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Preparation characteristics and metallurgical properties of pellets in
hydrogen-based shaft furnace with high-proportion hematite-limonite
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Abstract: The insufficient supply of high-grade pellet concentrate powder resources and the high production cost of pellet
are among the important factors restricting the development of the direct reduction process of hydrogen-based shaft
furnace. Study on preparing oxidized pellets in hydrogen-based shaft furnace with high-proportion hematite-limonite is of
great practical significance for expanding pellet raw material sources and reducing production cost of pellet and direct
reduced iron (DRI). Taking a typical hematite-limonite powder ( powder G) as the subject, this paper studies the pellet
preparation characteristics with it in the grate-rotary kiln process under different proportions (0 ~50% ) and the pellet

metallurgical properties under simulated HYL process conditions, exploring the feasibility of using a high-proportion
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hematite-limonite for preparing oxidized pellet in hydrogen-based shaft furnace. The results show that due to the presence of
high-proportion loose and porous goethite, powder G has good grindability, and the finely ground product has a large
specific surface area,which is beneficial for pelletizing. Qualified green pellets can be prepared within the proportion range
of 0 ~50% . However, as the proportion of Powder G increases from 0 to 50% , the thermal stability of the green pellets
shows a downward trend ; meanwhile, due to the increased porosity caused by the removal of crystalline water at high
temperatures , it is necessary to appropriately increase the roasting temperature to maintain pellet strength. Compared with
the base case,when 30%~50% of powder G is blended,the reducibility and binding property of the pellets are good, but
the low-temperature reduction disintegration performance worsens with the increase in the proportion of powder G,and the
reduction swelling rate shows an upward trend. Optimized ore blending is one of the effective measures to produce high-
quality oxidized pellet in hydrogen-based shaft furnace with high-proportion hematite-limonite.
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Table 1 Main chemical composition of raw materials and losses on ignition of raw materials %0
JEURL P2 TFe FeO Si0, Al O, CaO MgO P S K,0O Na, O Bt
A 70. 41 30. 06 1.03 0.53 0.20 0.37 0.027  0.008  0.025 0. 062 -2.98
B 66.00  27.12 4.99 0.65 0.10 0.33 0.020 0.010 0.140  0.020 -1.83
e C 63.27 16.70 8.62 1.55 0.24 0.38 0.050 0.010 0.028 0.046 -1.23
¥ D 66. 61 5.59 4.21 0.24 0.34 0.37 0.017 0.017 0.009 0.043 0.22
B g 66. 80 0.23 2.89 0. 62 0.10 0.02 0.040  0.003 0.030  0.030 0. 86
F 64.62 0. 80 2.88 1.04 0.09 0.05 0.074 0.019 0.019  0.009 2.88
G 62.01 0.17 3.49 2.10 0.07 0. 09 0.120 0.017 0.010 0.018 5.70
[F34Y/3 55.12 4.90 6.74 1. 68 5.94 1.54 0.047  0.061 0. 061 0. 091 4.15
gz + 7.21 — 54.11 15. 05 1. 89 2.48 0.860  0.015 1.018  2.112 8.08
A KA 0.25 — 2.02 0.59 51.40 2.70 0.013 0.058 0.210 0.026  42.57
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Table 2 Physical properties of iron-bearing raw materials

Py <0. (24 mm kg tb%%ﬁitl/
Tt 4 % (em-g™)

A 80. 00 1784

E 89.19 1384

Cx* 80. 00 1471

D 80. 00 1242

B 98. 40 2175

F 80. 00 1 654
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Fig.1 Phase analysis of G mine powder by XRD



2026 455 1 A

SRS, A5 WBC AR — MR B U B bR VA ] R R S R P RE 179

By 2R 46% . 46% . 1% . 3% . 3% ., Hi
B2, 30, GH &S TR EZLIA S
S HEIE R, Kb A agl, nhE
SAAHL; T Al FELRAT T O F, A DR
MR L K AFTE, /i), 5EITER /M Fe
P,

TG

R i

)

(a) . (b) ARERA SRR (o) RIROAAETERE YL

1.2 MIRAZE

ST BB BN R - 48 4k BC B X AR R AR
BRI R 8 e P B ni i Bk A1 0 4 P B 114 5 i L AR
TGRS, &t T 7 Al R, k3,
4 Fn, Ho g 1 3EE, G BB RE BN 0,
T2 M) 3, Gk B A B o 30%

-3, >

<" A
' e

DD R

i (d) BRE SRR IAF X

H—aR B, G—41M"; M—REET; K—EIda,
B2 GHMHBIETYYWEXFEEMEHRRA

Fig.2 Optical microscopic photographs of main mineral phases of G mine powder
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Fig. 3 Elemental distribution characteristics of Fe, Si, and Al of G mine powder
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Table 3 Experimental ore blend design and theoretical chemical composition %0
(LS G A B C D E F Wit aka BReR &/t
B (Z4) 0 21.2 0 0 35 0 39.05 1 1.25 2.5 100
B2 30 0 30 0 0 35.45 0 1 1.05 2.5 100
B3 30 25.0 0 40. 15 0 0 0 1 1.35 2.5 100
B4 35 25.0 0 35.20 0 0 0 1 1.30 2.5 100
B5 40 30.0 0 25.00 0 0 0 1 1.50 2.5 100
B6 45 30.0 0 19.25 0 0 0 1 2.25 2.5 100
B7 50 35.0 0 8.30 0 0 0 1 3.20 2.5 100

