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Experimental Study of the Resistance Due to the Rate of Gas
Flow on the Reduction of an Iron Oxide Pellet

Munekazu Oumi, Tateo Usui, Masaaki NATTO, and Yukinobu MINAMIDE

Synopsis :

Single basic hematite—pellets (porosity 24%) are reduced in two reactors of 54 and 156 mm I.D. over
a temperature range from 600° to 1 000°C. and a flow—rate range 0.1 to 20 Ni/min. In the initial stage of re-
duction, hydrogen is diluted by nitrogen which flows through a reactor until it reaches a set temperature,
and the reaction retards especially at low flow rates. In the course of reduction, hydrogen is also diluted
by the product gas (H,0). For these dilution processes, the dispersion model has been introduced into
the unreacted—core shrinking model for one interface in consideration of the resistance due to the rate of
gas flow proposed by Clair.

Contribution of this resistance, denoted by 5 (0<t=1, =0 and 1 imply the analyses without and with
the resistance proposed by Clair, respectively), is examined by comparing calculated reduction curves with

experimental ones : The value of ¢ increases as the flow rate decreases. With appropriate selection
of kinetic constants, the modified model produces a greatly improved fit to experimental data.
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Fig. 1. Schematic representation of the apparatus
used; dimensions in mm.
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Fig. 2. Temperature distribution profiles in the
reactors.
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Table 1. Chemical analysis of the sample pellets.
Component | Total Fe FeO Si0, | ALO, CaO | TiO, MgO P S Others
Weight ¢4 67.5 0.216 | 0.753 | 0.334| 1.62 0.028 | 0.020 | 0.010 | 0.001 0.758

tem
(a) (b) (c)
F=0.37 F=0.50 F=0.71
0.2 N//min 5 Ni/min 5Ni/min
Photo. 1. Cross sectional views of partially reduc-

ed pellets (dg=>5.4cm, 800°C).
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Fig. 3. Oxigen concentration profile measured by
EPMA over cross section of a pellet after 489
reduction (dgr=35.4cm, 800°C, 2 N// min).
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Table 2. Values of Pe; and #j at the maximum
and the minimum temperatures in the sections of
empty tube and packed bed.

Section Temperature(°C)| Pey(—) | 5(s)
800 (max.) 0.47 44.8

Empty tube 730 (min.) | 0.50 | 48.1
Packed bed of 730 (max.) 1.13 31.0
alumina balls 470 (min.) 1.22 41.5

Condition : dg =5.4cm, 800°C, 0.2 NI/min
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Fig. 4. Hydrogen-concentration changes, calcu-
lated by Eq. (2), at the position of a pellet.
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, mixed-control plots at high flow rates i 5\E R A S ]
(see Fig. 6). o Sl g ’/ ‘
05 hofne 7 aeve /"T 1.0
W] ; e g N Y ]
R REZRLcHE, EREEMRT 5 EHE L /://, / 2t 7 f@ 81)0 °C ©
PEOEHTELUTE 5. M—RETE, (LFRIGEE AL/ / 1 -
T ke EEMIERERE De DA, 7 AWHIC LT A A los =
L2 ER KB LTHIRTT5 &, ZOF5H8TIX /:/ 1"
£=0.8 DL ERXMBOBVHEOBAEET = » P IC 5
BE—BT 5. Jo
SFR, Thbor YAV TRTHREIEL, 30 o S0

FERERITGHE & B LA 0od Fig. 10 THB. o,
COMOPTIEFERGELER LLVBACOWTHS
EDDIC EHECRLTHS. FRUELY ZETS
L, Broiov se 4 VR s RS RIFICE
Xh, b £=0.8 35L&, BEPHLEECER
B h 1 —HK L TL 5. oM TREEDOFETY
Ty, EE LR LCERY Fig. ll kind. 2T
ki, Table4 wiRTfEXBVic. QA CTPeZ=oo
Fiebhbiell & BT L TBRRRE 6 LT 2ER LSS

o 1.0 / :g,(r—‘rr- -
W S P |
c 0.8 s Py v 1
o (NP4 =
= N dr=5.4cm
gos A 800 °C 7]
e / ,// 0.2 NIl/min
- 0.4 7 ]
fé’ / /// * Experimental data
Z02 ,// Calculated by using £q.(2) |
S / ———— Calculated by using Eq.(4)
“ 9 | | l | |

0 10 20 30 40 50 60 70

Reduction time (min)

Fig. 10. Comparison between reduction curves
calculated by using Eqs. (2) and (4) and experi-
mental data.

