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Estimation of Quasibinary Interdiffusivities in Multicomponent

Slags for Iromaking and Steelmaking

Synopsis:

Kazuhiro NAGATA and Kazuhiro S. GoTo

The quasibinary interdiffusivities of CaO-8i0,, Al,O;-Si0, and CaO-Al,O; in the CaO-S10,-Al,0;
liquid slag and those of Ca0O-Si0,, FeO-5i0, and CaO-FeO in the CaO-Si0,-FeO liquid slag which
is in equilibrium with iron at 1500°C have been calculated by means of the following equation for

cationic conductor; Dyy_y=D} D" (Z\Nyg+Z,Npg)2/ (Z3 Ny D" +Zi Ny D5 ™).

The cationic tracer dif-

fusivities, Dt*, in the all range of liquid composition of the both slag systems have been estimated
from the relation between the viscosity and the tracer diffusivity.

The order of the quasibinary interdiffusivities in CaO-Si0;-Al;0,; and CaO-Si0;-FeO slags are 10-7
and 10-6cm?/sec at 1 500°C, respectively. The quasibinary interdiffusivities at 1600°C are 2.5 and 1.5
times as much as those at 1500°C for the blast furnace type slag and the steelmaking type slag,
respectively. The accuracies are about +0.5 and +1.0 in common logarithms, respectively.

The ways to use the quasibinary interdiffusivities for the practical problems have been discussed.
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Fig. 1. Iso-viscosity line on CaO-Si0,-AlLO; liquid
slag at 1500°C. Data of CaO-SiO, system
were measured by Bockrist®) and those of
Ca0-8i0,-Al,0; and CaO-Al,O; systems
were measured by KozaKEvITCHIS),

() means the extraporated value., Unit is
poise.
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Table 1. Tracer diffusivities, viscosity and 2,43/2; in binary silicate melts.
Composition Temp. Tracer diff. Viscosity 2223/2; (cm)
PLO Si0, °C) DLz DLy (poise) 25 Pb Si
0.9 0.1 850 9.1x10-¢ 7.8%x10-¢ 0.7) 2.5%x10-8 | 3.0x10-8
0.8 0.2 850 6.0x10-¢ 4.8x10-¢ (1.0) 2.7x10-8 | 3.4%x10-8
0.7 0.3 850 3.8x10-¢ 2.0x10-s 1.5 2.7x10-8 | 5.1x10-8
0.6 0.4 850 1.6x10-¢ 5.0x10-7 4.4 2.3x10-8 | 7.1x10-8
0.5 0.5 850 2.5x10-7 3.2x10-8 91 6.8x10-% | 5.4x10-8
0.4 0. 850 4.1x10-8 3.2x10-9 8710 4.4x10-10 | 5.6%x10-9
CaO Si10, D2 D§rz® (16) Ca Si
0.535 0.465 1 600 6.5x10-6 — 1.7 2.3%x10-8 —
0.509 0.491 1600 5.5%10-8 1.1x10-¢ 2.2 2.1x10-8 1.1x10-7
0.467 0.533 1600 4.6x10-8 (9x10-7) 3.2 1.8x10-8 | 9.0%x10-8
0.412 0.588 1600 3.5x10-8 5.4%x10-7 5.3 1.4x10-8 | 9.0x10-8
0.364 0.636 1600 2.9x10-8 3.1x10-7 (12) 7.8x10-% | 7.3x10-¢
0.467 0.533 1500 2.7%10-¢ — 5.6 1.6x10-9 —
0.412 0.588 1500 2.2%x10-8 — 9.9 1.1x10-8 —
Na,O S:0, DLz DLt (26) Na, Si
0.267 0.733 1 500 4.9x10-5 — 44 1.2x10-10 —
0.374 0.626 1 500 6.8x10-5 — 9.8 3.7x10-10 —
Where the values in the blackets are the extraporated values.
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Fig. 2. Dependency of factor (2,23/2,=kT/D}*3)
for Pb2+, Ca2*, Na*+ and Si** on mole
fraction of silica in binary silicate melts.
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Fig. 4. Relation between the ratio of tracer diffu-
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and the mole fraction of silica plus alumina
in silicate melts.
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f' Fig. - 5. Iso-tracer diffusivity line of calucium in
Ca0-8i0,-Al, 05 liquid slag at 1500°C.
The white circles are the measured val-
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cm?/sec.
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Fig. 6. Iso-viscosity line on CaO-Si0,-FeO liquid
slag at 1500°C. Data of FeO-SiO, system
were measured by KozakeviTcH??, those
of CaO-58i0O, system were measured by
Bockrist® and that of CaO-Si0,-FeO sys-
tem was measured by KozakevircH. Unit
1s poise.
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Fig. 7. Iso-tracer diffusivity line of calcium in
Ca0-8i0,-FeO liquid slag at 1500°C.

