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Study on the Rate of Reduction of Single Iron Oxide
Pellet with Hydrogen

Munekazu OuMt and Tateo Usul

Synopsis:

An equation for the rate of reduction of a hematite pellet is derived based on an unreacted-core
shrinking model, considering the resistance due to the mass balance of reactions. Then, a modified
diffusion coefficient, D'y, -m,0, of Hy gas in ternary gas system, H,~-H,0O-N,, is derived considering the
influence of stagnant N, gas. The estimation methods for the viscosity and diffusion coefficients or
equiliblium constants are also described in view of the best agreement with experimental values.

Using these results, the above mentioned ‘¢quation and experimental data of TakamasHI, et al. and
Frinman, et al., calculation is carried out by the method offered by Yacr and Owo, then the reasona-
ble values of effective diffusion coefficient through the porous shell of reduced pellet and chemical
reaction constants are obtained. On the other hand reduction rate equation without the resistance due
to the mass balance gives unsatisfactory results. Consequently, it becomes clear that consideration of
this resistance is rather reasonable and necessary.
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Fig. l. Relation between xn,1 and xy,; under the
equimolal countercurrent diffusion of com-
ponents HZ and H,O calculated by eq.
(9); component N, is stagnant.
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Fig. 2. Schematic diagram for concentration profile
in the single pellet reduction under unreacted-

core shrinking model.
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Fig. 7. Equilibrium constank K of the reacton FeO+H,=Fe+H,0 as a function of 1/T.
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Table 1. Estimation of mass-transfer coefficients and calculated value of D, & and k. under
experimental conditions carried out by TakaHasH1, et al??,

T dp u Rep kf kf' De E kc
(°K) (ecm) |(cm/ sec) (=) (cm/ sec) (cm/ sec) (cm2/ sec) (=) (cm/ sec)
1132 1-20 148-4 78-74 35-10 i 33:56 1-014 0-2069 1-907
1233 1-20 161-7 74-49 40-09 | 38-24 2-215 0-388! 4-863
1 345 1-19 176-3 69-83 46-17 | 43-97 4745 0-7119 1155
1417 119 185-8 67-51 50-09 4763 3-236 0-4426 48:73

Experimental conditions : D=7'7(cm), V=30(Nl/min), Xg2p=0"4(Xx2p=0-6)(—),
ep=0-15(=), pt=4"93(g/cm3), pp=0°'0244(molFe;O3/cm3)
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function of 1/T.
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Table 2. Estimation of mass-transfer coefficients and calculated values of De, &, and %,
under experimental conditions carried out by FEINMAN, et alé®.

Ny, \' , . op u Re kg ke! D, £ ke
(mol H,/ | (NI/ 0 ¢y |(molFe,04/ |(cm/ B |tem/  |(em/  |(em?/ | £ [ (em/
cm?.hr) [ min) (cm) ( cm?) sec) ( sec) sec) sec) sec)

0-37 280 0-838 | 0-243 00226 20-2 3-15| 19-8 10-7 9-08 | 125 | 572

2-72 20°6 0-853 | 0-266 0:0219 | 149 23-6 30-5 25:7 | 15-0 2-:03 | 5-64

9-3 70°4 0-858 | 0-264 0:0219 | 509 81-2 45-1 417 6-63 [ 0-898 6°'96

12-4 939 0-852 | 0-266 0-0219 | 678 107 50-2 47-1 6:59 | 0-892] 6-90

Experimental conditions : D=5'08(cm), T=1200(°K), xgzp=1'0(=), ps=5"03(g/cm3)
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Table 3. Comparison of k', € and 4. calculated by eq.(23), (40), (41), respectively with
those by the method of least squares(L.S.).
(Experimental data are reported by TAKAHASHI, et al.2®

k¢' (cm/ sec) & () ke(cm/ sec)
T (°K) °
eq.(23) L.S. eq. (40) L.S. eq. (41) L.S.
1132 33-56 20°58 0-3335 0-2072 1-611 2-049
1233 38-24 36°32 0-3830 0-4507 5-523 4-717
1 345 43:97 1577 0-4379 1-319 17-45 7641
1417 47°63 42-39 0-4732 0-4740 33-19 | 55-25
DL O, ERIOEELY, BEREZERTS -+ (50)