F4 RWEY T RKANERRS

Table 4 Test pelletizing ore plan theoretical composition

ey (B 80 / %

[[WIAES P 10, ALO, ZIuhHE
BI(JEME) 6570  3.55 0.85 0.25
B2 64.77  4.73 1.22 0.15
B3 63.32  6.18 1.24 0.15
B4 63.48  5.89 1.32 0.15
B5 63.87 5.1l 1.39 0.20
B6 63.76  4.76 1.47 0.30
B7 63.88  3.93 1.54 0. 50
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Fig.5 Effects of preheating temperature and duration on the compressive strength of preheated pellets under various

ore blending formulations
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Fig. 6 Effect of roasting temperature and time on the compressive strength of roasted pellets
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Table 5 Optimal conditions and results of the pilot-scale tests for different blends

. T B (PH) SR B TIAAER 4] 558 E i R BR P 8
fiﬁﬁl/t\ mHE REE, mHE WREE/ PURSREE/ BEEUREL BURRMREE/ HEHER i 5 416 45
min C min C (N-P") (>3mm)/% (N-P') (>6.3mm)/% (<0.5mm)/%
Bl 9 1 050 15 1 265 829 96. 84 3 645 97.72 1.74
B2 6 1 050 15 1 250 453 97.00 2737 96. 39 2.67
B3 8 1020 15 1 250 817 97. 04 2 963 95.31 2.69
B5 6 1 050 15 1 250 752 96. 92 2951 95. 45 2.94
B7 6 1 050 15 1 250 875 97.79 2872 95.59 2.41

L B RURh R TR 4390 SR 250 °C 1300 °C, 3 KA X T 1R [ 435047 3 min A1 4 min, THEERXGE N 1.2 m/s; i I8
TABL (TPH) MR R 650 °C B E]R 3 min, XU# K 2. 4 m/s; TEAEL (PH) KGERH 2. 4 m/s,

20T il £ 1R 1 A B AT 1 R AR A I 6
o HHF 6 AIAN, 5 Fh Oy 52 p b Bk A Y 4 kR
64%~66% , FeO Bt /34 H 0.1%~0.6% , UiH
B ER A AR B R, X 2R FeO W] BE A7 7E
TR TE 2 EA R RS T, ] REAE7E T A
i, HAE A ALERIAT Y FeO JA3 0% R AT B (3l
WER<1% ), UBHIRE RN Fe,0, 455,
HAFTBERBR R, T35, Mk & ok
A, BT 30%~50% G & #H 4 DB ITED,
Si0, Fl AL O, Fi e Ee e 57 e, 43k
FT3.7%~5.5% 1. 2%~ 1. 6% ; [FI} G 5 H#iEd
FeHE s, BRE P S E bz g,
2.4.2 BBHYL E4AF Fos 64 Mt

(1) WJEPEAEE, A 58 H i 3k A1 3 5 e
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Table 6 Main chemical composition of finished pellets from different schemes in scale-up testing %
HITRERA TFe FeO Si0, Al 0, Ca0 MgO P S K,0 Na, 0 R,
Bl 65.92 0.55 3.56 1.02 0.83 0.35 0.048 0.0028 0.030 0. 057 0.23
B2 65.17 0.18 4.43 1.22 0.71 0.20 0.052 0.0043 0.055 0. 049 0.16
B3 64.17 0.48 5.42 1.35 0.91 0.32 0.055 0.0057 0.039 0. 060 0.17
B5 64.72 0.24 4.62 1.41 1. 00 0.31 0.065 0.0030 0.038 0. 059 0.22
B7 64. 44 0.28 3.72 1.58 1.76 0.33 0.072 0.0028 0.035 0. 061 0.47
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Fig.7 Comparison of the reducibility of the fired pellets
for different schemes at 800 °C and 950 °C
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Zeti, MiREERA Ry 67% fidi; HUIE % B2,
B3, ik FAEPERE( > 6.3 mm) 9 T7% Fitq,
B, RSB EPERE ( <0.5 mm) &, KBE T
16%~18% , {HPILIERA A BEERAZE R BR, 234l
N 55% M 68% , AHHLZ T, Jr% BS FC iy kiR
R RE A 22

75 % B1ER I LTD P RE % 4, AR P ik, 15

[

B7

17.60

BIEREIRERE %

BI B2 B3 BS B7
(LRI
B8 AR RBMIKETE 800 CE& M T HIE R A
TEEET LE

Fig. 8 Comparison of reduction swelling performance of

fired pellets for different schemes at 800 °C
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(4) BhEIER, AR D7 58 0 dh Bk AT 0 R 45 48
AN BT 7R o th IO R R, BT A 5 58 BR ML A0 2

RT TR EMBIKE B RIRE RS

Table 7 Comparison of LTD degradation performance of fired pellets for different schemes

poysesg R £ G o R A £ % ot
Bt/ g it/ g >6.3 mm 0.5~6.3 mm <0.5 mm
BI 1 000. 56 967. 17 93.76 3.92 2.32 59.76
B2 1 000. 10 953.27 77. 63 5.72 16. 65 54.55
B3 1 001. 12 963. 15 77. 40 4.63 17.97 68. 84
BS 1 .000. 91 953.12 60. 81 2.60 36. 59 53.52
B7 1 000. 51 964. 39 85. 55 2.69 11.76 67.39
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Fig. 9 Comparison of the clustering performance of

FHHRE %

fired pellets for different schemes
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Fig. 10 Microstructure of the fired pellets for different schemes
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