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Abstract

Two ferric oxide samples, Fe,0; (I) and Fe,O; (II), prepared from ferric hydroxides were
calcined at 500, 700 and 900°C for 3h and then were sieved between 250 and 325 mesh. These
Fe,0, were allowed to react with MgO and ZnO powder (250-325 mesh) at various mixing
ratios (rn) of the reactant oxides.

The value of r, was represented by the molar fraction of Fe,O; in the mixed sample. A
v-shell blender was operated for 2h to prepare the mixtures of the oxides and a pellet sample
was obtained by pressing the mixture (150-300 mg) at 2.7x10®* kg/cm? for 10 min. Isother-
mal reaction was carried out in air at 800-950°C. The rate of MgFe, 0, and ZnFe,0,
formation was found to obey Jander’s kinetics, which is based on the diffusion mechanism,
but in the case of ZnFe,0,, an initial rapid surface reaction was suggested to occur before the
diffusion process started.

The diffusion rate was observed to change with r,, that is, the apparent rate constants
(k; or kj.) vs. rn showed a v-shaped curve with a minimum value near r, =0.5. This fact
indicates that the rate depends on the number of contact points between the reactant
particles. The rate constants k§ and k§ were calculated; the former is the value corres-
ponding to the situation where MgO (or ZnO) particles are surrounded by only Fe,O, particles
and the latter corresponds to that where Fe,O; particles are surrounded by only MgO (or ZnO)
particles. The values of k§ and k§ decreased with the increase in the calcination tempera-
ture of Fe,Os.
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DZOTH3EEZ NS | (KISYHEOREERETF (structure sensitive factor), (i)
ISP AR O BRSO F 72 1 3EE, BEOREEEZFHE T 2 1cdbic> T, ThsZDO0RF
WIS AMAOTABMBREOTEY L& 5 B ERITHORE T %, BEHLC X 2 8BS0 Bicx
THRELRNT ALENDH 3, B 2B W» T ZnFe,0, £ KX L TZn0 & Fe,0; 83D
REBEASBESERLEVHEESRESETIT) bERESREL BT 22 2R L, /IMA
1ZCaCO;—M,0s, CuCl—S;%, N;O—ALO:” RMAKIGIZ DT, RIGYHEDEREL 2L
TS E DR IGHEE RN FOBEMETILICD L D0, BEROBSrSBLTwa, B
Bi5® Lebluds? $Zn0O—ALO; RRIGICOWT, REFE, RTOESERE, BE&ttoxEr
HEtL Tw %, $7z, Haber® 13Co30,—Mo 03 3 & M0 —Mo0s RO KIEOHE RGP EZ
THEEREEL, BEORTRESHCEELZVWI L E2HEL T3,

HiERY TV -EEAHREC L 2 BARMEFCREATORIGYR FORRBERFENE 2 L 2%b
o, 2T, FMETRIOHFEEAO THERITHOREERTTS 2L &L, MgO—Fe0,,
Zn0—Fe,0; R EKICOEE I T 5 RICTIIEOREHOBEEHE L,

2. % BR

2.1 BEMcEE

Fe,05(1) 120.07 mol/1—-Fe(NO,) s iI5# 0 845 mlic ¥ — # — D6 mol/1— N,OHE# 30 ml %
CCTHIBL 2 TIER CHEAL THEEER (PH=10~12) L, 1hz 0 23K L /-1, Bk
vEER, WEEZEE (6h) L, ZhE 500, 700, 900°CT3IhEER TR L CBL, ZhsDxEs
Fe,0,(1, 500), Fe,0:(I, 700), Fe,0.(I, 900) TtEb+ Z T2, Fe,O0,(I) 2 L FEREDH
ETHE R £ T 5012, Fe(NOs) s B pHEM % 18 L 72 RETCNaOHIE R 2 £ 2 — 1 v

PSR T L AR SpHEINIONC 2 2 & 5 i U TE KB kbR % Fe,0,(I) L B U TE
e, BERR L T, Zh o DR R Fe,0,(I1 500) 72 ¥ Tk b 3, REE I3~ T 250~325 %
val Lz,

ZnOW TR O HEEEME IR HESASAEE % 225 600°CC0.5 hE i L CFH8I L, K1 12250~325 % v
vak bf;o

