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Spouted Bed Reduction of Iron Ore

Synopsis:

Masaya OzAwA

The most serious problem inherent to the fluidized bed reduction of iron ore is sintering. One of the s:)lu-

tion to this problem is to use relatively coarse powder of iron ore.

relatively coarse granular materials.

- Spouted bed is a technique of processing

The purpose of the present investigation is to try spouted bed reduction

with relatively coarse powder of iron ore and to know characteristics and feasibility of this technique.

Experiments were performed with transparent models and spouting conditions were determined. Effects

of reductant gas flow rate, cone angle, particle size distribution on the spouted bed reduction were inves-

tigated.
iron ore.

It was turned out that the spouted bed reduction was effective to relatively coarse granules of
Rate of reduction was proportional to the flow rate of reductant gas fed to the bed. Sintering

tendency was less with spouted bed than with usual fluidized bed in a low gas velocity region.

Critical flow rate and reducing température causing sintering were shown.

A discussion was made on the

relation between the results obtained with model experiments and with high temperature reduction.
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Fig. 1. Diagram of spuoted bed reduction unit,.
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Fig. 2. Two-dimensional model of spouted bed.
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Table 1. Chemical composition of iron ores (%).

T. Fe | Fe(Il) $i0, ALO, | MgO CaO P | s
‘Indian ore .| 5966 | 0°51 4-30 340 | 008 | 0-08 — —
Hamersley ore | 63°5 062 3-62 2-21 — 035 0-052 | 0-021
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Particle size : 28-48 mesh. Gas : N,
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Fig. 9. Effect of cone angle. Particle size : 16-28

mesh. Sample : Indian ore.
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ZD2LREEMOTHIE Niyy Hy, &R He T2 T
Ume TRk

F 7o N TR umsp 1DV T VX FEERAIBR VR
&t (dp=0°'023~0°251in) T2\ C M. LEvA? H37k =
FERIEBLTWA.

" _ dy ( Dy )nr 2g.L(0p—0%) s
mep Dy \ D, I— ot

Dy=% £
Di= o ZXIEE

L=%TARE

T, FEmEHFTOWTERT 2 &Rk 3.
Umsp =k~ ¥2dp

k=% ¥
WiR H, BT 2 REBROERIEICD L3WTHER H,
xS EEREE U CHEAPRIR L.
ume W LT dp=2mm fFiETHEIE H, FDEL S
18 Hy, POESR—FT 553, dp<0'5mm TIIHE N,
FOEE &R He POER—T 5. OB TIIEIR
H, FCD une B3HIE Hy, P TO une D 1/2THS.

EZAH Leva ORI I NE umsp W LT dpmr O
BAGR & 13 E D7 < I, @il Hy RCOD umsp IR H,
BCTD umsp D 2ETH B,

PlEZ OFEIIT BT 5 dmsp, Ume KWDWTIXEX HIT
ERREI R T T 543, ZhHOEIE dp=0"5~1 mm
DR D HPRER T3 EE He hofE & #if H: fhofE e
BERIZERELBoTRWIEWEEIIXHh 5.

BAb A SAFEERTHR D RO 78K OREFIRIC kv
TBH ORHRS W LIRBPR AR L, #i8 He thic ki
DARFED SEIR Ha dhic 31 BARAERHER T 5 Z & p3%]
FETH B LBbh 5.

4:3:2  2¥WITEANC X B FER

WHHE I BV CTIEB RN ORFE I mOIRIENE —Tld
<, FLERE FLOERCIIRE S B 28R % LT v
B, L7 DT 3 WA CIIJEDES & RS OER) L
SEREETE T, OB E PRI OB E T MR E
Dl FE LRIV, X BITRE S DA VB OB
TYEE DS RICEY LT DRRERTIY — T, HEEES
DiyEE, LB DR DRIV LkEMb &, 3 Wkoniim
DEERDOHTE EZ L LT BRI YR T 2 &5
5. X SEEZDOD LinbhbREFolly £
B3 % 2 I DT B o iZ 2 155 D7,

