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The Rate of Formation of Calcium—ferrite Melt Measured by means of
Penetration Method using Ca0O Cone

Haruhito NORO, Yoshiaki KAsHIwWAYA, Kuniyoshi IsHII
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Abstract

The rate of formation of calcium ferrite melt was measured by the penetration
method using CaO cone under isothermal (1200~1270°C) or nonisothermal (heating up
rate ; 10°C/min) conditions.

The temperature of beginning of the melt formation was good agreement with the
phase diagram in the cases of Fe,O; and Fe,0;+5wt%Si0O, system. In the system of
Fe, 0, +5wt%Al,0;, however,the melt formed above the temperature of 40°C higher
than that in equilibrium.

The composition of primary melt existed within the region of monocalcium—
ferrite (CaO - Fe,0;) in the phase diagram.

As soon as CaO cone contacted with Fe,O; substrate, at first, dicalcium—ferrite
(2Ca0 - Fe,0,) formed at the interface, and then it reacts with Fe,O; to produce liquid
phase of monocalcium—ferrite. Although the concentration gradient of Fe,0O; was
found, nocompound, such as calcium—diferrite, was to appear in the interior of Fe,0s.

The apparent activation energy of formation of molten calcium—ferrite was very
high and about 93kcal/mol, so this was explained by considering the chemical reaction
controlling the kinetics.
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T GEICIREE, FhEBItHR) OHE, BT EONNERY»E S - (R TLEMLHETH
5, &0, AT TEEBOERGGIERERFSRETAERERF THBIZ L2 b 6T, £
BSIZII A E bl - Ty, BRMEREHINZEPIZMRECRER LIS, A — VPR
o TBY, HHONNEEIATHE, KITNDYA, @EiREITHE WRIGEES L OEREE
BEREKFEHE LT, N LB 8IS, BFE (A7 78L 04 2)0), SHH (BRI
FRET BEBOMHE) o3, BETHORNE E Z2ORAL 2 EHT W5,

AT F OB O R AR 2 BT 2 BAY T, Ca0 & Fe,0; DRIGIZ & 2 Al ERIZ D
WTEARBZERL, TOBEB2IA~NL, kB, TORIE, AN TLT7 274 FOEREE
BOFDERBRBICETAREKRTLAD, AN TLAT72T4 F2REKE L BEREED AL
BMinRRICILFLE LB LN BbNLS,
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2. | BARECBRBREREEOBR

BARBIC L 2RIERGEE E EAEENBFRLE S, Fig. 10t ) TE®TLEEL B,
CaO DEAFH Fe, Oy KRB P KIG LD DBEAL, B & 2 » THEE N Lk
T2, W, FFEIL2EENT EOBAEE % h, Fe,0; P~OHNEAEZ % h 413, h—h
WAL T ARG L R E L TS N2 ko B, Z0E 3, RIBL 2 BEATFOKE
¥ Ve,

Ve =#r*h/3—zrth’/3 (1)
BAFIEEEr, HA0 OM#TH LA, L, r=h/ V3%,

V¢ = (zh*/9) (h—h') (2)
—F, KIS L T L 72 Bk s o 4R Ve 13

Vi =zh?h’/9 (3)
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Fig. 2 EHicBEHE
a = (pe Vp/Ms)/(pc Ve/Mc) (4)

ZZT, per pr BEWMe, Mp 3EAF LKA ORBUIBEEE D FRETH S,
b 2EELT,

Ve =zh® pr Mc/ (pr Mc+apc Mg) (5)
2T, BAERGEE Re =d(pc Vo/Mc) /dt & BT 5005
RC = 7[h2 Pc [.')[:/ (/Jp MC +apc M(:) /3 dh/dt (6)

dh/dt 135EH 2%, EMEE A9, TE LTI OB AEEEHC5 2 E 0 E L,
BB AE OIS 3 SRS T B 00 6, BATHATY ) ORUGEEICERY 5 W1 H 5, HEATFD
SIGHHER Ac 2 HARS L L DB L,

