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Study on hydrogen-rich gas-based direct reduction of oxide pellets
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Abstract: The short process of electric furnace steel-making with DRI as raw material is an important process for
smelting high-quality and special steels. In order to prepare high-quality DRI, pellets with M,_; ., and M,_,, are
prepared using a domestic M ore with a total iron grade of 71. 68% as the iron-bearing raw material. HYL method gas-
based direct reduction standard is consulted, the pellets are subjected to gas-based direct reduction under hydrogen-
rich(H,/CO =2. 6) conditions ,and the RI of the pellets, RSI, CCS and phase change after reduction are systematically
studied. The results show that the RI of the two pellets is linearly correlated with the reduction temperature in the
range of 800 ~950 °C ,and the RI is greater than 4. The RSI of the two pellets increase sharply and then decreased
gradually with the reduction, and then reach the peak between 50% and 80% , while the RSI increases with the
increase of the reduction temperature. During the reduction process, the CCS of both pellets after reduction first
decreases sharply and then increases slightly,and decreases significantly with increasing reduction temperature. Overall,
the RI,RSI and reduced CCS of the M,_, o, pellets are better than those of the M, _, pellets. The reduction process

gradually advances from the outer layer of the pellet to the inner layer, and the volume of the pellet expands most
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severely during the transformation of Fe,O; to Fe; O, and faujasite, resulting in the destruction of its internal structure

and a significant decrease in the compressive strength of the pellet,followed by the interconnected aggregation of metallic

iron grains. The swelling rate gradually decreases and the compressive strength increases.

Key words: high-grade magnetite concentrate; gas-based; hydrogen-rich; direct reduction; reduction expansion;

non-blast furnace ironmaking
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Table 1 Main chemical compositions and burning loss of iron ore concentrate %

TFe FeO Sio, Ca0O MgO

ALO, K,0 Na,O P S Pt

71.68 29. 49 0.16 0.035 0.038

0.008 7 0.015 0.002 0. 005 -3.12
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Fig.1 The XRD pattern of M concentrate
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Table 2 Size distributions of M concentrate %
+0.180 mm  0.074 ~0. 180 mm 0.043 ~0.074 mm  0.038 ~0. 043 mm 0.025~0.038 mm  —0.025 mm
0 0.14 0.62 0.21 3.53 95.50
R3 MU EMERE
Table 3 Physical properties of M concentrate
R T Hew s B/ EYKITERE SN SN A BBk
(em’-g™") (grem™) (grem™) BWR/(mm-min ') BYIK % 5 FIK/ % A
2782 1.569 5.073 4.32 18.07 2.07 0.13

B2 M u MBS

Fig. 2 Particle micro-morphology of M concentrate
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x4 MHEGAHKABRETELZERS (FRESH)
Table 4 Theoretical mian chemical compositions of M roasted pellet %0
s TFe Sio, Ca0 MgO Al 0, K,0 Na, O p S
M; _o.00 69. 14 0.54 0.05 0. 06 0.34 0. 009 0.032 0. 003 0. 005
M o4 69. 01 0.55 0.22 0. 06 0.34 0.010 0.032 0. 003 0. 005
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Fig. 3 Furnace for gas-based direct reduction
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Table 5 Performance requirements of fired

pellets in HYL process

CcCS/ . RSI/ RDI/ %
(N'Pil ) %o RDI ¢ 5,. RDI ;,,, RDIy
>500 >4 =15 >80 <10 >60
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2 ZRSH®R

2.1 HEASEEETEAS S

B ER AR FH HY L 3 204 TS5 B 48 B 1Y)
BarEiEnR 6 s, MR 6 AT WL, My .
M, o o BRI JF BE R B2 R T 45 800 °C b it
KRR T 15% , 950 °C i M,,_, , Bk A 1
IR F 15% 5 My_go. My, BRIEATHY
SRR AR RDI BT 99% , ik
T SO IR S AL R 25T
2.2 HREFREERHTK

IR EXS My, 0 Mu_, BRI RI 9751k
WME S frs, HES aT0L, B R 6T
By My_goos My_o BRI REFIEI, BEEAHF
BRI Bl A S B T i, 3SR RE TR B 959 Tt B
BRI 18] B 24 38 JRUIR 800 °C R, Mi_ oo



52 % % % d a1 B
F6 MmIkE HYL EZSEBEETFAE kR
Table 6 Metallurgical performance of fired pellets in HYL process
o RI RSI/ % RDI/ %
R
800 C 950 C 800 C 950 C RDI ¢ 5 1 RDI ;... RDI,
Mo 00 7.54 15.01 2.15 13.45 99. 88 0.11 78. 61
Mg o4 6.54 12. 44 -4.42 19. 19 99. 85 0.15 72.98

My _o JSKREE RE G350 7,54 6.54, E&ILH
T HYL 3L X ERA S RI KT 4 BESR, 4
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242,17 kJ/mol, MIMIHEIN T 38 JEAMERE

(a) MR:o_ogf’R; (h) MR:O.4£}R[El
B5 EFEIREX Mgy M, ,5kHE RI 8953500

Fig. 5 Effect of reduction temperature on RI of M _, oo« M,_, , pellets
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(a) IR (b) &
JREE/C . 1—950; 2—900; 3—850; 4—800,
B 6 800~950 CTEFERE, RX M,_, BKHE RSI K50
Fig. 6 Effect of reduction duration, R on RSI of M,,_, ,, pellets under 800 ~ 950 °C

(a) EJEMSE]; (b) JRSE
BIFIRE/C . 1—950; 2—900; 3—850; 4—800,
7 800 ~950 CTEREEIE, R X M,_, ,BKH RSI 1500
Fig.7 Effect of reduction duration, R on RSI of M, _, , pellets under 800 ~ 950 °C
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Fig.8 Effect of reduction duration on CCS of M _, oo« M, _, , pellets under 800 ~ 950 °C
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Fig. 9 XRD patterns of reduced pellets(900 °C)
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(a) Mp_qoBRHl; (b) Mp_o Bk
10 & [E T A2 3K B F) H B A W57 (900 °C)
Fig. 10 Macroscopic morphology of pellets
during reduction process (900 °C)

(a) 5min4MZ; (b) 5 min WJZ; (¢) 10 min FMZ;
(d) 10 min 9JZ; (e) 20 min ZMZ; () 20 min H)Z;
(g) 30 min #MZ; (h) 30 min N)Z
B 11 M,_, o R E T FEBKF AR (900 °C)
Fig. 11 Microstructure of M, _, ,, pellets during
reduction process (900 °C)
HEA D i 4 R UKL % B 20 A 7 I AR
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/Ny IR 20 min B, BRI AT UL 4 TR ok
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(a) 10 min #M2; (b) 10 min N)2; (¢) 20 min 4MNZE;
(d) 20 min HZ; (e) 30 min #MZ; (f) 30 min N2 ;
(g) 35 min #MZ; (h) 35 min )2
12 M, EE 2B (900 C)
Fig. 12 Microstructure of M, _, ,, pellets
during reduction process(900 °C)
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