MgOiZ il EE % 1000°C, 2hZEH P THRK L2 H DT, 260~3284 93208 DTH 5,

B EE DO XRDE £ 12 @ — Fe,0;, Zn0, MgODASTM#» — K (ASTM 13—-534, 5—-0364,
4-0329) ic—E L7z,

2.2 Fe,0,&MeO(Me=Mg, Zn)niRE & it
B R OREL (tn) 13Fe,0s D £ V432
Tm = Fe,0:0 L3/ (Fe,05 D L+ MeOD £ V5D
THEDH LT, Tn OfEIF0.15~09L % 2 & 512 LT, BEERERVERS S (BHEEHE, 8ml)
& D 2T o7, BEBRIERFD 2 » Fide & 5308 E 50~100 mgiR v, B2l 2 HiETMeOD
ErFESTCEIVHEL, mEXENEI K> THE I LD,

BT SEHIIR SR OB R 150~200 mg % IRFSERI SR & v ¢, Sminfkkifk, 2.7x10°
kg/cm®: OFEH IO minE L, ERlom, EX0lcmOME L L TE,

Kt FROBREAERB 2 USE L e—2 2 7 S+ R — P K ERESIFE HYy, #iks
S T800~950°C, 0~120 minD ZE L& TIT - 1o BRI OFTEME BB R — b 2 AL
% RIGBHIEREZ & Uiz, RIGBRICEER — P 2 s B LERE TRH L,

2.3 MeO(Me=Mg, Zn)n{tZESH
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RitgoREERE 2 S THEL, ZD30~50mg%s NH,OH—-NH,Clg#w (NH,Cl 100 g+
NH,OH 400 ml+H,0 11) 70 mliz B L EiE C16hHE L ¢, KKRiEMeO% Bl U i1k ks
i (Fe,0; & MeFe,0,) #1853 5, fiH & 7-Me(Il) £ # > ZEriochrome Black (BT)fs/=
2R, 0.02mol/l-EDTA%H TpH=9~10D 54 THE L 72,

RIS (am) 13 LEROESITIC & D RO 72K RKIEMeORDEL &, @A Bisr BAb 03 25 Kt
LB R an=1 LT, KAWL DEHELX,

an=Me(II),—Me(II),) /F, < 0.5

an=[Me(II),—Me(I),)/Me(II), r=0.5
Me(Il),, Me(ID), i KJHHT & Kt OFEHFOMeOD € VE, Fo ZKIGHETDFe0; DENVET
Bb, 1217, RiERYIIMgFe0, %7-13ZnFe,0, DA TH 5 Z L ZRE L T2,
2.4 SEM, XRD

SEMBRZ AR LHHII~200mODBEI &5 &G (= (I —A( A>3 —5—IB-3 &) L/
%, INEBELS KV LM (BHAEEFMini—SEM — 4 #]) TfT - 72,

XRDIZEHREIC & 0 Coxthet®, 35KV, 10 mAD S (FEERS, 74 4 —7 1 v 7 X 2001 )
TiTo 7

3. BREEE
Fig. 1(a) i3Fe.04 (1L, 500) DSEMBEH T 5, BALSRKT I3V AT > 1R ERL T2,

x200

Fig.1 SEM photographs of oxide samples and their mixtures. (a) Fe,0,
(II) prepared at 500°C, (b) ZnO, (c) MgO, (d) Fe, O, (II)+ZnO of
mixing ratio r,=0.5, (e) Fe,0; (I)+MgO of ry=0.5
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BERRIBE RS 2B E b, £7:Fe0:(D 3B b R 2R TH -7z, Fig. 1(C) IMgODERTH
B IEREORFHEE s S, Fig 1(e) ixMgO0 & Fe,04(I1, 500) = VAR & TIRE (tn=0.
5 LB 0BEHETH 2, Fig 1(b) & (d)13Zn0 & Fe,0:(11, 500) Lt DEEBRDERETH 5, Fig. 1
(b) 70 & ZnOKE FIIREIC MO & ZHROBFTH D Z L b b, Fig. 1(a), (b), (553K
»7:Fe,05, Zn0, MgODFHR FRZIFIZFA U TH o7, i, Fig 1(d), (e)» 5 VEIREASR
TZhEE L THRFERICKRERELMIEL I E¥b» s,

