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Reduction of Iron Oxide Pellets with Hydrogen at High Temperatures

Yukiaki HARA, Masaru Tsucwiva, and Shin-ichi KoNDO

Synopsis: .

Porous iron oxide pellets prepared from the pulverized Brazilian ore, high quality hematite, were reduced
with Hy-H,O mixtures in the temperature range from 800° to 1100°C and the rate of reduction was
measured by a thermobalance. Cross sections of partially reduced pellets were examined under the
microscope and poresize distributions were measured. The microscopic observation of the cross sections
showed that the reduction from hematite to wustite had finished in the early stage of overall reduction
pericd and the reduction from wustite to iron proceeded in the topochemical fashion. .

On the assumption that the region in more than 30% reduction in the reduction curve of pellet was
«correspond to the latter step in the reduction reaction, the process was analysed on the basis of the
mixed control mechanism, in which the interface chemical reaction, gaseous diffusion in the particle and
surface film, and the dilution effects of produced gas were taken into account. The chemical reaction
constant k. and the intraparticle diffusivity D, for the reduction in the temperature range from 900° to

1100°C were obtained. The apperent activation energies of %, and D, were 28:0 and 17°2 kcal/mol,

respectively.

These large values are attributed to the high porosity of the pellets and to the large temperature depend-
-ence of physical properties of reduced pellets, such as pore size and iron grain.
(Received June 24, 1969)
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Table 1. Chemical composition of Brazilian ore.

T.Fe | Fe++ | SiC, [AlLO; | MgO| S P |CW.
68'76‘ 0-55 1 0-60 i 0-67 | 0-05 [ 0-003} 0-024]{ 0-50
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Schematic diagram of the thermobalance.
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Fig. 2. A chart of time-weightlass curve (x1/4,
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3. Typical reducing curves when H,O contents
in bulk gas were 0 and 13%.

Fig.

- 0Q

=(-R1% (=)

[ A
Q
(8]

8 “(min)

Fig. 4. Reaction control plots of relations between
reaction time and fractional reduction of
wustite base.
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Fig. 5. Correlations of complete reduction times in
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ed f; and the differences of H,O concent-
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Photo. 1. Cross sections of partially reduced pellets at 1100 and 800°C. x5-0. °
(a) t=1100°C, R=0"15, (b) ¢t=1100°C, R=0-23, (c) t=1100°C, R=0-60
(d) t=800°C, R=0-15, (e) t=800°C, R=0-23, (f) t=800°C, R=0-60.
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Photo 2 Microscopic aspects of interfaces of partially reduced pellets at 1100°C. .
(a) Fe- wustite interface (a part of Photo. 1(b)), (b) Wustlte hematlte interface
(a part of Photo l(b)), (c) Fe-wustite interface (a par't. of Photo I'(c)).

&6 Fe shic :
Fe 7t wustite $F2ERICAATLES7H, Mzl
EBTH Fe NOEREHZN LT ULrRICHEE Lk
2T, FIGHEEOHIMES NS {5 L am;aa%x
f‘oﬂ’b%’)””) L ATT
b LB Ny e T VDR A Y
iC7 5. 800°C iEIET b K E R E AT T
20 AROHETH3NUTTHO2 S, HWFH
P BEL SIS wustite BRI DREBIICT 5 L%
DTS, LiL 800°C BTDF — £ BEDRIG
#E S oy NTEBEOHEORNZ L, BT 5EE
BRI X BB BARRETH 2722 243,
FLOBEACKEREZTRLTVEEE L LS.
24 BANL v FOBMIRH
vy I~%‘H’WDhx%ﬁ*ﬁl?&ﬁkﬂbﬂirlﬂﬂ@x% %

BEETHS. %;Tﬁibf«v/fomﬂ%ﬁ%m
SREAEOTHIZE L.

Fig. 6 12,100% H, i£Xv;
mm~uww:f@‘btﬁﬂ@%ﬁm%ﬁﬁ%ﬁﬁ%
L7z, HEODRELAFC 2T AL THS.