BRSO > 7 A FEIBRER DS,

Reduction time (min)

(b) dr=15.6cm
ea m ve Experimental data
Calculated by using Eq.(2) (Present work)
Calculated by using £q.(2) at PeZ = oo
(In case of plug flow)

Fig. 1l. Variation of reduction curves with re-
duction temperature and flow rate,

DfEN 4 Fig. 11(a) T3, #f 0.095 Ni/min o4
i, Fig. 11(b) T, EHEDHEHTIRLTH B, it
EAEL B iRE, TRRIDEEAXRES VY, EXY)
I ERED B THhTL %, Thicd LTHRSES
EE LA TR, BERECHASERMCH X5
EHbLORIG
HERAVCIEBECIRECEINT VS, LIAHT, ¥
= 1000°C DB &, BRI LOBIEABHECR D
R, FEME»BIRTHhTL 5. BE#MEEE AV Nmgs
BRI IsE, vy rORLrLRELFEE THEHA O
AR VRFOELIIZ, LERKEBIEREIRTE
D, TOX5iEA, SbEE LR OBMEAILE
DEETABTLHER LT HIDLEEL BB,
% 2 600°C D@L OB E IR, O EHHEE &L,
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Table 4. Values of g at various temperatures and
flow rates.

(a) dr=5.4cm

Flow rate (NI/ min)
Temperature I
°C) 0.095 | 0.2 0.5 5
600 — 1.0 0.8 0~1
700 0.9 0.9 0.6 0~1
800 0.9 0.8 0.8 0~1
900 1.0 0.8 0.6 0~1
1000 0.8 0.8 0.7 0~1
(b) dgr=15.6cm
Flow rate (NI!/min)
Temperature
¢ 0.2 0.5 20
800 0.9 0.8 0~1
1000 0.8 0.8 0~1

LehioT, BOoER - REK X 5ERIHLEBKES
DOEERE ORELLLRIZT T LTRSS 5.
Lo Ui s, RBIERIL, KBRELDL, BHRE»S
T % T MR ITHE O 0% I X <% LTy
5.
B X b, @ETEEE R  BEBSECE
WBTEH e Dfid LT, RERTHARVv, P L
T, Table4 WRTHELXE L. BHETIO~1 0DV
Tholx bz CTHLRTIBOHBEMHEIIIE, BLAEE
NRERigh ok, ELLORINETCE VT et
£ OfEE, REMMELLBEYE, bIhiekEL kD,
1 23T A H BA, fVEIRE DI 5 Y,
W BANE Itz & B, FIROEARBENE—D2DHE
BELT, BRECKWTRU,y MEFIBETHIEK
WOEE L SO BR R EOFEENREL bRE, &
NBEDOWTIL, SH=2vy FOEbLDOF AT,
ARESMEENMLUTHEHAT A LPALBETHS.

5. & R

Mgk X vy PE—RD KFRBEILREG KENT, <=
vy R Ox AR Y HIHET 5 BT, EE
0.095~20 NI/min, B5ciEE 600~1000°C D#FECHA
#Z5.4cm & 15.6cm O DDOR BBV IER L,
IS IEHLOFERYERE Lic—RARRIGE® F ik
SLEPE T, BEDOBREZEBRBRIFTLT, ¥
EameEi.

