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Effect of the Addition of CaO or MgO on the Reduction of
Dense Wustite with H,
Nobukazu SHIGEMATSU and Hikoya IWAI
Synopsis:

Dense wustite plates containing CaO or MgO were reduced with Hz in the temperature range of 670 to 930°C.

The wustite containing CaO was reduced topo-chemically and far faster than pure wustite. The ex-
perimental results were analysed by the unreacted core model. The observation of cross sections of partial-
ly reduced samples containing CaO makes the following clear. Reduced iron layers containing pores
elongated from surface of specimen to interface and the long contact lines between oxide, metal and gas
phase are produced by outward growth accelerated by the presence of CaO. It is therefore considered
that the acceleration of reduction due to addition of CaO is caused by the formation of reduced iron
layer with above mentioned structure.

On the other hand, the wustite containing MgO were reduced slower than pure wustite and major
part of the surface of specimens were covered by the dense iron film in the initial stage where the reduc-
tion rate obeys the rectilinear law. After this stage, the reduced iron phase grows up nontopo-chemical-
ly from the uncovered surface and the reduction rate of this stage is larger than that of pure wustite when it
obeys palabolic law.
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Table 1. Chemical analysis of the iron powder and iron crusible. (wt%)

C Si Mn P S Cu Ni’ Sn As
Powder 0. 002 0. 008 0. 009 0. 002 0. 008 0. 005 0. 005 0. 005
Crusible 0. 049 . 0.01 0.22 0. 009 0.019 0.01 0.02 0,02

Table 2. Lattice constant and density of specimen.

Addition Non 1%CaO 3%Ca0 5%Ca0O 1%MgO 3%MgO
Chemical analysis (wt%) 0 0.85 2.87 4,89 0. 86 2.73
Lattice constant (10~'°m) 4, 306 4,312 4,325 4,336 4. 306 4. 305
v, estimated (—) 0. 057 0. 064 0. 065 0. 054 0. 048
Density, calculated (kg/m?) 5. 709 5. 642 5. 555 5. 690 5. 638
Density, measured (kg/m?3) 5.70 5. 61 5, 46 5,41 5. 66 5,55
Porosity (—) 0.002 0.006 0.017 0.005 0.016
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Fig. 1. Plots of loss-in-weight vs. square root
of reduction time for estimation of the apparent
reaction rate constant k.
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Fig. 2. Temperature dependence of log k, for
wustite containing 0.5-59%,CaO or 0.5-3%MgO.
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Fig. 3. Temperature dependence of log £, for
wustite containing 0.5-59,CaO or 0.5-39,MgO.
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Fig. 4. Examples of graphical analyses of the
reduction rate by eq. (2).
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Fig. 5. Temperature dependence of log &, for
wustite containing 0.5-59,CaO.
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Fig. 6. Temperature dependence of log D, for
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Photo. 1. Appearance of partially reduced
wustite containing 29,CaO.

Photo. 2. Cross sections of partially reduced
wustite containing 29,CaO reduced at 670°C.
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A :3%MgO, at 670°C B :0.5%MgO, at 890°C
Photo. 3. Cross sections of partially reduced
wustite containing MgO.
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NS~ B35 BR O UG EVE, ko [B% R D IR TTELE
BEBREBTZ2RATCORIGEE LD it h KEWEE
xbhb. ¥, BILEESEGEICIIRWCKILA R
THN, ZOMEDIDIITEMEST BT 5 EILBE
REBRLEREEZZ BRTW52, T, ARV OREE
g Le FeO o FEERT Mg ORER (LEE)
MRS Bhich, Mg OREEIL FeO R Z2fLEEAT
FrWwoT, RSKHEOWE S AHETIE Mg DREN S
W DI ZEHBENMEL T, HAEsbE~ASRDOh
T Mg BENMEL b edic BHEBENE k2T
LT ENRELZDRS., —F, BERT VY VAR T
FFBYAXA FORTLET DAL BN, BILBE
L DB R NGILE LA H v SREED B (R
TRz EERELTWS. ThbDT b, Fi#ELD
DH D RIGRECAERIND Mg OIKERIEL EHLIBE
AR HKRELTH LT, Ro&ZfEs X0 & HORIE
BENOTFHEINSE LV SRS BRETEIARY SREGD

ERNHEDOWDEEZDZEHTES.

BE Lc MgO 2% FeO @G LI +EE
DOWTC, AWREFEED #BE FeO #B5C L1 PIE-
PENBROCK K2, Moukasst 53, F§H 52 3 {RESEMN
HBHEL, KRBRTH £ EOHAIRD LR BEDER
L, 2V bRRILLIHO LY 3B ITELEBEIES L
MEL TS, ZOWEWRETBSERIL, MgO »8
1B IR DR A & e B EE SO R AR 3T— T,
— R D Ay LEKIE K2 % A R v SRk, K
KILDFEEEZRTEC S 2EHOMEAE L2 LR LD
DL Bbhd. Tibb, BELHREY BLLEESC
X, BEOIEALLREGRELENRDDERL, vy
NIRRT 2 L pme & MDD, BIPICk &
TeZEfLBE AR R CH#L, ¥/ v Ay s hnigA
RV OREDPE U THRE RN B F{HD NI,
BT LDREFHALZT BRSNS L & & 23—
HFORREEHEIND.

