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Diffusivities in Molten Slag, Molten Iron, Steel and Refractories
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Fig. 1.

Self—diffusivities of elements in solid and liquid iron.
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Table 1. Self-diffusivities in Blast-furnace-type Slag.

Diffus.| Composition(wt%) Dx106at D=Doe>z'p(—E/RT) E(Kcal|ErronfTempera- |Method [Ref
element{Ca0 [Si0, A1,0] 1500°C | D, (cm /;) /mole) | (%) {ture(°C)
Al — | — 100 2.3x10° 21 2052-2302 11
45ca  [s0.1] — | 49.9 24.2  |0.207 31.9 1400-1600|1.P.
38.0/42.0] 20.0 5.04 |0.029 30.5 1300-1600|inert |12
23.5/62.0] 14.5 6.47 |1.64x107° 19.5 1200-1600] gas
35.0(65.0] —= 1.79 | 3.7(23.4)x107 %] 35£3 1500-1650
39.6|60.4| — 2.45 | 9.2(29.4)x107 | 2024 1560-1650|D.C.
45.3|54.7| — 2.73 | 2.42.7)x10" 2| 3254 1550-1700| 95N~ |13
49.5/50.5| — 2.96  |4.6(£3.5)x10"%| 343 1550-1650|  H,
53.5|46.,5| — 4.01 2.0(t1.3)x10'2 30%2 1500-1700
3lg;  l3s.0/65.0 — |  |p=3.2(+0.2,-0.1)x10™’ 1600 D.C.
40.0|60.0| — D=5.1(+0.3,-0.4)x10"’ 1600 95N - |14
44.9]55.1} — D=7.6(+0.3,-0.3)x10"’ 1600 H,
49.9]50.1| — D=11.1(+0.9,-1.5)x107/ 1600
184 39.8/41.1| 19.7 4.14  |92+2.2 59.6 1520-1540|G.E.PO, |15
£2.7 15 2mmig
38 |62 1.51 | ex1o0” 87+8 | +50 |1520-1650| C.R.Ar |16
0o, |45 |40 | 15 386 6.0 34 1335-1427
a0 |40 | 20 357 13 37 +11 {1300-1440| P.G.PO, | 17
25 |es | 10 137 11.7 40 1513-1420] =1atm
.
0 Fezoﬁ "
39.6|39.6| 19.8 1.0 [p=1.9x10 1450
38.8/38.8| 19.4) 3.0 jp=1.9x107° £35 {1450 P.G.PO,|18
38.0|38.0| 19.0 5.0 p=2.1x107° 1450 =latm
36.0|36.0] 18.0] 10.9 p=2.2x1072 1450
>9pe  |38.0[42.0| 20.0 12.1  |6.59x107% 30.3 1300-1600{ I.P. |12
Fe |40 |40 | 20 41.4 | 7.11x10° 66.8 1350-1450
P 40 |40 | 20 1.91  |11.5 55.0 1350-1450| D.C.
i |40 a0 | 20 1.38  |22.5 58.5 | +10[1350-1450| air 19
Mg |40 |40 | 20 h6.0  |3.33x1072 23.2 1350-1450
Mn |40 |40 | 20 16.0 |170 57.0 1350-1450

I.P. =Instantaneous Plane Sorce, D.C. =Diffusion Couple, G.E.=Gas Exchange, C.R.=Capillary Reservoir,
P.G.=Permeate of Gas. O* is apparent diffusivity of oxygen.
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Table 2. Self-diffusivities in Steelmaking Slag.

