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Heat and Mass Transfer in the Reduction of Single Hematite

Pellet by Hydrogen

Takeaki MURAYAMA, Setsuo ISHIMATSU, and Kiyoshi SawaMura

Synopsis:

The weight—loss and the variations in temperature at the center and the surface of a spherical hematite
pellet were measured during H, gas reduction in the bulk gas temperature range of 800°-1 050°C.

Two step temperature drop in the center of a pellet was observed in the reduction.

It was proved by

X ray diffraction that the first step mainly corresponds to the reduction of Fe,O; to Fe,O and the second

step corresponds to the reduction of Fe,O to Fe,
temperature during the reduction.

The surface temperature did not agree with the center

Applying the isothermal model and the non isothermal semi-unsteady model to the measured values,

the applicability of the models was investigated.

The reduction curves, which were calculated by both

models, agreed with the measured values closely. The temperature variation predicted by non isothermal
semi—unsteady model agreed with the measured value except the first step.
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Table 1. Chemical composition of the pellet.
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Fig. 1. The observed temperature_variations at the

center, the surface, and the neighbour of a
pellet (upper figure) and the observed fra-
ctional reduction (lower figure) during the
reduction of a hematite pellet with H, gas.
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Fig. 2. Intraparticle temperature variations of the

spherical hematite pellet in Hj, reduction.
(Effect of bulk gas temperature)
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rate constant k, obtained from observed
values through the nonisothermal model.
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Fig. 4. Determination of the effective thermal con-
ductivity of reduced iron layer & and the
heat transfer coefficient between surroudi-
ngs and pellet surface ky. Example of
graphical analysis by the mixed control.
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Fig. 5. Temperature dependence of the effective
thermal conductivity of reduced iron
layer k.
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Fig. 6. Temperature dependence of the heat transfer
coefficient between surroundings and pellet
surface Ar.
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Fig. 7. Arrhenius plots of the chemical reaction

rate constant k. obtained from observed
values through the isothermal unreacted
core model.
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Fig. 8. Comparison of calculated reduction curves .
with experimental value.
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Fig. 9. Comparison of calculated temperature va-
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e=0.33)
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FFNTHEBELE Fofis LT, XBOLETHKD
REZEAL5E L, &ESY o QR MR LS
FETE, COREHHA LGS, FOENRKETES
7o, ISHRMIRRE & i F-RMEEH, F2AE—FL
72 BROFHETELNI koExdifT 5% &, Fig. 9
CaRT X o, CHREFEHLABEX D L ENEIE
WESRAMG O S.

i LEhERC, M L BIEEE TR E L%
BHLEDE, ROMMIZXE. L 55 kS8
EETE Fe0;—Fe,O OIS HYT5L0TH
D, 2@l Fe,Oy-»Fe,O—Fe @ 2 Bt bioDT
BISWHHET LTS, Lardic, KIFECRLIEEF NV
Th, FeOy—Fe o 1 R LAFIE LT, D7
B, FHOEFTIVTRELENLWERES4: T B. Fe/
Fe, O, Fe.O/Fe;0,, Fe;O,/Fe,O3 D 3 REAENT LT
Wh. BAOERVy FOBITTIE, T2 Ly b
BT A BB FeyOy—Fe,O {ils K Gic X 5 il
ERMBOBRIIH N W EEEZBRLDT, TOH
BT, FETHELAEFUB—EHTITE LD TR
W LkEZLND. AROEE, SREFFEEF 4R
AT HE, BEELESSc—HT5THAS.

7. PDEBHARLABHAROEBROHR
BLUFREFIOERMCDOTO®RS

WS T)E R & BB IB LD F N el 5 72
Wic, dH-2/q DERKDI. (8) KT EE &
WEBENRE T RS WEGEES F LiThiE ¢=
dH-» TH D6, dH-nfg=1 Eis 5. BABI)AEHHE
G S A BT L UG & BRI IREE B S i
ENDHDT, 4H-nf¢<]l LicB. T INEEHAE <
W B EE 35 1 Ui b RO Est o fF o Bk 45D o
TULRBDIRENRTHBHDT dH-»/¢g>1 Lix 5. Fig.
10 (250 7 5 ARSI BT BiETTE E dH nfg O
DERE TR L. MO KISz vy 4H-7/q
DfEE L X D Ails D KE BBIHEGIAS, BICcliidH-
a/g DA 1 X9 /hEL, MABTHERS KE V. 1
HEATIE 4H a2/ ofEiid | R L IEBEHRE & 255
PHEPL RIEEZI T W 5.

