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Formation Mechanism of Binary Calcium Ferrites under Stable Condition of CaO-2Fe,0,
Xingmin Guo, Takayuki Maepa and Yoichi Ono

Synopsis :

Calcium ferrite is very important for improving the properties of strength and reducibility of sinter. But the formation

mechanism of binary calcium ferrite under the stable condition of CaO-2Fe,O; was not studied sufficiently. Therefore,
as fundamental study of calcium ferrite formation, the mechanism of calcium ferrite formation in solid state reactions
between CaO and Fe,O; at 1190°C in air was investigated by using the diffusion-couple method. The results are

summarized as follows.

(1) The reaction between CaO and Fe,O; starts at the CaO/Fe,O; interface to form CaQ+Fe,0s. After a short initial
period, three kinds of calcium ferrites, 2CaO+Fe,0; (C,F), CaO*Fe,05 (CF), and Ca0-2Fe,0; (CF,) grow in that order

from CaO layer toward Fe,O; layer.

(2) The formation rates of C,F, CF and CF, are controlled by the diffusion of Ca?" and Fe®** in each layer.
(3) The C,F forms at the interfaces of CaO/C,F and C,F/CF, but the formation rate at the CaO/C.F interface is
larger than that at the C,F/CF interface. The CF forms at the CF/CF, interface, and grows toward CF, phase except
for the beginning of the reaction. The CF, forms at the CF,/Fe,O; interface, and grows toward Fe,O; phase. The
thickness of each layer of calcium ferrites increaces with the progress of reaction time.
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Fig. 1. Schematic diagrams for disk preparation of CaO, Fe,O; and CaO-Fe,0;.
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Fig. 2. Microstructures of initial product layers of
calcium ferrites formed between CaO and
Fe,O; at 1190°C.
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Fig. 5. Microstructure of C,F layer formed in CaO/
CF couple at 1190°C.

(2)

Ca0 + CF — C2F
Ca®* + 0%(inCF)+ CF —»CoF

2
@)
2Fe®" + 302 (in Ca0) + 2Ca0 —»C2F (2"

Fig. 6. Schematic diagram of formation and growth
process of C,F in CaO/CF couple at 1190°C.
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Fig. 7. Microstructures of CF, layer formed in CF/
Fe,O; couple at 1190°C.
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Fig. 8. Schematic diagram of formation and growth
process of CF, in CF/Fe,0; couple at 1190°C.
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Fig. 9. Microstructures of calcium ferrites formed
in CaO/Fe,0; couple at 1190°C.
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Fig. 10. Schematic diagram of formation and

growth process of calcium ferrites in CaO/
Fe,O; couple at 1190°C.

A PBRAOER, REABRIZRDOL I L THHTS %,

CFRBI2§3- 1T ~<72 X 5 1, BUSHz iz (1)icE»T
CaO t Fe,O;DEIEIKIGIZ & » THER L, ZD1%, §3-2L§
3:3Th~72 & 5 12C,FE L CF, B3R T 5 »°Fig.10(b) =
R & 9, Fett L Ca2* M 2 NENK BN 2B L TFe, 05/
CF,, CF,/CF, CF/C,FtC,F/CaORHIzZT 5, 2Dtk
BRET, RKOKBH»EL b bDEHFLLNSE, Thbb
Fe,O./CF,RHETKIE (37 %, CF,/CFRETRIE(4) L
(3923 CF/C,FRETRIR(47) &£ (2%, C,F/CaO%
TRIB(27)DHELC 5,

Ca?*+0? (in CF,) +CF,—~2CF
2Fe3++ 302~ (in CzF) +C2F—’2CF ..................... ( 4 /)

3 .



