il

e

Bbgk2vy P OETHILIT AN TFRIZE 1261

B 00X

UDC 622.341.1-188 : 542.941

Eelb#k <L o b OBICEIC IS T AR FRIEE"

B OAETY . ER OB TR I

Intraparticle Temperature of Iron-Oxide Pellet during the Reduction
Yukiaki HARA, Masaru TSUCHIYA, and Shin-ichi KoNDO

Synonsis;

Intraparticle temperatures of the porous iron—oxide pellets having about 30%, porosities during the gase-
ous reduction were measured by a thermocouple embedded into the center of the sample and the reduc—
tion rates of the similar samples were observed by a thermo-gravimetric method. Those intraparticle
temperatures reflected that the reduction of iron~oxide was a multi-stage successive reaction and the va-
riations of the temperatures with the progress of reduction corresponded to the reaction rates and heats

of each reduction step.

To predict theoretically such a temperature variation, the rate equations of the chemical reaction and
the heat transfer were developed on the basis of the multi-interface unreacted core model. The calculat—
ed variations of the temperature by these equations adopting appropriate rate parameters coincided fairly

well with the experimental results.

Further, the errors of the rate parameters by ignoring the heat transfer resistances in the analysis of the
experimental data of reduction were discussed from the theoretical calculation for the single step reduc-
tion. The exact values regarding the chemical reaction rate constant can be obtained but the considerable
deviations may arise about the intraparticle effective diffusivity.

' (Received Dec. 18, 1973)
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Fig. 1. Measurement method of the intraparticle
temperature during reduction.
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Fig. 2. Intraparticle temperature, variations of the
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Fig. 3. Intraparticle temperature variations of the
cylindrical samples in CO reduction.
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Fig. 4. Measured results of the spherical sample

in H, reduction at 1000°C.
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Fig. 5. Enlarged recording chart of the initial stage
of intraparticle temperature of the spherical
sample in H; reduction at 1000°C.
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reduction at 1000°C.
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Fig. 8. Calculated results by the multi-interfaces
model for the reduction with H, at 1000°C.
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DL T LTH B2, RAK 20°C ORERT THEE
B OEBREEL LB a2 Tws. kD by W35
BOYDRWREOR2fETHY, FHESTA—FZ—O
EHECAMESSHTNE D, ZOX S KREREHE
HOFETHHEL3REMETNTRL y MUFEREZ
EHT 5 ZEMNTES. COEImTH LT HBEMIERE
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Table 1. Compaiéison of reaction times between the cases that the heat transfer

resistance is ignored or not.

R. Step tp (°C) Case 8y (sec) fc (sec) GD‘(séc) Or (sec) |—dtmax (°C)
800 A 2088 147°5 509 1044
B [242°2 (+16:09)| 147-5 (0°0%) | 835 (+64-095) ” 37-3
Fe, O 1 000 A 99-7 542 356 9-9
—FeO B |118°1 (+18'5%)| 54:2 (0-0%) | 52'8 (+48-395) ” 74-1
1 200 A 67-2 26-7 29-7 10-8
B | 779 (+15°9%)| 26-7 (0-0%) ! 39-1 (+31-69) ” 111-3
800 A 2031-5 17250 225-8 80-7
B [2097°7 (+2:99)| 1725-0 (0'0%) [201-0 (+28-99) ” 46
FeO 000 A 505+ 4 263- 4 162-5 79-5 ‘
—Fe B |535°0 (+5°99) 264:0 (+0-29)(189-0 (+16-3%) 7 164
1 200 A 9277-2 684 1274 81-4
B | 2898 (+4°6%)| 680 (—0'99)|147-0 (4 15-495) v . 99-4

Case A : Heat transfer resistance is isignored.
Case B:. . # ” - is not ignored.
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Fig. 11. Calculated results for the single reduction
step of Fe;O,—FeO.

N A= B —RfES o b, Fig. 3R LR OE
HREBD LB SHTHD. LI LLh ErEEIERE
R2/D oD iE, (L¥ERGEREEE s b WEBE)
LEBERCOVWTDOEENT X — % — R EMELE®ES
LEDBEETHS.