D Fe OBEH wustlte MBER

S EZZ ANE

wustite-23R T 5OV FHRIEER L7~

STy oHREDEET, -

Fig. 6D X51iT3
CORELLD, RHRTLOGHER T/ oI LLEETH L

ZIERY v b OFE, RKEFTRFORFLIETENITHE
AEnsd0HEDT, MIDXKEIIIRE~ELTE
DABYERET 2~ 3 iR TH BV, hi 570°C LT
DIRIRERR T H, 850 U7 58 1, Jhd O&GFHT
ARy MEREL TS
AL T, MYEEHSEK 1008 0 v oIl B4k
B, Lz AR 600°C. Ll OEIREM BT T,
7 o FLOREEHBEE L &b KREIT

SWiG. EHE<soIlHELRETLRED 2~3p X
DA DREL I VB p D, LB O THRBERE
FETVIAEYEEAS 1 g (10000A) Ll EDHIFLAS <750,
ST HEN TS D, > OMKEE S AR Lk

5CTHHH LEEINDS.

-7

DHBLEETLTS.
Rly FPBETEINT, ’f_

Egﬁfﬁ%@ﬂﬂ@ﬁ#iﬁmgklbbﬁbﬁﬁ
DTS TDT LITEICIL LD TR v PRETZ(L
EVAKILE co=24% D

il Y NS e b -
% OMFLERIT Table 1. OFHEEEEL THHET S



% 53 4 (1989) FEl4s

100 1

Photo. 3. Microscopic aspects of interfaces of partially reduced pellets at 800°C.
(a) Fe-wustite interface (a part of Photo.l (e)), (b) Wustite-hematite interface
(a part of Photo.1 (e)), (c) Fe-wustite interface (a part of Photo. 1 (f)).
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X5 b »oRDIk: B FOTHTH LDEDEY1/2
T bBRETHLHI L, NAEE EEEOIRNA EEL
CHEHT+ B DI G T .

DECLRICRFRDORES DRSS &L LTRIGEES o v
MZXBEBERFEL TV, ZOREILOWTHE
B+5. TER»D 0c, 0p, O0F Ot ZRDD &
900°C 34 0°65:0°25:0°10, 1100°C T 050 :
0°25:0°25 BRI ESTWE. #0Cr0 flogs
DORFFFHETLEDOBRMR A5 H 4 5 &, Table 2D X 51T
b, (FEEEGKTEZ 1°0 L LTERIELTHD.)
TOBGRERGEET Ty hLTRSE R=070 B
TORZDWCTIEERORBEMNC S W TEAZ B S E
BMLEHDHLBRLLENTES. —HFMEEBE» LV
v FEFLVETH D DT, wustite £ TOIRIGIE wustite

—Fe DETEN 30% KETLETERETLT VS,

L2 TF — 2 F i\ VwT R=0'30~0"70 D[
OEMHEGREE R=0 LT IVEVZD. TD
T ORHTREEDEER 4 %UTTHB5.

R F R BT 2R ADHEEIL 0r OHETHS. &

TCHIRL EABEA b RICEE S 0 v b TIRIEERCK L.

BT ENE O X DT ke, D, DEDIHREDTL HER
DHBHCEEE®TS. 0p OEHITHVT, SBHEEK
kr ¥ Ranz-Marshall O CRD 728, ZOROFH
FHOBHIIEREIC L DT, 0°50~0°75 < BULic 13 b
DNTNBW, L O TEREHETY v — 9 v FEE
40 NI E20%BEORERD Y 5 5. XL
WAy NERGERED kr ~DEELIFZZLNDLD,
ZNBIRFHEFEATRATH 20T, (H)RELDEE
AL . o

SHRAAMBOHEDS b, RGICL2TAERLK -

Table 2. Relations of reaction time ¥s. fractional reduction in mixed control.

..

