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Reduction Rates of Iron Oxide Pellet with Mixtures of Hydrogen
and Carbon Monoxide at High Pressures

Reijiro TARAHASHI, Shin-ichi KUROzU, and Yoshikazu TAKAHASHI

Synopsis:

In order to clarify the reduction behaviour of iron oxide pellets at high pressures, a single iron oxide
pellet was experimentally reduced with the mixtures of hydrogen and carbon monoxide at 1000°C.
The results obtained were analized by a mathematical model representing the reduction rate of a
single iron oxide pellet with the mixtures at high pressures.

The reduction rate equation of pellets with the mixtures was derived from the three-interface core
model on the basis of following assumptions: the reduction rate may be calculated by summing the
reaction due to hydrogen and carbon monoxide with the pellet and these reactions proceed independ-

ently.
gen or carbon monoxide independently.
sion of hydrogen and carbon monoxide.

In this model, the rate parameters were determined by the reduction of the pellet with hydro-
However, diffusion coefficients were evaluated as binary diffu-

The calculated reduction curves based on the rate equation were found to be in a relatively good
agreement with observed curves over the range of gas concentrations, temperatures, and pressures exa-

mined.

It was found that the reduction rate equation in the paper could be applied to the analysis

of the reduction process with mixtures of hydrogen and carbon monoxide at high pressures.
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Fig. 1. Comparison of the observed reduction
curves with the calculated ones according
to the three-interface model.
Experimental conditions : CO/CO,=0.87/
0.13, V=5N1/min, P=1 atm.
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Fig. 2. Relationship between chemical reaction
rate constant, A% obtained by means
of parameter fitting according to the
three-interface model and 1/7.
Experimental conditions : CO/CO,=0.87/
0.13, V=5 NI1/min, P=1 atm.
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kCP—exp(5.21—15.6 X 10°/RT)

(T >>900°C ) eeveevervenenneenansenseanennnnen (1)
kSY=exp(0.28—4.0x 10°/RT)
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Fig. 3. Relationship between effective diffusibility,
H{’> obtained by means of parameter
fitting according to the three-interface
model and 1/7T.

Experimental conditions : CO/CO,=0.87/
0.13, V=5N1/min, P=1 atm. .
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Fig. 4. Effect of the experimental conditions for
the reduction by the mixture of H, and
CO on the volume expansion degree of
the pellet after reduction.
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Fig. 5. Effect of the experimental conditions for
the reduction by the mixture of H, and
CO on the carbon deposition of the
pellet after reduction.
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Fig. 6. The observed reduction curves by the
mixture of H, and CO at various
temperature and the calculated ones ac-
cording to the three-interface model.
Experimental conditions : P=>5 atm, CO/
(H,+CO) =0.21.
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Fig. 7. Effect of the gas composition on the
observed reduction curves.
Experimental conditions :
P=5 atm.
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Fig. 8. Effect of gas composition on the reduction
rate at various pressures.
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Fig. 9. The observed reduction curves by the
mixture of H, and CO at various gas
pressures and the calculated ones accord-
ing to the three-interface model.

Experimental conditions : T=800° C,
CO/(H,+CO) =0.21.
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Fig. 10. The observed reduction curves by the
mixture of H, and CO at various gas
pressure and the calculated ones accord-
ing to the three-interface model.
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Fig. 11. Effect of gas pressure on the reduction
rate at various gas compositions.
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Fig. 12. Relationship between effective diffusibility,
H, obtained by means of parameter fit-
ting and CO mol fraction of the mixture
of H, and CO, YCO/(YH2+ Ydo)
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1000°C : Hy=H,=0.20Y,+0.25Y¢o -+ooo (31)
H;=0.44Yy,+0.837Yco »+0o (32)

ChBOBGRENRTIE Fig. 12 Lg%, Fig. 12
X TR B TEREC kT 5 B HIEBE O 7 A BT
T okERCIE—EOEmA R bR, LaL, 1000
°C ki 5 H; DEHSRRKE IR R LTS
CHOEIETRT 0.1<H,<0.3 n#HiBACHSH. F
7o, A—EER X OBTEBCET S HM) IO
Hy (€0 pffiiek XieEmnisuna &b Hy X0 CO
HAE X BB OEEOIENIEEEY S LT LT,
BEH AL BBEILO Hy OENH ABEBICHOIT2 &
FELTCARERBEIE L EELDNDS. Hy D
ExEBERTCERT 554, RERFELZLOWTE
RTDHLERDS 5.