VEDDH DT EDERTE, NFIERMOBEKRD X VHEL
PRI DERS
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7293, XDIETLF — % X ) ZRBROE R ERERD S
FHERZBRELTA LS. TTELERF LEuRRH ¢ O
FHRENEHSOFOLSITEEELTHL.
‘=0’F+ﬁG+T~F (SEC)  wereereeiesiinrnesee (46)
crT FRRGDERLEDOT, hoRRIE-EFDX
SRBEXMZTHS.
o = PpTo/{k’f(Csz“‘CHze)},
B = pp70%/ {2De (Cr,p—Chye) }5 -+ (47)
7 =3ppre/ (ke (14+ 1/ K)(Cu,p—Crze)}
G=3-3(1—-F)%3—2F

WERTGT — & {t; Fi} (=12, -, n) 2HX(6)IT#E

RALTRAETIRC X D RLEET D a, f, 78KD
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a, B, rEELTRNLETRIEI VP, TDEX
<
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J=1
2)/0p==2 X Gty aF;~pGy—7F) =0,
a)/oy=—2 3 Fy(t;—aF;—pG;—1F;) =0
-+ (49)
a, B, TROVWTHFIEI V. ZThEEHRTLLED

EOX>hERFERAEED.
(Z'rz)a+(2 FGJ)5+(§FjJr= 3 Fy,
J=1 j=1 i=1

(5 FJG)H(E sz) (3 eF,\-
i= /
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YFHRBELNhS. Lo C(i)0BIFEL5bE
2B L, REBZFPHETRELTLEDTWS D L1
HEEACERND 505, BEHEFILGE R F 5B R OfR
WZHTHY, ZETDLENSLDDLEbNS.

(i) © FRIT AR, RATEEE X LR S O=8
BOEMAEILT — 2 X DEER 2D H M L.
T ETREORERLT L o8B bhik vk, 4o%
PEZ A DO 7 e D IREIRFOUNERZ D X 5/
MEERGOMT I ERTE LRI D

Fb D ITHRIL KRB Y RS AR BT, /UK
IH—BRBIEAR, EBILERRICII WA W AEIBIE 215
D, LHLREBHELETFS. iR shih-g
ARERITF, WIHRKEE, L2 REERAED=RICD
B#toBrET 5.

i =1
C : HZBE (mol/cm?)
D : HIGEERE (cm)
D : yrREXERE (cm?/ sec)
D'y,-nm,0 : N i H, #D Hy-H,O {ETESAEMRE [
(13)] (cm2/sec)
De : 32T BN OB LIIEEREL (cm?/ sec)
dy: vy MERE (cm)
F :3&a® (-)
F=1—(I-F)1/5 (=)
K : RJG FeO+H;=Fe+H,0 OE#ER (—)

ket LR R EER (em/ sec)

ket W ZBEAYEBEERE (cm/ sec)
k'y=(1/ks+47r,2/Vy) -t (cm/ sec)

: MRTRFTIRGY D 0 % X SEHGEEE ( mol/ cm?- sec)
n D BRITET D H ZIEECEE  (mol/ sec)

P : £&FF (atm)

p :HrFE (atm)

R : GE4ksEEL (cmd-atm/°K- mol, cal/°K- mol)
Rey: vy P+ 51L4 0 1117:%(511(19'0//1 (=)
TRV y FDEFEFEEZ (cm)

=

Sc: vy b =p/(pD) (—)
Sh: v ¥—~% o Kt =kedy/D (—)
T HERHRE (°K)

t :[FfE] (sec, min)

te: HABENIEBEGER S EET D L EX LB OET
IREME] [N (45)1 (sec,

£ IR R T A A OB ERIE T 5 & % 2 74
A 0@ETTRER [R(31)] (sec,

u BRI S B R HE (em/ sec)

um : ERETEEHRE (cm/ sec)

Vo PEMERABIZ 513 B H A E (N1 min)

Vo : ifiite (cm3/ sec)

X D ENGR (—)

eF D RTCERE ORILE (-)

€p  RIBILVy FOKILEK (—)

A ZEEOFMHIRIER (—)

A ZBEOEBT (sec/cm)

p o T ZDREMERRE (g/ cm- sec)

&

o

min)

min)

DETTEREO T €Y v AR (—)
P HRADEE (8/cm?)
pp: Ly FORNTENEE (mol Fe,0O,3/cmd)
et Ny FOBREE (g/cmd)
R
a, b, e, 1, o: TNFNFY, NI K=, SEHTIR
8 HIERERSIVCRLy MEEIKITIE

F

#£b7. ‘ :
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