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Kinetic Analysis for Hydrogen Reduction of Iron Ore by

High Pressure Fluidized Bed

Kyoji SATO, Yasunori NISHIKAWA and Yoshinobu UEDA

Synopsis:

An analytical procedure was developed for reduction in fluidized beds with batch-wise iron ore feed
based on the bubble assemblage model and the three-interface reaction model with solid-state diffusion.
The experimental results of hydrogen reduction in the high pressure fluidized bed were analyzed accord-
ing to the proposed procedure. The simulated results were able to describe the experimental data up to
the final stage in which the reduction-rate became extremely low.

Effects of pressure, temperature, gas velocity, bed height, and fractional reduction on the reduction—
rate and the utilization factor for hydrogen were elucidated quantitatively by the proposed analytical pro—

cedure.
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Fig. 1. Bubble assemblage model.
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DRI B EE L AKFIERIR 0.2MPa Ll ks bR
5.

3) FHOBTHEE L ARFIHERORES R/
¢, B X=1.0 ¥ TELTH L BEYRIFLALY
ltsb.

Appendix 1
Kato 5213 jHEBXBEO®E 4hy #RRNTRLL:.
dhy=2dyp, (2+m)3-1/ (2—m)d, j=l~on--eeee (A=1)
2T, dye=[6(u,—ums) /mn,]1%4/g%2
m=1.4 ppdy (4y/tme)
n % B DB OO B0 H ORERE i 12

ho="3 dhs+ dhn/2
i=1

JBEREOLMERE Vs IOKHEOGEI
Ve=8tdhy, Vo=Vr(L—Lms)/Ls,
Ve=3V4 (umf/emf) / (“br—umf/Emf) s

Vs Vrm (it V) - - (A-3)
Lf= mf[l + (uo"“mf) /ubr]! ubr=0‘ 711 (ng)o's
= m(Line/2) +dy, - - (A-4)
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1368 g & M

% 70 £ (1984) 108

hn<Lme OEH 31T 5 BHEOR FHRE T
Vee= (l —émr) Ve, Vee= (1 —emr) Ve weeee (A—S)
Lint<hn<Lpy¢+2(Li—Lye) O#EIFHTIT
Vee=(1— 59) Ves Vie= (l - Ee) Ve,
l—ee=(1—eme) [1— (hn—Line) /2(Lt— Ling) 1

ume BRI, TR Fr0EHECD 3 BE, —BR
umi=Cmgdiop/pa TEREINDD. WTHBE pp (IBT
DHETERCELL, HE pa b -BE, EN, £R
HAEDBREC L )BT S, LM KT 5BTH
D Uty fas Pp B Umryp P> Pp, T/RL, BILED op
% op, ETHIEBLHX F THAIEETO uns TR
ADLORD.
Umg=tme, [ op, (1= X) 4+ pp, 18/ 8, T x4,%8)
. ...(A_7)
Appendix 2

Fe, yO #@F & BY CHA T 5 Fe Bho s v
1 ERICThAELVWIRRT, £080EEILET

IO KRR S D ET 5.
Goon = G _ (3/dy) (DodCT/ry) Vii~/ VL™
PTa T (A=) (I—g f)-1

. -+ (A-8)
ol o a=1—V§,“’/V£F°°’, S Fe,_xO H¥EDZ
TLERT, MG IBRD 7 v 1 VBOBRERE (Cy))
& (G i1=Cs,(1—f1) DBARE 5 5. B ¢ iw Bt 2B
REEX

13
(Ce)1=(Cs)e—Cs, ti G(ry At weeveereninnee (A-9)

Fe BetkoBREE C, 1

1 4
Cor= 5] Codog 7 (Pare)
1

+ 3 <Csl):(Vsl)z] crenes (A-10)
=1

iy G (V51) 1= (4”/3) (r381—1 "’agz)
Fe B4fthoRIEEEL

Ve,  dCe, _ G,

vV, Tdt 7,

Myp, =~ —

[

> G(f)z'(V51)z
=1

- (A-11)
E 5
a; t LEBHRER (—)
C: KthostigE, =P/R,T (mol-m-3)
C, MFAIiBOEGBRER TEBE (mol-m-3)
(Cs)i:Fe BhrsvM4 voRGBEETREE
(mol-m~-3)

(Cs))o:Fe BHREBEAZ 7v 4 vONYBERE

{mol-m-3)

Cme : BOBBALEE (—)

TIBBMAAAE L Fe,-;0 BrETHETBRE
BELEBRAXEHOSH LI ET I>ETRREE L
nz# (kg-m-3)

Cos Cafp, Cofp? + 3 FiL#, Knudsen #h#, ¥ hic
BI22HESKOBERE (—), (m), (m?)