HADSETCH AT 2R 1H 5. THERICOR .
YORRICEHIDTHBDT, “WHIEH” LHFEZ
LT HH, ZOEMDRGEREDHEESKE WiGE
KIEE T E v 28 Fenvan SDOERD» LIS
HTHD. ARTIIEE OFESEEV & LT CLArS
WKHEL 2 F L T(DRXEBREEL TV S.
VEEREEDS LY ¥ =Ty FEPAEL, kr OF
ATRIC X DB ER I PSSV 5758, (2) KT
O & 1/Q E—RADBEURITIL D, FOREIE 4rrido
R/3(C.—Cp)=B-R iTin%. %I THEHIHEOLR
Beplstflcad s, H—leeE>T 1000°0C TH A
WEQ#H 1'0~12'0 NI/ min QFFHTZE 2 7o LB &R
H 5, wustite—mFe 2F v FI2WVWT EOEGRERA
®#s, Fig. 10, 11 TH5. Q=1"0N//min- OF—%
TN sas, it 0 & 1/Q O—YRBEERSKILL
Fig. 11 75 8%k s & 1'54Nl 5. —HitEo
BHEES SEFE L B 1'SINL IR B DRHFIZ XL

7
6 - e '
’ |
-09 ./{/ﬁ
/ B < .90 %‘
p© . O/” g
X ////{ ° =]
4 v a8
~ /"‘:"',o/ . ’0/30///‘1, b
:_E‘ / /”‘ _/F/-
.3 o770
. Q& — | o1 . o - |
’.y—."_" . _—Oj,oo—
= |01 ., ) TS s
___‘—"""9-'-—__0 __.__0—4—0#—'——"'" \
| | ot | 030 |
- R Q20 .
° “ 010 -
° 0] o2 04 06 o8 0 2

/@ (miviz)
Fig. 10. Plots of reaction times required for various
e reduction degrees fx against the reciprocal
of gas fiow-rate 1/Q. -

.

Fractional reduction 0-10 | 0:20 | 0-30 | 040 | 0-50 | 0-60 | 0-70 | 0-80 | 0-875 0-90 0-95_|1-Q0_
Normalized |-Case(a)* [0-03330-0703 0-112| 0°158 0°212| 0-274| 0-349| 0-443| 0-538 0-577] 0-679 1-00
reaction — — = - - e
time Case (b)** 0:0432(0-0896/ 0° 140} 0-195 0-256| 0-325) 0°404| 0-501| 0-594 0°631| 0-727| 1-00