Diffus.] Composition(wt%) Dx104at D=Dsexp (-E/RT) E(kcal Error|Tempera- |Method |[Ref
element|Fe,0,[Ca0 [$i0, [1600°C |Do(cn’/s) /mole) | (%) |ture(°)
“ca fao |33 |27 [o.1247 |0.2p0) 123 28 +26 |1360-1460{1.P.PO, =| 24
59 *E 1/8.5 0.1-107°
Fe |40 |33 |27 |o0.212 |0.2p0) 26 +26 |1360-1460]atm+
70.5 | — |29.5 |6.02  |6.46(+1.87)x10 2|17.422.3 1250-1450|C.R. 25]
38.3 |29.831.9 |1.80 |14.5(x4.4)x107% |24.9:2.8
0 {40.0 |21.0[39.0 [2.35 |8.3x107° 13.3+1.0 1350-1550
40.0 |29.0/31.0 [4.28 |1.7x107° 13.7+1.7 1350-1550|T.G
40.0 [36.0{24.0 |5.32 |1.2x1072 11.6+1.6 14001550 PO =
30.0 [24.5[45.5 |2.12 0.2 25.5+2.5 1400-1500{10 %atm | 26
30.0 |34.0{36.0 |3,12 |6.0x107> 11.0+1.5 1350-1500| (AT-N,
20.0 |39.0[41.0 D=1.85x10"% 1450 -0,)
62.5 |33.0] 4.5 D=1.04x107> 1450
Fe 0 100 | D=5.0(+1.0)x10 > 1550 T.G1 27
Fe 0 100 3.72 6.60(10;15)x10:z 10.7%0.6 1430-1550]v=0.12 | 28
Fe 0 100 1.86 | 1.61(0.11)x10 2[16.620.2 1510-1550]v=0.33
5.25 |54 |A1,0,40.75 D=1.6x10 1600 T.GI* 29
19.7 |28.0]52.5 [2.50 |100 47 1350-1600
29.3 [24.7(46.0 |3.01 [120 47 1350-1600
37.8 [21.7/40.5 [2.50 |100 47 1350-1600
51.8 |16.8/31.4 |1.45 58 47 1350-1600
62.8 |13.0{24.2 |0.801 | 32 47 1350-1600
6.4 |48.4/45.2 [2.96 |118 47 1350-1600
18.0 |42.4]39.6 [3.38 |135 47 +25 [1350-1600|P.G.
27.9 [37.334.8 [3.88 |155 47 1350-1600 (PO, =1atm| 30
36.6 |32.8/30.6 [3.38 |135 47 1350-1600
50.9 |25.4|23.7 |1.65 66 47 1350-1600
62.3 |19.5/18.2 [1.18 47 47 1350-1600
27.1 |44.9]28.0 |4.56 |182 47 1350-1600
35.9 |39.5/24.6 [3.88 |155 47 1350-1600
50.4 |30.6/19.0 [1.90 76 47 1350-1600
61.9 |23.5/14.6 |1.40 56 47 1350-1600
p 25 |30 |as  [o.057 | 29.3 58 1350-1450
Ti |25 |30 |as [o0.083 |1.6x10” 80 1350-1450
Mo |25 |30 |45 |o0.25 [o0.24 34 +10 [1350-1450(D.cC. 19
Mg |25 |30 |45 |o0.49 |o0.021 23 1350-1450| air
Ni |25 |30 |45 Jo.41 |28 51 1350-1450
T.G.=Thermogravimetry. **The values are at PO;=10"8 atm. *The atmosphere is CO-CO; mixture.

**The atmosphere is Ar-O, mixture (POz=1—10-6-7 atm)
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Table 3. Self-diffusivities in Soda-ash Slag.