FRE (DI DNTERIBER S A THD CO, BIT
H,O0 DEENEELERLINVAR T T OFEYEHT
Lzli L. BEVARTISBTLO BRLEGREIL
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BHRCFHEixh 5. BHREH T, Hy ik (27)~
@)X TRDIMEEFEH L, IEFEEKIZH,-CO 2 gy
FDfE% ANprussow ORI 2 LHEE UCHER L.
De'nan'DHg—CO (33)

Lo KEMHER BER IOEE)OWTh H,-
CO D2WHZRLE LTHE L. L, A2y ah
i H,O R CO, g+ 7 MFlL & OEBEHIT~H
HT28 838020 T -BLE LSS,
5-3 EBEENOFE

5-3-1 ROEERIC X % i HEME & EHIE & O g
IR ORIGEERDEGE T BT 58S~V ., +D
BEFNACISBILEEZRBE LTV 50BN ERET
LIcHRIGHEERT X 558 ME & ERE & % ik LUz,
STEEE LRUGHEEER & BRIABEROfEIR, Hy #x
X 5REICCE LTI OfF, 7, CO ¥R X
LZRILOBERIAR TR L)~ (X BHRE L
fo. WABEAWEBBRE ke 13(13) RieRT Ranz
DAY LK L Jz 23 (36) RTLEARKMEDIEERIL
H,-CO 02 5L LTEE L.

ke=(2.0+0.6Rel/2.8c1/3) Dy, _co/dp -+ (36)
BRI OV RERIIH, 7 AW X 5E T T FERY
DfE%, CO # AW X %E I TIXARITTEM CTRIL 5™
MO DOBFFEE D F — 2 FS U TEE L (37) ~ (39) &
R L.

K,(CO) =exp (7.25543 720/ T) -vvereneveene (37)
K,(CO) =exp (5.289—4 7T11/T) «-vvvrereveneee (38)
K;€O) =exp(—3.127+2879/T) «evevvveennn (39)

BB OEER» DRTEERS XOENDORR 5 &HT
DEITLHRZ R L, RUELHEE L C Fig. 6,9 kX
10 R

Fig. 6 XFEJH Satm, » A CO/ (H,+CO) =
0.20 DE&HBTREOHEY RicbOTH B Tho
BECKCTHHEMEEEUEZ,»R ) —KLTW5.
¥7c, B 800 & 1000°C THEHDOEEY Bi-d Dk
ThEh Fig. 9 £ 10 w3, WK E S ETLOTH
CEWTIEEE S WEAZR LT 58, ki
DT LRI & H ABEAYE R BB OFHEIC
ME D LIDEELBRSE. L, BTRIGEE
DI O CHEEREAEAY B L EKH LTS &
z%5.

& ot®, Fig. 9 KR LCEROES, SfkoWht:
B A Hy-CO @ 2555k & LTHLY T2 Hy, 7 A
wonTit Hy-H,O 0 245 %R, —F CO #2125
Tk CO-CO, D 2k %H & LTHKLMILCE D HFote
BEOFEEY ERME &L LT Fig. 13 R L1

- -
=

0.8 [ ; gts

-
——
-

0.6 |-

f (=)

0.4 [~

————— Calculated curves

02 — Observed curves

L

[+} 5 10 15
t (min)

Fig. 13. Comparison of the observed reduction
curves by the mixture of H, and CO
at various gas pressures with the cal-
culated ones by neglecting the mixture
of gas. (refer to Fig. 9).
Experimental conditions : T=800° C,
CO/(H,+CO) =0.21.

i
f2
— 08
¥
L - °_~
0.6 . 3
.- o) L ]
- o]
: 04 Cal. curves ———
- 8 AlH [Fe20s/ FesOs
= 0.2 H * Obs.values @ {f3 |Ferx O/Fe
ojf
o 1 1 1 1
0 2 4 6 8 10
t (min)

Fig. 14. Comparison between the calculated re-
duction curves based on the three-
interface model and the data obtained
from observed values with reaction
interfaces.