Dig: s REEDOL 47§, 2 HDILBRES
(mz.s—l)

do, doy : FHEHRER, FPEREEERLEE (m)

dy: 7V A YA, For ;0 omZasE (kg-m-3)

Dy: 7v 4 vAHEBHEHCEB L -BEOKBEREK
(m2s-1)

DodC3/ry : (A-8) RTeR Lt BROBEMELE BT
5RHE (kg-m-3.5-1)

E :@EH=%r%¥— (J-mol-1)

Sofo:Fe-yO B¥OBTE, UHNBTE (=)

g :EIMEE (m-s-2)

G (A-8)RTRLEZv S VOBRTHEE (-1

dhy: jBHREREE, FREKEE (m)

by : n ZFEREFLOSEKR,H S OERE (m)

Kye : Bubble #2 Emulsion i 0Kk FBERK
(S")

kma : iﬁkﬁﬁ”)%gﬁ!ﬂ%ﬁ (m-s-1)

ks;s koo t EERICEEER, HERT
(rn‘j -mol-1.5-1)

Lty Liye : B BE L, tmr R 2HBES S (m)

Mgp : %&Eﬁ%’zt h ORIEEE (mol-m-2.5-1)

moa R TEMAAEEYZ Y ORG#EE (mol-m-3.5-1)

Ngp: LK (mol-m-2.5-1)

(Nga,)e : Cloud #i#: & Emulsion H~D &0 BE)
#E (mol-s-1)

ne: HEORBEMNEE Y oROHK (m-2)

P: Ej (MPa)

ro i BELERO v VER

re;  RIGREERE, L, 1, REEFEKL D
B, re, WRF¥EE (m)

rg, R FAMMAH I ERD grain B COBRER
(m)

Ry : tithEH (kg-m2.s-2.mol-1.K-1)

St BEEE (m?)

T:&E (K)-

botx, t B, BTR X, CBHAE TS ECORM ()

Up, Ums * BEEE, BRIBEBHELEE (m-s-)

upy : Emulsion # & 0 KimoHm LA EE
(m-s-1)

Uu,: )R TCEHE L EHARFEE (—)

Vb, Ves Ve : Bubble #, Cloud #§, Emulsion #, %
HoOkE (m?)

Vees Vge : Cloud #, Emulsion ¥, %##HoORTLH4
# (m?)

Vp7 Vsi *i%ﬂgﬁa E%W%E@ﬁ;ﬁ (ms)

(Ve))i: Fe B, #fir» sl &Ho grain BHH
(m?)

VE®, Viie® : Fe, Fe,-yO 04 F % (m3-mol-1)

Wp AR (kg)

Xpes ¥A, t FEEADR, WBHBADDO = AHEK (—)

(%ace)e : Cloud A Gho 1 nE (—)

(%ace)e : Emulsion ittt =1 0E (=)

(*acs,y)e: JEEBRXE, Cloud AR TF | FHRIGA
moEAHE (—)

X:®rx (-)

Emr ! Ums WRITDHMEBBOERE (—)

€t Lms LLEDE %@ Emulsion oZ2pE® (—)
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REME) R X B S E O KRBT HEHT 1369

pa: SHEAOHE (kgm-1s1)

op: HTHE (kg-m-3)

<HFE>

A, s GRS A, BEBRS s

b, ¢, € : Bubble 3, Cloud #, Emulsion #H

0, l: kA bEr, REHE F L EEK

2) 3: 4 : Fe: Fei-yoi Fe304 D%Ei f:bi%ﬁﬁl"}ﬁ
BOES, 721, mea, & Fe @, Gy, Cs,, Cs,,
Cs, 12 Fe, Fe,-yO, FeOy, Fe,Op D HBER
3.
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