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Masahiro IsHicaxt, and Yoshikazu TAKAHASHI

Synopsis :

In order to clarify the effect of the pressure on the hydrogen reduction of iron oxide pellets by a labo-
ratory moving bed, the experiments were performed under the conditions of pressure at 0.117, 0.304 and
0.507 MPa by using the apparatus which was 0.13 m in internal diameter of reaction tube and 2.0 m in
availble height. The results obtained were analysed by the one dimentional mathematical model con-
sidering both heat and material transfer.

Final fractional reduction, gas utilization and production rate of reduced iron were increased by pres—
sure increase and pressure drop in the moving bed were decreased. The rate parameters in the reduc—
tion rate equation were determined by the stepwise reduction experiments of a single iron oxide pellet and
overall heat transfer coefficient of the moving bed was obtained by the heat transfer experiments of a fixed
bed. The distribution of calculated process variables such as gas temperature, fractional reduction and
mol fraction of hydrogen are well agreed with the observed data at 0.117 MPa. However, both calcu-
lated distributions and observed data at high pressure were not in agreement sufficiently. Furthermore,
observed pressure drops in the moving bed were represented by the Ergun’s equation.
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Fig. 1. Schematic diagram of experimental
apparatus.
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Table 1. Chemical composition of acid iron
oxide pellets. (wt2;)

T.Fe | FeO | CaO | SiO, | MgO |ALLO;| S P

64.60| 0.26 | 0.26 | 3.71 | 0.14 | 2.18 | 0.002| 0.036
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Fig. 2. Effect of the pressure on the longitudinal
distributions of process variables observed
by the hydrogen reduction.
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‘Table 2. Effect of injection gas pressure on the
performance of moving bed.

Rum | Pi | Ry |Youo| 47 | T3 PGk
No. |(MPa)| (=) | (=3 |(kPa) | (K) |( kg (Fe)/s)
1 |o.117 O.81ﬁ0.119*l2.25 — | 5.10%10-3
2 |0.304 0 905@.220* 0.93| — |5.65x10-3

B 0.232% 723 - B
3 |0.507 0.952 502" 0.58 23, | 5.9510-2

* CQalculated values, ** PS=W X RpXT.Fe/100
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Photo. 2. Reaction interfaces of the pellet shown
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Fig. 3. Longitudinal distribution of the measured
crushing strength for the pellets obtained

by Run 3.
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Fig. 4. Longitudinal distributions of the volume
expansion degree, the crushing strength
and the overall fractional reduction for
the pellets obtained by Run 3.
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Fig. 5. Schematic profile of moving bed for taking
heat and material balances.
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D,.,—exp(3.95—15.24 x103/T) /P

(973 <T =<1 273K) ++ovvevnevrnnmieninnnnnnnnnnn (13)

Dg.y=exp(2.46—11.96x 103/ T) /P
(848§T5§1 273K)

43 BECHRBOANE
BT 2R Ll e F A O T 5 8, B
D OBIRK A FHET 5 (3) RORBEREAGEU » IEFEC
BETHLENDS. AWM CTREEE CREERIR X
ORBRFHOBENEZRE L, UofEizGELPC X2

T p iz (15) RICE S THE L,

Tgo a'ca
v :{f Ty S'G<Ca+ Tegr >dTg}

Y -1

X{foL“DZ(Tg—Ta)dzj" ceverreeeeneeeee (15)

BAbgk~ Ly F-BRRA TR ZARES 0.125 MPa,
X IALZEGHE 6.67x103m3/s—E L LT, KX
AHFEES 977K & 1182K & LIcHA O FIRBICEs
585 (Ty) 75 LOWERERE (Te) 0o fin Fig. 6
wad. Fig. 6 2B b X S CEEBFL EENA

creeeenne (14)

BE L ORICIIK 30K oREENDDH. Lal, BEE

DOREETIL - OEFBD TP b, BHAOERE L

2.0

N
N R
A
1.6
H-T. Wﬁ,
>
) i\ \N
08
Q
—I \
04
’ Ts (K)
() 5997182
0.03 A
0.06

! °
0 Room [ N

(m)

——
—

elo|b

T
00 1000 1200
T, (K)

600

©

e

—_— 1
300 340 380
T (K)

Fig. 6. Longitudinal temperature distributions
under the state of fixed bed.
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Fig. 7. Comparison between observed data and
calculated curves for the longitudinal dis-
tributions of process variables obtained
by Run 1 (Pi=0.117 MPa).
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Fig. 8. Comparison between observed data and
calculated curves for the longitudinal dis-
tributions of process variables obtained
by Run 3 (Pi=0-507 MPa).

667K, T°=423K, Y=0.73, Rr=0 <Th%. Fig. 8
X ihuE, WHENICE T Re LY OFHEEHER
ERMECI DS, RENG Te BT HHBOEIKRE
. F i, L<O08m o v SR BIT S T B X OY Oft
BETERNECHENTAMCE L LTED, DA% —
Vb BIgOTWBEN T AUREN DR % T CEIBIIG
NEECHEALE D TH D, KFOERE T LB T
EHNOHEE LT, RIGORENIOHEE & kT
WA DIEERBSE OB Fuc LAl T5 & L CFRME L
7=. Fig. 8 B2 DRA L LTE N T ORILEEILE
ETOERERL S Lichb D THBZ &, METD
BIGEE OFHECBREEO X ER Lisholcz &, b
©, REBRTOFABRER LORESMLY 7 M
BIEBROMBARIE L, RIGDOEKE)T) il ZRZE D4
LT W i ENE2 b NE—KNTFORETICE
BB C L BITHEECE LTS LIt LWERE
BETh5b.

FRIGERO EHBLE ko ErRcun 0RO THEL
7z,

AP 150(1—¢) /Rep+1.75
dz gerdp-e®/(1—e¢)
FEFDRILHERCI\NT, HAREXIAZOXIEREL T
BENBEOERELHEMELE L C Fig. 9 ©R
F. FHENE bEEHERENECEL, BEBACE
HBREAORTILKRETED L b D . g
¥, (I6)RCEELBIIEOZRE 13 0.4 OfERE
OTHE L. ZoERERER VT, KEREFA—D
S CRBETLIR LS vy P EET R, ToBHEE
BETEIYHE L TRDLOTH Y, BEBRETHE

bhi: 0.38 X hHkERfETHO.

5. & ]
DA R/ NEIBE R X AR L » P DKERTICI

Jéofsov/o.zo/. i l
- P=017 MPa,___~
1.6 7
[e]
E 1.2 / /

Gpeté veveeeenee(16)

20

] OAB-O =
Catc.
0.45 —o— Obs.
0 1
0 0.5 1.0 1.5
P ( kPa )

Fig. 9. Comparison between observed data for
pressure drop of the moving bed and
calculated values by Ergun’s equation.
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Fig. 10. Relationship between injection gas tem-
perature and required bed height calculat-
ed by the mathematical model.
Calculating conditions ; PS=0.579 kg /
(m2-s), =0.28, Rg=0.95, U=2.48]/
(m2-s-K), G/W=1.58m3(STP)/ kg and
Pi=0.10 MPa.
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