Ac =zh*{[ape Mc/ (pr Mc+ape Mp) ]2 +1/3}V2/ V37 (7
ZorE, BARIIZIBU-FGREHEL D o, BABGEEIZRATH %,
Je =R¢/Ac (8)
2. 2 A &
EEEE B L Oy KIS O % Fig. 21277, EBd, BRORERRZBET 22510

XBHEEEEL+ B, BATOEMBEARRD S A vy —2 (D.G) CRrML, 772
A a—FTHEY T T,

EEIE, BEHAVROPIZTALIFAYREL Y F LT, ZOMmic~=eF 4 BRI S gkl
DRV —THEET B, CaO BAFIZBHRB RN & — THREL, M5, EBRIF, FiEErld
HE (BEME=10C/min) T CITv, EFSEED1000Ncm?/min @ A # L 72, S8
EBROEAZ, rEREICENELLLE, COBAFEE~F— 7 P TD- N EBAHL, Hi
ET (250g) THER~2 A SRS, GB35, FIGOREE & U5
ERBEATFOEMZHEL TMLIENTE S,

2. 3 & 4

CaO 1253 CaCO; % 2R F1000°C T, # 8 e[l TYERL L 72, Z 11 % 200mesh LLUTFiC #h
L, FERID 74 2 EAL, 2ton/cm*DFME TV ALz, 2k, v 52w 7 22 H
W, ZBATR1700°C T 8 BEHEERL T B, Aods, CaO MEfSRiL, TEMA60°, &3 10mm DS E A
FoZ o AR (BEEI0mm, BE10mm) DL DLERL 72, F72, FilohuE#t e LT,
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Table 1 @B ONHE

. Size Dens. Poros. .
Materials Shape Simbol
mm g/cm?® %
Ca0 60° cone  9X6.5 2.95 12.4 C
Fe,0, Column  9.5X10 4.04 25.1 F
Fe,0;—5%Al,0, Column  9X10 4.29 19.5 F(+A)
Fe,0,—5%Si0, Column  10X12 3.72 29.3 F(+S)
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Fig. 3 ~= %1 &~ CaO o E A& (10°C/min Fig)

CaO BER T HR (10X10X10mm, 7 RIS L HAvr,

B LB RHT, D Fe,0, 2 K0 BED o, ATI000C T 4 BRERL 72, =
1% 200mesh LUT I L AR 7V 280 5, 2L T, 22591250°C T 8 BRI L ~=
7 A P EERER L L7z, Fe, 05 1213 AL O, X SO, # 5 wtleiRa L, BHAERIC I 2 Z N6 WD
HELEANZ, 2518, ~o8 A MEER S HFRRICUD HL TRE S L, SR E gy
T- 72, BEREEBOME £ Table 11RL 72,

3. WRBIUEBE

3. | HRETTOEABREG

Fig. 313 T COEBAMMERT, ~= 54 FREEEOEAME (RPELEFC-F) 11, #
1206C TRBUCE(L 2 Th, BUEAERL 22 Ehbhhr b, ZORGERBEBEEIZ, ZHRD
eRE (Po, =0.21) DIRER (Fig. 6) FOWBEAEREETH D, T/ AN 767274 b
(CaO-Fe 05, LIFCF &BEEE) &7 A AN 7467274 (2Ca0:Fe,05, C,F) I:EhiE
B1205CIiE v —8T 5, Zid, CaQ Bigfsili~ey A F 2 FERBEMIELLEN, 1Y
N — ik BEAERIC BT Y, BL L cB{bBmBREL L Chiigdhiz, ~=e5 1 M2
5wt% D SiO, #iFML & EOBEAMBK FBESC—F(+8)) 13, #i~<7 4+ & DE-1190C
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Fig. 4 —ZERETICHT5 CaO i AR

