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1. Cylinder 2. Mass flow controller 3. Flow integrator 4. Carrier gas
premixed tank 5. Hook 6. Fixed bed reactor 7. Stainless steel mesh crucible
8. Maize stover powder raw material 9. Temperature control system 10. Tar
condensation collection device 11. Water cooling circulation device
12. Quartz cotton  13. Color-changing silica gel 14.Gas collection bag
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Fig.1 Schematic diagram of fixed bed gasification unit
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Fig.2 Effect of gasification temperature and equivalence ratio on
the mass yields of gasification products
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Fig.3 Effect of gasification temperature and equivalence ratio on
the component distribution and LHV of producer gas
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B4 AAEEAYZet AR ARG R
Fig.4 Effect of gasification temperature and equivalence ratio on
the morphology of bio-char
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AR, S8 0.32%E 1% 50.5%, JRFEET KR
M g R L YR R AR R, SRR R e

T U S BT 9T T SALTRAR P2 2 43 AE 500~900°C S,
AR P Y N AR U, RIBER SR E 700~900°C
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Ky FrLAZBA A5 848 KPR, Feng 5Pl U €

T KE WIB IR 7 1B e AL 5 B AL &),
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Table 1 Effect of gasification temperature and equivalence ratio on the basic properties of bio-char
P Je# 43 Ht Ultimate analysis/% Tolk4 4 Proximate analysis/% A E
Higher heatin
Sample C H o* N S Y& R4 Volatile K5y Ash Il % Fixed carbon  yalue/(MJ- kg?)

Raw 45.75 5.80 44.37 0.49 0.21 77.79 3.38 18.83 15.41
CS-0.05-700 63.74 1.65 22.24 0.00 0.33 36.71 12.04 51.25 23.02
CS-0.05-800 65.51 1.35 18.59 0.00 0.15 35.54 14.40 50.06 22.89
CS-0.05-900 66.25 1.06 13.81 0.00 0.15 31.90 18.73 49.37 22.02
CS-0.10-900 54.28 1.07 17.61 0.00 0.35 29.05 26.69 44.26 18.36
CS-0.15-900 40.80 1.34 23.15 0.00 0.05 28.28 34.66 37.06 12.32
CS-0.20-900 28.61 1.21 19.62 0.00 0.11 28.05 50.45 21.50 7.01
CS-0.25-900 14.24 1.09 21.24 0.00 0.13 20.21 63.30 16.49 \
CS-0.30-900 5.36 1.01 22.65 0.00 0.55 16.16 70.43 13.41 \

T *EITERMIE R E 2 0%=100%—C%—H%—-N%—S%—Ash%.

Note: *Oxygen content was obtained by difference 0%=100%—C%—H%—N%—S%—Ash%.
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Fig.5 Photos and GC-MS total ion chromatograms of liquid
product at different gasification temperatures and equivalence ratios
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Effects of gasification temperature and equivalent ratio on the properties
of products from maize stover gasification polygeneration

Xue Junjie!, Cai Wei', Ma Zhongging'*, Zhang Wenbiao?, Lu Rufei?, Yuan Shizhen?
(1. College of Chemistry and Materials Engineering, National Engineering Research Center for Wood-based
Resource Comprehensive Utilization, Zhejiang A & F University, Hangzhou, 311300, China;

2. Jinhua Ningneng Thermoelectirc Co. Ltd., Jinhua, 321000, China)

Abstract: Lignocellulosic biomass is a clean and renewable energy source due to its abundance, wide distribution, and CO,
neutrality. Biomass gasification can convert straw biomass into three different products, namely bio-gas, bio-char, and tar
which can be used in different industry fields. The bio-gas can be burned in a boiler or engine for the supply of heat and
electricity. The bio-char can be used as a precursor for the production of briquette fuel for heat supply or the activated carbon
used in the purification of sewage. Therefore, the comprehensive utilization of straw biomass through biomass gasification
technology is of great importance to achieve the goal of “carbon neutrality” and “emission peak” in China. In this work, maize
stover (MS) was gasified in a small-scale fixed-bed gasification reactor. The effect of gasification temperature and equivalent
ratio on the properties of gasified gaseous, liquid, and solid products were tested. Results showed that with the increase of the
gasification temperature from 700°C to 900°C and equivalent ratio from 0.05 to 0.30, the yield of producer gas gradually
increased from 48.49% and 59% to 59% and 74.91%, respectively, while the yield of bio-char gradually decreased from
25.30% and 19.89% to 19.89% and 5.28%, respectively. In addition, the lower heating value (LHV) of the producer gas was
improved at higher GT and lower ER. The maximum LHV of producer gas was 11.26 MJ/Nm® with the component
distribution of H, (22.00%), CO (25.91%), CH,4 (13.59%), and C,H,, (1.12%) which was obtained at gasification temperature
of 900°C and equivalent ratio of 0.05. Furthermore, the contents of C, H, and volatiles remarkably decreased with the increase
of gasification temperature and equivalent ratio, while the content of ash remarkably increased. The bio-char gradually
transformed into ash at higher gasification temperatures and ER due to the severer combustion reaction between the
combustible compound in maize stover and the oxygen in the atmosphere. At last, the component in the gasified liquid product
was mainly composed of phenols, alcohols, acids, aldehydes, and aromatics. With the increase in gasification temperature, the
contents of phenols, alcohols, acids, and aldehydes in the liquid product decreased from 39.29%, 14.82%, 4.8%, and 9.60% to
5.26%, 3.4%, 0, and 0%, respectively, while that of aromatics and esters increased from 0.32% and 20.45% to 50.5% and
30.2%, respectively. With the increase of the equivalent ratio, the contents of aromatics and phenols in the gasified liquid
product decreased, while that of others increased. This work revealed the evolution pattern of basic properties of gasified
gaseous, solid, and liquid products at varying gasification temperatures and equivalent ratios which could provide basic data
for the design and application of large-scale maize stover gasification.

Keywords: biomass; producer gas; bio-char; maize stover; gasification