Experimental conditions : T=900° C,
P=3.1 atm, CO/(CO+H,)=0.31.

Fig. 9 R LB L T3P 5/ X 5 Fig. 13 o
FHEEREAEERE LS AFER TR Y, [EDHEERK
% H, LCO » 2% 4 WSLCH » B0t & DEER,
TREAEEHETE I L5,

P EORERNBEE N AFOH, X0 CO £KH4 D
HAL L BBRILERTEHERC KT, KT HNEDIREK
FRE B L F ASEBEAMESRBRE  FHET 254,
H, L COD2EHRELTIHET A &k b, WH
OFME LTRENDBEI AL X HEILOEERIL I
D XA RPHER R T2 2 L2388 bk 7pote.

5-3.2 RSFEALE O BIE
BILBRPEET B vy + OWEETEED bR RE
BXHETLI LR LD, fiIROEERTEIhBHER
L Ib#g L7-. Photo.l R-3{EE 900°C, FEH 3.1 atm
#FAHK CO/(Hy+CO)=0.31 & & TET LIS
BORBILERF DO Ly b b, Fe,O3-Fe;Op I
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Fe;-,O-Fe REMELZIE L, HRILEECKT 52
TEOREE(LDFEMEE i LT Fig. 14 &R
Fig. 14 0EHEEIL 2 HO T — 2238 ThH D, HHMK
BB ERNTENTEL., BERNENORE LR
BILER fILERENRPRE VR DT 505 Fe,U
—Fe;0, k5 L O Fey-,O—Fe BEILEME OFIHEE L EH
EIZ L —B LT3, Lo T, HERTEREOR
TEEHE ISRBELTWBE W2 5.

6. & =

A RIIEENTHR 2 22— 2 VRGBT E DD
BEIRRIGDOEED I\ EHEE A TR~ vy b
BT ORI RIETE R EERICHER L
b DTHS. BEIBLEDORIGEEBN TORILE DR
TEHXILIET 56, BRI RIETEECOWT
XHRELBHTILERDS. Ei, APIIET
HEW DL L&Y RIET 800~1000°C L\ 5 g
S WRER CEREL T OO THY, BEIEKRED
BLTRIGEREERCEHT 586, S ORWREL,
72 & 24T 500~800°C TORSHER F A DWEBHRD b
ZE LR ERIRESBLETH 5.

Fte, AWREBENGHORITSEIESLZ LB
L LT, R, PERRE LT, Z0REIL
EECRIETENOEELZRF LicbDThHS. DO
BroBEECKT IR RTE, KK, EBERE
7 E) bR EETORITEEIBETENCHERS
NTOWBEREEERVy F ERERNDDTH DN, L
B, AWCHEBICBILEER XITT EN0 FEL
RiG% 90% wiET sk LcAh5a (Fig.
11 8), EEE 800°C, # A CO/(CO+H,) =0~
0.2 D&HETHEDA Satm i > THEITEEL 25 %
CixFEEET, FRULEOENTHIEE A ERRLL
7o T B, Fie, 1000°C DBE, TOHRIILIC
INEd D Lot BILEECKETEER La
EEds L0 A 0 (Fig. 6 % X007 28) 0FAE
BN E s, ORI, KHTERL
FeRE LT B O T B BRI CH 5 Z LR
gL T\w5b. BETHE BEXTEECRIETTENOHRER
B B DI bF R G BN SE L 2T 5, ok
LT FROPIVH D, KILOKRE S D, AR
Bz Y DETTEENE UL R E VS Ol EORRALE
Thb, S BEOHATOMEDBLETHS 5.