Table-Tix & LY O HEER (S), BRTED), HE () OBELRETH B, SOEIEN,
# A % B TBETHETHIE L8, 00°CTHRE L 72 Fe,0; 3kl g2 W TH No F ABEFLT
FEESTTETH 27D T, SOMEIRI~3mY/gUT L Ebn s, DOEIEXRDEIC & D Fe,0s
M (104) & (110) T O B 5 0 AR & SR & R HE & U TR Scherrerfiic X DEHRL T
KTz pOMEIRSCTARE WV THETAKIC L VEE L, Table-InfEn 5 Fe,0: DFREGE
BB ERT S ESERED L, DESERT 2 2 &b SfRaREIETT 5 LHEESNS,

Tablel  Surface area, crystallite size and density of oxide samples prepared
at different temperatures.

preparation surface area crystallite size density
sample temperature
Ts/C S/m?g! Dios/nm  Dyp/nm p/gem™

500 20.0 38 86 5.4
Fe,O;(D) 700 7.0 240 280 5.4

900 - >500 330 5.5

500 20.4 29 61 5.4
Fe,O; (1) 700 9.5 65 130 5.1

900 - >500 380 5.2
MgO 1000 10.7 - - 3.3
Zn0O 600 4.7 - - 5.6

Fig. 2(a) |3 &Mrm 12 B 1 5 Fe,05 (1, 500) —MgOFR D Kt % 950°CTHT - 72358 D KIGHK (am)
LR (D) OBR R TR T, Tm O 2 & RIGHEENSZE(LL T 5, Fig 2(b) & (2) DfER 2 (1
1R L Jander®? OBERIC Lzl T 7y P LIELDTH B,

[1~(1~am)”3]2:kjt ..................................................................... (1)
FISBESRL > Th, BRSSO RBBENREL > T b GEE R L D ERETE
72

Janderst itk T (BRF) £ E 2 T QA% £ D & 2 O RICKF (ARF) DR 03 BRLF
W > T—HET 2 71 E v Tn s, Fe,0,—MgOR D Kt dMg* & Fe* DY VRN
Ho X DT 5 EHEO I NTH S, IMASY IZA, BRTFAEERLLTZOENEL LR =
Rs=R)BEEDEAHBR BT 2MERICHHEILEEEIC L VT 5 L EORHEHXZF 0
BRiFx A, BEEFN LI HET VL DBLELTROQKEZRE L

S P S
[2—{1 1+8am} ll 1_}_5%}}—1{@ ............................. (2)
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ZTITSEPRUTOE S KEDHENS,

= =/ R)
0= 1= (1—e/R) D (3

_nB/A) Ny N e,
p—n(A/B) - nANA+Nx3/nBNA+NB @

e, i3 A, BREFEORGERMBEOE S, R B FE, n(A/B)i3f L BEFEZENRE LD 2
2 AR L OEMS O, n(B/A) B ARTFEPLETFE LSS OEMSE, n,, s
A, BEFZEDAIOHFOSBEI UK E SORBFEFIETIE na=n=12), N,, Ng
BIREHETO A, BRTFOHTH S,

@BV To=04 6 Jander XEF U2 2, ZAIFEITE LT an/R<<T DFMFHL
T RS T 2 R F EOERIBOES () 2 HIET 2D RHETH 5720, ZDE
PN EBIC RS L T A LEDIZES I TE v, Fig 2(b) 0 & 5 1CEA L 72 anfEd Jand-
er R LD T DD, TITIR a/RK<1ITHB LFEEL, HEEHRIREZOGED SR
DHENBAD KEEZHAGS Z L LI ERIGEECB T3 kONEIE L BAL (ta) OBG%E
Fig. 312 R L7z, Fe.O, (D BB DORAMBE B L CURIGEENEL > T 1a=0.5~0.6 T k,fEHI1i&R
IMEEED VEROHBEERL T, 27z, AICKIGERE & mic 810 5 ki Fe.O58 R OHR
HNREMELDIE S REWEE2TRLEGESE W E083bh 3, KEDORKIGEERERED? S B
OEMALT 2 VF — () 23k 3 &, Fig. 7(a) ® & 5 12 Fe,05(1, 500), Fe,0:(1, 700), Fe,0,(I,
900) D B FHZ D v T 25~35 keal/mol #HFATIZIZT—ETH D, Fe,0,(1) 0 FREEE & MgO
EDREER T 2 B EFED 5 vk v,