4. GERERZERLICGEORE

EROX SIEL&R L » + D H, 80084, &1

(8-6.)/ (1-x) (sec)

0 05 I'0
I+x-2x* (=)

Fig. 12. Application of the graphical analysis method
(Yact Ono’s plot) for the calculated results,

AT DI D OIREET O S Z L 3b 20T, &%
EERT — 2 RERD K 5 T EBER 2 &1 U T K SAE
LB EOEE RS 4 — 2 — D\BECOWTEERLTLH
5.
BREMEHEICT 5 iz, H, B0 Fe;04—»FeO B
& FeO—-Fe REOAZIE L, &% | BORG &
L, BIfDEE /S » — % —&fF>T 1 RHEHE FILRK
X 55 E%fTko7. Fig. 11 13 FeyO,—»FeO B
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BNV, FOETRIEE T ARTRIEE 1269

HEFITH B, TOFERERY» LI Yacr and Ono
MORPBEIC LD CTHEENT X —2—%KDX 5L L
73 7% Fig. 12 TH5. 7o VEBEERIC X2 TH
BEINBHICHYT 5 RIGHEMH 0% 13 kp=30"0cm/sec
& LstEEERBR LTW5. EEMERESATEED
Yact and Ono v » FOEBESEMEIIBFTHS.

Table 1 §% 800°C, 1000°C, 1200°C TOELIE
B RIS TR 6o, (LEEIGHERI X>THESNS
AN T B ESHE 6 RIORFRIKEEEIC X 5
fp oW, [EEMERZENR LB EOREEL, &
BRI HE LA O E v LRAFIC X sRED 7
EEBELTR LD DTHS. BEOH v INIFTE
T A ERETRT. RIRRMIOMERERESZE L
B O FRIRERT ORKELR R L7

Thas s e, EFRIGKTER 6, C, FeO-Feig
TTREGLUTTHD, FRIFEREMBEIRLL
W kb, BEE: FeyO,—FeO BETT, Z 0¥
4 159% PLEDBEFLELTWS. IHik Yacr and
ONO DRRHC XD THEE T A — 2~ FERKDI S &
Licd, Oc WIBAE—FLTWwS. Lih >Th¥
RISEEEE ke WFIEMEREMIRED LI DA, &7
EIXTC Op DL, RNFEEEEGRE Do ORHI
CREOE TS 2 EMNbr5. 0T LRRTFRIRED

ABETHETORPIC IV TREL, TTTRIGERENE

Q% iedic, EITHBOIIR & L TR NIEREETS
A LEERUBERIIC RS ZECLEHDTHS.
RINAESHIE SRS De DIEFELFHMIHE L<, BT
SIEHUIT 5% D RNIEEEEM OB AT X2 Th, Tk
NEFORERROTL BEH 2O, ZEUERS
HEBPAETH Do hHHMEINALERES RLE, 17
BRI A B L oEER CRTOETRREER LSS
LBBHTENTES. KL, TOMECRERHTAD
BILRT v v Ve EOBITEMR X2 THEAICEDT
CBHLDTHD. FMLIISHS LIERIENEHE L
TR L BN R RS SRR 2T S L ERD D 5.
Z Tk Hy @7, FeyOu—FeO BRBEDETOEH AL
ERIEHOZESIE CTH B T & RIEHT it &
v , ‘

5. f& -

b8k L v FOETRC KT SR FRIBEOZE(LE
BlEL, ZOBLHSEBENLZER L ERERNIGET
FUCES S FERIT X 2TERUES»E S ket
L, ROEREE

(1) BEREOL > PRFROEER, EBRILEDE

TENEBRBREGTHELEZEMLTEY, &K
W DR SEC RG Lo ZE L& Ry

(2) BERRIC & T RERREZRL 2R T O H,
BRI BT 5 FeOu—FeO BRETH 5.

(3) BEIRMEE L, SRMERECHE T 7 VicE
BT, EEMEEDEE UL RS & BB B OB
AR LT :

(4) FEOFEERFEATHLICXD, BITRHOD
FFPRIREOZELE XS RbT ZEHTES.

