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Measurement of Quasi-binary Interdiffusivities of Various

Oxides in Liquid Slags

Synopsis :

Yoshio Uxyo and Kazuhire S. GoTo

Quasi-binary interdiffusivities of several solute oxides in liquid CaO-8i0,-Al,O; slag of 4 : 4 : 2 of charge
weight ratio and liquid Fe,0;-CaO-S§i0, slag of 2-5 : 3 : 4.5 of charge weight ratio equibriated with air
were measured by using the diffusion couple method between 1 350 to 1 450°C. After diffusion runs for
20 or 40 min, the sample was quenched to glassy state and analyzed by a X-ray micro~analyzer. The
quasi-binary interdiffusivities obtained from the penetration curves of totally 68 successful diffusion runs

can be expressed by the following equations.
(a) 40wt2Ca0O-40wt7,Si0,

~ 55.0
DP205=2.]66XP(— >

RT
15F9203=:5.45exp<- i?%? )
D 1i0,=2. soexp<-—51€8'Ti)
DMgO';3- 27exp<— 2R3T2 )
Dmm=5ﬁ%q<- i;)>

(b) 25wt%Fe,03-30wt9,CaO-45wt%Si0,

. 57.5
DP205=3.42€XP(— RT )

~ 79.6
DT102=9.65CXP<~ RT )
1

~ 34.
DMDO=I.38exp(— - )
~ 22.5
Drroo—4. _
mgo=1% 756Xp< RT >
50.9

bNio‘=3.36€Xp<'—' RT >

where quasi-binary interdiffusivities and activiation energies are given in the unit of cm? per sec and kcal

per mol, respectively.

Of a total 138 diffusion runs, only 68 samples gave normal penetration curves.

ples contained many small gas bubbles.
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PEER BRI RIL 7 1 Rh FBR L LB OSSR %
FAWTF o7, BisiEEsir 1350, 1400, 3s XUt 1450
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TE R OB X TH 5. (dx/dC)o&Z)f/;C'x aC 1Eh
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Fig. 1. Fe, O, isoconcentration curves of diffusion
couple near the initial interface after diffusion run
for 20 min at 1 400°C.
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(a) 40Ca0-40Si0,-20A1,0,
Dp,0,=2.16exp(—55.0/RT) (P,O5: 3wt%)
Dye,0,=5.45exp(—66.8/RT)

(FepOp 1 1.5wt9)
D ri0,=2.30exp(—58.5/RT) (TiO, : 2.5wt%)
Dygo=3.27exp(—23.2/RT) (MgO : 2.5wt%)
Dyno=>5.04exp(—57.0/RT) (MnO : 1.5wt%)

(b) 25Fe;03-30Ca0-45Si0,

Dp,0,=3.42exp(—57.5/RT) (P,Os: 2.5wt%)
D 1i0,=9.65exp(—79.6/RT) (TiO, : 2.5wt%)
Dymo=1.38exp(—341/RT) (MnO : 2.5wt%)
Dugo=4.75exp(—22.5/RT?) (MgO : 2.5wt%)

Dyio=3.36exp(—50.9/RT) _(NiO : 2.5wt%)
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Fig. 2. Concentration penetration curves of Fe,O; in 40 wt% CaO—40 wt%,Si0,-20 wt% Al O,

slag for 20 min at 1 350°C.
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Table 1. Conditions of diffusion experiment and
all results obtained for 40wt2%,Ca0O-40wt%,Si0,-
20wt2,ALO,; melts.

Time Temp. D

Element Run No. (min) <) (cmi/s)
P-1 20 1350 3.5x10°7

P-3 20 1350 4.8x10"7

P-4 40 1350 2.0%x10°7

P-6 20 1400 7.0x10~7

P3Oy P-9 40 1400 9.8x 107
pP-12 20 1 450 1.8x 1078

P-13 20 1 450 9.0x1077

P-14 20 1 450 1.2x10°°

P-15 20 1 400 5.0x10-7

F-2 20 1350 7.8%10°¢
F-3 20 1 350 3.0%10-9
F-4 40 1 400 3.1x10°?

Fe.O F-7 20 1 400 9.9%x10-6
23 F-8 20 1 450 9.5x10-6
F-12 40 1350 4.7x10-6

F-14 20 1450 1.5x10-8
F-15 20 1450 3.0x10-?