30 60 90 120 0q 30 60 90 120
t/min t/min

Fig.2 Rate of MgFe,O, formation at various mixing ratios (r,) of MgQ
and Fe,O; (I) prepared at 500°C. (a) fraction reacted (&) vs.
reaction time (t), (b) Jander’s plots of the data shown in (a).
reaction temperature ; 950°C, 1, ; 0=0.15, A=0.33, @ =0.50, [ =
0.60, A =067, [1=0.90
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Fig. 3 Relation between rate constant (k;) in Eq. (1) for MgFe,O, forma-
tion and mixing ratio (r) of MgQ and Fe,O, (I) prepared at 500°C
(a), 700°C(b) and 900°C (c).
reaction temperature; O=950°C, A =900"C, []=2850"C, O=800C
Fig. 4 13 Fe,0:(I1, 500) —ZnO %0 850°C K B 3 RIGDOEREEZR L1z bDTH 5, Fig 4(a)
WRL7 Infi DB 2BED an—t R EZURXN 2R W CEET 2 L Fig. dd) D L 512, 1TTHE
MERSES N B, Fig 2 D Fe,05(1) —MgO R & 38 4D, REFFF L %E S 31 E
DEOYIF %8> T3, Zn0 B3 L U Fe,0:(II) O fFik Fig. 1(a), (b), (dnsbh»d L)
W, BIZERILKE S ROT, YIF2E T2 01F Fe,0.(1) —Zn0 R RIS TR KISOFEHIC B W T,
(DX DIBEARRIC Lo RIS 8 2 2 AT AE 2 RAERICHET T 20 L HEX N
%o EE S IILANC Fe.O0:— VO R KGO 5E b Fig 4(b) EFAMRICYTIR 2R T 2 &p s, R
HAEERIGCHLS T 2 REEY a bk Uiz & &, EBEFEEOEER L L TROG)H FREL

7»,12)
l*"— V - .. e rarararees it eat et tnteenraaasaenatrarrones
1"—{1 (1 )} ( )2/ freeesiarereane (5)

REFGC & 5 RIGE e DEGERCERIE T 2 O BEEL DT, G 2 HOEITHRET
Fig d() iRl X EAE2BEIERIEOND SO LT a2 BH L7z, Fig 5 BRIRE
B, tn, FO:0HSEENELLEE0 ok iDEAFRERLIZBDTH S, afBidmdbRELR
BETOITH DY, ZOETEEDK 4 BOESORIGEDEREICHET 5, ZDL DI
Fe,0,(II) = ZnO ZREDHE X HIEARICH B Z D (as>0), Fe,0:(1) ~MgO R RIE Tk as=0
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0 ; 0 AT
0 60 120 0 60 120 o] 60 120
t/min t/min t/min
Fig.4 Rate of ZnFe;O, formation at various mixing ratios (ry) of ZnQO and
Fe, 0, (II) prepared at 500°C. (a) fraction reacted {ay,) vs. reaction
time (t)., (b) Jander’s plots of the data shown in (a), (c) modified
Jander’s plots of the data. reaction temperature; 850°C, r,; O=
0.2, [1=033 @=05 @=06, A=067, A=0.85
]2 1 T T 1 T ¥ T T 1
(a) (b) (c)
~ 8 o a3 1
o
e
< /N
2" s L
ju]
0 1 ry i
0 3.5 0.5 10 0.5 1
rm/ T‘m/ rm/
Fig.5 Relation between calculated fraction reacted .or the initial rapid

reaction (as) and mixing ratio (ro) of ZnO and Fe,O; (II) prepared at
500°C (a), 700°C (b) and 900°C (c).
reaction temperature ; O=950"C, A =900°C, [[1=850"C