* Case (a), 8¢: 6p: 6,r=065:0"25:0"10
** Case (b), 6¢: 6p: §p=050:025:0-25
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¥S —HLTV%. L > THEIEKER LT LS5
We =210g EFNE—FL TS, ISR OFHM (1),
o« =0507 . . . .
; =3'8?9:::n (2) RKIARLAEFETLEFEFLLND. Q=5N{/min
£ =260% D34, 1000°C ¢ kr=30cm/sec BETHDHDITHL
do = 00500 9-mol /em? T, Q/4nry OEH 300cm/sec BEWTL L0 06, I
Z 10 BRI OM 1 FIITBE T 50T, Ihir el H
= - MLTLE S D@L,
2 N SeITzER BV EHIBERD Hy i@5Tic st LT H HO O
g » . oo
. ¢ BHBEED TV B, BITERT ke, Do © HO it
|5 BT 5 —EfMIRONENDDT, LITRE
gos —F HEAERT BLEILVEE b0, Fig. 80135
SORAZIITFEID S, ERBECIDLOMNAE
WTHAHH.
42 BRBRICONT
R LBROBIRREER (600°C LLE) kT 5 Hy ETIT
% o5 s PV T, ERDIREREIRIIINIC I BB FISHEE (R ke
R (=) E R NFRNEEREL De DIEZAIRITIS T B AEITEER &
Fig. 11. Plot of the gradients of lines in Fig. 10 L TH IS HET5Thich, RBORE, Ex
against fractional reduction R. S, BT AECE 2 TERENELR DT Wi NS
5D T. Table 3t HbE2—FEL TRL .
Table 3. Experimental conditions and analysis method of various investigators
for H, reduction at high temperature. “
- Activation energy
No | Investigator Tempoe(rjature Gas Sample Qﬁztlhgg of of k.
°C) Y (kcal/ mol)
Dense pellet Reaction control .
® |[McKewan?® 700-1000 | H,-H,O-N, D,=0-9cm, eq—49% Hem.—Fe 13-8
" H, Dense tablet Reaction control .
© |McKewan®) 7001000 |6.1_ %0aem) | 0-7cmx 1-0cm, eg=29 | Hem.—Fe 12:5
2 =_05 Dense tablet Mixed control .
@ |WARNER® 650-950 He-N; 1'0cm X 1°0cm, e,<2% Wus.—»Fe 15-2
Yacr & Denes tablet Mixed control .
@ Ono® 700-1000 He 0-8cm X 0'8cm, <3% Hem.—TFe 14-2
SriTzER Dense tablet Mizxed control* .
® et al.® 700-1000 He 0-7cm X 1:0cm, ¢y=29, Hem.—Fe 89
KonL & Dense wus. plate Reaction control .
® MARINCEK26 900-1200 H,-CO I x15% 30 mm?3, ¢,=0% Wus.—Fe 153
SmitH & Porous pellet Reaction control .
@ McKewan?zD 760-1120 H,-CO Dy=1-5—1'9cm, £¢=29%, | Hem.—Fe 11-9
OLssoNn & Dense tablet Measurements of
McKewanz| 800-900 Ho-HeO | 56cm »0-6cm, e0<2% | D,
. D
Bocpanbpy & Porous pellet € s 1
® |Ripexew> | 600-900 He Dp=0-3-3-lcm, eo=26% | Oy Thicie’s methed ,
Present Porous pellet Mixed control ]
@ authors 800-1100 He-H,O Dp=1'0cm, =249 Wus.—Fe 28-0

* (Calculation for data (@).
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£ 5, He-HQ [REH A TOERIB LD, 7K
ERIRMOBHEOL T LI LD B, EEER
Ly hERIZZ TV v FOBTHE VO, BEERILEK
DL, HA-BURE ISR T B Dk wustite-Fe FHE D
AT, wustite £ COBRTIEMAEBECETT S &)
FEF L/, K UIEBIEEZE,» 5 Fe,Os, wustite [
DESIPHECHEZL TS CHECYET56E, N7
#4 bRLy POBETTHDPTH, wustitemFe ZITTD
FiGE LT WBHEOBRLHITHS EEDNS.
BRI RERBTH DTS, wustite {LDERRETHA
DIVEICRDHDT, TOFAEIMETHS. RO
R 5O T, hem.—Fe & & %5 D3 Fe,0O3—Fe D
BEr | BOR 6L LTHE2RLD, wus—Fe 55
D3 wustite—Fe OETTEEE S EEL THTL72d DT
5.

ROFRBOWC ke OFEMALT 2 V¥~ 4E OfERTR
LTH DM, RRIHROEEZLOETETHL D
CD. JE VL ke DEFCEHVREEDOTLHDT, #
AT S, SRAKEECT DD, HDHVIIEERT
CHHBEOEEYEET 5 E5HT, 2~3 kcal/ mol
BEOER4ETLS. £z JE ORI k OEE
AT abhRiER SRV, LALEZNRIK L THEM
thd 4E 55 9~15kcal/ mol THBHDTH LT, =ik
@ 28kcal/ mol |3 KREETHS.