TEAL® M, B ERBIEEBED SIO, BMcE VBT L2 b b, ZORDKER
(Fig. 7 k) bt B g (REASE) 131192CT, T S BIMEIR—BL T3, =
nonZ ehn, UEZonRickBwdi, BiENER (RIL MEWICLEEL L) &
wRAMRIC, BNIEMICE ZARE TN ERL 22 bbb, ZIRL, ~eF A 25
wt% N ALO; ML 72354 (HAMMC — F (+A)), BEARMKIEEIZI213C Li~~F 1 } &L
0 &< % - 72, Ca0—Fe,0,— ALO; ROBAKELSIZ1175°CTh D, ER OB ERBEIZ - L
NHA0CE . ZDBEITE, KA LPOREICL ), HERNERIBMBEERLZELLZLD
ERbND, 2L, Mo A P BLUSIO 2EML A~ 4 PRBOBAEEII CFEL
ThHEDIT, ALO #IHMLZBAICEBEAREINES L 2T B IR TVELDLE
Bbhihs,

3. 2 HEBTFTTOBABE

Fig. 4 3BRFAHTICBIT 2 HAMBRERL T 5, #iFe,0, 0B AEES, BEICL - Tk
ELEDLY, BERFENKENZ LERL T3, %R0 GEERITICIE, RIEOWEALE
B DBEABEYL Lz, B EOBEI T hvh b Th b, 5wt%o ALO,s %L 721,
FIET L EERIC, BAMBIZHE~N=F 4 M LNEPPIh > T T, BABENNS W &
Db, iz, BENFELM~=F 4 MIEKE 0w, =7, 5wt%d Si0, 2 I L 725,
REZEGIIM~= I 4 b ERELEER LY, BARERETNIE(, 5 wtBALO, Ine o
MICAEBET 5 & w2 5, LEnZ &b s, M~ A Mol €, ALO; I3 B AME T 4 b LRI
ERGEE AT 2 20R0°H Y, SI0, IREAERRBRE LK T2MRIH B LN EEbN
b,
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3.3 ANTILTSA FRRENEE

HREBOUEBED S, 6)~@RIZHEIWT, Cal & Fe,0; X ORBIZE DN 2747 =
TA FRAEREEE L Lo, T, RBIC L o TERT AMENME» a=10D% /7L
2o 7 274 MR (Ca0-Fe,0,) TH B LEL 7 (8 EPMA SHitERE0), Boni:
TR A BB EICH L C Arrhenius 7o P L7z Fig, 5 TH B, Fe,0, 25 B2k i EEpY
i#E <, FeyO51 5 wt%Si0,, Fe,05+ 5 wt%ALO, DJEICE % 1), BiEOE ARG & 272 580k
E—H L T, /2, Arrhenius 7o v MIBWEMBEELTRL, KR L72h ) Z&obhr b,

Je =Aexp(—B/T), (B=Ea/R) (9)
22T, ABEERT, Ea iz R oElibo AL ¥ —, RIVAEHTH D, AN 7L7x
A FREOEREGICNT 5, RENToEE b A L ¥ —13, Fe,0; »#93kcal/mol, Si0, &
I TI3#992kcal/mol, ALO; A 5%85kcal/mol TH -7 TN LI, ANLTLT 254 F
B O B BRI KR E WIS TH 5. Fe 4 4 > OEERUBE P OB b o A L ¥ —
&, BB L Z40~50kcal/mol? TH ), FLBILHA T IROEHEEA A, BA A O
BT ANTX—L SHUIERERETIEI LY, 22D K3, BEOERYSREIIC BT 5L
L THBESINTWBEZEERLTWA L) IZEbN S,

