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Step-wise Reduction of Hematite Pellets with CO-CO, Gas Mixtures

Takeaki MURAYAMA, Yoichi ONO, and Yasuji Kawar

Synopsis:

A series of reduction experiments was made in which hematite pellets were reduced step—wise from Fe,-
O, to Fe;0,, Fe O, to Fe O, and finally Fe, O to Fe by CO-CO, mixtures of appropriate compositions in the
temperature range from 800 to 1 050°C.  The hematite pellets were made of pyrite cinder and the porosity
was approximately 13%. Experimental data for each reduction step were analyzed in terms of the mixed-
control kinetics based on the isothermal unreacted—core model.

The results obtained are summarized as follows:

(1) Rate constants for the reduction steps of Fe,O, to Te,O,, Fe,O, to Fe,O, and Fe,O to Fe are ex-

pressed, respectively, by following equations:

kepm—exp(7.768—18.92x 103/RT) (em/ sec)
keyw—=exp(12.18—28.80x 103/RT) (em/ sec)
kepo—exp(12.70—29.91 X 103/RT) (em/ sec)

(2) Labyrinth factors of the reduction product layers of Fe,O,, Fe,O, and Fe are expressed, respec-

tively. by following equations:

108 10 Em=0.382x 10-27—5.352 (=)
log 10 € =0.159% 10-27'—2.467 (—)
log 10 £pe=0.124x 10-2T—1.734 (T= 1 173K) (—)
10g 10 £re=0.102% 1017 —12.25 (T'< 1 173K) ()

(3) Reduction curves calculated for each reduction step by using the rate parameters based on the
unreacted—core model are in satisfactory agreement with experiments,
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(1) CO; gas, (2) N, gas, (3) CO gencraior, (4) KOH,
(5) Soda lime, (6) SiO; gel, (7) Flow meter, (8) Bleeder,
(9) Empty bottle, (10) Reduction furnace, (11) Strain gauge,
(12) Prcheating zone, (13) Sample, (14) Gas outlet, (15)

Thermo-couple connected with PID temperature controller,
(16) Rubber tube for gas sampling.

Fig. 1. Schematic representation of the apparatus.
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Fig. 2. Determination of D and k¢ for the
reduction of hematite to magnetite,
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Fig. 4. Determination of Ds and k¢ for the
reduction of wustite to iron.
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Fig. 1l. Reduction curves of hematite to magnetite.
10
Tog
5 800*°C
-gas -
e
_BQL eocasc as QObserved i
s JTheoretical
gozrf ]
[/~
o0& L s L L L L !
0 10 20 30 40 50 6 70 80 90 100
Time  (min)
No. T™C Q Nl/min 7o €m ch
® 86 1050 )| 0.643 0.0957
O 63 1 000 1 0.624 0.169
A 62 950 i 0.634 0.145
[ 52 900 1 0.553 0.0993
A 96 850 1 0.625 0.114
W 92 800 1 0.615 0.134
kycm/sec Dy em?/sec ke cm/sec Pgo atm
[ ] 4.93 0.246 3.387 0.5
O +.82 0.251 2.202 0.5
A 4.46 0.176 1.383 0.5
O 4.9 0.116 0.83¢ 0.5
A 4.00 0.095 0.481 0.5
] 3.80 0.0785 0.264 0.5
Fig. 12. Reduction curves of magnetite to wustite.
1.0 T T
— W-Fe
L o8 1000°C
§
3 o6
4
= 041 -
5 eoa Observed
Zo2 —— Theoretical |
g .
0l ] 1 1
0 20 40 60 80 100 120
Time (min)
No. T™°C Q N1/min 7o CmM ch
® 63 1000 ] 0.624 0.169
O 90 900 1 0.633 0.149
A 270 800 2 0.521 0.155
kycm/sec Dy cm?fsec ke cn/sec Pgo atm
® 4.78 0.966 2.386 1
O 4.16 0.611 0.870 1
A 5.84 0.0455 0.263 0.981
Fig. 13. Reduction curves of wustite to iron.

— 36 —




CO-CO, BEF AT pE{bEk~vy FOBRBITLER 1105

L, RS S X — ZDEEFES>TRDALDTDH
Ll EEEE —F L5, Fig. 11 12X, Fe,0,
—Fe,0, OFTERBEOFETRMME R L. HRELE
HiEE TV BrEbRWibd M, kirh—HL
TWwhbEEZXS. Fig. 12 iy, Fe;O,—Fe, O OiF
TEREOBITEMME SR L. 900 & 950°C ZRRiFiE
FEBIE & ETEES T D B —F L Tw5b. Fig. 13 i
13 Fe;O—-Fe OB EBBiiRs mL/z. X
WRTHRICEIRE & LETEE L EHIEFRLS B LT
5. BLEokkic, —EERBRIE, & AEFEE S ER
ENBL—FHLTWB I Edbrsb.

