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Hydrogen Reduction of Pulverized Iron Ore by High Pressure Fluidized Bed

Yoshinobu UEDA, Kyiji SATO, Yasunori NISHIKAWA

Yoshikazu SUZUKI, Sigo SAYAMA, and Toshio SATO

Synopsis :

The pulverized iron ore has been reduced by H; with a batch type fluidized bed reactor of 60 mm L.D.
The reduction pressure and temperature are 5-36 kg/cm? and 700-900°C,, respectively. On the basis
of the experimental results obtained at 700°C, the effects of pressure and gas velocity on the reduction
rate have been analyzed according to the bubbling bed model. In the region of the partial reduction be-
tween 0 and 70%, the experimental result can be explained well by the present analysis.

The analytical results are summarized as follows :

(1) When the pressure is increased at the constant gas velocity, the reduction rate increases linearly
with the pressure, independently of whether the gas supply determines the over—all rate or not.

(2) When the gas velocity is increased at the constant pressure, the increase proportion of the reduction
rate decreases with the increase of the gas velocity.

(3) When the pressure is increased at the constant gas flow rate at the standard temperature and pres-
sure, the reduction rate increases exponentially with the pressure, but the increase of the reduction rate

saturates as the gas supply approaches the rate determining stage.

1. &

BREIE S Ly b DEERT Tl McKEWAND 29 &
LT L OFENIL IR, »hinh DHEIELRT
BHS, BERSAOBETORBRIT TR, REBEOWE
b DT, EREOREITTSTHS.

HASMIHSRmoMEE? w i, EsRETER
I D BREEECS XETENSRE Skg/cm?(RHET
BTRTHAELTS) BEFTTHLEHESI AT
3. EHEESY (AR 300mm O ER#-, RE 550
°C, EFj 2~3kg/cm? D&M R B EREERRDY
b, BTN EHE el Bad BERED
H, il s 7 A — 2 LThEIWELTWD.

RIEY 13PI#% 60 mm o REEX L, HE 600~900
°C, 1 1~9kg/cm? D&M KTH Hy i X 2EG
KBILER 25 BETEN 20~80% o FEEH TR, #ET
HEIIINER X5 BA~D A AZEAR (ES) OHXE

il

R EGEHAT S ERE LTV 5. BEOERIIZE
PEHEE u,=60 k 80em/s —FE LCHENEEL TiTh
hi3y, FEhgEehsTs el TEREOR
Fo g BRELTVWS. L, RGBT 70 F
HbEni- KT o TFo RIGEEHRY HBHRL TS
D, EF, FOMFBRCERIED.

A CIRPIR 60mm [El4y3KEE DR T R e
B Xy, B 700~900°C, F[EJ] 5~36kg/cm? DOF
P CHg AR TFo H BEERYT, REETEEK
B IETED & TEOHE R O THERT LT

2. RBAHEZLERRER

2.1 RBRFEEK

Fig. 1 wHkBREEDO FEAR L. RBEXRGEOL
WG X D RREAE, N, CRXOFIEDCESN - WET
mEERES —ERE L TE D ECHD, H 1Y)
Dz CRTERYBE L. H: R FEFEOTE>T

M 55 4 10 B 22 % (Received Oct. 22, 1980)
* JbyE T BIRREF (The Government Industrial Development Laboratory, Hokkaido, 2-17
Tsukisamu Higashi, Toyohira-ku Sapporo 061-01)
*2 JpuETBERHAFF T (The Government Industrial Development Laboratory, Hokkaido)
¥ JLUE T PIR IR I21S (The Government Industrial Development Laboratory, Hokkaido)

— 59 —



1926 g% & W

5 67 4 (1981) splle

|

N, —AI e
Z A —F———
1. Pressure regulatur 6. Condenser. FS Gas meter.
2. Preheater furnace. 7. Pressure controller. PR Pressure recorder.
3. Fluidized bed 8. Pressure balancer. DPR  Differential pressure recorder,
4. Agitator. 9. Sample holder, W  Cooling water.
5. Dust removal vessel. FI Rotor meter.
Fig. 1. A schematic diagram of high pressure fluidized bed apparatus for reduction.
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Fig. 2. Experimental values of minimum fluidi-

zation velocity uny at high temperature and high
pressure.
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Fig. 3. Effect of reduction pressure P on redu-
ction of pulverized hematite ore in H, at u,/un,¢
- =6.
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Fig. 4. Effect of reduction pressure P on redu-
ction of pulverized hematite ore in Hy at uy/ume
=6.
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Fig. 5. Effect of reduction pressure P on redu-
ction of pulverized hematite ore in H, at uy/uns
=6.
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Fig. 6. Effect of pressure P on reduction curves
at the constant gas flow rate (STP).
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Fig. 7. Effect of the bed height on reduction of
pulverized hematite in H,.
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Fig. 9. Plot calculated by Eq. (9) from the (X-
t) reduction curves of the figure 3 to find out the
value of ky.
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Fig. 13. Effect of pressure_on rate of reduction
at the constant gas flow rate (STP).
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LaL, Fig. 13 w3 X5, ZofdfiRBi?
DT HF)DICPd B EEERBOWMEIC XD TRy, v
=69 NI/min i3 10kg/cm?, 137NI/min i3 21 kg/
cm? BECENIZRE? LMy, 549NI/min L Ui
Ak 40kg/cm? THENHRIFETH. BARE
WERMOMESD @ Iy 5kg/em? BECENHEMN
£l leB & LT 5 DIk, #FDOREMEL LI
XoT Skg/em? BECHEIEH O H,O BEISEEE
Db D EHEE NS,