The white circle
Unit is cm?/ sec.
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Table 2. Calculated quasi-binary interdiffusivities in CaQ-Si0,-AlL0,.
Concentration (wt%) Tracer diffusivity (cm?/ sec) Interdiffusivity (cm?2/sec)
CaO | Si0, | AlLO, &a D¢ D Ca0 - Si0; Dsio,-a1,0, | Da1,05-cao

35 65 0 3.2x10-¢ | 2.8x10-7| 9.0x10-7 1.3x10-8 — —

50 45 5 4.1x10-¢| 8.1x10-7| 3.4x10-¢ 1.9%x10-8 2.8x10-¢ 3.5x10-¢
35 60 5 2.4x10-¢ | 2.1x10-7| 7.2x10-7| 9.1x10-7 6.4x10-7 8.6x10-7
45 45 10 3.6x10-¢ | 5.3%x10-7| 2.5x10-s 1.5x10-¢ 1.7x10-¢ 2.7x10-s
35 55 10 2.5%10-¢ | 2.1%x10-7} 7.0x10-7| 8.8x10-7 5.5x10-7 9.6x10-"
25 65 10 1.4%x10-¢ | 6.7x10-8 1.6x10-7| 4.6x10-7 1.4%x10-7 2.7x10-7
45 40 15 3.4%x10-6| 4.9%10-7} 2.3x10-s 1.3%x10-7 1.3x10-¢ 2.6x10-8
35 50 15 2.5%10-¢ ; 2.1x10-7 ] 7.0x10-7| 8.3x%x10-7 5.0x10-7 1.1x10-8
30 55 15 2.0x10-s 1.2%x10-7 5.1x10-7 6.1x10-7 3.4x10-7 8.3x10-7
25 60 15 1.7x10-¢ | 8.2x19)-3 1.9x10-7] 5.3x10-7 1.6x10-7 3.9x10-7
20 65 15 1.2x10-5 | 4.3x10-81 8.6x10-8 | 3.7x10-7 7.5%10-8 2.1x10-7
15 70 15 9.8x10-6| 2.7x10-3| 4.4x10-8{ 3.2x10-7 4.0x10-8 1.3x10-7
35 ; 45 20 2.5%x10-¢ | 2.0x10-7| 7.0x10-7| 7.6x10-7 4.4%10-7 1.2x10-¢
25 55 20 1.7x10-6 | B8.0x10-8 1.9%x10-7| 4.,9%x10-7 1.5%10-7 4.5%x10-7
15 65 20 1.1x10-6| 3.0x10-8| 5.0x10-8| 3.4x%10-7 4.4%x10-8 1.8x10-7
40 35 25 3.0x10-¢| 3.2x10-7 1.3x10-¢ ! 9.1x10-7 6.4x10-7 1.9x10-%
30 45 25 2.1x10-8] 1.3x10-7| 3.6x10-7{ 5.8x10-7 2.4x10-7 7.8x10-7
20 55 25 1.6x10-¢| 5.6x10-8| 1.1x10-7| 4.3x10-7 8.8x10-8 3.6x10-7
35 35 30 2.5x10-8} 2,0x10-7| 6.5x10-7| 6.5%x1I0-7 3.5x10-7 1.3x10-¢
35 30 35 2.7x10-8 | 2,1x10-7{ 6.8x10-7{ 6.3x10-7 3.4x1t0-7 1.4x10-¢
30 35 35 2.2x10-s 1.3x10-7{ 3.6x10-7| 5.0x10-7 2.1x10-7 9.2x10-7
55 5 40 4.1x10-¢| 9.0x10-7| 3.6xI0-8| 1.1x10-5 1.0x10-8 3.7x10-¢
50 10 40 3.6x10-¢| 6.1x10-7| 2.8x10-6} 8.6x%10-7 7.7x10-7 3.2%10-¢
55 0 ! 45 4. 4% 10-6 9.4%x10-7 3.8x10-5 — — 4.0x10-5
45 10 45 3.3%x10-81 4.2x10-7 1.9x10-% 6.3%x10-7 5.2x10-7 2.6x10-¢
45 5 50 3.5%10-¢ ! 4.3x10-7} 1.9%10-6| 5.4%x10-7 4.8x10-7 2.8x10-5
45 0 55 3.7%10-5 | 4.6x10-7| 2.0x10-¢ — — 2.9x10-5
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1500 °C
N D cao-sion
ALOCa0 TS ®
DSiO;Al;Q; (%4

