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Interdiffusion in Molten Fe-C-Si and Fe-C-Mn Alloys

Synopsis:

Yoshimoto WANIBE, Norihito KAWASHIMA

Toshiharu Fujisawa, and Hiroshi SAKAO

Ternary isothermal diffusion was studied in molten Fe-C-Si and Fe-C-Mn alloy which are of
practical importance in steelmaking process. Two kinds of experimentation were carried out at
1550°C by the diffusion couple method; the first one is based on Fujita’s solution®®), the second

on Boltzmann-Matano’s solution for ternary system”. The results are summarized as follows:
1) By the method I in Fe-C-Si system (0.30~0.882,C, 0~0.779,5Si)
Doc=2.440.27, Dggij=-—0.03+£0.19, Dg;c=0.34+0.13, Dg;si=1.5+0.23,

: (X 10-4cm?/s)
2) By the method II in Fe-C-Si system (0.48~0.639,C, 0.08~0.559,Si)
Dgoc=1.14~1.86, Dcgi=0.01~0.50, Dgjc=—0.21~0.11, Dg;5;=0.33~0.97.

(X 10-4cm?/s)
3) By the method II in Fe-C-Mn system (2.96~3.229,C, 2.47~3.699,Mn)
Dec=1.03~2.58, Dcypn=—1.97~0.55, Dypc=—0.81~0.15, Dypmn=0.51~1.93.

(X 10-4cm?2/s)

Discussion shows that, due to the experimental limitation, the values measured by the method I are
‘larger than those obtained by the method II. The results also satisfy the general properties of diffu-

sion path.
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Fig. 1. Concentration profile in the couple 11/13
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Fig. 2. Time-dependency of the concentration
difference 4C; at the opposite positions
with the same distance £ away from the
interface in the couple shown in Fig. 1.
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Table 1. Chemical composition of the Fe-C-Si couples used for the method |
and the diffusion co-efficients obtained.

Diffusion couple Composition of diffusion couple (%) D x104cm?/s
A/B (Cc)a (C)e ’ (Csi)a (Csi)B Dc¢c Dgg; Ds;c Dsg;si
11/12 0.88 0.61 ' 0.27 0.77
12/13 0.61 0.30 0.77 0 2.4 —0.03 0.3 1.5
11/13 0.88 0.30 0.27 0 +0.27 | +0.19 | +0.13 | 40.23
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Table 2. Chemical composition of the Fe-C-Si ternary specimen used for the method II (A)
and the diffusion coefficients at the composition where the diffusion paths of the
couples intersect each other (B).

> A B
) . B Combination C1(%) Dx10(em?/s)
No. | C(%) | Si(%) of couples
G Si Dcc Dcgs | Dsic | Dsisi
?’ 21 0.47 0 24/25.23/27 | 0.48 0.43 1.86 0.18 |—0.13 0.97
22 0.29 0.81 24/25.22/26 | 0.50 0.55 1.51 0.39 0.04 0.70
23 0.88 0.27 23/25-21/24 | 0.54 0.08 1.27 0.01 0.11 0.57
24 0.61 0.77 22/26-23/27 | 0.57 0.40 1.69 0.50 |—0.21 0.33
¢ 25 0.30 0 22/26.21/24 | 0.57 0.40 1.36 0.12 |-0.15 0.40
26 0.82 0 23/27-21/24 | 0.57 0.40 1.64 0.07 |-0.20 0.41
27 0.15 0 23/25-22/26 | 0.63 0.17 1.14 0.18 0.02 0.48
Table 3. Chemical composition of the Fe-C-Mn
ternary specimen used for the mehtod TT
3 (A) and the diffusion coefficients at the
\ composition where the diffusion paths of
‘ the couples intersect each other (B). £
¢ (4) ba
No. C (%) Mn(%) Q’,\ o:t=10 min
o:t=20~80min
31 2.36 1.82 y
- 32 2.32 2.97 8
33 2.40 3.65
34 2.76 1.90
35 2.87 3.75
36 3.28 3.79
37 3.33 2.96
38 3.40 1.99

(B)
Fig. 5. Effect of the mixing phenomena during
> Combination Ci(%) D x10*(cm?/s) the melting and the solidification of the
1 s le on the diffusion path.

of couples G Mn | Dce | Demn | Dvnc | Dunun amp ! P

31/35.32/38) 2.69 | 2.76 | 1.88 |—~0.17/—0.27] 0.65 42 RHERE

31/35.33/38 2.74 | 3.17 | 2.17 |~0.38—0.49| 0.83 e NS .

