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Coupling Phenomena in Molten Iron Alloys and Slags at High Temperature

Yoskio URYO and Kazuhiro §. GoTO

Synopsis :

The magnitude of various coupling effects have been determined in molten iron and slag at high tem—
perature by measuring Soret coefficient, thermoelectric power and interdiffusivity matrix. Soret coef-
ficients of P, Si, Ni, and Cr in molten iron are positive except Fe-10 wt%P alloy, and their absolute val—
ues are 10-3~10-%1 K-1. Absolute values of Soret coefficients of several solute oxides in molten CaO-
Si0,~AlL,O; and Fe,0,-CaO-SiO, slag are 10-3~10—* K. The thermoelectric power of molten CaO—
Si0,—Al, Oy slag, measured with platinum electrodes, is 0.31 mv/K and the hot side is positive. Absolute
values of interdiffusivity matrix of molten Fe,0,~CaO-S8iO, slag equibriated with air are 2x 10-6~4 x

LU R LG

10-7 cm?/s and their cross terms are negative.
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From these results, the transport coefficients, L;x have
been determined for molten iron alloys and slags.
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Fig. 1. Experimental apparatus for the thermal
diffusion of molten iron alloys and slags.
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Fig. 2. Thermal diffusion cell with temperature

gradient.
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r: FAERThS. BEbesds, P, SiiCr, Ni o
1600°C A FIe It} 5 IEE RT3k X £15% 1073 cm?
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Fig. 3. Experimental apparatus for measuring
thermoelectric power of molten slag.
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WL Table 1| # BT h3525 X 51 Fe-P H&KKEk\»
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Fig. 4. Relation between log N, and temperature
for Fe—10 wt%,P alloy.
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Fig. 5. Relation between log Np and temperature
for Fe—1 wt%P alloy.
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Fig. 6. Relation between log Ngjand tempera—
ture for Fe-5.0 wt%Si alloy.
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Table 1. The results of calculation for Q*, D', Ly, L,q=Lq,, Lgq and the data used.

Solute Temp. s o* D’ Ly, Lig=Lq: Lqq
10. 0%P 1 300 7.8x10"* 3.8 1.0x10-% 7.9%10-° 7.3x10-1! 2.9%x10°7 1.4x102
10. 0%P 1 597 1.6x10°3 11 2.5%10-? 4.0x10-8 1.5x10-10 1.7x10"¢ 1.7x102
3.0%P 1577 —1.4x10°3% —9.6 2.5%10"% —3.6x10-8 4.6x10-1 —4,4%10°7 1.7x102
1.0%P 1610 —3.7x10"3 —26 2.0%x10°2% —-7.8x%10-8 1.2x10-1 —3.2x10"7 1.7x102
5. 0%Si 1 590 —7.3x10"¢ —5.0 4.1x10"°% —-3.1x10-8 1.3x10-10 —6.6x 1077 1.7x102
5. 8%Ni 1585 —5.7x10-* -3.9 5.1x10°% —2.9x%10"8 1.0x10-1° —6.0x10-7 1.7x102
4.0%Cr 1 567 —4.0x10"3 -27 3.2x10-® —1.3x10"7 4.8x10-" —1.3x10-7 1.7x%x102
°C K-t keal/mol cm?/s cm?/deg-s cal'Pcori:-s cr::t]s cf:‘ls
— This work
05 ----Wanibe and Sakao
g (12.2wWt%6) Si 25t £40Ca0-405Si105 20A1,0,
e T T T D . .
s=op T (10Swt)P P,0s=20x10")
o -6
(1 Owt /o) P i
. (S=-8.0X10:)
A10F (5wt %) Si =301 MgQ
=z ( .
o 58°/)Ni : B -
o ° (3wtl)P TiO,(s=-22x10") —
—_— >< >x<
o
£ Fe.0,(s=1.5x07) 3 °
15+ (4wtf) Cr -35¢ Z
MnO(s=-15x10")
( 1Wt°/o) P L . ] . {
1350 1400 1450

1500 1600 1700
T(°C)

Fig. 7. Distribution of solute elements after ther—
mal diffusion experiment (broken lines are given
WaniBE and Sakao ¥).

0 40Ca0-40Si0-20A1,0,
~ Fe,0,(s=15x10"K")
e RUN3 14
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o S
> _35 . ¢ e o 7 3 E
S [ ] o ><
o e ° 2
[ J (o] hd
-2
‘40 -t 1 1
1350 1200 1250
T(°C)

Fig. 8. Relation between In X and temperature
for 40Ca0—-40Si0,-20A1,0, slag.

T(°C)
Fig. 9. Distribution of solute oxides in 40CaO-
40810,~20A1,0, slag after thermal diffusion.

30Ca0-45S5i0;25FeP,
P,0. (s=-68x10" K))

ol @ RUN -
29F 5 RuN ¢ 55

1350 1400 1450
T(°C)

Fig. 10. Relation between ln X and temperature
for 30Ca0-455810,-25Fe,O; slag.
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PR DBERIN 20~40h DT DREES, HERHR
C—EHLTWBZEnbELT, POEROEIEIES
TEDIDEELLIS.
3.2 BMRS5ID Soret FiY

Fig. 8 1%, Ca0-8i0,-A1,0; 2 5 7 Fe,0, Dk
BEOBRERLILDDOTHSD. CORDLHLLKE
51, Fe:Op A HERMAK @h 2T BHHLTH
h, @ Soret REIL, 1.5x10-3K-! THZ%. Fi-
Fig. 9 13 Ca0-Si0,-ALO; %2 5 7 o> P,O;, Mg
O, TiO, Fe, 05, MnO DOBILEDOREREY ¥ & TR
LicbDThHA, CORICTERTWS L5, CaO-
8i0;-ALO; 2 5 74T, BRalF k& P.Os, Fe,O5 1345
wBal~, MgO, TiO, MnO 1} EEAE E»> TR
LT\ 5.