dH-n/q THIVIRIGREIRE Tr LU vD
T Tr=—lE LBV THEEHAROLCHETATRET
H5. CoOBE, HENS 2 — 2B EAE, SRONE
Tp O—FEBEE LTV HARERZ 52 ELTRET
HY, TOBEFPFRETFNVIIBHPENIHEATS. X

20 T T T T

1.8 .
[ N t5=1050°C
1.6 - tG=lOOO°C P |
—--— 15=950°C |
114 t6=900°C _|
T2 n
€
x S
<10 SO~ —
0.8~ -

0 02 04 06 08 1.0
Fractional reduction t (=)

Fig. 10. Relationship between 4H-#/¢ and fractional

reduction f obtained from predicted values

by the nonisothermal model.

(@ =5.5NI/ min, ry=0.63 cm, ¢=0.33)
DT, 4dH-n/q D% FEHEI SR € 700 R iR & 5
N5 ENTES. Fig. 10 wiRThic 4H-»li=1 T
HHFENT NV o H ARE SRS Io Tk, N
Vo B ZRESRS SR F OB REL B T
Ehrbnb.

EERT 2 — 2 DIRERGFHEZTRT 25 L, 30°C
DIREEILIC AT L, AROEE, Dep 12 (13)KT 5 %Lk
TOZL, k1 (17) R 209% LAFOLE(LTHDI-.
ke DESTREIC LI DTRELENTEEHITHB, %
T HEFE T 7 VI X DIENTEE & 0@ TR D
ZWHEN IV OIROHMIC X B L Bbh s, EillfE
PHRDOHNIER T FVDEERS 2 — 2T E LT
dH-n/q=1 ORMOF— 2% H LikdH LTy B
B, BT LT X — 2k 00 A BEE R L
THEHWSD, BEICEHEE; S 2 — 213 dH-a/i=]
X [ D iy e BUS R Tr Wb T 5{ETH B,
FIIRE LA L EIRE ST 5 HTH D EHE BN
D WTRTHDOTLHEMEL L HIRE IS BichdH 2/
=1 OXMOIBE LS. HIceEwzBLTOREYL
{bhHmn il Licsd dH-n/¢=l OREBD Tr 250
Thizbisl, TNTRI A -2 B—ETHOTHLHE
[EEEHECHEIENRELRVDTHAS. 7o s 2
Fig. 1 THLLEESRE 1000°C ¢ 966°C it {b+ 5 .
T5E, FEEEFND k. OffE Fig.ll ®cddp
&2t T 525, Fig. LizR$X 5T, & LTCEET
98°C Rz D, k OEEIEEL LT ODER &9, 18

— 28 —



]

BEREBLSE~=rvy tOKEETR ST 2B IUCHEOERT 1097

Temperature (°C)

10 100|O 9|85 9'66 900
N ]
— 7’_ C—-—I E 7]
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2 s eq(17) ]
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5 !
075 080 085

YT (107K

Fig. 11. Comparison of the chemical reaction rate
constant k. [eq(l7)] obtained through
the nonisothermal model and the chemical
reaction rate constant k£, [eq(24)] obtain-
ed through the isothermal model.

EAEFLIZELTh e &b HDHWITES LdDRESE)
LHFT, XL L. bIRFEREFVOEED
alRKELWEZEZLNDID, FiRE 7w, EFRE
FovE b X DI RY GREdi) X< —F LA
DTHA5. bbri, 4Hr/i=l OB T TV
BT 7V DM 85— 2 TG T 5 (8

8. &

Ry PNBIUR vy PRECCABENZEE L
SIHE~NYEA b2 L oy POKEBETETR VY, FETR
BIURVy by, Uy MREORE &% LIkD
R EE.