T-4 20 1350 5.0x10~7

T-5 20 1350 1.0x10°7

T-6 20 1 400 9.1x10-7

TiO; T-9 20 1400 2.9%10°7
T-12 20 1450 6. 7x10~7

T-14 20 1450 4.5x10°7

T-16 20 1450 9.8x10°7

M-1 20 1 350 4.0x10-%
M-2 gg 1350 1.0x 10-:

M-4 1 400 3.1x10"
MgO M- 6 20 1400 2.3% 1073
M-7 20 1 450 3.0x10-8
M-9 20 1450 5.5%10-%
Mn-1 20 1350 5.0%x10-¢
Mn- 2 20 1350 1.4x10°8
MnO Mn- 3 20 1 400 8.0x10-¢
n Mn- ¢ 20 1400 6.0%10"¢
Mn- 9 20 1450 1.3x107?

Mn-10 20 1450 6.0x10-¢

HERRDLATRERIUAZETHS .P.0; = TiO,
DESleky bV =07 4 —<—DWEELETHHSTD
PSRBT D /N X L, 1350~1450°C iz 3\~ T 5.0x
10-7~1.0x 10-8 cm?/s, NiO ® MnO o & 5 BB S
Bom{ediy, 5.0x10-8~1.0x10-5cm?/s, 75 Y
SBEOB{tThH D MgO 13, 1.0x10-5~4.0x10-5
cm?/s TH%.
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Table 2. Conditions of diffusion experiment and
all results obtained for 25wt%Fe,O;-30wt2%CaO-~
45wt 9,510, melts.

Time Temp. D

Element Run No. <) (min (em?/s)
P-3 20 1 350 4. 11077

P-4 20 1350 7.9%10°7

P-9 40 1350 3.5x10°7

P30, p-11 20 1400 9.5x 107
p-i2 20 1400 6.5x 107

pP-15 20 1450 2.4x%10°8

P-18 20 1450 8.0x10°7

T-2 20 1350 4.5%10°7

T-4 20 1350 1.5%10"7

T-6 20 1400 9.1x 107

TiO, T-7 20 1400 4,9%10°7
T-8 20 1 450 1.5x10-°

T-10 20 1 450 8.0%10"7

T-11 20 1450 1.3x10-°

Mn-1 20 1350 4.2x10°8

Mn- 2 20 1350 9.8x10°°
MnO Mn-5 40 1400 5.8x10°¢
Mn- 6 20 1 400 1.0x10-3
Mn-9 20 1450 1.5x10°3
Mn-11 20 1450 1.0x10-%
M-4 20 1350 1.1x10°?
M-5§ 40 1350 2.8x10-%
MeO M- 7 20 1400 2.0x10-°
g M-9 20 1400 3.6x10°*
M-10 20 1450 2.3%x10°%

M-11 20 1450 2.9x10°%
N-1 20 1350 2 9% 108

N-3 20 1350 5.1x10-6

NiO N-6 20 1400 9. 2x10-8
N-7 20 1 400 3.8x10-°

N-9 20 1450 1.2x10-¢

N-10 20 1 450 6.0%x10-¢

Table 3. Diffusion coefficients of some solute
oxides in 40wt%CaO-40wt%S510,-20wt% AL O,

melt.
Temp. (*C)
1350 1 400 1 450
P30 3.4x10°7 8.9x10~7 1.3x10-%
Fe,Os 5.5 109 1.5%10-3 2.65x10-
TiO, 3.0x 1077 6.0x10°7 7.0x10°7
MgO 2.5x10°° 2.7%x10"* 4.3%x10-°
MnO 3.2x10"°° 7.0%x10"¢ 9.5%10-8

Table 4. Diffusion coefficients of some solute
oxides in 25wt%Fe,O5-30wt2,Ca0-~45wt2,S5i0,.

Temp. (C)
1 350 1 400 1450
P;0s 5.5%10"7 8.0x10-7 1.6x10-9
Ti0, 3.0%10-7 7.0x1077 1.2x10-°
MnO 7.0x10-¢ 8.0x10-® 1.03x10-%
MgO 1.8x10-% 2.8x10~° 2.6x10"2
NiO 4.0x10-8 6.5x10-¢ 9.0x10-°
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— 120 —

e



BRLA S Fh o EEILY o R TR EIRE R B O BE

1985

40Ca0-40Si05-20A1,0,
MgO

D (cmzlsec)

—~~

TiO,

1 ] 1 L L
58 59 00 6.1 6.2

T x10°(K™")
Fig. 3. Relatiof;_ between reciprocal temperature
and logarithm of quasi-binary diffusivities in 40
wt% CaO—40 wi1%Si0y-20 wt%A1,0; slag.  (This
figure are obtained by totally 36 successful diffusion
runs.)
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Fig. 4. Relation between reciprocal temperature
and logarithm of quasi-binary interdiffusivities in
25 wt% Fe,0,-30 wt% CaO-45 wt%SiO,; equi-
briated with air. (This figure are obtained by °
totally 32 successful diffusion runs.)
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