Table 2. Soret Coefficients of some solute in 40

wt2%Ca0-40wt9%Si0,-20wt2Al,O4 and 25wt Fe,
0,-30wt2,Ca0-45wt2%Si0, slag.

40 wt% Ca0-40 wt%Si0O2 25 wi% Fe 04530 wt% CaO

-20 wt% AlO3 =45 wi1%Si0;
Solute s(k=H) Solute s(k=1)
P, O, 2.0x10-2 P05 —6.8x10"¢
FeyOy 1.5%10"% TiO, —1.7x10"3
TiO, —2.2x10"3 MnO —6.6x10-4
MgO —8.0x10-* MgO —6.1x10™*
MnO —1.5%x10-3 NiO —9.0x10"¢

Table 3. Thermal diffusion coefficients of some
solute oxides in 40wt2,CaO-40wt2,Si0,-20wt%
Al, Oy and 25wt2Fe,05-35wt%,CaO-40wt24,5i0,.

CaQ-SiOAl0; slag Fe 0+ Ca0-Si0, slag

Fig. 10 2, Ca0-8i10,-Fe,0; %% 5 7 P,O;
BN O EEA R LD TH S, PO, RAMTEH
B E»>TBE LTk, £ D Soret 1L —6.8
x10-4K-1 DA & XTH5. Table 2 ki, CaO-SiO,
-Al; Oy, Ca0-5i0,-Fe,05 $hA 5 s rhd> ML D R
B bht Soret YO FHHE EF LD TRLILDT
HB. iz o Table 3 1y, (2)F X v ILBUHRED
ROt Soret fRE(X b RDHBNIB, BIMER D' 2R
L. CaO-Si0,-Fe,O5 25 7y, P,0O; TiO,,
MgO, NiO 3T, Ry ESRMACE»>TBE
T5. Fk, BOROOBILEHERHELNRE Soret
R OfEL, Table | R LW GAE&o HEa L AR
EOIEbL2E b0k,

ThHEDRT 7 RICET % Soret fRI D HeRHEITL
FThid 103~10K-! ofifNCDH Y, BrEkeeLo
BEEFFCRIUUIMBETHSB. Fi, Soret REE K
DRGSO A 5 7% RT3 CaO, Si0,, AlO,,
Fe, O3 10T BT 20, FOREIE—I&
THDTe D TER LT
3.3 BRRSIOBREN

HBREDORECH A Z 713, WA s /Y OEAR
FHTH B W0wt%Ca0-40wt%Si0,-20wt % AlLO; TH 5.
¥rARENOUEIASERY AW, 25748
SHEBEOMOFIGIIEBRE» A DOR{L, BTG THB T
EXBOMIEIRTWAENLTHS. HBibT5 L5,
#RENOWEDOEICL, RERIEOHFSHLKEL, £

Solute  D’(cm¥s-deg) Solute  D'(cmy/s-deg) MBHEOHE IR T W EFELWIHENSTE v, &
Fod,  oxie-s Ho:  Taxiow 7 /D EMEASEREHAT S L, WEShDERLD
MO L3 Mo S3xion BRI L & BICHA LT X, % 40min B85 &
MnO 1.1x10-8 NiO 5.9%10-? &-—‘ﬁﬁé&iﬁ:% \:@%, ;‘}37“//7]‘} — 5 — %}Eﬁ s
<« ) 2F T
s - .
E o o o °
o] O o) o] [e)
3 [e) [¢] T O ———
o] o [e] e}
025 o o O O
o0
(Olr)Pt]I_AO CaO- 40Si0,-20A1,0,t Pt (air
1 2
0 1 ] I )
1350 1400 1450 1500
T(°C)

Fig. 11. Relation between thermoelectric power of 40Ca0-40Si0,-20A1,0; slag.
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T, BREDXPEL, ToREZECKT 3HRENOMHE
ELli. INBRENOKRE IR, BREIIMKELL
W EETERTHEN DI, Fig. 1l RzolsrclL
THLNIEEREN Y T OREZE CTEIO(E, Vb 5E
HREH M, FHREYHEC 7 e, P LELbDTH
5. ¥FBERENIFERMNLIETCHS. CoFIcAbR
351, WEIhAEERRIL 1350~1500°C Dif g
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HDEBLNDOTC, SRIEELIE Wb DEE L.
3-4 BEh Fe,0,-Ca0-8Si0, X5 5D 3 TREILE
Fig. 12~14 ©#h Fh Fe,0;, CaO, Si0, o 2 &
—ECHRD, fLORSOREZEY 10wty  LTH
HBEThelBEORETHS . IEREL 1470°C,
PhEgRefEliy, 40min THB. ThHLORICELRS X
S, TOREY —FBIRON B BEREL £
L, w3 up-hill diffusion 4 U2 EAED B
N5, INEOREI NI B BEE TR GERDOE
THhs. EOTHENOWIT TERENF L THOTH,
BECENINE B ETLS. L Fig. 12~14
BT HRs up-hill diffusion MEREICERLT

50 [scd®0 %068 40
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1470°C
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Fig. 12. Concentration penetration curves from two independent diffusion
runs for 40 min at 1 743 K with constant Fe,O, content.”
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Fig. 13. Concentration penetration curves from
two independent diffusion runs for 40 min at 1 743
K with constant CaQ content.”
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Fig. 14. Concentration penetration curves from

two independent diffusion runs for 40 min at 1 743
K with constant SiO, content.”
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