Fig. 6 T 69 Ni/min OfEORBR TEIN 4 51T
DTWBI i b, 137 Nl/min OB OERT
EN% 2 e UicBE oRGEEOHINEE L RAEET
Hotenb, Fig. 13 OXHITRLIC X 5K, ZEEIREE
DFLELDN SR, RAMRE s EN»NEL s
LTH5.

KERTIL do/une=3 7B & & D ENMZ Ofafn
REBCAEWENET 2 5.

3-4 BRAE 0% LILEFLBRIFOLHIIC

RIPECTHGICHML, FOEMNYBITEECE LI
TE & FREOEEC D\ T OEMR I HIB I I\ e,
L7chioT,Eq. (11) o X 5 8 ia B2 1557
O DRESR BT . BILE 0~100% OLBEER
HFESHEBPTHILEDTR I LDORELY EEOB S
WS, UTOX5BER T3 0END .

(1) B—RT o RIGEERCKESEERD & BERN
Ak E R L Fe03—Fey0,—FeO—-Fe 04 B Kk
EXEAW5.

(2) Eq. (3)
hEET 5.

(3) GiBEO B AEKX s SEEE SEEED
TEEET 5. LToOdiciy Kard 57 ¢ Babble
Assemblage Model 23E LTV 5.

DEDE: #BALTEDLILZRITL D5 2 —2
T ELELMOFTERNC /), BFEERC X 2 5ER
DREZIeD, £ LT, X OMHEDOZ U2 RIET S
TeDRITETTERR ORI, BB N OKESERE
DELE FEMCRET D LERH .
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4. =3

P 60 mm D[EHK FEEIEI X b, H, 36kg/cm? ¥
TOHYADBICHEBR A TT-Df. Bubbling Bed Model
015'2’5 EHTZATV, BTTER 715% I ToOMBETUTO

PR/S LE Rg s Yl

(U WE—ETEN LRI e, 7 AEE
HARFE TV < THEITEE I ENOMN & R ERIT
BT %.

(2) EN—ZCTHEXmIeE, [ROWHE
FFfalAfE < 70 T, FITHE ORI 5 FEILED
BN & AT 5.

(3) BERBOWR—ECEN NI LBE

TLEEIIEINT %05, WANCERTE LB REOWME
L X OoTHELNSENL /e s Ikl 5.

Appendix 1

HEHRWE do 12 Kamd B XD TH®RA TR h

5.

dp=1.40pdp(4o/Ums) (Lme/2+do) - (A-1-1)
do, un & Lg, 12 Davipson and Harison” 12 X b

d0=[6(uo—umf)/7fN]0'4/go'2 (AIQ)
Up=to—tpme+0.711(gd,)1/2 oooviereiniee (A -1.3)
Lg=Lmel 14 (uo—ume) /0.711 (gdy,) /2]
........................ (A-1.4)
7e ¢ Kunm and LEVENSPIEL® s 5
3ume/eme Vy
re=(1~ emf)[o 711(gdb)1/2—”mf/smf+7b]
+(A-1.5)

T &KlEFD &-ﬁ"‘ﬁ% 7 X /J\‘éb “DT RS L

Appendix 2

HELY X hERAE LR T T LBE TR s
B, X=0~0.11 DfEH Tt Fe,03—FeOy, X=0.11
~0.25 Tt FeyO4—»FeO, X=0.3~1.0 i3 FeO—
Fe ORIEAETLTWAELTEY, £KED H,O o
P VD RE IR OKFEFIHEL LTELTN S, %
T, Eq.(10) @ x¥ % X=0.1 F Cit Fe,0,—Fe,0,,
X=0.1~0.25 ¥ ¢ Fe;0,»FeO, X=0.25 ) FCix
FeO-Fe 0 {XKIGOFEEAHERELTHVS, 20

X3 A RN E T 5HA Eq. (8) o
e‘3<1-x>+b—l]0<Xg0.l
+ 1 In
=
e0.76B+D ]
ZC E ik F8203—>F5304 Ez X F6304—>Feo

SRR Y, LR L 3 nki8 b s,
P 7 LI bt
“[ E, "
0.9B+D _ |
eBU-X>+D—1]O.1<XgO.25
1
+[ £, "feB(n—X)+D—1]o 2%5< X<1.0
(A-2-1)
Ea GiFCO‘*FC DE RGBT 5 T +HRY vz
R DfETH 5.