(x10cm¥sec)
™~

0"1

7%
33K

M. 68 M.
20 40 3 60 80

v v

AlLO, (wt k)
Fig. 8. The quasi-binary interdiffusivities of CaO-
Si0,, Si0,-Al,0; and Al;0;3;-CaO in CaO-
Si0,AL, 0, slag at 1500°C.

10°
« Measured byMadic and Wagner
o Calculated

' TN
d ‘\-\-.\ 16.5 ALO,

Deso-sio, (crrifsec)

~

10‘7 1 1 1
40 50 60 70
SiO (wt°h)

Fig. 9. Comparison of calculated quasi-
binary interdiffusivity of CaO-S510,
with measured onesV.

D b Lv—H—ihEREE L bR L. Fig. 8itixth
ZhoBZeHERBEROEL CaO-5i0;-Al0,
B L7z,

KHE, JILE, %EBY IERERE LB 7 S REDE
ERERC LI OTE LN 5BELORREIKFS, 5 40
Ca0-40Si0;-20A1,05 H10 Deao-sio, PIEZBIE L1z
@ 1500°C ~hE(EIX 1.5%X10-%cm?/sec TH Y,
Table 2 OFfE{EIX 9.7X10-7cm?/sec- THH. T/
I 513 50C20-50AL0s > Deao-ar0, PlE%
BlIEELTED. 1500°C T 6x10-"cm?/sec /T
%. EhOIHEEE 3.5X10-6cm?/sec TH 5. T

LTEBEE 50% THhb. Fig. 913 Majpic & Wa-
GNER7S 1 500°C Tl L7z Deao-sio, OfE & AH%E
TOFEBEZREORB CHEZLALETHS. HLHD
EEFEE ALO; IRENSE LV IEEGE THREEENZ T
b, V) HOIRES i b ICHEIAE & U THREL PR
HrKkdTWsb. KX b, FHEMEIEHEX i L
TH9 0.5 /N VWBIREERFHER I —HL Tvwb T &
M b,

1600°C 12 1) B UM I RREA TR T 5 1K
PREDFEMIL T v ¥ — DEBPLETH D, THITHAK
WEXDESKBERF O EEZLND. & 2 TIRHEBICK
LIWEDEFELANVS DA, FAIZD ALY
Y I 2D b - — KRB OE®RIL A Vv ¥ -2 BF
i LT, 70kcal/mol & BEE>THB &, 1600°Cicik
5 oA B ER RN 1 500°C TofE®D 2.5 fRIT 7L
%.
32 #BLFi#H3 S Ca0-5i0,-FeO ZDE_ITHEIL

BRH

8k & EHIC BB CaO-Si0,-FeO 2 5 &' D L IARIHH K
WEATRAGA A LDV I aAF L, VYA F Y
DEECHFETHAFAAEERTHD LET D W
212 (2) % v T CaO-FeO, FeO-Si0, 35 X v CaO-
Si0, B IUHEEGREE TR & 5. Table 3 i3

1500 °C
5&0-9;.0
l\-* DSiOrCcLO
Fe0-Si0, (\9 »g

(x1 0%cmé/sec)

40
CaO (wt %)
Fig. 10. The quasi-binary interdiffusivities of CaO-
Si0,, S10,-FeO and FeO-CaO in CaO-

Si0,-FeO slag equilibrated with iron at
1 500°C.
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Table 3. Calculated quasi-binary interdiffusivities in Ca0-8i0,-FeO slag at 1 500°C.