3. 4 HREREMEE

1) #li Fe,O,

H BB ORI e iBRE % Photo. 1ic—¥E L 7o, AR L 28BS, BAFOENIC L ) Fe,05 E
HCHEH & N 5135, FREEIHVNE vz Ca0 % Fe,0; DRILFICEAL T b, {2 ARBH
7 CaO BE, FE2S CaOMICABITEEL > T b, Fe,0, B4, SEMEHE X
EPMA Gt o, BFOZ & -7, @ BliERoMEI: CF Th 5 (), @ B & Ca0
MOFREICIE, TBI0~15pm 12 & CF L T3, /2, CaO BATFHORILICE) B E
NRBEL CGFItZEbh-> T3, Q@ MHERMF,0, ¥ BRIz, CF & 0L Fe liE» S
<, 2 Fe,0 Wil » T Fe iEDIE % 2 BENRZ BT 5MBM»EETS.@ BHED
BaEEREZ, CaO EATF & D Fe,0, BB O FHHIEEICE V. 21T, Fe,0, DFHCal L) L&A
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Photo. 1  CaO BEAFREIEMEN A IS 7 L7 = 74  BRH MM
C—F : CaO/Fe,0;, C—F(+A) : CaO/Fe,0,+5%Al,0;
C—F(+8) : Ca0/Fe,0;+%%SiO0,

ILEIFHAZ L H DD, Fe,O RIHICTENLS W L 2L T b,

CaO—Fe,0; » —InRIKEEN? % Fig. 6 2 $. ZHRERIC, EPMA Giric #£2w T,
1210°C, 1230°C, 1250°C BiBEZIC BT 2 REERRLHL D, CaO & Fe,0, »ENLI(C/F) 2518 L
T7ay b L7z, B C/FIZEE ERIZ D1 CF—=C,F MARRICH - TR E < % BIEM D A b
N5, EBO BSOS, AR CF,—>Fe,0, ARSI > T T 2 EZ 5N TV B, &K
EBOEA, Fe,0, 12T Ca0 7% iz, ZNL I BENHFELLLDERDNE, 2D
Lz F 7, CaO DRUEADIEMRD & b TRPDICHEITT 22 £ 2 FRL, HIgEo 7 ) — ik
BIERL T B & X, BAERGD B LSRG EEIC L o> THEI NN H 5 2 L 2L TWw
%, ‘

FISERIC BT 2 BABWBEEICHR LT, 1210CHEEBROBAERIL, RIEX oK
HTH5,CF & CF, il sl & —2 L T 2 MR O AR SOGo A2 L THETT 5 2 &
#RLTW3B, CaO# &R D FEHTICHEEL T3 CF MHIZ, Al e CaO 235Ut L THRL
55, 7213, Ca0 & Fe,0; DEMRILAEIE THM L €, BEERL 22D ELLLTH b,
ZHCFERICELTRBBICERTLZ LT 5,

—7%, Fe,0; & Bl 5L Tld, BIAER L D & Fe lBED S - T\ %725, REEDIMHEIZ



1z e (AT BE-EH HE5 8

1300 +

O 1250
(]
f:‘: 1230
@ 1210
3 1200}
[=7
g
[23
& CoF+CF
CF+Hem
1100 . : © o
60 70 80 90
2Ca0* Fez0s CaO-« Fe203 Ca0+ 2Fex03

Fez:03 (wt%)

Fig. 6 CaO—Fe,0; ZHO R FHRER (Po,=0.21)

HENTWirwy, Tbb, Ca0- 2Fe,0; (AL 747254, CF,) *Ca0 - 3Fe,0, (#
WL b 7274, CR)D L) RibEWz ReiIzs Nt » 72, EPMA S 5553 &,
Fe,O; BWEIC BT, FelEL S, CaOMEMME %5 & ) RBESHIIHFLET L 1L
BERD LN dr 572, T2, B Fe,O5 SiFH ) CaO 3 & boH TR, SEEMIC, BT
PAThiLE Icid A sk - 72,

2) Fe,0;+5wt%Si0,

1230°C oo B FrIEAR#E % Photo. 1127R L 72, SEM BB A 5, CaO IS 2 (2 4thon & & FHIC,
MrEAEA R D, FOWRHIE G, F 2, BEENCIE, AL, L H U & o IS AL L Tw
5. EPMA Gt &, BUEAH.LEBOMEULIIE > C/F=17T, SiO 21T & A ¥ vy, ER CaOilr
BEICHAET ML, CF ECS (A4 Aansons)sy—1, 2Ca0 - Si0,) DERKMEBTH 5,
F 7z, ANREARERICHID  GEL T L Tw 3412 C,F+CF+C,S nREMBTH 5,

