE N SRR
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Table 2  Effect of gasification temperature on the basic properties of bio-charfrom corn stalk, palm kernel shell, and pine wood
TR ST Tolk g3y
FESh 7/C FRIAEAMI kg )
mc/% my/% mo/% my/% mg/% Mg 451 Yo mys3! % Mgzl Yo
FAFEFR 700 65.03 2.02 20.45 0.02 0.03 31.49 12.45 56.06 21.51
FRFEEFFR 800 61.93 1.82 20.26 0.01 0.00 29.52 15.98 54.50 20.21
FARFEFFR 900 5437 1.77 19.72 0.01 0.02 26.83 24.11 49.06 17.69
T e A 700 64.69 1.91 1342 0.01 0.00 22.47 19.97 57.56 2231
FRtRFE R 800  68.49 1.71 9.73 0.01 0.00 19.61 20.06 60.33 23.88
FFHEFE 5 900  68.80 1.55 8.33 0.01 0.04 18.12 21.27 60.61 23.97
LR 700  83.58 2.16 10.93 0.00 0.05 21.35 271 75.94 29.39
RS 800 85.23 1.85 9.92 0.00 0.00 19.03 3.00 77.97 29.66
LM 900 85.75 1.74 9.78 0.00 0.02 17.92 3.28 79.37 29.70

B : mo=100%—mc—my—my—ms—my
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Figure 6  Effect of gasification temperatures on the liquid products of gaseous product from corn stalk, palm kernel shell, and pine wood
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