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Experimental Study of the Inactivation of Reduced Pellets at

Lower Temperatures

Synopsis:

Yoshiaki 1GUCHI and Michio INOUYE

It is generally recognized that iron oxide pellets reduced by hydrogen at lower temperature are easily
re—oxidized by the atmosphere even at room temperature.

However, those pellets which were slightly re—oxidized by the inert gas containing the lower oxygen poten-
tials showed inactive behaviors. Very thin oxide layer of less than 9 A thickness was formed on the pore

surface of the pellet during re—oxidation with N,—O, gas mixture of below 1%, O, content.

When O, con-

tent in the gas mixture was below 1%, re—oxidation degree was nearly 0-9%, independent of éxygen poten-
tial. But if the O, content exceeded 1%, the re—oxidation degree increased rapidly with the O, content.
It was also shown that the rate of the re—oxidation was controlled by the diffusion of oxygen through the

boundary layer and the reacted shell layer.

Therefore, the exposure time necessary for inactivation could be

calculated and it was dependent on the oxygen potential.
Furthermore, when the resistance of the gas transport could be negligible, the rate of the re—oxidation

was represented by the logarithmic rate law.

(Received April 22, 1971)
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Fig. 1. Effect of the O, content in atmosphere (mix-
ture of Ny and O,) on the re-oxidation of
reduced pellet(reduced by hydrogen at 520°C).
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Fig. 2. Effect of the O, content in atmosphere (mix-
ture of N, and O,) on the re-oxidation of
reduced pellet(reduced by hydrogen at 520°C).
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Fig. 3. Temperature changes of reduced pellets
(reduced by hydrogen at 520°C) by
re-oxidizing, during re-oxidation with
N,-O, gas mixture of various O, content.
Figures in parentheses show diameter of
pellets.
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Cross sectional view of a reduced pellet,
reduced by hydrogen at 520°C and re-
oxidized by N,;-O; gas mixture at room
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Photo. 2. Microphotograph of the oxide layer of the
re-oxidized (by 209 O,-N, gas mixture)
pellets which was reduced at 520°C, showing
microscopic oxide layer and metallic iron.

Table 1. Results of X-ray analyzes cf reduced
pellets re-oxidized by various oxygen

concentrations.
No (I:? r;i(ay}gsrrle(jg';g Qutside layer I(I:l:rir
46 | 040 Fe, Fe;0,, Fe,O3 |  Fe
44 0-30 Fe, Fe Oy Fe
42 0-25 Fe, Fe;0O,
45 0°20 f Fe, Fe;0, Fe
41 | 010 ‘ Fe, Fe,0,
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re-oxidation by diffusion control of oxygen
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Fig. 6. Relation between re-oxidation degrees of

reduced pellets (reduced by hydrogen at 520
°C) and oxygen contents in atmosphere at
room temperature.
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Fig. 11. Re-oxidation model.
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{CREOHE LTI SEBESE 00latm LT L =0
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4k D, &7 AEEMABERE b BEONDHITYTT
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Fig. 14. Relation between [%{1-_ (1—R)*/%) — 4R | /R
and t/R in eq. (12). '
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Table 2. Experimental results of effective diffusion coefficient D, and
mass transfer coefficient £; of re-oxidation of reduced pellets.

. o mo]) ’ ( mol-oxygen X : ( g-atom ) (cm2
No | Co, (cm3 - * g-atom-iron ) 7o(cm)  dion cm? D sec )
62 4-18x10-7 7:-09x10-3 0-662 5-16x 10-2 0-054
61 8:61x10-8 7:-15x10-3 0-620 5:05x 10-2 0079
64 4-51x10-8 8-48x 10-8 0-633 4-74x 10-2 0-079
65 2:17%x10-8 6-93x 10-8 0608 5-04x10-2 0-065
67 | 1-19% 10-9 5-92% 10-3 0-576 5:08% 10-2 [ 0-067

Dp/DNz—Oz(_) I /cfexm( cm) kpeale(R. M.)( cm) kgeale(S. T)) cm)
! sec sec sec
025 0-26 0-809 0-728
037 0-81 0847 0-760
0'37 0-72 0:835 0-749
0-31 0-51 0°843 0-756
0-32 1-10 0-892 0-803

T, kf TOWTRE, KRR LA, SRTH
DR L FHE LT RDBZ &N TES. TR,
Ranz-Marshall oB§{%, (13) &, X i Steinberger-
Treyball DBfR, (DK, 25 kr 25HE L.

Sh=2'0+0'6Ret/2.8c1/3 s (13)
Sh=2"04+0°"343Re062.5:041 ....coooeiinn. ... (14)

Table 2 A EBERZ M Lz EREREH» Sk
kroxpt LS BRI kvl R IET S &, kpeale
DHBELNS L BEMBIH D, Zhix, H 2D
S DOTHRIGHIIAEE LoD T, #AMNRBE 2T 5
L TORMENY, BORGHRMI VE< E>Tw Bk
TH5.

6. %

FRTELLABT AL » M, FUEBTETLE
ARSI L FERIC, SRTHERRBAT S, EELESR%
FRRAL, BATNEIET 54008825 TT 5
70, ME=E bS8 GER L, 1300°C ¢ 6 hr %
LcRry b2, 400~690°C DEKIBEC/HKRETETL
TR v b, BEHE 2:9X10-5~0'40atm
DL | atm OEK-BFIRE Y 2 CHESIRE L SR
L LTHEM b 7.