4.3 CaO & MgO BERILHELETIEROFE

CaO Z[EE T2 FeO HE Tk 1Bz A5
T ARREEMET R BIERT OG5 ot
L, MgO #3554 8N EL b T FeO
KECI DO TR B Icsd, REVEBE cSETEDLRR
T b SEITTERSEORRMEC KT 55 By nER
BEDH b, FeO, Apigk, RILH A D 3 HOEMMF
BB, BRI RERBREEM L5133 C
By, ERoOARSEOHEL S 3 MO FAH= & v
F—0 HEEFREY R L7cb D E B2 bh b, b
H, CaO [ X v Fe/FeO BORM = 2 AF -
Fe/% A% XU FeO/# A0 ffi= % rF — 1o LT
K& 7eh, MgO EHEDO JBEHI M NI Igbicd
w, EROXSIIEADOEBRVWE 2 THH0L EL DR
B, DX hHEY ERDBE DX, Fe, FeO,
HAD 3 HOMO REi= i rx—¢, ThEBXIET
CaO, MgO DE&ELMBLER DS, L LEKAT
I BORIEMEX RY 5, HETS I CaO ®
MgO DERIRGE, & CREHREFRBCRT 5 RELY
XU, ThbIRBMRTS M ANEE . §HB IR
LOF = ZIDOWTHERNL, Lo BPa2HEE L
Tl bisnEEZ T 5,

7k, ARBCE TS OFhCEgE I FeO B
HHERREY Y MBI, 501 L) hic LIcHK
HELTVS S5 0132 B TEAZEATY
%. CaO HmNoBHEir FeO BaHA 52 &7l
GEEL BT D T E oL, MgO D%
BB R T, FeO Bopg#E s Ho T,  mm
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BERYA2A T DREBTEHC K XT3 CaO, MgO B = 2047

JEED FeO 5 LICREBOBBER I VRS = &iT7x
e, ZODOHEEL Fe/FeO Mo RFE=F ¥ —» CaO
EHe Lo k& ey, MgO BRI X/ EL b E
ExHRTLDEEZ NS,

5. # =3

CaO BB\ ik MgO ZERT8% L FeO o H,
BILER D, DX¥OERNE BRI,

1) CaO EE FeO oF T b £ 47 3 » AT L,
R FeO i it~RE L HEY. REIGH 57 1ric o
BERERAC IV T ORBTEEX BN LIER, 2&o0
BEAAT 4 —x BB, TOEILMEE FeO D
BRENTHEVICAE L, GO HEE (0.5~5%)
X BEGITED bivighote.

log (k,/m-s=1) =1.91 —4.01 x 103/ T
log (D,/m2.s-1) = —0.95—4.13 x 103/ T

2) #oy@Eic L Cao B oM msRs b, D.
fEAK E VORISR BEED NS BRI TW S
1D THY, k fERKRZ VDL Fe/FeO EH FeO
& Hy 7 AR L0 Fe i 3 HEFEBORANEL 5
L BIBI N TN B 1D THB Z ENH LMD
o, TOXIRIME RbFiT bh b0k, CaO 2R
AR X A BMERBEDO R LR T IDTHB EE
zZbhb.

3) MgO [EF FeO T3, ELHBEZDOEZRIC
M ORMOBIEEL K FeO X b 1B, REIERE
DRI PBITCHEE T D I BERPECELNS.
Zh bk MgO A FeO EFICINOTHEL RN S Fe 4
DRELBTI-DTHB EELbIAS.

AEAEER L OEABERIC X % BT DWW THE
e X2 RGBSR FERT, SELELCHisE, #H8)
ERVICIEE, EPMA 4 8 XS o T
(#F) PP BAGRAT DR MBAR AT AIFRER v 2 — B L O
MEBBPTHEMT CEROHEB NI LB ¥ Lic. BFRD
FALCIREP L BT 3.

R =

Cp, Co: "~ N7 B IVE#EHD H, EE (mol/m3)

dy : FeO o = A% (mol FeO/m?)

D, : RiFWERINERE (m2/s)

Dy, -n,0 : Hy-H,O o4 FILEFRS (m2/s)

dp : BREMYE (m) [f:BLTE (-)

K:(1)XoFEER (-)

ko : RICBEIMEZ OEBRANCH 5> XD BT O E

T (kg/m?/s)

ks : BILAFED BB ENCRE 5 KD B O EEE

¥ (kg/m?/sV/2)

ky: 7 AR EBENRE (m/s)
krnr 2 RinG OIEZERIGEEESR (m/s)
ky : AL2EROSEEEH (m/s)
Re: R va s v (=)
Se: a3y b (—)
So s MEOEEE (m?) T:@ukE (K)
¢y to : IRICEEREIR X OVBIRER (s)
2z : B ORHIC KT 5 RKKIGEESX (m)
pu, 2 Hy 7 A DREHAREL (kg/m/s)
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