2T ke OpHEZR L L oo Fig. 12 TH 5.
P2l ke OEFRDORLD DOV FHEHH R
e [em/sec] BALICHEL ThH D, Hp TEMBEE
SR E o7 b O, WRITSFLELRMEEES 2D
OTH5. KVERTHR L® Oz Kanr 500
wustite DOER BB HEOERIET, —GEHRSHD
LI LR CEERKEZERDLL TVWE A5 T LD
TEXY. ZHITHLTHDF — #1132 Fe,O5 2 HHIFE
LcbDThHY, BEEEETZLTTIDELIAR
LD TVS. L ULETEN, AT AESED LD
2 53T McKeEwan SOEIGEVERIC/L2TWS
HOMBE, :

McKEwaN OF —2 X1 3~4{F KELALDPTWVS
@ DT SerrzEr HYH McKEwaN D@D F — % %R
LSRECHENELALIOTHS. FHHik HO ORFER
LEDHTWDHDTEKEBE TRV, ZORCHRL IS
Fl—7 — & ZIBEEE TR 5 &, IR, RRK
HEHYT 5K bk BRELLD. BELOF -4

LESEEEBEL T, 6 b ko z2RD 556,

McKewaN DOERE ECAEL T, EELT dvr¥—
3 l5kcal/ mol BELE DT I —HI BT LS.

- - -t Q)

_IOO _ ‘|a?o "IOIOO ¥ 8(30 - GCI)O .

/ @,@ MCKéWAN T
B R @ . owaRNER

_ . @ Yac1 & Ono.
\\ @ SPITZER et al i
\\\ @ KaHt & MARINGEK 1
10 B IO)\ @ @ SMITH & McKewan |
'\\ \\ This investigation —

NN\ \ \

ke (cm/sec)
//
%
/ﬁ
/@ //

't

© 06 08 0 r20
1077 (k")

Fig. 12. Comparison of chemical reaction

constants k.

L LS HREEETHIT L cDICHO X S ITKE
BIBEARTES TS, ElRGEEREE 2N
5 Kaur SD{EICHELT 5 & 900°C THy 5 f5, 1100
°C T 12 EOKRE I WHEDTV 5.

TDESIT ke HHEENEE A DN AMEX VIFEFICKRE
I TWAHHEAE, I IO TELR b R
mARL v MEEIKFETRRE TS 5 L{REL R
THHDTHD. ERCEMEFETCAILIST, K
SRR LT, EORCEBRE»ERVIERL TS,
HOMERI L ORSEROIBARCHEYE LTS, Lic
DT k, DEMILT R VF —BREVDIE, TORIG
EROIERRORER N K EVT & 2B LT
5. , , '
EIBITIC L OTRY v MEERTFOREE, A
Bl ERED SV ET BT b, IREUREROIEEZELL
PIANE VB, ke DFEHE(L T 30V ¥ — I IR BUSE
BEARERAT h DIED 1/2BBEE TC/NS LB TTHH.
OB A X DEASICE DTV B D, BTy b
OMILHARBETHEDOMILL Y RELBDTWVWEHLE, &
B DBV BEGROBEEFEIRELEDODTWVS L
EXBEFEZLND. ERRTHEOERCREIT X
THEECEERI KRBTV ERBh5.

WKL L ER S De ZE8X L JoDpd Fig. 13 TH

— 130 —-
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100

I T
— P @ WaRrNER
o _@YAGI&ONOV o
OLsson & McKewan
| Bocbanoy & Rigcke -
This investigation L
10 DT
"]
= @ J -
— - P el
: ©) e
= g
5 ]
S fé/yf///
I R
. i
117
/ J40)
7 /
’
’
Y
ol
600 800 1000 1200

¢ (C)
Fig. 13. Comparison of intraparticle diffusivities D,.