$#% & $BVol. 81 (1995)No. |

ZIT, (4)(4N & ACFOAEREE Y 2 08 ry, 1ok 22Tt RICEER (h)

T5E, BANPEOESGL VY, >r 25, T bbb, CF X, t AREDOES (m)
Bl3CaOfR Ml & b CFBAI~DEREEDF R8s b o L ANT T LT 254 b DEE (kg/m?)
DEHEZLILE, M, i AT L7254 bDEAMVER (kg/mol)

Sandwijk & 213Ca0/Fe, O L Hx (2o W T1004~1142°C pear, ok & por DEIE 2 NLE14.475X 1073, 4,759 X107,
TRBEDERZITV, C,FBDEAR KT H 5%, CFE 4.948 X1073T H 3 "D T & JE DAERGEIE 1X
DEA BT L bR E {EALL, CF/Fe,0, F Hild FHIRD
BEiC 2322 L2 RCISLI:, ki, ELOREREHTI
CF i34 L 2 v, Sandwijk 6 12 2 O 2 CFHE s D
BOEEDORFERPREL THMAL TV 5, 2OFEZHEI
CTHHRAT % LCF/CF, AW T (4) 2 & 3CFD4ER (CF, Lie s,
—CF) £ (3012 & 5CFOIHB (CF—~CF,) »FKEIZHE 2 - INBEROEREE X ENEN
Twa 2t hCFRIZIBCa2 DIED E B CIACF
BEL, CFRBHEL 2y, TORERME IR E3DL
Eions, LIAT, COBHBRPHERAT LD, 4
BCFOBE L 2 ER L, EMHE DRV IZL 5CFOREDR
FHE, 7 b bCFAE P OCaDILHGERE D&V #FREEL T TEaIND, 3LEZBZFBTORBANPHORMEL Y, B
WA REIDH L, HTOCFOERREEr, b ryr, CFOAEMEET, &1, XUCF,
Fig 112 EERIZ & b 156 NI BAERE OEADRERI 2L DHERGEEETy £ 1y l2 D0 TROBURDTE Y Lo,
¥RT, HRBOEA TR R ORE M- TE
(5T b, L»HEBED2RLRCHRBLOMIZIE
EBMRED D B, L12H - THEOREERIILEEET H DEFEoBEE S LCERIBIBUIZ ANV I L7254}
BEE R B, 36, HBRORREY N £ b C,FE £ CF,JE DEREIEZRKDZ LLTDL S0k b,
BCFRBIV BN THERTEIE bbb, 312, KBOKE
WEIICFEDE b K, CF,, C,FEDIEIZELL>T w5,
t 2 AT, FigllOEEBEER, X2=kt, &b

re,p=4.12X1072¢71/2
rer=18.56 X 107212
Ter, = 5.54 X102t~/

Teor =Ty +TIr—TIy
ree=r,try—Ty—ry

Icr, =Tyt Ty —T,

Iy =31y, ry,=3ry, Iy =3ry

ry=9.99X107%t"%,  r,»=3.33X107%t"1?
ry=8.31X1072t7"%,  r;»=24.92X107%"1?
r,=27.63X107%t""2, r,=9.21X107*t"'?
ker=0.25X10""m?*<h"!
ker=2.8X107°m?2+h!
ker, =0.70X107°m?-h™!

C,Fi3CaO/C,F 1 £ C,F/CFREDM R ET £ h &ty
BUry—ry7 5BETHERT 5, SEBEEIL

ryr=3.33 X102t 12

PIFONA, SO, BMHOEREE () XX (5)TEH L6
ry—1,y=0.78X1072t"12

s,
LY, 19 >ry—T1y T H 5 DT CaOll~DREEED S

= (p,/M;)dX,/dt RS,

— K 1?/2M,) t~172 Jom=2oR 1] coerevereemencncen (5) L ‘
(pike,/2M,) t1*[mol-m ! CFI3C,F/CFR i L CF/CF,AHROMRET 2 L2 1
o5 re— 1o RO, — 1y BEETHERT 5, SEREEIZ

ry—ry=—0.78X10"2t"1/2
ra—ry=19.32X10-2t"2

n
(=]

-
4]