Concentration (wt%) i Tracer diffusivity {cm?/sec) Interdiffusivity (cm?/ sec)
: . r.frv*' - T - i T A A =
CaO | Si0, | FeO }J D Dst | Dy Deao-sio, Dsio, - reo Dreo-cao
10 0 90 7.0x10-5 | 6.0x10-5| 9.5%x10-5 | — — 9.1x10-3
20 0 80 5.1x10-5 4.3x10-5 6.9x10-5 | — — 6.4x10-3
30 0 70 3.7%10-5 3.1x10-5 5.0x10-35 ; — 4.4x%x10-5
1] 10 90 5.1x10-s8 4.3%x10-5 6.9%x10-5 | — 4.6x%10-5 —
10 10 80 5.1x10-5 4.3%x10-5 6.9x10-5 | 4.,4%10-5 4.6x10-% 6.6x10-5
20 10 70 2.0x10-5 1.7x10-5 ] 2,7x10-5 1.7%x10-5 1.8x10-5 2.6x10-5
0 20 8) 2.2x10-5 1.5x10-5i 3.0x10-5 — 1.8x10-5 —
10 20 70 2.4%10-5 1.7x10-5§ 3.,3%x10-5 2.1x10-5 2.1x10-3 3.1x10-5
20 20 60 2.3x10-5 1.7%x10-5 1 3.1x10-5 1.9%10-5 2,1x10-5 2.8%x10-5
0 30 70 1.2%x10-¢ 5.3x10-s 1.6x10-s — 8.6x10-s —_
10 30 60 1.3x10-8 6.0x10-¢ 1.8x10-5 1.1x10-5 1.0x10-5 1.7x10-5
20 30 50 1.5x10-8 7.1x10-8 2.0x10-5 1.2%x10-5 1.2x10-5 1.8x10-5
30 30 40 1.4x10-5 | 6.9x10-¢ 1.9%x10-5| 9.4%10-% 1.2x10-5 1.6x10-5
0 40 60 7.5%10-¢ 1.9x10-8 1.0x10-5s — 4.4x10-5 —_
10 410 50 7.5%x10-¢ 2.0x10-s 1.0x10-5 6.1x10-5 4.9%10-5 9.4%10-¢
20 40 40 8.1x10-8 2.3x10-s 1.1%x10-5 5.8x10-% 6.0x10-8 9.6x10-5
30 40 30 9.2x10-s 2.8x10-5 1.3%10-5s 6.0x10-¢ 8.0x10-s 1.1x10-5
40 40 20 7.5x10-¢ 2.4%10-8 1.0x10-5 4.6x10-% 7.2%x10-% 8.1x10-s
20 50 30 4.8x10-¢ | 7.9%10-7 6.5%10-5 [ 3.0x10-¢ 3.3x10-¢ 5.6x10-8
30 50 20 5.3x10-6 | 9.5%x10-7 7.2x10-8 3.0x10-¢ 4.5x10-¢ 5.8x10-8
40 50 10 4,4%x10-¢ 8.4%10-7 6.0x10-s 2.3%x10-¢ 4.6x10-¢ 4.6x10-¢
30 60 10 3.1x10-6 ! 3.3x10-7 4.2x%10-¢ 1.4x10-¢ 2.9x10-5 3.3x10-¢
40 60 0 3.3x10-s ‘ 3.7%10-7 4.5%10-¢ 1.4x10-¢ —_ —_
1500°C TR ERERER LTV 5. Fi-mdici3se
sio, AW by — Y — IR OED R L <H 5. Fig. 10
RENTHDR_TTHEIREI % CaO-Si0,-FeO #
REZCRLEDDTH 5.
1600°C TO B =TT ISR HE T 5 7idic,
FeO IRl WA RN T, T2 AV v A L8k
D br—H IR OEEL = A v —FBEIT LT
EME{E T 2 v ¥ —% 30kcal/mol L{EET 2 &, 1500
CBITHEDH 1.5 f5LBHB LN TES.
4. BOoRHBEELRBFEMOEELE
ea0Si0, RGPV VCIREE 03 3 B HAELR % BV CHIT AL %
Tleb®BHEFTOVTE LS. Ml T 57DIThk
O ERREC RE L S x ~O—RTIAE A E 2 5. ik
At DAL A 35Ca0-45510,-20A1,0, & 45Ca0-35
A 0 510,-20AL,0; L3 3. zhFh Fig. 1l 0 CEHE LD
P il -
— 1 8§ HTEDLEINTWVWS. 54 4Ly HOMEIE pES
{ —
A T7 VR F HBHTHNHID T 594 2 2E|ALT
Fig. 11. The schematic diagram of diffusion co-