5. EBREBECXDVRELIELDWVWT VSR, D 13ER
FUDOHEZZIRT ViDL H b5, B
v MTIHHMRIREEETTD X5 AR 541702 01 L
TTASWIHEIE, BV Y O ML D, T
MUTERITH S0 5, WEHERI TELNITBRECX
LI BD. L LEIRES T Fig. 6 ik
5X5IT, 800°CKLVETIRw Y vl v uio=
TEHBEBIEDE D LTV 553, 900°C Ll 1 iz 5 & i
LOGHEPEZ L TET, v 7 o LOSFERERT S .
L7csDTHRENER 6 IR AR 2> L itk B,

WE D, TOWT, TOKEINT I 0ILOHEe,T
FHLIND LT ERDELRBRT S E LT,

e=08 -Dg=¢s2-Dg ceremneeneen (10)

(B)RITHIET D e ZFHEL THB &;900°, 1000°,
1100°C itx LT, £ Fh 0:47, 0°59, 0-71 r7c 5.
MPITRILRD 0=24% v v FEETINT, BIE,
WHas L2 c e T 5 &, £2RFLEIZ 0063 THLH1 L
GERATREEREDISD TLEIN & KHYLTY
5Ly, KBTIV o HO—MBEFRTH S
EWVSEIRITRS.

& ZHTUORIZR RIS FHENCH D & & 28]
RELEDDTH B, EEWIE Knudsen HEORS
B 2 Hbivs. Knudsen JREF & 5F MO BESIRICH
B BEEREBOIRA CHES N 5.

1/5=1/Dc+I/DK-"--~------------------------(11)

EREAE Y EHOR TRE L IOEBR TH 528,
VE 1000°C, 1atm Fo Hy-H:0 RIKHoWT, Wik
TSI /s DHFLER rp #EFE T 5 &, Hy OWT
Spy, HiO iL2WT 15, 2 id. X ZTHRBHOEE
B0k DITx U CHIE I 10% 5L £ OB E & F-o0E & 10
W, D7y DEDETIL | HOHMSESIHIC LS.
L 72230 CTHIFLA A & HeE L T Knudsen #8104 AT
+HEILRS.

LU Knudsen YREURICSH 57 — % &4 FHEEUH &
LT L7358 @ De iR O THIETHiE v,
(H:O DERREIZ 2 T)

1+X

D=tk

T, DY YIRS & L TR I SRR, m
5 HO & Hy OEURKOLT Knudsen B i
1/3:0 Tdh 5. V¥ Fig. 6 7 5FEHMILERE 20,
EFnuE, 1000°C T m=1/1"4 127 0, HEIEGREK(+
K)Y/(I+mK) v 1713 1755, Lihso THHTHR
LT 13% BEOHENSLELZ LT 55, MILE
KA> WARNER®™ DIRHL TV % X 51T bottle-neck #
ThBH T L, ML ORMEHE < FEEALLE KD
BV LI EEE X T EORERT bl of. BIE
BEROKEZ P HAET, D, OEIEREKEZTVE
Wz 5. :

7272 UPEEIER 0 23Rk 5 S W IS KRB Bk D % S ve
KLTRDEEDIE, 6 DREARITLDE/NILAS
Thhr5. AKLDE Fig. 13 €43 X5, #HLD
D, OESHERIER IS L2 Tw52, D 2F2T
TEY) AR RD DL HIEBRYLECI B C L2
ELTW5S. kKnudseniEfiB N AT 5% L H, & H,O
DR DE T L D RICECOEN EEBE 2 Hh 5
2, TOMEDAKRGIH 900°C ETiCH LCREL 72
BECRETHRELLD>TVEDT, TOYRELER
BRAHENELEZLNS.