25
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THLIHBHIZUTOES3WEZ25M 2,200 3 1I00°C L EOEBTHREIESEBI D, £U 7 Zn0
LW Fe,OhLF EicitE L Th 6 BRIV ET T2 L ELRTWE™WY, Lizdi- T,
ZnO KiF & Fe, 081 F o8l L T Va7 < T d ZnFe 0.0 ERRISHET T 248, EREE TR T
BOEESAEZVIEENSLS 2 EY, LDz ths, b LBAESKRERIGICL 5 abs ZnO 324
DEBL LD HBDTHNIE osfBE3 i BEZHMEBEEREFELRVEEDLN S RKEBRTRKIGIRED
850~950°C & 1100°C & b H{EB 2D T, ZnO K FERE D Zn0 K3 EKAELOFEREICH D 5
B0 <, Fe.OfF & OB filsm % L TR Fe,O TRE 28T 2 0 WK G B
25, In0 OBEZEMALZEL TITRbN D700 as B3 Tl KTET 2 LHEE S NS, RICH]
BRER GBI o281, Fig 4(0) XA Ul & 5 ICHREMERBE DS & 72 B 23, Fe,0,—Zn0 20
TLBUERE L Zn0 O—FHE0Y, Zn* & Fe** OMEILE'", 11000°C LLF T Zn* & BF O REERN
BEBLUBEOSHTBE Y ICL A TR EOWMENDY, HHERZEFPBEIATHR
W, Fig. 4(c) DZEROBE & O)RXOILERB IS T 2 HEER kbR o5h 5, Fig 61
KicDTHEE & tn DR R R U T26 KDL T =0.4~0.5 THUMER R L, KIGEBEENSE L EAE
{22 T d, Zhit Fe0s(1) —MgO Ro#ER (Fig. 3) L RfFEDERATH %, Fig. 7(b) it Fig. 6
D kieD RISEEREME D & KO 7 EHBRIZ B 3 BT OB 2 v £ — (B3) & ra® %
THb, Fig. 7(2) D Fe,0,(1) —MgO B & BER Y ra=05 I THRAEEZTL TW3,
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Fig. 6 Relation between rate constant (k;) in Eq. (5) for ZnFe,O, forma-
tion and mixing ratio (rn) of ZnO and Fe,0; (1) prepared at 500°C
(a), 700°C (b) and 900°C (c).
. reaction temperature; O=950°C, A =900°C, []=850°C

k;, KicDMBEAS rmicdd LB O #ifg (Fig. 3, 6) 2R L7220, INiE mdEZ 58104, Fe
0;& MeO R FOEMEHNELT 20 EEZLNEYY, WRWRLIZEI W, A, BRFO
BEMcs T BREFEZROEFELTCZORABAE AL BRSO I SOF0L B
F LT s R AR F OB n(A/B)6)RTH B, 72, A, BRF1 »OEEDHOE ()

_ Ny
n(A/B)=ns (NA+ NB,)
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Fig.7 Apparent activation energy (E*) for formation of MgFe,O, (a) and

ZnFe,O, (b) at various mixing ratio (r,) of MgO, ZnO and Fe,0, (I,

II) prepared at 500°C (a-1, b-1), 700°C (a-2, b-2) and 900°C (a-3, b-3).
BORDEIWCET L, 22T, ZITREBRTHE, p 3FEETHL, 351, BERRFO
_ RBSPB

T e O O 7
a Rz\ap[\ ( )
A, BRFOERHLOM () ZO)HX &2,
Wa N/\%H Ra’pa
= Bt (8)

X_ s
W NB% R BHPB

Wi, Weld BEFEETD A, BRODERTH 5, (7), QR zAVCOHXE2ES 2B T 9K
Boh s,

n(A/B)= ng<1 j;) ...................................................................... (9)

KEE T Fe,0,, MgO, Zn0 o4k Fix Fig. 10 SEM B 5 20K X S HIEIEFA L (Ry=
Re=R) £ 5% #20T, Tablel ®p & rnDEEF VS &, a BLU ¥ DEEEHETE 2, (93
Ci BRSO TFCHE ELTVAY, 2 Na>NyTh 3 b 21T 5, #i AR TH
B & (N, <Ny izl ARFERLRTFET 5 X2 BToN 5L,

- 1 ......................................................................
n(B/A)= n"(l T aX) {10