(1) EEPHc vy bhOBECKE RBERT
(24~36°C) HEdoNh7z. ZOBREBETE SVIH
AIRESBE T EKRE o, XBETICX 2F/ED
R, ZTOXELEERTIEEE LT Fe,03-5Fe,0 @
ST &bz Edibnoi:.

(2) vy MRIEREGIRERTSEDLR. 1)
W VT ROIRE & D EAKRE W Bl X OE Y
THEWTTDREEH T D 2w, —EIlaro
7=

LitoF— 2R T T B XOFREF VA EH
L, HEND 4 — 2 BPUE LI ZITI, TDET WV
DT DT L7287 5, ko mR &5,

(1) @oRghigxFRes v, FFREZTVE DR
FEEAEPE & el L < —F L7z TolME LT,
FRETEITL LD 22b 0T, NS X IEERT
BPI T &, HET 2 — 42 DRE X BEBN/NX
WwZ b, dH-r/i=] OEHESIANT E, (NP 28

]

EX T EZDEENCH B )i EBdiT b 5.

(2) ((EEZ(CAbkR RPN Z BRV 8 E 1E & 5E{0
L md. FEEPOREZLE R0 7T
BRbER . RIGHIOREZ{LE RbTICIEEEN
ISR E T v AT 5LERD L EBbind. K
DEFVIIHEERDEOE Y, 72 2ITbAr DR
v FOBITTHITC I D FEIHTHA S

(3) VAR LEZBE L-FAROETF IV EHELIE
BHDETIVETE, KISHINEZRFIZET LA LML
AN

(4) ZEAEA SBRGE LIcEE BRI hr 1 3EHED
DOFHETRKDIMEL DN EWD, F—F —i3H 2T 5.

(5) 5EfE> BIRGE L7k T N AW ERMZINE k13w
BODHETHKDIME ke XD 1 F—F—/hX v Fiz
Woobnsipe 5D TRkd7fE bp & F4 — 4 — 13— T3
23, kX ky DX D/INEL k/k=0.5 X755,

BB AMERIC DD WABWAENE T WE L
JHRZE TSR N — B EZ R RS L E 5

e =

Cy: 32 Hy, # 2j%E (mol/cm?)

C.: Fe/Fe,O/H,/H,O ¥ # % %% ( mol/cm?)

Cpe, CFezO :Fe X FexO D E L EL

(cal/ mol K)

D,y : R FNA KRR (em?2/ sec)

Dy,-n,0 @ # APEEHRE (cm?/sec)

do: W% TTEERIRFE (gatm/cm?)

fExE®E (-)

he o sHRIR B R $ (cal/cm?sec K)

hy : B EER (cal/cm?sec K)

hr - WA EBRHRE (cal/cm?sec K)

K, : Fe/Fe,O/H,/H, O ZEHmTEk (=)

kyko, by - REFHNAFHEEEREE (cal/cm sec K)

ke {EEREEE E R (cm/sec)

kpo : Fe 0o BRI E (cal/cm sec K)

ky: HABEBANYEBEFEEE (cm/sec)

kg, k05 kuy- 10 ¢ Hoy, HoO 25 X 08 H-H,O RS

H A OBIZIEE (cal/cmsec K)

myy » Thermal mass (cal/K)

Nu: x5 &4tk (&)

nc i EBE)EE (( mol/sec)

Pr: 75 vtk (&)

Q : H, » 2 (Nl/ min)
¢ mEBEE (cal/sec)

R : Kk ¥k (cal/ mol K)

Re: v4 /7 0X8 (=)

7o RMNSERE (cm)

To: XLy FERE (cm)

Se: v 3y }‘M (_)

Sh: v —w o Vi (—)

TGytes Tritr, Tsytbs t S # A, RIEHRW, W1

FHEIEE (K): (°C)
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Xy irfr—1 (=)

Y 14273(Tp—T¢) /g (sec em2/K-cal)

dH : FiEEk (cal/ mol)

g,eFrt ~T A P BXTAER Fe Boil®k (-)

@ : JSeEE (sec), (min)

g - RAILEs»DoFEY v AKK ()

PFes OFexo * Fe, Fe;O DEEE ( mol/cm?)
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