1.
0 7

X, Fractional reduction (-)

~ Eq.(A.3.3)

0 a ) 1

0 5 10 15
t, Time (min)

Fig. A.2. Comparison of reduction curves calcu-
lated using three different equations with exeri-
mental reduction curve,

Eq. (A-2-1) #{#i->T Fig. 3 OFENEEL - HBED
ERFERCEHA L, AR LeHEIC X h BeRd,
BMTERMEAEL & Fig. A-20 | S8R L ihi
HE LR, AL Eq. (1) wX5FE/BRTH 5.
KRS ROWE S P 7e <, B RKIGHIHONE S» e
Wt Egs. (1) & (A-2:1) oFBhoLKRIITER
VWA, RREVLH ELYDF -2 BLHEET B & Eq.(A-
2 D)DOFMBELVETELSD. Lvl, AXOHWETS
TRIGEE R JIFTEN & WME & o\ T OEMR
B DIV ThFEESEREL L L. |
RYSHHEMOBE T W I L 3 fiogk Fer++ i1
FERZEA LTk b, BEIIIFEE AR IETTLET
EUasz tBEELS kWELEL 5.

Appendix 3

Kunir and LEvenseier® @ XU ME» B Y =« 1 2
bEDN 7 7Y FHENOIBRAE (Kpe)p 1XRA LD
TEIhAB.

(Kbe)b=4.5(ume/dp) +5. 85(971/231/‘/db5/")
-(A-3-1)
ayﬁbmmBﬁﬁm«@x%%ﬁ(&@bm
(Kce)b"6 78<5mf g)ub/dba)]/2 (L\ 3 2)
KD HEER~ DA LREL (Kbe)b 015&@&@&:
1/ (Kne)v=1/(Kne)u+1/ (Kee)n
H,-H.,O o4 FILBEH DIz kAR »bE LR 5,
D=4,24%x10-5T1.75/P (A .3.4)

DhiABZ & XY, Eq. (9)0DHAEC X ZL
35%. Fig. 3 oELRERCHEHMT5 L Fig. A-2 02
SO gL Boht. TOHETIE P=5.25~36
kg/em? ¢ D=0.6~0.26 L kL, B=1.0%FEAL.
FLT A-2:1 XEHAW, X=1.0~2.0 Offil ¢ Fe,O,
—FeO, X=2.0 )k FeO-TFe oOFf{E%E AT
FER O EFTESERED—FL (Kpe)p=11/dy & L1
fbd 2 DD X » Epvofe. o 2 oD OHAK
BERP—ODEBOMBILES L5 BERELSI LT
Xy, BOoENCRTHEMOMBE XL —FK L1,
Eq. (A:3:3) TRIRTOEHCHEIET S B1iiEbh
oot

AREEZFTTHIUeh, HT Ak BHFREZEETH
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T

EERBBIC X 28GR OKERT 1933

B, BT REFFHET AHEHRBDEE, HAEEH
WA KRS, o0 UBTOFMFIEE
HEHEECEA SR VW2 ¥ L. D UTEMHL

7

m
Jn

a : {bFEFRE

Cp, CF H, o= A3RE, Fi< A4 [mol/bm?]

Cs, Cs, : Fe,05 @ & AJREE, 0% A
[mol/cm3]

dy, dy : BERBE, sREELHOREE [cm]

Fp, Fr: Hy, O ®AIHE, GEOL % LRE

[mol/s]

g :980cm/s?, T yhnE

K- WFHBEESEo | RS #EE L [s71]

(Kp)p : BFERGEEES  [s71]

(Kpe)p : KRB EREHB OGO MR [s71]

ket Eq.(3) TEHLAEE SR [s1]

I R » 5 oEE [em]

L:w#Eoms [cm]

Mg : ¥e,0; 04T R [g/mol]

np t Hy L% [ mol]

ng, : Fe,O3 o @l A% [ mol]

N pEEOBRMEBE Y YOO [cm-2]

P : g7y [kg/cm?, g/cm-s?]

R, :8.314x 107 g- cm?/s?- mol-°K, {4k

Sy REBEoWmEfE [cm?]

T :|E [°K]

¢ RERl [s]

Uy : [ARDEELEE [cm/s]

4y [0 EHEE [cm/s]

(Ws)o: kELFOMMER [g]

Vo/Vo i 7 =4 72 A&B0EEL [—]

X BE [~]

xp, vk H, Oo® AR, FEEASE [—]

@ EERICR TS Fe,0 0BmESR [—]

7 R/ BACRUEBEAKEERREY IO
WFEEeEs [

ems: EEFBOZERE [—]

Pp  WFOREIEE [g/cm?]

<IWEFE>

A, S KRS Hyy BEURRS : Fezos

b,c,e: ¥, 75w FHE, HEMRIZSTS

£ 8 F E u, THT 5

in: Ago
mf : FEELBIAEE I 51 5
out : oo
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