) . T ®
EETIC B 521y + OH, & CO ®EAY

Il

AR L ABILEOEERERD B D, RiFRWOH, A
LB EFEE, ¥, CO Rk rEILER
217, CO ¥ABTERET AEERLEE T £ —X
BHEL, SHLNMPRENTHORE I SO

Y BB

AAAAA — o R U

THRH LE. DvT, H, X0 00 #AK

DEERICE S THEONICBEF AL X DR IGORE
KROZWUME BT 570D, EE 800~1000°C, KN

1 ~7atm, #AEK CO/(H,+CO)=0.1~0.5 D%
BT CRITERR TN, FORKE, koL 5 icthmz
B,

(1) CO yRLB latm CxT5REILEELIFH
ARG FACESSBRERNCTERTHZ &8 TE
7.

(2) H, & CO DRAF AR LABLIERET, E
Ty D REIC AN R TG B XN 5 A3 S atm PR T
BITEECRITTENOHRINE L Ins. Fie, BE
AEWEEFOER/INIV. chIBREEGER YV
» MEIT P X OV R S 0 4 A SR R
HENT 57D THS.

(3) H, & CO DBEEHF AL X AHBETDRTEE
11, BaFAFOH, KX CO yADEAHELL
Fo DT A& & MY BT 5 LIRE L TRDIZ3
RERK G 7 VI 205 BERO e LT RRT
Bolick, EEAIIRD ISERTHENTE
5.

72751, Hy, X0 CO FRFhDH ADRERNCE
W, RkoMEER CRRE, BE, IRBRERE) &
H,-CO 0 2% E LTCEHiT5 2 &N ETH 5.

(4) BE» » AL 5BTEEROZLE LR TS
7o, BETCRIZETRFOV y b OWE N BK
TSR A WE UCEHEE & i LR, WER—
HLTED, BOMCEERNBEN AR X HETLEY
BEB LTS EdbhaoT.

RHFGe A HED BT H T b B HEE & B oAk
KRy BISHTE TR S, KB REL, RB#EER, A
KIE—pRiEE s SO BARg: (Bk) ZBEPFERT, &
THR LT ERE L HMBEELRT 5.

=) =
A b FE SIS (s/cm)
B : B FW 4 AREGES  (s/cm)
D, : frFHNAE ISR E  (cm?/s)
Dg : 7 AyEERE (cm?/s)
do:~2Vy } OWETHRERE (gmol/g)
dp: vy } OEE (cm)
frfr: BTEBIOCRKETR (-)
H : £$ 7 A58 (=Do/Dg) ()
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K :#meEk (-)

ke i (b RS EEE  (cm/s)

ke : 7 ABENDEBERE  (cm/s)
P :FEF (atm)

Q: yApE (NI/min)

R : 572E#% (atm-cm3/gmol-K)
Re: prFv4 /7 0% (=)

et Uy MEBEERS L OEE  (cm)
Sc:va3Iv b (=)

T E (°K) g1 (°C)

¢ BER (s) 721X (min)

tr=0.9 1 BILE 90% WET 5K (min)

V : KiS#E  (mol/s)

o, vp P EEHS X CMPIERILE <V v b OtkEE (cmd)
X :=1l—-x

x 1y AZA b OKTFRIGERE  (x=0.05)

Y: Ao Ah®E (—)

et KILE (—)

Po: NXVy FOREEE (g/cm“‘)

S &

¢, D, £ T Eh b fIG,

RN 7 A fE#E £ T

1,2,3: £ #n Fe,03-5Fe;0,, Fe;O4—Fe,-,0
L Fey-,O0—-Fe 0BT ZET.

RFRH AEE S X 0E

S

b,o,e: FRFR LT, ~Vy F WEES X O Fil

RET.
K:H, 4 L<ix CO »%+F.
n:l, 2 kX003 rE+.
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