FMILEEE» D D, 7L 0 ##ET 3 FEIEI=TRD
AR OV TEIREN L LA HER DRI T
W5, —EROBEO(OXILTLIRHEMN XL
SO TORBCIIERMLSIE» S, LD (6)
REL(DIROEEEDTE V.

k. & D, OEBHRICOWTIZ, EiBEHETLTOE
EORRAT 5L, REREOEARE y SR St s
i7% Thiele OFHEKIC X 5 H R DIBEELIEEITE HFl4
5 EEEL T, ROLFIEGRSE,INS.

ke=ktn- y ko 1/ D JK, wererereereeeereen (13)
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3(1—¢p)

Te

T TT et re MRIBEETT L BNV, RETRD
RILR LB FELETIIA L, wustite FTETLIH
TRBC R HRIARERMTFETHS. LB 2TIN
BILBETREORE 2 RELZITSDTHOT, XD
HE K OREQER ko DINEDRELKRD D
W, yBSREAREZFODDOEELLNDS. - '

X LCHMARKRITIZE 7 o REICEROMBEI 5D
T, RBOERBEEATHEAR+5THY, SROMARE
TH5. Fig. 9OKILHE ¢0 OFELOWTL+HH5EE
ZHRIE F 7oV OTERI RS 1K1k B .
43 BEETZEEICDNT

PDEDXsiw~e44 bRV v D He i BTICDWT
wustite—>Fe BXHE O SIGEREE (¥ & B NIRRT K £
DD T H B 75, HMIEOETTEE & 15 72 101E, FesOq
—Fe3O—»wustite DEXFED BRI D SLETH DH. L s
DTIEDERMIGEE 25 &, HEORICEERE
B NEBR ST R R I 2 T T EHAS LT 5.
OsvAN B3I~ &4 P EAB IR LV vy hDCOE
TDF — 2 b DTEREZRD LT EFTIL2T5
2, L oDFETHliE, b 7 2R RD B DIMEBHES K
P EC, FRATRECECEELOR5. Lo
TR DF IS DV T OFREIE FesOy, wustite DEEX
PETILE D RBITREBGTOERRY» LRDODDOBELITH B
LEZLNRS. TNKERAKER[REEZKELTHLERN
b0, ERFHELIRBETHOHOT, KWMTIEF o
.
ZTREIEEBEICE W T FesOy @ &5
5, FeyOz—wustite—Fe D 2 ROBFRFGEHE 2, TR
b MRS T A NVITETT S E L, Fig. 14 ITRL
FEFNTREORICEELZFE L Thic. 22 LE2
B O EE RS & B N PREURE T BTk E o 72
EEHERL, B (FesOz—wustite) [ZDW
THRAGERRY B2 RSO 1/2 LRELT,
BRI R X AR TR — BT B X
ST CRkwd L L. BEBIRED ~
FEic iz Fe,O5-wustite FOERE7. OO
HERBETIAREELEY, L2220 1sect
LT, Runge-Kutta RIT X % &FKFTE CRfx
BITREORGE RS, L LERGEMHFEEL

K= hrn (L 1K) oo (14)

10

T, 352 UG L CRHRE & ERIEDRIT 0

P15 ) OEHOTNEELEOT, H2ERITE

DHEEL EHREOLE L Fig. 15 Rl .- 900%.
1000°C iZ2o\ TIEE 72 10sec BEORKMOTRAED
BB, EEEVETHBCEDTHS. ZOBED
# 1 FSORSRERKIIKORTELENE HDTH
5.0 B '
ke.p=1-23 X 104.£78000/T [cm/sec] =« (15)
AL, ChIEEEOEESSELVSOTRAE.
F 7z HoO BESEVBAIE, Thhik&Ens. &
2 FIS DBIMES BN 5T 5 OXERBRNIAEIC X 58
| SOEARES LTV LELLNDH, 5
IT wustite ¥ TOETTIEPR D EVR S, RISHEIC X5
WFREEOETLEBL TS LELLNES. Th
BiE wustite & T O ORERE® EICRKD - LT
RV ERT 50 EMNTERV. SERTTEMgET
H5... .
800°C LI F DETTIC D\ T b FEHT & Bk L 2 70 s D 728
600°~800°C @ FRREIHIC OV TILNETORE T T~
Loats FES I HAEF VRERT S AN L E

Gas film

Fig. 14. A reaction model for overall reduction.

r/
L
i Experimental
’/
4 —=-== Calculated
! 2 3 4 5 <]

