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Kinetics of Re-oxidation of the Sponge-Iron Powders

Synopsis:

Yoshiaki 1GUCHI and Michio INOUYE

Kinetic studies of the re-oxidation of the sponge-iron powders reduced in the temperature range’400
to 800°C from ferric oxides and Brazilian iron-ores have been carried out at various partial pressures

of oxygen in the temperature range 300 to 800°C.

The characteristics of the sponge-irons during oxidation have been determined by means of four
methods (gravimetric, microscopic examinations, X-ray diffraction and surface area measurements).

Following results were obtained.

1) Oxidation of sponge-irons proceeds very rapidly by exposure to oxidizing atmosphere and then

proceeds slowly.

The latter obeys logarithmic law.

2) As those sponge-irons are oxidized, their specific surface areas increase and then decrease gra-

dually.

3) The structure of the oxide layers are examined by X-ray diffraction; generally, magnetite is
observed as a main component, accompanying small amounts of hematite.
4) The early rapid re-oxidation is regarded as gaseous diffusion control and latter slow oxidation

obeys the logarithmic oxidation law.

(Received Sept. 29, 1969)
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A : Flow meter E : Cu-tip I : Electric furnace M : Magnet core and solenoid coil
B : P,05 F : Gas reservoir J : Vessel N : Differential core and
C : Soda-asbestos G : 3-way cock K : Thermo-couple differential transformer
D : Pt-asbestos H : 2-way cock L : Balance O : Vacuum pump
Fig. 1. Experimental apparatus.
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Fig. 3. Changes of specific surface area, re-oxi-
dation degree and integrated intensity of
iron oxides by re-oxidation ‘time.
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Fig. 4. Changes of specific surface area, re-oxidation
degree and integrated intensity of iron oxides
by re-oxidation time.

BBHT, TRENEXEEZTT 8, Fig. 5 OFRT
Vi, B o ChEmE T Tw b, ToFERE
Vi, HEEROZLE (L EERE BOZE ke EEE GRS
<, LEAHOEERLLABE{LRBCI>THESN
B EEFLTWBEEXLIENTES. HEHHAD
BODPBIEDTIDRILOHABRILE>TRID EE LD
NHOT, FELEIBEMBRL TV EEXDONEYT
»5. BILHOBRMELEERREDOEZ OB ROV
CEz2DHLE, 2R EA4 NI LD T <M A
wEML, NT &4 MIPSEgibosIc R ro R
BEEIIT B5DT, ~Nv 24 MPERT S L EENE K

— 14 —

N



E T W W OBk ¥ o BE b & B 675

3
@
o 2 -
@ ~
5
n O
e
Y o /
“5 | re) [o}
Q o
w
0
§ 20
S8 |
O
= O
5° o] :
@
[odd Early Lotter
re-oxidation re-oxidation
¢l 2
0 I
N
o
\
> O~
= 8
cC
L
= o Metollic iron
2 @ Mognetite
5 4
&
L
[N
—
O P
0 500 1 000 1 500

Re-oxidation time (sec)

Reduction : 800°C, 100%H,, 1'0atm
Re-oxidation : 400°C, 1'06%0;-N;, 1-0atm

Fig. 5. Changes of specific surface area, re-oxidation
degree and integrated intensity of iron oxides
by re-oxidation time.

LHZEbEZLND., L5, Fig. 5 0fERIch
X5 T a4 MDERL T & & THUIERL
P DRMABIL~DEE BRI >TH Y, N2 4 bk
A BHIARR L~ OBITORETH 5 & T 5F 2 LA L
WTHS.

EITH AR A LT 5 & & ST 70T, M
WD D VEBUREES F LT 5 & & O LR & FEL
RO HEIE DT DV TR D, Ik H B Vil
EMERAERLT D & X DILEmH O b 2ilE U 22 ik
BB, SRS, LEELE TR D 4By
<

Fe—FeO,.p55—1.19 : 1 '68~1-76

Fe—Fe;O,: 210, Fe—Fe,O,: 2-14

DXSTHBILED LR E EDILFRPAELLBY2DT,
&ESE L BELE OREH 5 VW IIEE (LS KB 24§
H. FDID, T v b, TV ARE -5 ERE{LERC A
U, hREAFRIBILOETE EDICKREL LD LEELD
Nb. ZOH, MBKILEZS K §nETdEimtkihomeE
{LoGa LRy, HEEHEI BELRP TS LB T
EWFEZ SN,

