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Reaction Model for the Formation of Partially Reduced Iron by Heating Iron Ore—coal
Char Composite Pellet in Oxygen Bearing Gas Flow

Yoshiaki IcucHi

Synopsis

: A basic research on the production of partially reduced iron by heating iron ore—coal char composite pellet was conducted by using a pellet in

oxygen bearing gas flow. Oxygen in the reaction gas generates heat by combusting carbon to very efficiently compensate the heat consumed

by the strongly ecndothermic reaction of carbon C+CO,=2CO, while oxygen also re-oxidized reduced iron. A simple non-isothermal model

for the reaction was made to simulate the very complicated phenomena. We approximated the reduction of iron oxides and the gasification of

carbon to be of first-order one-step reaction, respectively. Further we assume that the shrinking-core model is applicablc to the penetration of

oxygen into the pellet under the diffusion limit of oxygen in the gas film and the re-oxidized product shell. By applying the reaction model.

we succeeded in simulating the experimental results.

Key words : reaction model; reduced iron; coal; composite pellet; oxygen: reduction; gasification; re-oxidation; combustion; shrinking-corc mode.
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Fig. 1. Schematic illustration of a reaction model for simu-
lating the reactions of an iron ore—coal char com-
posite pellet in O,—N, gas flow.
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Fig. 2. Variation of the temperature and the various reac-
tion extents of pellet while heating it in 30%0,-N,
flow. The diameter of pellet, d,, is 18 mm and the
bulk temperature, 7,, is 1373K.

F

o total

Fo+F(1=F,)

EBUZODOWTIE D EDOM A MW 2, k. £ OMIE, HE

18 mm D R 4 AR «b,b&mwaﬁ1mmT¥%m
IZHE L 721D, (12)28
k,=16.97 exp(—12323/T ) »+evrrrmremersmerinseiitnnniens (1
]‘1’:]()_243)(1,(.- 12()32/71) ...................................... (12)

® Arthenius R A U7z, 72, (2B8F AT, Ranz
Marshall DR 197 &5 5L L 22 chiR iz e o, & RIBaE &
NL oy b EDOROHBERAE Z 22(13) NI DWTEREL
7 B EER B R, T ORI & Lz, (13)8T ¢, 13 (149 T

Ebhahsd, DI, WHEAZ00S0L LT, 77 IAHRE
Dy EDREE L 72,
h =5, 669¢\y‘(T})+T)(Ti+T yX 10~ B e, (13)
0., =€, €,/{€,1(d, /D,) EL—g, )} rrrermrer s (14)

FOfth, EufFEddid, Knacke & Alcock 2D & vy 7=,

XUy PEBCAPORGEETRIZBRTIEZ 21245
Lo b RO S 2, %nWODf'ﬁfg%ﬁa)?ll|li1|ﬁ%
{%’) f:o

4. ETIICEPERBRER>IaL—2Yar &
FHEOBLTRICRIFIRBREOZEICOW
TDOEd

AN Loy bR 18mm, /N L 2 1373K, R RIRIE 30%
O, HEESDELED, NL oy MRET, RILEF, # 2L
RE, EROETTEF, , KEDBRIEHEF, o, FHERILE
F, ORGERIZ & 2210 % Fig. 2127 ¢, IEHENETH %
O,DRAIFNL v MREMENE ZALHEITL T, KK
OBMBEFUZ K > T 2 ER &S, MENEHIZERLT,
WAL T dh BIRFBD H ZLRIB P EAMGED 5 & TAT T A
DR S, BEHN EAD 1300KEHA S L, EILE 7 A1t
WACAT U e 0 30O GEEE THETT 975 . DO RBEIREILY)
ML TIFAEL , CO, CO,DH A 3F4A7 LT, RILA

IRMNEENL b OREEER H AFth TOMMIC X 55857 EILH AR DI

23

IEFIL

1600

1400 |
1200 | JEH
1000 |-

T, /K

800
600
400

200 |- g8

600
Time(s)

800 1000

Fig. 3. Effect of the diameter of pellet on the temperature
and net reduction degree while heating it in 30%
O,-N, flow. T,=1373K.
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Fig. 4. Effect of the bulk temperature on the temperature
and net reduction degree of pellet while heating it
in 30%0,-N, flow. d,=18 mm.
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Fig. 5. Effect of the O,% on the temperature and net re-
duction degree of pellet while heating it in the flow
of O,-N, gas mixture. 7,=1373K, d,= 18 mm.
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Fig. 6. Effect of the contents of mixed carbon on the temperature and net reduction degree of pellet while heating it in 30% O,~N,

flow. 7,=1373K, dp: 18 mm.
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Fig. 7. Effect of the effective diffusivity of oxygen on the
temperature and net reduction degree of pellet
while heating it in 30%O0,-N, flow. 7,=1373K,
d,=18 mm.,
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Fig. 8. Effect of the rates of reduction and gasification on
the temperature and net reduction degree of pellet
in 30%0,-N, flow. 7,=1373K, d,= 18 mm.
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