L9, CFIZCGF/CFRETIZIHEB NS (CFIZk 5)»°
CF/CF,FHTHAER L, CFMHl~EET %,

CF,i3CF/CF, %1 £ CF,/Fe,O; #EDMAE T 2 L&
ry 1 ROy /s BIEETHEKRT 5. HEREEIR

—_
(=]

product layers, m2x10'®
[6,]

Square of mean thickness of

[=]

ry—r,= —19.32X1072t"1/2
ryr=24.92X1072t~12

5 6 7 8 9 10

(=}
-
n
w
S

Time, h
Fig. 11. Tinée dflepende?ce O<fi jmean /?icgness <1)f th, CF/CFAETIXEE s 15 (CFZ Xk 3)5°CF,/
t w N -
b ggecyers formed i Laliye:Hs coupre Fe,0 RETHERK L, Fe,O MBI ~KET 5.

32



3612, CFEOCaOMBI~OM ERE I~ TCF,BD
Fe,O. /Bl ~DREHEV KRSV LL WV A v a7
4 PRECFe,OMUI~KET 5 L bbb 5,

¥, DEOBMTI, O A A VOEEPRKRS DT
BLiz {3 LIREL, Ca?*RFe* BT 5 Lih~<7
B, 35l BFedbCat*RFedtizffo TANS VL7254
MERDOEILB PR T A2 bDEHF L LN,

4. 1

Ot # > TCa0 b Fe,O,DMIDEMB G & 5 A v
PULT7xI A4 b OEREEY1190°C, KA TRETL,
UTokwmERI.

(1) CaOtFe, 0O L 2HHHAINS V2T =
5S4 MOERWICFTH 5, ZDCFDAER., C,F, CF,
CF,#'CaOJ& »* 6 Fe,O. B ~mU T Z DIEFTHERT 5.

(2) C,F,CFRUCF, DB E#EfRIL 2 D g NDCa?*
LFeS* DR #E T H 5,

(3) C,F, CF, CF,O&BOEAIR ¥ b RKICHRE O
Bt TS 2%, CFROAERBE B b RS (,
CF.J&, C,FR»Znitkil.

33

Ca02Fe,0; DKEFBH FTD2WMARANS V2725 4 b OERKERE

(4) C,FixCaO/C,F L C,F/CFOMRETHER T 5 #7
CaO/C,FRH ¥} 5Ca0 & Fe,O; DRI & 5 CaOAEHI~
DEEFEEDHH KRS, CRIZTHEMIZCa0 & Fe,0; DS
2& W AEKRT 555, 2 D#%IZCF/CF, R TCa0 £ CF,DK
WSz & b AR L, CRI~RET 3, CF,I3CF,/Fe,0; R H
TCa0 t Fe,0, Dz & b AERK L, Fe,Ofll~HET %,
361, CFROCaOEM~DOREHEE IZLL~XTCF,ED
Fe,O;tBEI~OD EHREDI RS I I v v sz 4 b
B3 FE IFe, O I~ ET 5,

X B

1) IEEATE, FE B, e & EcoRER S LM, 73 (1987),
p.1893

2) EARE—, PREKE, HhBA : #LH, 54 (1968), p.1217

3) E.L-Geassy, A.A.,Shehata and K.A.Ezz, S.Y : Iron and Steel

Int., 49 (1976), p.427

Schneider, A. and Koch, K. . Arch. Eisenhiittenwes., 49 (1978),

p.469

5) A.van Sandwijk and K.Koopmans : Science of Ceramics, 10
(1979), p.403

6) B.Phillips and A.Muan : J. Am. Ceram. Soc., 41 (1958), p.445

7) NREBRER, kEFAS—, FRALEL, MY, SEII— 2 LM,
55 (1969), p.669

8) AHFER | N R ERZ(1984)

9) L. von Bogdandy and H.-J.Engell : 87 D&JT (FRiL  BE,
R, WAMBIER), (1975), p.149 [H#RE]

4)

3w