BALBRD BHIZLIC DV TIE, EMEANT 570°C LUF
Tix FesO4 HERS R LIEHIT FeOs MARLL,
600°C DL ETlE FeO sy %7 LiEHIC FesOy,
Fe:O3 AERT 5 2 LR E S T 5P, K%
TIX 400°C THEE{LL T FesOy BERS 2L THD
Fe,Op B4R L TWBHDT, Z0 M T RO —fi &
—ZH L Twab. L L Davies 51903 225~325°C THg
L FEEBR 2770w, 225°C Tl FeO3 0 4p34RK L, 250
°C TRERMELT 5 £ FesOy 4K L, 300°C 35 X
UF 325°C TlX Fe;Op & FeyOp 23TIT N2 0E|4 T2
T HZ EERBREL TV D,

FEALDEMIT & b7 5 FELE O EREIE IOV TIX
700°G LA BT 3 2> O AL fE O FERTHIE X VImERTC ko
CTZbe§, 700°C Cix FeO, FesO,, Fe,O; B pE X
ORI EZECX>T 100:10:1 25 100:5:1 2 7¢
D, BEOREBIIZLAEZT LV EREIHLTWLEIO
B0 L LIKIREE LT o BHEIE OZLIT O W T Ol
(2 oY Al SN A

E7RD D WVITHIREBER B LT 5 & =T, B
TEURMER Z BEE LT D L XD XYMV H U 5 LB bE
DL HIs . B{LOBRO RSO 720 et EHR
B EA LT, EEAC B ORE 2S U Al & bo§
PRBBIETS T EBMEZIN TV 2100, Z0FE
REDDThTrThs. HBREHEERELT S L X
I, BN B U2 L WEE LARED, F0OD
WEBERD XS5 ITHILEE LU HL LT 5z
EBFEZLND. L LIIWE LR R 5 X S Hh =
ROIEHARR 2 5 DMBR M TH Y, #H AR IR
HETIE, BEEUC X o CEESE Lo T, HAR
KRR CEEFROURECVE 1/ T BT S7cd, PRk
BRI R E L > THIEEN, TREELRORE R
WHU DU THIERE LS S ERICAR 2135 Th 508
BMFEEOFER» SR D X 5 B AL SR T &b
52T, KEREHDO S & T, BE LROFRLE
T RIETHELNS VW EEX LN SO TMEL 2.

WAGNER D 4 & YRRIZ TSI, SROM{LES
TE, BRIRAREEL T Fet LEFCinh, Ferr i3
REIR L, —HEERFIEFEZ2E FEo7T 02

— 15 —



676 g L # 56& (1970) E6 3

LD APICIE T D EHK L LND . B LEROWH
WoOWTEINIE, YAL2A4 b pBELETHY, &
A F RIBORIEDE L, DA F BT HRERT
SkA K BT B, w5224 bDERA A ALTOR
MaxA+ 50, TOREBTRAEZAPIHNEL, &A
X L DSKERHRER L — SRR A A LT B, e &
A MR o BEIHRTH Y, bOELEEA A 2 EECT
Z,818)~20) .

Fe+ 3. O XD HWhHU LU {/hEn0fced Fe+
DIEBLDIE H HE L, Fe>FeO—FeyO, DR G1X FesOa
—Fe;Op DT FHCHBLL TEV. ZORGKEAILE LT
MR E W GE Fe—»FeO—-FeO, 1w XoC, #HHO
BUWESIE FesOy—Fe O 1T X2 THEfTTBHELTWD
WD HBH, a4 PDERLENEETE, #)
HADEVER LA S B DOBWE{L~DO BB B A LN D T
& ¥ X ORI LB EE S R A Bk D L BT RUC BRI < [
—THBLEPBLELT, TDX5HEILHTHETITE
W BEbh5.

4.2 EELEE

B LEk AR ICL iasask i e BRRL T 5 &, Ui
bR IR E E < AT B 3%, BRIV RS
EH RV, B X USRS TORRGEE
OEE RS B, EFEERRAO G AR EH
BERPE S 2 S B BMEBILABROBBEZHL»ICT S

Table 2. Representative rate law.

