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Fig. 1. Comparison between measured and calcu-
lated reduction curves and core radii. Exam-
ple of the analysis by 3 interface unreacted-
core model?¥.
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Fig. 2. Example of mixed control plot3®.
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Table 1. List of reference number in which the

values of rate parameters for the unreact-
ed-core model were reported®®.

Method of Reduction step
Determination
Gas of rate
parameter | Fe:0—Fe:0, | Fe0—Fei,0 | Fe,_,0—Fe
Stepwise 23,31%,35 | 23,31%,35 | 23,31 34%+,35
o reduction 37,38,50+ 37,38,50% | 36,37,38,49+%, 50+
ATAMELEr | 39 40v,48 | 3940%,48 |  39,40%,48
itting
Stepwise . . 31%, 34+*,36
- reduction 31x, 41,47 31+ 41 41,46,49%*
2
5,32,39,40* | 5,32,39,40% | 5,32,33,39,40+
gft‘;imaer 42,43% %%, 44 | 42,43%x%, 44 | 42,43%w, 44 45wer
g 45%x%, 48 454 %%, 48 48

No mark : Pellet, *: Sinter, **: Quaternary calcium ferrite,
*xx : Reduction under high pressure (Pellet).
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Fig. 3. Temperature dependency of chemical reac-
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tion of hematite to magnetite®”. (No.: refer-
ence number. Refer to table 2)
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tion rate constant, k.™", for the CO reduc-
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(No.: reference number. Refer to table 2)
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Temperature dependency of chemical reac-
tion rate constant, k.™F®, for the CO reduc-
tion of wustite to iron3?.
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sion coefficient, D.™, in the magnetite
layer®®. (CO reduction ; No.: reference num-
ber. Refer to table 2)
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Table 2. Chemical composition of various pellets®®.

Brand Chemical composition (mass%)
T.Fe FeO Si0, CaO AlO;
Marcona 65.1 2.36 4.38 — 0.97
MBR 68.6 0.22 0.77 0.05 0.34
MBR(CaO add.) 68.0 0.14 1.38 0.57 0.31
Pyrite cinder 62.0 — 6.29 2.79 1.5
Robe River 62.3 0.36 6.06 0.89 3.14
Savage River 66.4 — 1.98 — 0.44
Hirohata 61.9 0.5 3.7 4.3 1.3
Nibrasco 65.9 0.34 2.39 — 0.46
Whyalla 64.5 — 4.04 — 2.14
Reagent Grade 69.9 — — — —

BURRGE DT A BITCDEERR (£ D 2) KL DA A BILE T v DEEFEK

Table 4. Rate parameters of multi-stage zone-
reaction model®?.

Sample : Sinter, Savage pellet
Chemical composition(mass%)
T .Fe
sinter 57.1 569 9.56
pellet 66.79 0.83 0.28
Diameter : Pellet 9X10~%m,

FeO CaO SiO,
5.56
1.64

ALLO; MgO
198  1.27
0.52  1.02

Sinter(Single particle) 8 X107*m,
(Fixed bed) 10 X103 —15X107%m, 15X 1073 —20 X
107*m(0.1 —0.5kg)

Porosity : Sinter 32+5%

Temperature : 500—1000°C, Gas : CO-CO,—N., H,, Gas flow rate:

1.7X1074—3.3X10*m?/s(STP)

Reaction tube diameter : Fixed bed 75X107*m
Model : Multi-stage zone-reaction model ; Determination of rate

parameters : Fitting

Intraparticle diffusivity(m?/s, CO, H,, Pellet)
De= {12+03 X 2(T—m73)/1oo} £359D X 10~
D : Molecular diffusivity, & : porosity

em=&, T 0.022A(1— &)
ew—en+0.165A(1 —&,)
ere— &n T 0.533A(1— &)

A : (Volume of hematite)/(Total volume of sample)

&n= &n_m—0.022A(1 — &,)0.78(Fe0%)/(T.Fe%)

&n-m : Porosity of the sample containing hematite and magnetite
(which was determined based on the H, reduction data at 1073-1273K.
The applicability was confirmed in the reduction with CO-CO,-

N, at 773-1173K)

(T.=T—273)

£w™ &wol —43.2025+4 {0.0931905 + (—0.583 X 10~*+0.925926 X

10°T) Te} Te]
=0.1623&y0
ewo=&n+0.165A(1— &,)

(1423K =T <1523K)
(1523K=T)

Ere = Ereo(11.0—T/120) (1473K=T <1593K)

= &w
ereo— &n T0.533A(1 — &)

(1593K=T)

Chemical reaction rate constant k,®'%(l/s)

Sinter
CO(Fixed bed)
k, ™ =exp(6.44—3316/T)
=exp(34.75—33633/T)

=exp{0.2692X 108X (1/T —12.93X107*)2—1.966}(773K = T <973K)

k™ =exp(7.36—6260/T)
=exp(27.82—28208/T)
kv(w/Fe) = exp(9.57 - 8443/T)

H. (Single particle, Sinter ; Diameter : 8X107*m ; Flow rate : 8.3 X

10-°m?3/s(STP) ; Porosity 23%)
k™™ =exp(16.25—14090/T)
=exp(3.574—1912/T)
=exp(28.28—37736/T)
=exp(14.85—12750/T)
k™™ =exp(—1.324+2860/T)
=exp(3.574—1912/T)
=exp(30.88—29846/T)
=exp(13.38—11070/T)
k,WF® =exp(36.20—35121/T)
=exp(13.80—11084/T)

(1073K=T)
(973K=T=1073K)
(1073K=T)
(T=1073K)
(1073K=T)
(T <973K)
(973K=T=1023K)
(1023K=T=1073K)
(1073K=T)
(T <973K)
(973K=T=1023K)
(1023K=T=1073K)
(1073K=T)
(T<1073K)
(1073K=T)

Table 3. Rate parameters of unreacted-core model for the CO reduction of various pellets at 1000°C®®,

Brand Fe,Os i Fe;O, Fe;0, - Fe,_,O Fe,_,0O - Fe porosity
De™(10-'m?/s)  kH™(10-2m/s) | D.™(107*m?/s)  k™(10-2m/s)|DFO(10-*m?/s)  kMFO(107m/s)|  en(-)
Marcona 0.343 1.64 3.07 2.09 1.15 1.23 0.28
MBR 1.18 1.50 1.03 4.11 1.15 0.843 0.24
MBR(CaO add.) 5.12 0.815 6.47 2.58 10.1 0.832 0.22
Pyrite cinder 0.072 1.90 0.537 3.60 0.736 6.92 0.13
Robe River — 0.139 1.04 1.17 0.601 0.965 0.15
Savage River 0.484 3.87 1.97 3.28 1 - 0.784 0.28
Hirohata 0.172 7.35 0.200 6.09 0.320 3.78 0.28
Nibrasco 0.080 214 0.259 5.56 0.215 2.74 0.24
Whyalla 0.548 0.645 0.843 111 0.878 0.874 0.26
Reagent Grade 0.258 2.50 0.447 6.41 0.643 1.41 0.21
Reagent Grade 0.605 5.76 0.587 17.6 0.774 3.33 0.31
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