TIZT, REISEEFVvOERAED  DOEKEND
Thicle & F~TH %. Thicle ¥ ¢ IFRATEREI N

66)7)'
— k!}
¢ —"o\/ D

LT ky IRy MAMERS D DL IS EE E
HThy, D EKEEHENEDIERE CSS. 5
KEFIE, RESHN~ORITA ATEEAS, LFEUS
XD TETLHANEBEINLSHEEL D LEVZD, &

e (21)

HAy v — Wb, —F, /A, HTETYH

APENEECIER L, RIGHERA L, FEMET TS
5. RiE, ¢>20 ThNEARRGEET VAEHTE S
EEHRELTWSD. 2T, Thiele HaRDTAHD
L, IFEAED, 20 DToOETH /. Fi, EITE
rhOBmEETL, RAOIZTH, LI FLVI EH

1.0 T T T T

(=)

08

06

04

02

Relative resistance
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GR : Diffusion resistance in gas film,

DR : Diffusion resistance in magnetite layer,
CR : Chemical reaction resistance.

T™C k ycm/sec Dg cm?fsec ke ecm/sec
—— 1000 6.23 0.0982 1.326
seeveeees 900 5.50 0.0350 0.701
—-— 800 4.80 0.0124 0.329

ro=0.5cm, £=0.11, @=1NIl/mil

Fig. 14, Contributions of resistances to the over-
all resistance. (Reduction step of hema-
tite to magnetite.)
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Fractional reduction (=)

GR : Diffusion resistance in gas film,

DR : Diffusion resistance in wustite layer,
CR : Chemical reaction resistance.

7°C kpcm/fsec D, cm?/tec ke cm/sec
—— 1000 6.22 0.203 2.202
seeeeeeee 900 5.49 0.121 0.834
—-— 800 4.79 0.0716 0.264

rg=0.5cm, ¢k=0.11, Q=1 Nl/min.

Fig. 15. Contributions of resistances to the over-
all resistance. (Reduction step of magne-
tite to wustite.)
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Fractional reduction (=)

GR : Diffusion resistance in gas film,
DR : Diffusion resistance in iron layer,
CR : Chemical reaction resistance.

T°C kyem/sec D¢ cm?/sec ke cm/sec
—— 1 000 6.16 0.905 2.386
900 5.45 0.585 0.870
—-— 800 4.76 0.0433 0.263
ro 0.5cm, e¢h=0.11, Q=1Nl/min

Fig. 16. Contributions of resistances to the over-
all resistance. (Reduction step of wustite
to iron.)

bir2f. L L, BoERMBIE, KEEEET VTR
SERINTVS EFZILNE. Lih>T, THEMNKL
ERED S L, RMUSEET VRS THHLEEBD
nonps, FMELRLE WS S5, 5%, BEfeE
THRELIFXXS.
43 EHRH
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%63 & (1977) ®7 5

HERLE. 3 o0AROBIEFRIIRATRDEH,
_ 1 ro(re—71) (ro/7)?
R = kg + Dsr + ke(141/Ke) e (22)

<HELNhS.

Fig. 14 i, Fe,0,—-Fe;0, DO LA T L
7= Mo, X UDLERGERPKEL, EExE
B TR FRBEIEASRKE L L2 TwS. T, BE
PEL L5z o0 T, FRPEEERI/NE Ao Tw
L5, {LERGEMOF LTI KEL<k>2Tk Y, BRE
MBE L e LSRN L 70D L v 5 —fFIcER
HONTWBEMY LRI >TwWS. Lrl, Z
DIFEENE, (CERISHEER kon OIRE LRIT X 518
L9, ReSEOEBE LB ILHEMOENRKENE NS
BERCIDTRHATE S, Tihbb, AR Das
BRE X 2T, JEERELEIT LRV, Ry
FOMMILELEBIRER X D TRELLEDD, LTDkd,
REE, Lot oT, NFWESDRHIREMREE &b
RAMICAE LY, TORRE, BESEVAT, L
RIS R EL ko7 b D & Bbius.