(5) [EEMEFAEE L WTETT — £ ZRICHFT
T 54, (LERISEEER ERLE’S S h 50,
P SHYRER B O FHIIC VI 22 7e D DFRZE R L DL S
Retkdsdp % -

& =)

A AR GHPT  sec/cm

B : PIYAHEESL  sec/ cm

C,Co,Cy : FSAR A 2 DIRE, [F¥HE, RNV

H 2B DIRE  mol/cm?

Do, D : ¥rPNESH A Z VKBRS, 0 A IR FRE

cm?/ sec :

do : BE{b8krh OHRITHEFRIRE  mol/cm?

E : fAEZE#E3EHT  cm?. sec °C/cal

F : EEPWEBEHIESL  sec/cm

H : #HEZEIEH  cm?. sec-°C/cal

AH : FsEy  cal/ mol-Gas

hy : BEEBRE  cal/cm? sec:°C

K : Ffiei —

ke ALERGEEER  cm/sec

ko : RINESIEMEEE  cal/ cm- sec-°C

ke : FEIWEBERK  cm/sec

g {EREGEE  cal/sec

R :&y®  fraction or%

ris7o : RIGHRELEG=1~3), qVL v P¥EFE com

T: jextRE °K

bty by tp ¢ TR, RISREEE (=1,~3), <Xvv

PRERE, FEAKSARE °C
4t BE#% °C

V AR EEE  mol/sec
x=%1ﬁ$®ﬂ&ﬁmﬁmﬁﬁ¥@-—
y EIRG 4 4 _
z 3G ” 7 —
8 1 H 2 DEREEER

g Ly FORILE -—
g : 85} sec or min
B0, Bc, Op, O = BUSKS TReH, {LEEIS,  HIPIPERL
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1
2

1 81 RIS (FeyO3—Fe;0y)
B 2RG (FeyOp—FeO)

3 : B3 IS (FeO—Fe)
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3AMETNICHBITIRIGEEXDHH
F3 Fig. 7 25F0T LT, SEEIERAEIKE T 5%
RIG#EEZ Ve, Ve Ves, BEREERMB LIS A

HEERNICS I WEBEEES Vps Vba Vpa Vi
ET B, ThOoREBEEFREELESELT, XOX 3K
5.

47ry2
Voa= ;“ (Cog—Cy) veevmeeecennn U (1)
1
4 2
Vpa=Veu= — (C,—Cs) e (2)
1
4rry?
Vo= Z" (Corz—Ca) wveveevemremnininininnn (3)
2
4d77y2
Voa=Vcuy+Vep= B, (Cz"ca)"""""“(4')
477y
Vo= Z" (Coig—C3) reveereermninnnnnnenn (5)
3

2
Vps=Vea+ Vet Vo= B, (Cs—GCy) -+-(6)

d7ry?

Ve=Vp.3= 7 (Co—Cp) wrrmrerimrnrninnnnn, (7)
itk L,
I 1
A= . R
2 kea(1+1/K)
1 1
A, = . ,
Tyt kea(1+1/Ky)
Ay 1 1

22 kea(14+1/Ky)
B=2"% % p_ 272 T

xy  Dey’ ' yz  Dgy’

F=1/kg
fhD RS IEEZLLEF L.
(D~(T) R oRNLEHTHS C, Cyy Cy, Cp %

JERBEELT, Ve, Voo, Ves 2BEAZEECHEBERD
BlzEETZE, AXd(7)~()X 2B BT
5.

MHEY R3REEFTAOEERXE LT, Ve, Ve
Ve B T IS HREICEE I vwE LicslER
EHEOTWEIR, ThERLESTEL LRSI
5.

Cey—Cr
Vea=tare Ay +By+ Byt By+ F (8)
Cos—Cyp
Vet B Bt F (9)
Cos—C
a=dar2—E  E e (10
Vea=dnrd By F (19)

ZhHD(8)~(I0REERITABHE, FHTS
BRIZHR—FEAAF A2~ B35 Kxtho (7))~
(NARLDBENZTHBRIFLTHLESD .

1) fEB: &8\, 54(1968), p. 1431
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