KEBRTHEAL a2 BEFETH O Fe,0.0 T VAR TED LI, TnfEh/NE WK T Fe,
O F oSt F &7 - T, Z D% 1z MeO R F3 L D 2 &, rnfEDSK & 5% & Fe0s
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EMNEAT 30T MeO B FBLKTF L7 5,
Fig.3, 6 CR& N L5 WHEEM Kk, K’ il KTET 3 Z &5 6 RIGHEE X Fe.0; & MeO
BFOBMEOBICHFIT 2 LE2 5 £09), OREBRVLTRAPESNL LY,

ax Y
g)‘(ﬁ;gj , Tm 7f)§j'\' x blﬁﬁﬁﬁ ..................................... (11)

kj(or Kije)= {1x \ma
kY 1__;;( s Tm DIINE DB - 2

22T my, Ml KGR FRELSER T W b, BREEETERE ST I L 2ERT
B-ODRBHERTH 5, £72, 9), 10RD ny, nsBEHEIKEL k8, KROFIcEDTH S,
Fig. 8 1% Fe,04(I, 500) ~MgO RO FG#ER (Fig. 3(2)) (1), @RXEHWTFuy PLAEHOT
by, HEENESNL), ORXOBERSEIZLTWw2 I E8bhd, £, SEFIEICIEETE
TTHBZ DS, my, MplIRIGEEIKEL 2 (dm/dt=0) Z £ 23bhb b, ma, MeDES X
VB EBROTIF DED RO 5N 5 HEER KL, k3D fE% Table-IL iz R L 7z B L TRz
Fe,0,(II) ~ZnO % m, K°DfE# Fig. 9 5 & ¢f Table-Il iz 77 U7, Fe, 0 (1) —MgO Z & 138 7%
h Fig SDHEIES I p R iEe20nTED, £/m, mDERRKINEED LR L & H R T
2 {ER (dm/dt<0) iz & %, Table-II ® kit MeO(MgO, ZnO) i F-#5 Fe,O i FD AT I £ h
7oIREE, kIS Fe0:03 MeO i F DA TH 2 FNIREBICHIE T 2 BB OEEERTH
o TNODEOT V= ATy M Fig. 102, 7R o EEbr 2o E —nfE (ES,
), BHEHETF (Fs, Fo) DfES Table-ILicxE L7z, (1), X% KIGEE (T/K) B L T+
3 LTy, WX»nBEoensd,

1 dm,

—— O 2 L S ey S R R R R R R A RS R A
Eg_IL+RT1n{1+ax} o it}
a — |Q 2 ax A
&—EﬁRTm{l+m}dT i

-6 T T T T T T

(a) (b)

27k L 4
~ 8 T 1t :
e | {1t 1

-10 B 4 L

-nor T < 0.5 1r Ty > 0.5

—':.5 —1:0 —0‘.5 [y -0‘.3 —0‘.2 —0.‘] 0
(35 /) g /)

Fig.8 Rate constant as a function of the number of intergranular contacts
for the reaction of MgO with Fe,Os (I) prepared at 500°C.
(a) for rn<0.5, (b) rp>0.5
reaction temperature ; QO=950°C, A =900°C, []1=2850C, O=800C
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Table-1I Kinetic pasameters for MgFe,0, and ZnFe,0, formation.

prep. temp. of m and k° in Eqgs. (11) and (12) pre-exp.factor/min™ act.energy/kcal mol™
Fe,0,/°C in Egs.(13) and (14)
reaction temp./°C
950 900 850 800

my 465 495 460 4.85

mg 193 201 191 190
In k§ —822 -873 —9.15 —9.78 F, 1.3x10 ES 262
Ink§ —-635 —6.99 —7.74 —845 Fy 9.0x10° E§ 376

500

my, 325 335 320 320

my 150 148 147 1.50
Ink§ —-894 —-932 -9.77-1048 F, 6.2 Q260
Ink§ -758 —-799 —864 —927 F, 4.0x10 E§ 314

MgO-Fe,0, 700

m, 525 545 590 625

900 my 1.06 103 171 173

Ink§ -915 —-9.71-1026-109 F. 49x10 2 316
Ink§ —874 —9.23 —9.39-1009 Fy 9.0 5 262
m, 693 8.04 -
500 ms 116 180 250
In k§ —849 —8.88 — F. 15 ? 215
In k§ —847 —8.85 —9.25 Fy 15 9 215

m, 170 28 320

mg 206 230 265
In k§ —9.64 —10.26 —10.73 F. 80 8 28.6
CIn k§ ~877 —9.11 -941 Fy 2.6x107 8 181

