it g 3L

$% & $B Vol. 82 (1996) NolO

FFRITOHFIET S
ekt AREIBOH AEITTET IV

WA —B* - il

BRI N P

A Mathematical Model for the Rate Analysis of Gaseous Reduction
of Hematite Powder in a Fluidized Bed with Segregation

Ichivo Araki, Takeaki Muravyama and Yoichi Ono

Synopsis : In the case that particles of several different diameters exist in a fluidized bed, the segregation of particles is occasionally
observed in the bed. Therefore, a mathematical model for the rate analysis of gaseous reduction considering the
segregation in the bed was developed. The applicability of this model was confirmed by the following experiment.

Hematite powder, which was the mixture of particles of different sizes, i.e. large particle (0.50mm in diameter) and
small one (0.15mm in diameter), was reduced to magnetite in the fluidized bed (21mm in tube diameter) at 700°C by
109%C0O-909%CO, gas mixture. The gas flow rates were 4.7 X 10-5m3/s (STP) and 8.0X10-*m3/s (STP). The ratios of
the superficial velocity, U, to the minimum fluidized velocity Unm in the case of the large particle were 1.5 and 2.8
respectively. The fluidization phenomena of the bed were observed in the cold model experiment. In the case of 8.0X
10-*m?3/s (STP), the bubbles were observed and the particles were fully mixed in the bed. The measured fractional
reduction curve agreed well with the calculated one by the bubble assemblage model, in which it was assumed that the
particle was mixed perfectly in the bed. In the case of 4.7 X 10-*m?3/s (STP), the bubbles were not observed and the
particles were not mixed in the lower part of the bed. Under this condition, the measured fractional reduction curve
agreed well with the calculated one by the model considering the segregation of the particles in the bed.

Key words : hematite powder ; reduction rate ; segregation ; rate analysis ; fluidized bed ; mathematical model.

1. ¥

il

AR, EsEL LTEHIR TV 28RSO Tl
BICHEL L THEBEY D 5, BRI, BR»+H5E
Hahn, BATIRESLRIGREYE—CHEHESTHDH 5
LEZ LT 5B,

TRENERCE, BEAEYESEMERATES LI RIED
b5, BEEADOREEL, FEmmDHALD b B umDBHEY 3
TRWNCTFEAET 5, 2Oz, REEIIACEEZ HeR
KB ETLOMIEYEILL DRI D E L TERACLESN
Twb, 312, BRaREYVEETIRIE LT, B
WKL TF DRITHHE & 5, BRI T ORITY D 5 mEhE
I A ROENBRKCOWCTDOHS b Yang and Kealrns®
PIZCD ELTEZUITONRLTV 549, L L, BHCK
F O H 2 RENE 2317 52T R EICIEE AT B
T 5 FEBEIBFIEIL L o,

ZITAMTIE, 2BHEORLR ZRNZEORTZHCT,
J& KL T ORHDH 5 HENR O NBE 2170, B
K- D mAT % %8 L Ic T BT O & BT E 7 v OB

%”’f?") f:o
2. 5

BN, ~e x4 PRELXH VL AE IR um L FEHE
I COT, KT T1200°C 2 BefEekst4, L T,
26-36mesh & 70-140meshiz 4 3 W A3rid 12, PR L L
T, 55 VHOM & OFeKRIE L B/MEDOFEF T % 1o,
FNFNDOFEHRFEEL, 26-36mesh»’0.50mm, 70-140
mesh#»%0.15mmT » %, KIEDIEH A CHETIEL, BHD
AT BEF ARG, 22T, AMTRARLLTZOD
2 FEREDRLF #IRA L THC 2, FERICIE, K80, 15mm &
0.50mmDO%¥i-F%30 . 70, 50 : 50, 70 : 30O EEHTEAL
THw?Z,

3. KRRERVERGE

FRRICHCICREERITEER, AE2ImmD R T > v A
MBOETH 5, WAL, [EOEREH#ET 5709

PR 8 4 3 H25B 2

SR 8 457 H15H8 28 (Received on Mar. 25, 1996 ; Accépted on July 15, 1996)

% JU KRR (Graduate Student, Kyushu University, 6-10-1 Hakozaki Higashi-ku Fukuoka 812)

* 2 UM RF %% (Faculty of Engineering, Kyushu University)



B 824 $% & $AVol. 82(1996)No.10

AT v ARBOSEIR P ERE LTIz, 2 O45ERIZIE,
ImmB O PV4mm BB T EFEE L TH b (6.25X104
holes/m?), BAMHA30.048TH 5., F 72, FhE L I2HEDHS
HED I & 512250meshd 2 7 > v R FBLO4HE % 3 B _E
RO, 2 OaEUR ED, B 2R 14gR A L TEICRAT
- 712,

BIEDHERROBY Th s, PGSR E L TEERY
ALY OFEL, AFEDQEEIELIOEILT A
YY L TRIDS 2, BICDMITH, FIMEIITIEE %
M THOAA A DCOKRICO,DH MK 2 EHE I HIE L
2o T RS L TELRRPEL L, BLo&kTix, H
OFZREDPAOLT ARIE L B LR LE LT