Rate law Relation between x and ¢
Linear law x=ky ¢
Parabolic law x2=ky -t
Cubic law x3=k; -t

Logarithmic law x=kjog log (t+t)

)

A : Logarithmic law B : Cubic law
C : Parabolic law D : Linear law

Fig. 6. Representation of various rate laws.
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Fig. 7. Logarithmic plot of re-oxidation curves
at various temperatures.
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Fig. 8. Arrhenius plot for the re-oxidation of
iron powders reduced at 800°C.
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Table 3. Mean thickness of the sponge-iron reduced
at various temperatures.

Reduction temperature Mean thickness
400°C 250A
500 | 390
600 950
700 1 200
800 2300

eV, EEERREEEE LI —& B R T O&Es bR
M~DEFOBFCHHERFERELTETVS. &
M TOHHELOFEFE XL Table 3 WRTTELT
»H, J. C. Measor LOIEL T3 150000A x
D AHEW. Ll adbAMETELnEkbe 2 v
¥ —DERESOHEL TS 21 7keal/mol X9 %
I DN WEEZTRL TV, —RICSEBIVGEER O
AR L TEBINSDDOTHH, Morr B33 X
DRD XS THIPENTW5S. BLs4 & LEERTI
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EEERRE L e D, EENAE LD THVWEEFEIFT v
Y VDIEREFE LR NVIRC X O TXTDOTRIBY
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V3 xo BAEMMIE X X LT exp(—x/x) THEXHLNBHD
CEBEOREEEIX(3)RNOMEFRLLS.

dx/dtec exp(—x/xg) eweememsrmmnesennnanneenee (3)
theRBaL TR Eis.

x=2xg log (t+2g) —xg log to -mereeeserereneen (1)
I HBRAITH 5.
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¥10. Re-oxidation curves of iron powders reduc-
ed at various temperatures.

Re-oxidation degree
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11. Relation between gas diffusion controlled
rate and logarithmic rate in the re-oxida-
tion of sponge-iron powders.
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Table 4. Estimated value of K' and Ds/(pL? in ¢q.(13).

Reduct(isg semp: Co a W K' Ds/(p-L?) Remarks
500 1-33%x10-6} 3-09x 101 02005 1-31x10-4 1:03x10
4 3-35%10-5 | 295 10! 0-1999 3:82x10-3 1'19x 10 Effect of C,
v 1-33%10-¢ | 3-19x10-! 0-2017 1'16x10-2 1:39x10
600 1-33%x10-6 | 2:95x10-! 0-1999 1:43x 10—+ 1-59x 10
” 6-70%10-6 | 1-85x 10~ 0-1991 1:08x10-3 1-50x10 Effect of C,
4 3-18%10-5 [ 1-71x10-1 01998 530 10-3 1:43x 10
400 1-33x10-8 | 2:75x10-! 0-2019 1:53x10-4 1-58% 10 Effect of
500 ” 3-09x10-t | 0°2005 1°31%10-¢ | 1:52x10 red‘fmti‘; tem
600 4 2-95x%x10-1 0-1999 1'43x10-¢ 1'60x10 n temp.
700 ” 8-25x10-2 0-2011 4:01x10-+ 1-25%10
600 6:70x10-6 | 2-12x10-! 00496 3:46%x10-3 5-45x% 10
v 4 2:-18x10-t 02002 8:59x 104 1-40x 10 Effect of W
” 4 2:58x10-1 0-6027 2:56% 10—+ 4-93
Re-oxidation temp. : 400°C
no": ‘ s5x10
- Reduction temperature r
- of iron powders el L
- —o— 600°C & \
l Cj’: === 500°C / ~ 107 C \
E ’ sxlO- ™
3oy 4 R i \
x %S B o,
0k A~ i \
C 10 - \,\
5 — 1 | 1 I‘gl 11 - 1 1 1 I.I [N
Io" . [ N RN [ NN [ AN 0 5x10 10 5x10 !
10 o° 10" 16° w
Co Fig. 18. Relation between K'a/Co and weight of

Fig. 16. Relation between K'-a /2 and oxygen
concentration (Cp) in eq. (13).

10°

5x%10°

BN

/

SXIO l_z! |3} - 1 1 : I-ll
5x10 10 SxI0 t

oL

Fig. 17. Relation between K'/Cy and ain eq.(13).

sample (W) in eq. (13).
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E, ERERIOE | OERITOOTEY, K @ Dy,
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R O —Fps s b5, Fig. 17 @ K'/C) & «
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