Z S M# ) EPMA S AfERs o, BRME#o C/F2 L &, Fig. 7 ERYIC 72 F L7z,
FREHRE D C/F130.96TH - 72,

3) Fe,05+5wt%ALO,

Ca0~—Fe,0;—ALO; =GR REER® % Fig. 7 TR T, Photo. 1 521250 CEHIBERD
FETME#EE R 72, CaO LR L DFRTEIC, Hl Fe,0, D354 & Bk, SZMEVFEL, AN
iz LATHEAED D 5, EPMA 5475 &, B O#EEI3Ca0- Fe,0; (AL,0;) (C(A,F)) & Cal-
2Fe,0, - ALLO; (CAF2) % EUVRAHILEH-> T2, BERTHEMEIN TR, ZHOER
PHWILL, BB OMRIZ CA, F)+T+F Th 3, CaO LB & O FHEI S L UBIENERICHT
WL TwaHEIE CA, F)Y4+C(AF) oo Tw3d, /2, CaO REOERILIC E NBEN T
LR OMAIZ, Ca0 &R FREIEC TIZC(AF) I8 »>TE D, CaO WIRIcEA»Jic L7z
v, Fe IBERL 25, 2N Fe,O, BB oBE L FE L TH Y, ALO; Hmoige, Fe,0,
iz ALO; ZFEIEL 72 & LU TIIR T 1ud, ALO, mEBI# 8T 5, B, EPMAZ#1ic L %
&, FEEREE O ALO; IBEEIIZIT v ¥—1bL Tz, 72, T L HEEEND EPMA SHiERy
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CoF CF1216 12051226 CF2
B ——— F
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d 0
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» |
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Fig. 7 CaO—Fe,0;~SiO, 5 & ¥ CaO—
Fe, 05— AlLO; EIJ}’C’JJ‘/—‘?:SIXTEEBJ

5, Fe,0,+5wt%ALO, OFRHMABIHOC/Flass L £0.88TH -7z,
PLED#ER G, AN T L7 T4 F B LB D TEEL 2,
3.5 AL TSA ENROEREE
INETHTERLI, AN TILT7 T4 B oMEuE, CFHOMBHICH 5, 2
DEIHNLT LT T4 FEEA, ORI L CTERT 20725 5 2, CaO & MRS 2
CzF FHATHELTEBY, AP, AN 747274 FRMEOERIZZA S DREIEZ SR LT
B EBLND, CF T 57200218, P L —5—EHRE Dee® & Dea* 1222 % ) DED YL
T h LD b Thb, 22T, ~Fﬂbr§aéﬂf’ AN T LT 2T A B ot =T, C,F ¢
TEBLLODE D DFET B8, CaO HiEfhz AV ERZT -2, BiERNSE, /ilrk
WOT, ARL CEUWE R F o BRI E T EnFE £ CaO & FIGT 5. RERIE, AWK
Bt AT CaO &3l L 727213 Tl RIS CF 13RS 19, i p Gl & CaO FHz i h » TH
7 CaO DIBIERE R L 277017 Th 72, DT Eh b, CF 3alH & CaO n Uiz & D &
Bt 50Tl 7% {, Fe,0, DB i RE 7, Fe DR T > v v LaEv & B2 ) Cal & Fe,
O; DEUBIZ & » THEE L EEZ 6N D, 2L T, 20 CF & Fe,05 7RG L TRWEA RS
5, 2k EOFERIZLUTOL DIk 5,
2C+F=C,F (10)
C,F+F=2CF — Liquid 1y
4, 4 % & &
WRETLHDERDL L B,
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(1) CaO#ZzRNBEARBICL 5T, ANT T 472 T4 FBIROEBGERE R L CET
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(4) Fe,O5 WIFE TlE, Fe,0; #2172 - T Fe,0; MWENE & FH O\ HAET 557, CaO &
DACEWIITER TE L - 12,

B) AN L7 =74 | BEREROEEILT AL X —134993kcal/mol & 7% 1), ERIEE DR
IR E

o
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