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Abstract: With the intensifying supply shortage of fossil energy and increasing pressure for carbon emission reduction,
biomass char, as a novel reductant for carbon-containing pellets, has become an important technological pathway for
promoting sustainable development in the metallurgical industry. In this study the lychee wood charcoal was selected as the
reductant to investigate the effects of its proportioning ratio on the mechanical strength and metallurgical properties of
pellets. The study results indicate that the compressive strength and drop strength of green pellets slowly decrease with the
increasing of carbon content. The compressive strength of roasted pellets shows an initial decrease,followed by an increase
and then a further decrease with the increasing of carbon content. When the carbon mass fraction of the pellet is 9% , the
compressive strength still reaches 2 229 N/P, but it sharply decreases when the carbon mass fraction increases to 12%.
Meanwhile, the metallization rate of the pellets gradually increases with the increasing carbon content, while porosity also
increases accordingly. When the carbon mass fraction is =3% , Fe,0, is completely reduced, and the binding phase
transitions from CaSiO; to complex silicates. The reduction swelling index remains below 0. 4% in all cases,thus effectively

inhibiting reduction swelling. Additionally,all pellets show excellent low-temperature reduction disintegration performance,

Wi EHEE: 2025 -09 —27; {&EBHI. 2025 -11 -03

BE&UIH . EPRHE S % SR I E (61420052024KJW04 )

EE® N Tt FE(2000—) T WHAF R AR AR AR 4 B TR TH 1T
BIEMEE: BRIE(1980—) 55 RIBER , NS08 & BT R 2 TR .



2026 455 1 A

JrOgE, AF AW PR A 4 S B RERT ST 155

and when the carbon mass fraction of the pellets is 6% ,the overall metallurgical properties of the pellets are optimal.

Key words: biomass char; carbon-containing pellets; carbon content; mechanical strength; metallurgical properties
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Table 1 Main chemical composition of iron-bearing raw materials and fluxes %0
R TFe Fe,0, Si0, Ca0 Al 0, MgO MnO TiO, K,0 BaO S0,
ABH 62.35 — 5.26 0. 10 1.17 0.11 0.36 0.08 — — —
BWH  63.77 — 4.95 0.11 1.15 0.17 0.22 0.10 — — —
CU¥  64.95 — 6.04 0.35 0.13 0.42 0. 07 0.20 — — —
AIRA — 0.16 1.44 92. 87 0.70 3.29 — — 0. 04 — —
Hzf — — 24.58  28.77 1.71 18.45 — — — 3.37 1.94

K2 BEARIUST(RESE)
Table 2 Proximate analysis of lychee wood charcoal %
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Fig.7 Pore structure characteristics of fired pellets with different carbon contents
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Fig. 8 Microstructure of fired pellets with different carbon contents
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Table 3 EDS analysis results of fired pellets with different carbon contents %0
SHIXIE Fe 0 Si Ca Al Mg C YA
(a) -1 63.74 29.72 0 0 0 0 2.07 ZHAL R (Fe,0,)
(a) =2 2.74  35.88 21.90 32.89 0 0 2.34 RS ( CaSio;)
(b) -1 68.21 22.24 0 0 0.66 0.92  2.56 AL (FeO)
(b) -2 20.94 33.02 13.79 22.87 0 1.35 2.84 FERRMINE A1 [ Ca( Fe, , Mg, ,,) SiO, ]
(b) =3 5.21 39.12 14.45 24.54 9.12 2.43 2.36 ARBEEERKAT[ Ca, (Mgy 05 Al 5 ) (Si, 55 Al 550,) ]
(¢) -1 69.82 23.38 0 0 0 1.41 1.99 FAL 2k (FeO)
(¢) =2 19.12 3539 13.90 22.93 0 1.96 2.52 PEERM A1 [ Ca( Fe, ,Mg, ,, ) SiO, ]
(¢)-3 540 37.62 13.99 24.50 836  2.18  2.98 SHBEEKA[ Ca, (Mg, ,5Al 45) (Siy Al 150;) ]
(¢) -4 91.34 1.53 0 0 0 0 2.83 LB (Fe)
(d) -1 68.13 24.13 0 0 0 1.31 2.35 AL 4k (FeO)
(d)y -2 92.72 0 0 0 0 0 3.30 &R (Fe)
(d) -3 19.10 3591 14.09 22.35 0 2.48 2.54 FERRMIN AT [ Ca( Fey , Mg, 5, ) SiO, ]
(d) -4 5.46  38.50 14.82 24.26 8.75 2.56 2.45 FERBERER AT Ca, (Mg, 05 Al 5s) (Si, 55 Al 50,) ]
(e) -1 91.21 1. 66 0 0 0 0 2.83 &Rk (Fe)
(e) -2 84.40 10.43 0 0.46  0.90 0 1.70 IR (Fe)
(e) =3 14.75 37.37 14.41 23.27 0 4.45 2.54 FERRHNG AT [ Ca( Fe, -, Mg, 5, ) Si0,) ]
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Fig. 9 Maetallization rate of fired pellets with different

carbon contents
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Table 4 Main reaction equations in the fired pellet induration process

FAE =3 S 75 R AG/(J-mol ™)

(1) 3Fe,0,(s) +C(g)==2Fe,0,(s) +CO(g) A.G° =120 000 —218.46 T

(2) Fe,0,(s) +C(g)=3Fe0(s) +CO(g) A.G' =207510-217.62 T

(3) FeO(s) +C(g)=Fe(s) +CO(g) AG' =158 970 —160.25 T

(4) C(s) +CO,(g)==2C0(g) AG =170 707 -174.47 T

(5) 3Fe,0,(s) +CO(g)==2Fe,0,(s) +CO,(g) AG = -52131-41.0T

(6) Fe,0,(s) +CO(g)=-3Fe0(s) +CO,(g) AG’ =35380-40.10 T

(7) FeO(s) +CO(g)=Fe(s) +CO,(g) AG' = -7580+10.75 T
120 INF0.4% , JLFBA RAERIFEEIK, AT0L, &k
ool ; § § ; BRI R e TR BB TH PR IR IR B ik I 4, AT
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