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Research on bonding mechanism of DRI in gas-based shaft furnace
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Abstract: In order to explore the bonding mechanism of DRI in gas-based shaft furnaces and analyze the internal
relationship between the bonding phenomenon and the production process,the direct reduction process of the shaft furnace
is simulated by cold-consolidated pellets by high-temperature reduction test, and the morphology, composition and bond
structure of the reduced pellets are observed and characterized by SEM and EDS. The results show that the TFe mass
fraction of the inter-pellet binder is as high as 93. 56% ,and the TFe mass fraction of the clastic binder is low at 53. 88%
due to gangue enrichment. The bonding between pellets is mainly caused by the aggregation and growth of iron after
reduction, and the process can be divided into two stages:low-temperature solid-phase sintering below 800 °C and high-
temperature reduction fusion at 800 ~900 °C. The bonding morphology is affected by particle contact, diffusion and high-
temperature fusion,among which the diffusion and recrystallization of iron atoms at high temperature stage are the key to
bond strengthening. DRI bonding is unavoidable, but the degree of bonding can be reduced by controlling the strength of the
raw material ,reduction temperature , metallization rate, etc. The results can provide a theoretical basis for optimizing the
production process of gas-based shaft furnaces and improving the quality of DRI products.

Key words: gas-based shaft furnace; DRI; bonding mechanism; high-temperature reduction; iron element gathering

W AR A J Ak ol A - g R A UM% H 55 5 BLAF RIS el i, R Z E
BB AR BB Z 3R =, T b Bk B Bk THRECI T IR R RERBOR i 45 A

IFE B EE: 2024 -06 -25; 1&EIHHEE: 2024 - 08 - 04
HEIE . WAL 2550 H (62023068 ) 3 #IT. T8 5|3 A A3 H ( YJRC202305) .
EZ/N: B B(1979—) 5 14, #uz , NS e ek o s TR,



2025 5 4 A

R, A SRR N B IE R R A VLA Y 107

BREORA i M 32 B OCTE . B L3 I g — A il
& H A Bk (direct reduced iron, DRI) AR $E
AR, AR A B B A B Bk AT e T 3 Bk
RIRFELLS o W Tk R AR, B4 )5k al it
R 2 ALK I AR GS 1, Sk, B
AWKAZT . Y4 JmBRAE R AR AT Y 32 A
PRI, 2 AT AR R BR AT, IR RERR S 42 ) AL
BRI, b T 4R PR AVE T, TR
PRI TR B T A TR IR 108 7 o PR A A
JE4% (hot briquetted iron, HBI) "

PRI SS Ee7E B g b, Rk
(] 2 A= AN [ P AR EL R 4 sl AT SR I 4 SR i I 4
BEER R HR {46 & R LAk © A 3T E AE D s,
HFBHB N LLRAR N E R H R R HOR
LA, 32 0 L AR IR OR , XS T A A
77 RS T ] i b R A A A e R Y 4 )
AT AR IR AP LR AN ER P ELA B SR B
DRI LA IR A R iRk e, 7R
IR BRI T 80, LAB Ik Bl AR 7 ik 7 v ik Ji
FREER B, BRI Z () Zh 2 et o Lk [y
HAERR) Finex T.25, H AW BT830 I AR 42 5
G, RIS R ORBESE AR, E R A AT,
A5 T S Bk A 14 4 & AL AT 60% 7 LA
e MR AR 5 BRI AR 72 L2, fRTEd
LRSS Y [R]85 B 00 5 75 22 5 V8 3 i I e
fEPRAE, PRI, W7 A 7 T2 2R B A
WER A R B DL R AIGZ AT AR i R Ak R 0 DA
Bt A R AR A S MBC R R A 3R AT A 7 T2
SR AL, X AN R Ak A B R B Y
SRR, o Bk RS R

FiR42E DRI WA= T A5 B R B, HEim
BRI 5 RN, 3R 2 A B 4 R R 7 A
PRI, AR S ) ¥4 1 485 35K AT e Tl Sk e, 25 6
THORZSHERAE, RGIRIT IR N H 200 )5 Bk
(DRI) FEG S ALBE, Epi BT R A AR IE S .
gr2E5e, UUBITRRNSS A% O IKEh R, Sk ek}
SREE | R FE S A A RN 45 AR B Y 52
I R EE sh A 7 B Bet A, Ok T IR A LA U
B P R R YR R S A L
A i B A — e A

1 REERSTE

L1 R ER
M N LA 5T DRI R4S 1 B0, 56K
FHUL RS Y B0 i T 2 Bk by, 2 Al 2 a
SPNFE PN, hER D AT, BOR R E A —E
kA, HEE AR 9%
R1 EEMNEEUZENS (RESH)
Table 1 Main chemical composition of iron

concentrate %

TFe FeO Si0, ALO, CaO0 MgO P S

64.22 0.49 3.82 1.93 0.72 0.32 0.06 0.01
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Fig. 1 Analog and detection device
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Fig. 2 Reduced iron pellets
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Fig. 3 Internal morphology of normal pellets
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Table 2 Main chemical composition of the samples %
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Fig. 6 Structure of shaft furnace
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