Hs51 1 ke 4 R Vol. 51 No. 1
2026 42 H Sintering and Pelletizing Feb. 2026

\
l

BESFAEXNPREEEEETAERNZ N
ZEMR?, BB MR FAME, FoF, BER?
(1. WEHBH R R ERRFEARER, A5EH 3k 014010,

2. B 2 BRIR SR PRI R AR A R E A S %, NS 3k 014010)

WE. GV HRREINE T LRSS RERNZORT LR RRETHE KB ER 5L R A AN
HER, RAFAAFEABEFY TRATFHBER, AR AP e AR D EHERR, XFAXAE
HERRE, BRI EAAARERET SHE T MRL R IE 5Kk LR A ey B e, SF%0,
MBS AR b &7 IR R A e 3 SRR A PR R R A E KB H P m A2 R
W, HLF RET S-C B E RS8R B 45 & R, Tl A 7 4k ;S-A [ MgO & 4k BR 230 %1 I K, 6 4 Mk
BE;S-BHESIO,4ERSFHGB A&y HL BUEERA, ZEMFTE,S-BARERLSEFFLFEERN
E3ARET HEE, AT P-C BE TFe (&4 &M A A8, % R M 45 $ ik 2| 85.75% . XRD 5§ SEM-EDS 4 # 3iE
5, L*mﬂ)ﬂﬂ*éﬂmum Fe,0,—Fe,0, 487 K 77, %éﬁcfﬁk%ﬂéfa%wﬁéo RHRA T HEAFF ZF - Pk
SRR R AR N B IR AR 5 P R AR R T KR,

KEREAANHE, e ME, REF, AT, K3

1B 43S . TF54 ; TF046. 4 ; TF046. 6 TERARAERD A XEHS 1000 - 8764 (2026)01 —0214 — 09
doi:10. 13403/j. sjqt. 2026. 01. 019

Effect of gas utilization rate on evolution law of metallurgical
properties of furnace charge
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Abstract: As a core process for energy consumption and carbon emissions in the iron and steel industry, blast furnace
ironmaking is highly dependent on the precise matching between the metallurgical properties of the furnace charge and the
reducing atmosphere for its efficient and low-carbon operation. The gas utilization rate is a key indicator for evaluating the
energy-saving level of blast furnaces,and its change plays a significant regulatory role in the metallurgical properties of the
furnace charge. Through systematic experiments,this study reveals the regulatory laws of changes in gas utilization rate on
the low-temperature reduction degradation index (RDI) and reduction index (RI) of sinter and pellets. The results show
that with the increase in gas utilization rate,the RDI of sinter generally increases, while the RI of the furnace burdens
shows an increasing trend, and this effect law is adjusted and controlled by the furnace burden composition. Among the

sinters,S-C exhibits the optimal anti-degradation performance due to its high basicity that promotes the formation of
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calcium ferrite ; S-A maintains stable metallurgical properties as MgO forms magnesium ferrite to inhibit expansion;while

S-B shows the highest degree of degradation due to low SiO, content leading to increased skeletal hematite. In terms of

reducibility, S-B achieves the highest RI among the three groups of sinter due to its low silicate content,while pellet P-C

reaches an RI of 85. 75% owing to its high TFe and low gangue phase content. XRD and SEM-EDS analyses confirm that

the decrease in gas utilization rate intensifies the phase transformation stress from Fe,O, to Fe,O,, resulting in the

increasing of microcracks and pores. This study analyzes the effect law of gas utilization rate on the metallurgical properties

of the furnace charge, providing a theoretical basis for the low-carbon operation of blast furnaces and the optimization of

furnace charge structure.
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Table 1 Main chemical composition of furnace

charge %

PplF2E TFe  FeO  CaO  Si0, MgO ALO,
S-A 5391 878 11.03 5.79 2.81 2.46
S-B 55.76 8.64 11.34 526 212 2.16
S-C 53.96 8.78 12.38 5.93 213 1.96
P-A  63.00 1.39 0.55 1.87 576 2.37
P-B 63.50 1.08 0.72 6.30 0.69 1.07
P-C 65.33 0.80 2.47 225 0.95 0.58
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Fig.1 Metallurgical comprehensive performance

testing device
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Table 2 Gas composition for low-temperature reduction

degradation test of sintered ore
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Table 3 Gas composition for reducibility test of sinter

and pellet ore
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Fig. 2 Low-temperature reduction powdering index of
furnace charge (sintered ores) under

different atmospheres
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Fig. 3 Reducibility of charge materials under different atmospheres
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different atmospheres
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Fig. 5 SEM-EDS analysis of sintered ore after low-temperature reduction and pulverization
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