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Influencing factors and dynamics behavior of biomass carbon-containing
pellets reduction process
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(School of Metallurgical Engineering, Anhui University of Technology ,Ma’ anshan 243032, Anhui, China)

Abstract: The development of non-blast furnace ironmaking technology under the background of carbon peaking and
carbon neutrality has become an important part of low-carbon metallurgy. Biomass is a renewable energy rich in C and H
elements, and it is of great practical significance to further reduce carbon emissions and promote the development of carbon-
containing pellets technology after carbonization treatment as a substitute raw material for carbon-containing pellets in
rotary hearth furnaces. In this paper,three kinds of biochar including walnut shell, melon seed shell and peanut shell , are
selected as reducing agents to prepare carbon-containing pellets,and the effects of carbon type ,temperature and time on the
reduction process and dynamics of carbon-containing pellets are studied, and the dynamics constraints of the reduction
process are determined. The results show that temperature has a significant impact on the reduction of carbonaceous pellets
in biomass,and increasing the temperature can effectively promote iron oxide reduction. The peanut shell pyrolytic carbon
has a loose texture and a large specific surface area. This structural characteristic shows good reduction performance. The
pellets prepared from the biomass are reduced at 1 100 °C for 20 min and the reaction fraction can reach to 86. 61%. The
diffusion process is the limiting link in the reduction process of carbon-containing pellets in peanut shell,and its apparent
activation energy is 63. 886 kJ/mol. This study will provide a theoretical basis and technical support for the practical
application of biomass carbon-containing pellets.
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Table 1 Proximate analysis of three kinds of biomass

used in the tests %
RN R Y ox Eibretis
AT 78. 38 1.82 19. 80
ViZasii 70.75 7.16 22.09
Bitkse 78. 64 1.44 19.92

WIS, AR 1 L/min BRSE 2R At
FREEER, Q@ HRARLE A 100 g, n(C)/n(0)H
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Fig.1 Experimental setup for the reduction test of
biomass carbon-bearing pellets
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Table 2 Weight loss ratio of carbon-containing pellets

after 20 min reduction under different temperatures

LiES HEE/C JiiiE/g JiiiE/g %
900 49.23 41.47 15.76

JRF5E 1 000 49. 05 39.79 18. 88
1 100 49.52 38.62 22.01
900 51.98 40. 69 21.72
A7 1 000 52.11 38.56 26.51
1 100 51.83 36.52 29. 54

900 49. 86 42.18 15. 40
itk 1 000 49. 48 40. 62 17.91
1100 49. 16 39. 14 20. 38

TR (a) BbbTEEE; (b) INF5Edk; (o) fEA7cHE
HE/C . 1—9005 2—1 0005 3—1 100,
B2 AREEREETEY RS SRR RERNEELXR

Fig. 2 Mass variation of biomass carbon-bearing pellets with time at different reduction temperatures

FWRERA . (a) HMkFEHE; (b) IRTFHEdE; (o) fEERHE
WHEE/C . 1—900; 2—1 000; 3—1 100,
B3 AERETEYMRESHRIKEREERN S

Fig.3 Effect of temperature on the reaction fraction of biomass carbon-bearing pellets during the reduction process
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Fig. 4 Effect of biochar type on the reaction fraction of carbon-bearing pellets during the reduction process
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Fig. 5 SEM of different solid-state reducing agent
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Fig. 6 Kinetic fitting results of peanut shells carbon-bearing pellets during the reduction under different restrictive links
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Table 3 Kinetic fitting correlation coefficient under

different restrictive links

LA W R MR MR
AT HE/C (k)/min™" () B E]

- 900 0.047 24 0.891 45
{gﬁﬁfghﬂ 1 000 0.06593 0.92288 0.917 423
1 100 0.084 52 0.937 94
900 0.013 18 0.870 42
S B 1 000 0.016 94 0.892 30 0.887 560
1 100 0.020 28 0.899 96
900 0.004 17 0.948 98
C/l 1 000 0.007 45 0.968 56 0.964 270
1 100 0.010 79 0.975 27

1—BRA AL 2— SR 3—3 .
7 AERHMERTEEGT k5 /T HEENEER
Fig.7 Linear fitting results between Ink and 1/T under

different restrictive links
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