BICEAN=ZA M6 =242 4 VEBEI T2, &
TCIRFEX700°C, EILAH R 10v0l%CO-90vol%CO, &
LT, BICH AR, M ORMEMLEARER 2 2 27
Bl LT4.7X10°m?*/s(STP) £8.0x10°m?*/s(STP) ¢ L
120 BICH A DZEERIE U LB DO ENM LR EE U, £ D
ik, zneEnl.s, 2.8ThH s, MR OB &
DI, 2hnFEN12.3, 22.8ThH s, Lk, AT, M
KDBAD(U/ Uy) DIED AR /RS T LB A E S I Wen
“YuD RO # v THEB LT,

4. =ETTRERER

BILA ATREDY, 8.0X107°m?*/s(STP) (U/ Uy,;=2.8) D
LAaDORICERTHEONNELEMREYFig. 1 (R T.20
WHREP AL L RAR0.15mm & 0.50mmO B F DRIEDHT
ZREPALCNL G, KT ORAMARIEL I ) ORICOHET
&, —HCRIED /NS CRT AR ATA S (GBI
THEeEEz LN, LL, ZOFRAFETDELE
e b p LRFCLBZBEICOMBITIZEALNZ -, IH
%, T 2L (RALERK30%) T, LK FOBILotE
TR THEORBEN NI CEDTHL EHLLND,
B HRNREORTF2IRA LICEEOEITOEITIZ, R
TLORITCOEITEZER Lo T,

KA A EDE.7X107°m?/s(STP) (U/ Uy=1.5) D5
BOBILERTE O NIEILEMBE X Fig. 2 1R T. 2D
2 TRBE DA, K0, 15mmic e~ TR0 . 50mma ki -T-
DRICDAEATHE O R0 . 50mmDBLF # IR A Lo alEHE,
BIARO. S0mmOKL T DENEDIEINT 5 it - TEILOMEITH
P2 T 5 72 RIR0 . 50mm DKL F DR ITCEEHHECHER L L
T, BAOKESRK T ORITHEEEHEFLLNS, L1L,
Fig. 1 D#ER %A 5 LRRICL 3ZRBALNL VG, BROE
#, BFOIRER ERNOIRELV BILOMETICHEL T
52 E0FE L LN B Fig 2 TR, #eRiiigr s 74 v
RIZIe 5 T 355, 24, Fig. 1 DA TETY R
TREIE C HERBBRFOER Y A2 6 BILA A ~DY) b B
ADREVPHENLDEFLONS,

26

-
o

ThoBE
» a -

.} Fe203> Fe3Oa 1
i o 8.0x10°m3/s(STP) 1

700°C .
9 0.15mm : 0.50 mm ]
o 100:0 1
a 50:50 .
8 a 0:100

10
Time (min)

o o o

» o ©

— . .
>

o
N

T
oo

Fractional reduction (-)
]

g
o
O

20

Fig. 1. Effect of the mass ratio of small particle
(0.15mm) to large one (0.50mm) on fractional
reduction under the conditions of Q=28.0X
10~*m3/s(STP), 109%CO-909%CO..
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Fig. 2. Effect of the mass ratio of small particle
(0.15mm) to large one (0.50mm) on fractional
reduction under the conditions of Q=4.7X
10°m3/s(STP), 1096C0O0-90%CO..
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Fig. 3. Effect of the mass ratio of small particle
(0.15mm) to large one (0.50mm) on fluidiza-
tion at room temperature {(condition: Q=
28.5X107°*m3/s(STP)).
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Fig. 4. Effect of the mass ratio of small particle
(0.156mm) to large one (0.50mm) on fluidiza-
tion at room temperature (condition: Q=
16.8 X10-°m?3/s(STP)).
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Fig. 6. Comparison of measured fractional reduc-
tion with calculated one by bubble assem-
blage model (conditions; 0.15mm :
0.50mm=100: 0, Q=8.0X10"°m?/s(STP)).
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Fig. 7. Comparison of measured fractional reduc-
tion with calculated one by bubble assem-
blage model (conditions; 0.15mm :
0.50mm=0: 100, Q=8.0X107? 3/S(STP))
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Fig. 8. Comparison of measured fractional reduc-
tion with calculated one by bubble assem-
blage model (conditions; 0.15mm :

0.50mm=100: 0, Q=4.7X10"°m?/s(STP)).
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Fig. 9. Comparison of measured fractional reduc-
tion with calculated one by bubble assem-
blage model (conditions; 0.15mm :
0.50mm=0: 100, Q=4.7X10-°m?/s(STP)).
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Fig. 10. Comparison of measured fractional reduc-
tion with calculated one by bubble assem-
blage model (conditions; 0.15mm :
0.50mm=50: 50, Q=8.0X10~ 5m:"/s(STP))
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(STP)).
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