4-3-3 A9 —IOR B O ¥ E oMt R

BRTTHBIT X % 5 7w 2 W T F Tk~ 7z 25,
Photo. 1 T 2 YRIpHEE % FAVT 32~60 % o ¥ o DIBEE
Bzt S o plEmd. HEFRERTAREE Lo D/
v (a), (b) BHARBWSERIREZRL, (c¢), (d)
DITEINICHET 505, L DKETL (e) TRTTITR
Sy XS orBE Lk oT w5,

{a} {b} {c) {d) {e)-
Lg 6'5 75 10 12 16 (cm)
2z 0'38 044 06 06 0°6(m/sec)

Photo. 1. Two-dimensional model of spouted bed.
Sample : Hamarsley ore, 32-60 mesh,

Gas : H,
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Mesh
250 115 60 32 16 9
100 |
- .
50 //
20 C‘? /
to B/ A

TTTT

N

Cumurative weight % under sieve

TTTT

11 1it) 1 1 | Ll 1

ol !

Particle size (mm)

Fig. 16. Particle size distribution of ore sample.

{a} o {b} (e} C{d)

u 24 2°8 32 35 (m/sec)

Photo. 2. Two-dimensional model of spouted bed.
Sample : Hamersley ore.

Particle size distribution : Type B.
Lc=10cm.

Gas : H,

4.4 RESHZLDOEAROERE

FEYIE W LIS RE T2 W T BB R D RLEE 7577 O 5228
MBAE N EFMSRT WA, SRR ES & B
{LHBHR, HOWIEREIGCEEFO2T TR T 5 2 L33k
FwRETH Y, ETEMALBRIFHRIELEALLSIhTWES
v L LBREOREE LTEBEDAY —N - 7 v T
#E25:x, NESHMOMEIIEFCEETHST, &
R E DIFRENLETE TR S Ha, B—REOWH
A MET 5 Z LI EREBZLNBVDT, BRALPD
BTxrOEELIPRB LT LERLD.

L ORESFICOWT, T TREHRVOBEFELOK
Bz LA 2 3T GAUDIN-SCHUHANN D4 FiziZ
PEV,

D(x)=Cxm
D)=t THREERL
x = &

OREMBES L, S et TREZEEL &8
TxE D 7 7 7 O_ETESBERER L, BHEHT O
WEDTEFDOAMHBELS ERE L. £ LT Fig. 16
WRTESIE -9 % v ¥ 2@ D2nT, —115 % o8
1, 5, 10%&is5 X5k fz{Evic A, B, C ok
#ER L7z

&S IR E ST b o Ehe oW T, FREED
v, BANOEEIN SO X SHREB L5 0% 2
WM FAWCHHNTH . TO—p4% Photo. 2 i
Y. CHIXNESAAB, HIEETARESS 10cm, Hy
HAGE 2:4, 2°8, 3°2, 3-5m/sec [TkiF HEBRODE
EpRAEEZ R LT\ 5. ‘

HAGLEAB LT & 7 ZEclimeE L, Fh
MBEDOHEME EDIKEELT, 2WIKERTSEWS
AR R o R E R OR VWb D DS
FIFIERBETHES. LELZZER LAY CNEST
DEVEEOSHE, EahBinBEERT 58 (a)D
X 5 iR ER sy & B ER S & SR A U, MRIERS 03
B L Tdi-nrb BIEFLERL LREIREL T D
b 53, THIIEEOFIETETCAR LWL, TD/
TV BRI IR RE R R T & 2 A 2 BORENKAE
RETLEREEZST. COBEMBIIEROBGEORER
AHOEETIHEITEL VWL, 3EWITHEMICE W TD
HIBIDSHEETH B BESAE Do ilfhc > EiETE
BraEdT\nwb e E, FEHREE»SOBETIIRIFK
R FER 2 LT WA ILh 2ob 5T, Bhhirbas#ic
BEHESEITT AP A RD bhvieds, Thids»rd
75 2 BRI G T A b 0 EFE X b D,

XS 2WITHAIC X B, NESFE b DB D
TIREEER D ERE Fig. 17 gmnd. ZoRKIER
H, # ZrhCOKERE OFTEE, H/NEIE L 0E
BIEZGRELTHD. SERTIEIZD 2 >OMMBROMT
HELREETIFE L, w BREROSL TR TR U E 7 iR
%, umsp HBBL T CIX LT TCARBE LTHAET S
25, IBRANOBEIIRBEMAIIETESDIDEEX
bh5.

