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Abstract

This study proposes a technology for producing ultrafine reduced iron powder by hydrogen direct
reduction of dried ultrafine iron ore concentrate pellets followed by magnetic separation. A system-
atic analysis was conducted on the hydrogen reduction characteristics of the dried ultrafine iron ore
concentrate pellets, as well as the preparation and characterization of the resulting ultrafine reduced
iron powder. The results show that the reducibility of the dried ultrafine iron ore concentrate pellets
is significantly better than that of indurated pellets. Based on the ROM2 model, the activation energy
for the hydrogen reduction of the dried pellets is calculated to be 27.78 k] /mol, which is only half that
of indurated pellets. After hydrogen reduction at 850°C for 150 min, the reduction degree of the dried
ultrafine iron ore concentrate pellets reaches 99.92%. The ultrafine reduced iron powder obtained
after magnetic separation has a purity of 98.06% and a median particle size (D50) of 18.48 pm. Mag-
netic separation effectively removes silica impurities from the reduced product. The study demon-
strates that the technology of producing ultrafine reduced iron powder by hydrogen direct reduction
of dried ultrafine iron ore concentrate pellets followed by magnetic separation has the potential to
reduce the production cost of ultrafine reduced iron powder and provides a new technological route
for the resource utilization of ultrafine iron ore concentrate.
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Table 1. Chemical composition (in wt.%) of iron ore concentrate
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JERE Fetot FeO CaO SiOz MgO AlLO3 P S
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Table 2. Grain size composition (in wt.%) of iron ore concentrate
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Figure 1. Technical route for the preparation of ultrafine reduced iron powder
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Figure 2. Time varying curves of hydrogen reduction degree and reduction rate of dried pellets

and indurated pellets made from ultrafine iron ore concentrate under different temperatures
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Figure 3. Selection of the reduction model and the reduction of the activation energy
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Figure 4. XRD phase structure composition and structure of dried pellets made from
ultrafine iron ore concentrate after hydrogen reduction at 700°C for different durations
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Figure 5. XRD phase structure composition and structure of dried pellets made from

ultrafine iron ore concentrate after 60 min hydrogen reduction at different temperatures

B 5. BAEKAET TIEIKAEIRE TSR 60 min /589 XRD HHE5H9H MR

DOI: 10.12677/meng.2026.132007 58 ek


https://doi.org/10.12677/meng.2026.132007

EHR %

AR N THRREREE SR 60 min J5 ) XRD AL AL 5 o, I 5 /IR, ar Aot i
PRI, THRERIE SRR 5% B A BERLERE AR AT AR, X 530 B RTE B 100% VIR . AFNREE T
THRBRIE SR 60 min ZEHEI%E 5 1) XRD AHSS AL AN 6 fras, I3 6 Ak, At — S A I (g
SR PE B, B AE IR AR O B A WA AR AT FRAR AR

FEAPAED™ TR BRA AR N 208 IR 60 min J5 DG R AIE 7 B, B 7 /5L TrREGE R s
TP GEAIAA TR, HEARATE RGE s BEEIE R LT ey, A2 LT RE A AR AR IR A 45 # W
P/, AR S R A R IR SRR SR R] s R T, R DR U R R A R R I R
By LA ) mOR G o RSN, TR G T IR A S5 4, 3 B0 IR ME LS 78 7 F i 78 1
i, XA ENIE T RTSC XRD 70 o 3d s 10 J5U 4 BRI IR RIE 100% 14518 -

DP-850°C-60 min-MS 1-Fe,0,
2-Fe 0,
3-FeO
4-Fe
s-sio, 4

J

-

s 23 2 2

DP-800°C-60 min-MS 4

s2 3 2 1

DP-750°C-60 min-MS 4

Relative intensity

—

4
s2 B B 5 333
DP-700°C-60 min-MS

4

4
s2 % 25 553324

10 20 30 40 50 60 70 80
20 (degree)

Figure 6. XRD phase composition and structure of dried pellets made from ultrafine iron ore
concentrate after 60 min hydrogen reduction and magnetic separation at different temperatures
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Figure 7. Optical mineral phases of dried pellets made from ultrafine iron
ore concentrate after 60 min hydrogen reduction at different temperatures
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Figure 8. Reduction degree and reduction rate of dried pellets made from ul-
trafine iron ore concentrate after hydrogen reduction at 850°C for 150 min
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Figure 9. XRD phase structure composition of reduced iron powder obtained after hydrogen reduction of dried pellets
made from ultrafine iron ore concentrate at 850°C for 150 min before and after magnetic separation
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Table 3. Chemical composition (in wt.%) of reduced iron powder obtained after 150 min hydrogen reduction and magnetic
separation at 850°C of dried pellets made from ultrafine iron ore concentrate
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Figure 10. Particle size distribution of reduced iron powder obtained after 150 min hydrogen reduc-
tion and magnetic separation at 850°C of dried pellets made from ultrafine iron ore concentrate
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Figure 11. Morphology of magnetite concentrate before hydrogen reduction and reduced iron powder obtained after 150
min hydrogen reduction and magnetic separation at 850°C of dried pellets made from ultrafine iron ore concentrate
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