mposition paths of the diffusion couples
of A and B, L and 2CaQ-Si0,, O and
CaO, F and Si0O; and 1 and AlL,O,. For
exampl, the diffusion composition path
of AC and BD line is the earlier stage
of the interdiffusion of A and AB line

is the diffusion composition path in

steady

state,

CaO & Si0, DBR_ITHEMEI: U GEREZE D &
5. FALEVYHIDT T o ¥ ARKATIETES.
-ch:JSioz: —5Cao-smz‘dCSioz/dx
£ 2T Deao-sio, EIEBIH DM C & DO FHOMM
40Ca0-40Si0,-20AL,0; (E &) 1231 @R FHv 5.
=R T NTITIRE 22033 BB 2 AV CHE RS
ZTbELHFLOVTELD. EtoMRs Thz

Y .
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h Fig. 1l i AL 2 B STEbT. ASOMAIZ 30
Ca0-458i0,-25A1,0;, B 513 50Ca0-355i10,-15A1,0,
Thd. WEOMPITITT A &L 7w T FHMEHE IR
F5. REALLIE, BNV IAELTNEZTLD ML —
Y —PEERES L Y 2D bV — Y —IRERE L DoKX
WDTTA LETINVIFOIBERERRDRKEVEE L
LREHBLTHSD. ZORHDOIA LETNVEFTDT S
v 7 AV DCaO—Alzoa FRAWTEDLES.
_JCaO=JA1203=—ECfLO-Alzog‘d'CAlgoa/dx

Z 2T Dcao-an0, DIEITA S L BADFEHOMLE &
T b 40Ca0-408i0,-20A1,0;, D FV5. PhL
PEFIRABIC /0 D LVEAERE, /24D Diffusion Path
i, BRI AR E BREZEMTRHRALDOLES. T
DREOIILIREARE Dan OB A BR G- o0H=
TEARE 580123 Dcao-sio, & Dcao-a1,0, DFEHTE
253, Wi Ca0, Si0, LI ALO;, 75 v
2203, EPEIRRRTELZLNRS.

Jecao= _bAB‘dCCnO/dx

Jsio;=—Dag-dCsio,/dx

Ja1,05= —Dan-dCa1,0,/dx
ZOX SR VCORENICRABIE LTAZ Fic X b
B> HLOBTEE, RKDOELEERSIVCR T 5~0
7oV 3 F RENEEROBIRERE 2 E»BE b 5.

5. & B

Ca0-8i0,-A1,0; A5 75 X OBk & F 3 5CaO-
SiO,-FeO F 2 3 7' 1500°C (T 35t} 5 2 AR Ak HiFE
TOREITCHEIEEE, 775 % Deao-sion bsioz—
Al1,03: Deao-reo B XU bFeO-SiOz DiEZ HF A+ D

by = — R HIELET R L. ZomFF 0
b U= — IR DB X HEE T 5 /DR R S b
LV — Y — IR R O KB EIB R A L. CaO-Si0,
-ALO; FA T IARD T A £-v Y B ITTHREILERE
L, T4 A7 FRITHEE AR O R E & TR
T5LAFEOH P HETHOS NS VEBETHS. —
77, CaO-Si0,-FeO FHAF 7B LTk b — % —1K
RO EZBEI B Uik, FBER_ouiEEIhER
BOFERER—FID D, SR CEBRICHL IR
FREOERAL L 2 HHFIERTE 2.

DAk, AR cB-MgkR7 7, "BFER5 Shofi—
TCHA VSR E VW T 2 T ZHhOiRE CiEic s o
VBIBED A # -2 5 SRk X CEEELD A 7 ST
DEIGEEZ EPMCHET 52 LMW TEDEE LR
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