WEREST A, B, C it oWTHIgHE (FAfNTFE
®B) 2EOoTHDEEDED 0°83mm, 0°48 mm, 0°33
mm 75 ZOBDOEOI HT5 2EBRBIOMER
Hx 2 EHT, HKKERBFORMEL | ERTrLL.
TR SEFELS 2 BRiREE X OMERBFOEBRIT VTR
umsp G & w i PEIc, EFHTIEFEUTT HET
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Fig. 17. Quality of spouting and critical condition
for sintering.
Hatched zone:Critical condition for sintering
(2) : Two-dimensional.
(3) : Three-dimensional model.

TEUNT T, ML RAF o s F P v - isa s oo 002
~0'3 {ECTH 5.

BWITHEBIC RV B EERERAEDIRRIED R X DEw
Fig. 17 rhiz ST R Lz, 2 OfEE B FHumhEE o
0" 1~0"2 fEDMFIC H DT 2 WIHERIIC X 5 2 BBFH)
FEADRRILE L D AETFEY. ZofAic sy H,
HAREET D u EEIROMEEESROEEBITIE—3
THDT, 2WITCHEBIT B TITEEShER 2l D K Z s
7o SWTHRIZ BT 5 X D DIRBIENEH L KB T &
BE L bENE, 2EREBOLRKE VDR SRR
DIEF DG DXL T 5 iR KD BEks R 2k D 41
EIEE—FETH LDEELZLNS.

ATRC O LI EE 25 75 O 3 D W TS DR R
TR HIR He FITRIT 5 umsp ICILVWETHDIoDIT
* LT, MESMOIKWEERT D W T OB IR R iRsE X
T DFMEEHFEITHIET S tmsp L DD THOEEWESL
EoTHY, 424 WBRRALFEELFARTHIS>THS
23, MRS A S < 78 B kRS AR R RS
DRMEBFHFC LV AELEHRIND XS5y, ks
HOBECIEEZET 5.

NESMEZA TR YW COBRTERIIN N X L
—giaE A, NE 0mm ORGEEZHW T2k
MBEOFEROBIE 2, 3 Fiy5. Fig. 18 11 800°C iz

100 I
-0
80 =
4
/ A
o o Sintering
£ 60 i ~
< o/
:§ /3/
g 40—~
&
/ Gas flow rate
20 e 150 Nl/min {3
° 120
o] 5 10 15
Time (min)
Tig. 18. Reduction of Hamersley ore, type B

distribution, at 800°C,

100 T i
—y— =
°/° el l

0 /‘/A ‘A,_/Sintermg
/v

7 /
/

(%)
H [4)]
(@] (@]

c e
2
"PE 7// Gas flow rate
o A ® |00 N{/min
20 /A — : :g (1
0 5 10 “15
Time (min)

Fig. 19. Reduction of Hamersley ore, type C dist-
ribution, at 800°C,
(1) : —60mesh fraction was cut.

B oRESM B o E R Th B, e 150
NI/ min (=275 m/sec) T IEH LBTLOETHTRT
A5, 120 NI/ min (u=2-20 m/sec) “Ci% 5 min B>
LIEmEZR L, £ 10min RICBEER I LT 5.

Fig. 19 X 800°C 1T K> 2 RE 4 C 308l oE Tl
WMTHDH, ZDHE 100N/ min (k=183 m/sec) ¢
EEGETO ETZ 7~ T ol 60N/ min (u=1-10 m/
sec) TIEFY 10 min BIHHEELRE I LTV3. ZoMic
BWT 60 x v v PTFEHy b LAERBICODVWTOR
TTHIMZ IR LTV 55, ZO %A u=1"10m/sec
THEERE L Tl hoiz.