Fig. 15 iz1¥, Fe;0—Fe, O DEEOHEILLETL
7. TOBFEE, IRENELLBS L, (LERGIEEA/N
L7 h, BTFRIBEHEIRAE L LoTv 5.

Fig. 16 iz, Fe,O—Fe DERPEDIEH L% T L.
ZOBETE, FTRABREBERT B ICo>hT, #FXEHE
NIEBEHERS F L KEL DT V5B Z EHbh
5. %, TOEEL, Rvy boOEEE LORE R ZT,
{02 BUGHE I & B FNIEEUR T O IR B AR E M S R Al
o Tw5. _

3 ODRIGEBETHEEL TS L, #ASEHHOY
#x, Fe,O—Fe OERFEICE LVA, hoRETIE, %
DEERHEDRZL< V. BD 2 D0iEHIC DWvwT
1%, FesOu—>Fe O DERPECIRRGELE IRV T RIGH
HOBFEDHFBKE VY, FeO;—Fe;O, DEXRETIIW
EHoFSIFRBRECHS. —F, Fe,O-Fe DT
¥ 900°C & 1000°C CREGHEHOEESED MK E
R, 800°C CRRFIEBEIL>2TVv5.

5. %

KILEBOHEMIEV~T L4 PRV y MEEY LK
» CO-CO, BE&H R X DT 800~ 1050°C iR EE#i
BT, TFe,Oy—Fe;O, Fey0,—Fe; O, Fe;O—>Fe }rE&
BT ri@nl, @SRy B, togRic, S8
REGEEZFVEAERL, IRAREORRETEE S £
~ 2 %Gl CORBRREZLDHERDISTiS.

[

(1) BEREOLERIGEEEH kom, kow, kepe &
LTthThUToREZE-.
kepy=exp(7.768—18.92x103/RT)
ke —exp(12.18—28.80x 103/RT)
kepe=exp(12.70—29.91 X 103/RT)
(2) BRIGHERDEBOREE En, v, fre LT
EToX%Ex.
log 10 £,=0.382x10-2T—5.352
log 10 £, =0.159% 10-2T —2.467
log o £re=0.124x10-27T—1.734 (T = 1 173K)
log 10 £re=0.102%10-17T—12.25 (T < 1 173K)
(3) ZhoHoBONIEE S x— 22 FRALT,
2 DO RGERIEC D W TEHE Tk 5@ T2 s i 51
R —FH L7
(4) #EPUHVE, vy POMILEGE O RE R Z T,
PF LS HRIBESEL LU, RTFRIBEEROF S
BRELLD, {LEESIEROTESIS/PE L5 LT
X, l
B, RERTHE LABRBRBOELE, HitE
LT oAk ERERE, EPEFE (BE, &K
& B B RSRAT) WIERHM LET.
) =1
Co:-31L7 CO # RBEE
C.: ¥fg CO # APEE

( mol/cm3)
( mol/ cm3)

Dyp : # APRECERK (cm?/ sec)
D : AR BB IR R (cm?/ sec)
D« REIGE B ShIEEUR (em?/ sec)

do © #R TTERFR I EE

(g-atom/cm3)

F :gmx® (=)
S EREoRMEZ (=(re—r)/r) (=)
ke : & 5E K (=)

ke, keit b IR IS R HE 52 5 (cm/ sec)
ko SUSCHEBD R DIbK L7 7 R 355 S P B W £

(em/ sec)
kg :Ranz LORDP /LN H ALEAHEBH
B (em/ sec)

ky: vy b BUCETID 0 9 b B 5 8
(sec-1)
LHS : (2)RCEHSN 5% (sec/ cm)
Q: 7¥RAERE (N1/ min)
R SfkE (cal/ molK)
Rar » BFRIEH (sec/cm)
riRRISHKRE (cm)
ol XUy FEE (cm)
T : i (K), (°C)
u vy MZE» D N AGE (cm/ sec)
u  EETEEE T ARE (cm/ sec)
Umax, : BEETERKR T A JTE (cm/ sec)
Ve : #ARE (cm3/ sec)
A =37-2f¢ (—)
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0 : wfl (sec), (min)

g HADRE (g/ cm- sec)

o 1 HADEE (g/ cm?)

€t i EORILE (=)

gi: iBOREE (=)

¢ : Thiele ¥ (=)
s ¥

i =Fe, w, m, h

Fe: @B % -1 Fe/Fe,O RHE

w : Fe,O B %1z Fe,O/Fe;O, R
m : Fe,O4 B 7213 FeysO,/Fe, Oy AT
h : Fe,O,; [Z
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