(1) IFEROEENKREX b BERECKTHE
Bcix, ExViicRitoER Bhs. ThixgRP
EMLTWIEREN AL I AR AFROBEC L5

LOTHHD, TOFAFH Bz FOBRELELOFER
LT, DeF A IR ER U CRETETS &,
Bl & RE L BRI 2 E R LB ciiET o
ENTEI v 7 A FERTGHREZ BT LT
&5,

(2) #RoOMFTEHOBLEFLE«RLUAL, BT
HEE2HRVWBELERCERTES s OELXHFL
ToRER, AEBRTHWE2Lv, bz LT, Table4 1@
ATExXE7. 0.095~0.5 NI//min OERAIKTIE, 1
~0.6 Ofix sy, MENEL L3I 1IKEIL. B
WEBRTIZL0~1DnWwTFhofis & s,

(3) (1), ()ETHRIcI5FRYELERL
TUF IR & sk Lic—RERKIGE € 7 A ic 33 <G
Hifz, BRECRTZELRPOFTIERTE, b
bORINE%® Buvic Hard 700°C pl EoRER BT
BHEMRTHEE, EREE TR IL—KT5.

Kb iz, AR v .y b SRE R (R M
SUERPT b RIFZEAT  RE R K OO/ N BT Rt
LELHHLBELEFS. ¥efAHRcHhLicRRRE
E (B, BRAEMR) wRHoEEERT 5.

&G =
Cup: ~Nvy MEHDKES APRE (mol Hy/cm?)
Cup: (1R TRINEFAEEOE DY DKEH A
J&BE  (mol Hy/cm?)

Cupp: 2SNV 7 HDKFEH ARE (—E1H)
(mol H,/cm3)
Chop: vy FMATHDKES ARE (mol Hy/cm3)

Cije: 8k~ A & 4 R OFHAKET AYRE

(mol H;/cm3)
Cu,i ! RISRMOKFEF APRE (mol H,/cm?)
Cuyo) : =V y FRFEDOKE Y AJRE

(mol H,/cm3)
D, : [EhIERRE  (cm?/s)
Dx-v: X~Y 25505 FIhatRE
D : 5t (cm?/s)
d : FHEE (cm)
dg : KIGERNE  (cm)

28 ¢ ¥ =L ° -x2
erfc z: ﬁ—:ﬁ,ﬁgﬁﬁﬁ_y}_]z e~ **dx

F:giE® (-)

F=1—(1-F)vs (=)

Ko : B FeO+H,=xFe+H,O oFfsiik (—)

ke : LERIGEETEH (cm/s)

ke : ¥AIBERNDEBBFHE  (cm/s)

WA Mk L ¥ ABENDEBSH G
[(18)R] (cm/s)

L:gRobmoEs (cm)

ny, ¢ BIERIGHEE  (mol Hy/s)

g - {LEFEIGEE  (mcl Hy/fs)

N, ¢ BLNTABUERE  (mol Hy/s)

(em?/s)
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n¥,e s WIHEBL 2 INBE Lo &7 A BEIE NIA SOEEE
(mol H,/s)
Pe: Ry vig=ud/D ()
R : fixe [cal/(mol-K)]
r CEEEFROBEEARETEPON Yy FEE
(cm)
rh P ETAMONV » FEFE (cm)
rp i gk-~< x4 P REEE  (cm)
To : XV oy FFEEEE  (cm)
Se:valy bE=p/(pDx-v) (—)
¢ ETRRE (s)
T:@xiE (K)
u : E  (cm/s)
ug: 70 I FEREHAFHOERE (cm/s)
Um, Ut FISE R I CEE R I 5 MBI ESRE
(cm/s)
Vo @ TiBEILE I 57 ADERE  (cmd/s)
zZ=L/d (—)
0 : FiomasE=Lu (—)
£ IRTIRRROFSE (—)
pu, KRS AORHERE  [g/(cm:-s)]
pu,: KEH#ADEE (g/cm?)
pp: XUy FDOR»FEAEE (mol Fe;Oy/cm?)
i) 22y £330 (s/cm)

i

J=B,CE: 713758 BEERSITCELEAN
BEOERKMIISTsE2ET.
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