Fig. 20 13 800°C & 21 454 A #Elo@E Tl
WETRT. o4 150N/ min (k=275 m/sec) T
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Temp. : 800°C °
1 o
80 /ﬂ
D
= / Sinteri
& 80 /, mTEr\LDn'g
5 g - o
g / I
{:j 40 O—+O——o—
E,A f o Gas flow rate
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/4
ey —\\ s 130 7
Sintering o 150 (1)
Y 5 10 15
Time (min)

Fig. 20. Reduction of Hamersley ore, type A
distribution, at 800°C.
(1) : —60mesh fraction was cut.

VEHEEE A 2k U oe o 7-h% 130 NI/ min (¢=2-38m/ sec)
TUEf 4 min BT R A Ul F/2 —60 Xy %
# v hT5HE 150N/ nin T% 15min #HicBEEE L.
Ll b 2 WIEM T OER L WIS L TEER BT 5E
NOES), = OIEERHOMEEZIRET Lcss, & bl
ER DA v A FEHEOANE VASHTRERE ,
SERIEE O/NE WC AR TIIFRE 25 25 T LHER
B, RO 900°CHETtIc v T h 38D Hivie.
R R 03B OREIRTEO B ICHFE T 5 Z L RNED
BN S VBE ORI VwTHbh TR, —44
z ORI RS% good fraction & LTHET 5 &HME
BN TWBWA, 7T OHMBNIEITIC B\ TR AL
SIEEEREORE L 72 D, REPRIEDHE~DFE LB
OERE VIR T HEEEEOT WL, FHO
critical 7 & T A TOMBRKS OREE & EEZIICFCR Y
HZERIEECEETH S,

5. &

Ch 885 OBIR A AR IT~ OB OB IS D
Fo D ORI EBR 2T, & HICRE S oREic
B3 B FERAE TR 2D, T OFER

(1) MR % T R O XEREEA & 2278 D
HEOTIETTOEE L 5 5 T EBbhDre.

(2) REBROHMAA CREEREIZBRANDRTH

il

(3) ETOETRREB & RER L, Lo LEHLE
W3\ TV LB O D3 ks LEE.

(4) HAFRABEFARKEZTFD &L LD,
BREFOEBOEHELETSX 545 EHBUTYH,
z ORI R ENED T B |

(5) BARFOEBOEMEESEORE LS. |
BARELLTH ZHEHE LTH AmELZEL & b
R R T

(6) fuEEEim s RE BRI OERH L
<, BILEENEG S BHE A UMy, UL LRE R
MBELILAL, MRS DOEWNES LTS DX 5Tk
LG X o TR S EEL, 2 BB AT,
fir DEB DB MR R ORE L 7R 5.

ARar b bichich, Ak TEmREED D 72
FE W WA R TR ST AR iR iE IR
HMOBERLET.

L' [:73

1) E. G. Hamicton and B. O. HorLranp: The di-
rect reduction of iron ores, (1969), p. 113

2) R. A. Rusker and K. W. BrurLanp: Chem.
Fng. Progress. Symposium Series, 59 (1963), p.
84 )

3) #Eill, ki, HEA: Tk, 67 (1964), 12, p. 1985

4) H. ScHENCK, et al.: Arch. Eisenhiittenw., 33
(1962), 4, p. 211

5) M g8, 52 (1966), 3, p. 225

6) J. W. Brown, et al.: J. Metals, 18 (1966), 2,
p. 237

7) M. Leva: Fludization, (1959), p.
Graw-Hill]

8) N. S. VaviLov: Izv.
(1963), 5, p. 26

9) §. Y. M. Ezz and R. Wip: JISI, 194 (1960),
p. 211 .

10) J. 0. Epstrom: JISI, 175 (1933), p. 289

11) J. S. M. BorteriLL: Brit. Chem. Eng., 6 (1961),
p- 327

12) R. H. Bucuanan et al.: Brit. Chem. Eng., 6
(ig61), p. 402

13) D. Kunu and LevenspieL: Floidization Engine-
e:iing, (1969), p. 72 [John Wiley & Sons]

14) wm: {b¥ T2, 34 (1970), p. 1013

169 [Mc-

VUZov, Cher. Mev,,

— 13