Diffus.|Composition(wt%) Dx106at D=D,exp (-E/RT) E(kcal Tempera- |Method|Ref
element|Na,0| Si0, 1300°C | Do (cm®/s) /mole) ture(°C)
2%Na |34.0/66.0] —= l40.0 |1.8x1073 11.9 850-1210
18.7|72.3[Li 0 9.0[38.5  [2.8x107 13.4 850-1210
15.6/60.6|K,0 23.8}36.5 6.3x107° 16.1 850-1210
13.6]52.7|Ba0 33.7|33.6 |2.3 34.8 850-1210| 1.p. |31
15.3]59.2{sr0 25.5/25.2 |0.11 26.2 850-1210
17.3]67.1{ca0 14.4|20.6 |1.2x1072 19.9 850-1210
18.1]70.1{Mg0 11.8{22.7 |1.6x1072 20.5 850-1210
22y [24.0]76.0] — |27.1  |4.67(20.72)x107>| 16.1020.65| 850-1500|C.R. |32
34.0066.0] —  |13.3  |2.29(20.22)x107%| 16.10+0.40| 850-1500
24va |34.0l66.0] — |60.4 |5.76x107% 7.05%0.35|1027-1417
36.0{60.2/P.0. 3.8/69.9 |2.77x107 11.5£0.5 |1097-1362
37.8]55.0{P.0. 7.2|72.5  |1.56x107 9.6:0.55 | 1067-1257|C.R. |33
39.5(50.1|P,0.10.4[74.1  |1.34x107 9.05%0.3 | 1097-1402
41.1/45.5/P.0.15.458.9 |2.19x107 11.30%0.35) 1107-1402
8.7(70.5/5b,0,1.1]9.53  |1.7x107 23.4 768-1469|I1.P. |34
Ca011.6,K,07.7
%0 |36.0{60.2]p 0, 3.8{26.8 [4.27x107 15.850.75| 1097-1362
37.8[55.0{P,0. 7.2(40.1  [5.20x107° 22.4%0.2  |1067-1257
39.5(50.1(P.0.10.4|24.6  [3.76x10™" 8.4%0.4 |1097-1402|C.R. |33
41.1]45.5/P,0.13.4|24.5 -|9.27x107° 18.55+0.20| 1107-1402
45ca [17.3]67.1|ca0 15.6|14.9  |1.32x10° 57.2 I.p. |35
16 |72 |ca0 12 |0.616 |0.62 43.2 1000-1400|1.P. |36
18, 16.1|71.1]ca0 12.1]0.195 |4.5x1072 38.6 500-1470|G.E. |37
Ni |34.0]{66.0] — |0.637 |1.96x107% 32.3 1150-1350
16 |72 |ca0o 12 lo0.181 |3.91x1073 31.2 1250-1400
Co |34.0{66.0] — [0.817 |7.7x107° 35.8 1150-1350|C.P. |38
Fe |16 |72 |cao 12 lo0.515 |7.6x107? 37.2 1250-1400
Zn 34.0166.0| — 0.423 |7.1x107°2 37.6 1150-1350
16 |72 {cao 12 |o.111 |3.3x107* 25 1250-1400

C.P.=Chronopotentiometry
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Fig. 2. Self—diffusivities of elements in molten slag
for blast furnace (40Ca0-—408i0,-20A1,0; (wt%)).
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Table 4, Binary or Quasi-binary Interdiffusivities in Slags.

Interdiffusivities | System Method Ref.

CaO-SiO2 CaO—SiO2 D.C.,Penetration curve of Ca or Si |39
CaO—SiOz—A1203 D.C.,Penetration curve of Si; C.P. |40-42

CaO—A1203 Ca0- A1203 C.P. 43
Ca0- A1203-Mg0 C.P. ‘ 44

CaF2 A1203 CaF2 A1203 Dissolution of A1203 45

Fe 0-Al1.0 Fe O Dissolution of Al.0 46,47

X 2°3 X 273

FeXO-ZrO2 Fe O Dissolution of ZrOZ—SiO2 48

Na20—5102 20 8102 Dissolution of 5102 49-53

- == - - -

I\a2CO3 SlO2 2CO3 Dissolution of 8102 54

Si0., -Bulk a 0-Si0_.-P_.0 C.R.,Penetration curve of Si 55

2 ) 27275 4 32

Aa20,P205 Bulk 20 SlO2 2O5 D.C.,Penetration curve of” Na or "P|33

SlO2 Fe203 2O SlO2 2O3 D.C.,Penetration curve of Fe 56

Va2O,S1OZ,FeXOfBulk 20 SlO2 Dissolution of FeO, Fe304 or Fe O3 57

FeXO Bulk 20 8102 Dissolution of Fe crucible 58

Na2O,A1203—Bu1k Na20 A1203 8102 D.C.,Penetration curve of Na or Al |59
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