Zn0-Fe, 0, 700

m, 440 485 415

900 My — 1.08 126
Ink§ -922 -9.83 -10.29 Fo 24X10 2 302
In k§ ——10.23 —10.59 Fy 2.0x107? 9 149

Fe,04(I) —Mg0 Z D& 13560 & 5,42 ma, mefEER RIEREDOHE K &> TEL 2D
©, Br=Eor % 3, 20 Z kg Table-1I ® Fe,05(I) —MgO %o ER, E3D{E 13 26~38 kcalKmol
DfET, Fig. 7(a) O E4fEids ralc KR 25~35 keal/mol 23 Z e hoFELBbhb, —
7, Fe,0,—Zn0 % Tl my, mpDE IR FIRBEDO EH L &b A+ 218 (dm/dT<0)icbh %
2, 1/ (ax+1), ax/(ax+ D) DEIF E bW L X D/AS WO T, ZOXNEEZE LR »6, B E°
LD HREL RS, &K (ax+ D ax OAE &S ZHEAL, ax/(ax+1) 108K T 5 0
5, B8l rnk &AL, EAREA T DT, HE5EO D A TEMEEIBREEZRT &
EZx oMb, 2DZ LiE Fig 7(0) 0 B2 b & EWEICE—EL Tw b, Fe,0;(II) —Zn0 Rz
BT mOESKIGREC L > TET 2EED, RINRENE S & RIGYR FOFIRENZE
22 EERBLTWSE, ZNIEERD LS ZInO PEETRRIZZ DD TWEENH S Z
CEBEBRLTWE EHFEESN S,

LR O RISHE % 89l 4 2 REE & U ¢ Table-1l OREHICHKTE L 2 WEREEH KR, k8D
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Fig.9 Rate constant as a function of the number of intergranular contacts
for the reaction of ZnO with Fe,O; (II) prepared at 500°C.
(a) for rn<0.5, (b) for ry>0.5
reaction temperature ; O=950°C, A =900°C, [ ]=850"C

(k% min'l)

1 1
w0ty ! - ot 7!

Fig. 10 Temperature dependence of k% and k§ in Egs. (11) and (12).
(a) MgO—Fe,0, (), (b) ZnO—Fe,0, I
preparation temperature of Fe;O,; O, A =500C,® , A =700C, (D,
A =900°C
Triangles and circles correspond to k§ and k8 in Egs. (11) and (12),
respectively.

BE 425 E, Fe,0,(1) —MgO %, Fe,0:(ID—Zn0 % & & iz Fe,O.0FHBUEE N LH 4 2 & k°E
BIETLRIGESNE B2 2R LT3, Fe,0.0F8UEE & » & Table-l 1z /L 7z &
A2, F DLLEFMRBIEED L, & TEMERT 2 2 Lo o Bt A L D KO 720 Fe,0,
a2 EE2on207T, kKR, KEOFERZIZFELLEZ NS, LrL, ARG
BEWCBT 2 KR E KBOEIE—EL Twiwv, ARLETF—R/MOoHET R o 205,



Fe,0,—MeO(Me=Mg, Zn) AR IGOEE 23 5 RSB EORE LOBE 31

Hader &' 13 Cos0,+3M00;=3CoMoO,+1/20, D RIGDBEE—8T 2 2 L 2T L1, kQk

SOMEMFER S Z tid Table-ll »S5h» 3 &5 CR—OKIGICHT 2 EQ& ES, F,& Faofis
B DB RICBENET 22 L 2RBT 2558, BURBICH L THLEFNES I L
YD RISEHORS B LIZE 220, £72, ES, ES, F., Fufio Fe,0, A OTELEE W & 3
kA2 E, BRe FARGRSLERE & & b iaigA L, B FoldiotEm s 5L, 80w E°L F ik
Vb B HHEHRED 2R LTS, THSOARET 2HBERBEAED L 22 TRV, Bl
#% 40 kcal/mol PAF T EG R ORI E0ER OHIG T 2EE LT/ Ea w0 T, —REF
OEEGEBHRORF R T 2BENEZ o3, ZOBE I ITERNEE, RFRBROER 3
BICHRLFOREGEEREAC BB TE, m EREL 2 EESREVELL, 20BRERYE
DR FOESREL R D K E KA —HL B 220 TiREVW» EBbh 2,
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