IBIG R v FOBEESBIREBS OB E g LT
EieBHm e LT, REHATH 5 R[FLEmEILS 2
DIET LI DI KALNIEEGE R 2 & T hiuE 7 Bic v &
WO E, HRMBESPKE WDIELENT X 5B -
AORE B ZT B EM8E L 0N, KFETIRETE
DRz E LTI L. ZORE, 2¥oismzs
7.

D) BEFEOVPACI»HLT, boFERIbES
TEILTIEHBRLRELEL, #hUEETLEVvDR
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BoT, BLEBVBESEON JicEmMEETY, £
L E TR VAT L.

2) 520°C TELLENVL v MTDWT, BELST L
RARFBILERD BtRic 2T HhiE, BEESFEH: 0005
atm D) BCH, BESESKEL LTI EERILEL S
<7 B3, 0°0latm LUF TR BESEC R —5
Lich. ZOEILETRLYy FOBMEIC X OTHRE Y,
T, O—EFBLEL S X 5BESED L IRTET
Ry POKILE, KT KHTALE—, F20
FEFHEIC LD TCE LT 2dneE sz bh 5.

3) EEERHHEN 0°05atm D) CHEBLESEC LD
DhE, BEELD N 7eDic BIEBC X 5T BEN LS
L, BB EEINE 2D TH 5. EELS 2T
T, BESECERL A—0oBEBbRIckh s 2L
Lbhs.

) NEECCET 5 L BESEOBIGE S8
CIRHT U 7ohE R, R LA O T RS v 4 2 ki
BETHSD C EBEOICE D, LipioT, ik
{LIC T BRRRFHE» LRDB L L MTE 3.

9) 0-0latm LITDEBERSED & &, FiHC—FTHE
LR L EHRBL LA VWA X S itHEXh s o,
BEALSHBRITREY, VIERLES2BRE, sBc
PR L D RECEET LrBEBLBET L v b
TH5.

6) EERSEM 0°05atm Pl Ed & Xz, BT L
v POSERE, SILEEICEILIOSTER S L Bk 2359E
s, AR 0°0latm DFDEE &MU 5, R
EELS NGBS E LTREIATV 5.

i =
C : HADEE (mol-cm-3)
Co: RFRIRE LBEREDF (mol-cm-3)
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BILR L v b D RENF ORKIBE (g-atom-cm-?)
do: Uy POFREBEE LTV HEBEDRE

(g-atom-cm~3)

diron :

B Lo EE (g-cm™3)

D, : FEhIEAERER (cm?®-sec™!)

Dy,-0, ' BE-BETITLHR N AUEURE (cm?-sec™?)

F : HEbE (%)

Gy : HZ2ADFGRSy

J: 735 v 4 A (mol-cm—2-sec™?)

K H ZETTRG O F i 1EEL

ke ALFRIGEE S (cm-sec™!)

ky: 7 2B ABERE (cm-sec™!)

Mo : BRROFF R

Mpe : ﬁ@}ﬁ?‘i

v ETEAL v hOHLS BRIGE £ TOERM (cm)

7ot Ly hDAELE (cm)

R : BRI T 58 ¢ © L EOFEBLEOLL

H5WIETE (-)

R, : Reynolds ¥4 (=)

Sy Bk NS HE

Se : ElRDOERKIME

S, : Schmidt ¥ (—)

Sh : Sherwood ¥ (=)

Sp : thEEBE (m?-g-iron~1)

¢t ER{LRGRE (sec)

to ¢ HRFPERFR (sec)

v HUEEE (cm®-cm—2-secl)

x : EtmoEE (A)

%o MRS (A)

y BRI RFLRETOMEDHETE

o FEMLic X 0k LgRF LG LAEEERED T VIR
(mol-oxygen -g-atom-iron~1)

p  BITRL v hOFRLALOERE (cm)

v @ BUGRAR ORER

s ¥

oxxde .

H, : 7K3R

iron : gk

O, : B3R

&)

1 ReH 2 (@R)
2 FEHEAT 2 (ER)
¢ AR

d : yRERIiiI

ro: ULy b DOHNEE

oo L XY

oxide :

P
expt : EE{E
calc : BRI FIHE L7 fE
X [
1) ERE, #4, MmE: g, 50 (1964),
2) #nm, Fk: & &$@, 56 (1970), p. 507
3) O. KusascHEwskI and B. E. Hopkins: Oxidation
of Metals and Alloys, (1962), p. 108 [Butter-
worths and Co. Ltd., London]
4) J. C. Mrasor and K. K. AFzuLPURKAR: Phil.
Mag., 107 (1964) 10, p. 817
5) #tm, FH b gxaE, 56 (1970), p. 671
6) 0. Kusascuewskl and B. E. Hopkins: Oxidation
of Metals and Alloys, (1962), p. 6, 10 [But-
terworths and Co. Ltd., London]
7) AR, B0, AE, FE: LELFEH
68 (1965) 2, p. 413
8) mixiE, Ak EFE: BFEEEEZSSRK,
8 (1969), p. 20
9) 7= & x4, M. Ismipa and C. Y. WeEn: AIChE,
14 (1968) 2, p. 311
10) 7z & x4, B, £E;
p- 1297
1) LT #Ham: brIT%Es, (1968), p. 60
(L)
12) 7z & 26, FHR, AR,
(1965), p. 528
13) R.G.Ouwusson and W. McKewan: Met. Trans.,

p. 1648

W gk, 55 (1969),

W BAEEESE 29

1 (1970), p. 1507
14) W. Jost: Chem. Eng. Sci., 2 (1953), p. 199
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Reaciion interface

Fig. 15. A schematic model of reaction front.
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