6 (min)

FEETTERY 20% 1ET L XTIV LT Fig. 15. Comparison between the calculated reducing curve

&M TME . # He WX BETIELOWT

and experimental for overall reduction with Ha.
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2bN5. INLEDOWIREGE FVOBESULET
&60;,7éﬁdbfw&%x1bé
5. 85
%hbfﬁ%zw%E#Bﬁot;%E& w&«v
v b% Hy-H,O # I X6 800°~1100°C TETL
2. HbET, BIOBRHRORL v b ORTEEIELETT
vy FOMILSHEZRIEL 7o, BIEEIZSS B wustite
—Fe OETRAT v 7 35\ ED O BRI EITTABH ERR T
52707t b I D AMBERTETLTVWS BN
7. % ZT 900°~1100°C OETLF — £ IT2WC, BT
HIFRDIETTER 30% LLEOSH - OFTBRIEHEY L
T3 & LT RIS, YA, HREOERN S X O GER Y
10%%%%@%%%m2hﬁéﬁé?%mbt.mo
°C DEILTIL, 1B Fe HhiTKETT wustite 53585 7
bkiﬁb#7<ﬁW% VOBERITIRR A D D FEITIX
TELh,DOT.
%ﬁﬁ&*iotgm%Ammcmﬁ?émiﬁm%

Cm

Tk@ hm#iwﬁwm%?m02~05réot
ZLTINDLDRPUESEL 2 V¥ — R e ZThih28
kcal/ mol & 13kcal/ mol TaHo7z. T DHEHIBHEED
WEMECHET 2 L Y RERETHEH, Uy b
VEILECHD T &, BITEEIC X 2@TERORET s
bbb, NELTILOKRESRE ODimﬁﬁiﬁﬁ:ﬂ SREWLZ
LLXBHDEEFEZLNS.

Fe;O3 50 Fe & TOHEEETLEEIT OV TIE, wu-
stite ¥ TORETTOFARE ARSIV EERTITb» BT
V33, Fe;Oy—wustite—Fe D 2 BB RS & U TR
KixHHREHRET D LATES.

i 5

C, Cey Cp: HARDKERME, TlkEARE, 8
TTH AR OKIELZN:E, mol/cm? or %

de: Vv PROHIRETCEEEIRE, mol/cm?

Dy, D¢, Dy, D: RINAIIREURE, 5 FIBURE,
Knudsen PrET{REL, #FEIAELREL, cm?/sec

G: HRADHERHEE, g/cm?- sec

key keas krn: {LEERSEERE, 1 HICOLEEG
RERE, BOLERGEERE, om/sec

kr, Kp: BBRWEZBRK FHEHE, cn/sec

K: RISOVFHEER, —

Q: HRiE, cmd/sec

m,m'mn=«V/hiﬁ,ﬁfﬂm%aMﬂ$ﬁ,
“V/F%ﬁh?®¥%,ml

R mIc®, fraction or % -

t: {REE, °C Coe
T: {E&xHRE, °K ‘
ZK%ﬁi&gfﬁbbfﬁijll®ﬁréﬁ,
mol/ sec
W[l: RV v }‘iga g
€05 €py €a: Ly FOETLATOSKILE,
ILE, =/ oflosx,
o: mié&‘rvg-:Dc/DG, -
f: K58, sec or min
Oc; 0p, OF: {LERISHEI, TEGER, BEEROAL %
Z 2RI TIER, sec or min
Or, Oc-ry Op.r, Or.r: BILE R TETLHHEER XU
FUSHI D7, WHEIEH D%, FERROZZ
% X JoBLIGHRE], sec or min
Oc: ALFERCHEE % (RE U 7o FUGHT B,
sec or min
ZC’ AD, AF: {tr‘iﬁ s *ﬁmbﬁ%ﬁ:
p: HADRE, g/cm- sec
po, ppt NV v FDOETATO REEE, FETLEORE
PR, g/cm?
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