33/37.32/35 2.79 | 3.60 | 1.63 |—0.75—0.12| 0.83 o¥w diffusion path  ORERELEFN TR

B R | 3 L o028 b5 T 5 Fe-OSi Mooy M/ iy ik
@ 31735.32/36 2.83 | 3.31 | 1.60 | 0.09 0.00[ 0.51  [Hlic X% diffusion path O%fLE 7R diffusion path
' 31/36-33/38) 2.88 | 2.88 | 1.78 |—0.55—0.29| 0.65 o . ‘o s

38/37.32/36 5,04 | 3.48 | 1.71 | -0.43—0.11 0.73  PTPWE, AREEIFHICHBIROBICH D2,

31/37.32/38| 2.95 | 2.56 | 1.70 |—0.56|—0.29| 0.65 DL 10min D O TIHERNCIL D, KL 20min

34/36.32/38| 3.01 | 2.49 | 1.87 | 0.18—0.30| 0.64

31;37-33538 301 | 265 | 1.77 |—0.99—0.24| 1.96 W ERL %2 & ERDSFRIILOTEIL LRI

34/36.33/38 3.03 | 2.61 | 2.18 | 0.02(—0.47| 0.82 = DRI EAVE U5 T, WY TE L

31/37.34/36 3.03 | 2.69 | 1.22 | 0.55|—0.01| 0.54 Dﬁﬁz‘jmébz’i Rz, A TH LI
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34/37.33/38 3.05 | 2.56 | 2.21 | 0.01|—0.36| 1.00 - A A 1 g 2

31/36.33/37 3.06 | 3.31 | 1.74 |—0.76/—0.15| 0.60 DELE - MBEFCBEANEL, T OREIERE O

34/33.33/37 3.18 | 3.19 | 1.06 ~1.s7)7 0.08| 1.55 EERTIIAELER DL, BXDHIEMNTES.

5/38.33/37| 3.19 | 3.18 | 1.15 |—1.73| 0.15/ 1.93

34/36.35/38| 3.19 | 3.22 | 1.03 |-1.84/ 0.02 1.89 43 2MAROXMEELDUHE
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Table 4. Diffusion coefficients of C, Si, and Mn in molten binary ferro-alloys.

X Investigators Wt pet X Tem;() eaai):ure Dy x104(cm?/s) at 1550°C
Grace-Derge®) 1.63-Sat. 1 410-1 600 3.3
Heisterkamp-Lsh berg 9) 2.55-Sat. 1 356-1 500 3.0
Lepinskikh et al.1® 2 1 400-1 500 1.4
Mori-Nomurall) 0.0-2.5 1 350-1 600 1.8 (2.59C)

C Kosaka-Saijto12) 4.15 1190-1510 2.8
Savelev et al® 2.96 1 430-1 600 1.8
Goldberg-Belton® 0-0-Sat. 1 560 1.8 (3.59,C)
Ono-Ezaki!® 1.73-Sat. 1 350-1 550 2.2 (+0.3)
Previous work® 0.31-3.68 1550 1.00+0.249,C
Saito et al.1® 2.59-2.78 1 575-1 680 0.3

0.0 - 4.4 0.41

S Calderon et al.1?) 8.0 -17.0 1550-1725 0.55

! 17.0-23.8 1.05
Majdic et al.1® 1.0 1 500-1 690 0.20
Previous work® 0.0 -0.81 1550 0.69 (D§))
Calderon et al.1m 0.0 -15.0 1 500-1 700 0.5

Mn Majdic et al.1® 0.0 -10.0 1550 0.45
Ono-Matsumoto!®) 0.0 -5.4 1550 0.44
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Table 5. Discussion on the Onsager's reciprocal

theorem.
Combination aD;,+bDy,
of couples aDy;+bDy; | cDyi+dD,, cD,; +dD,,
24/25.22/26 1310 951 1.38
23/25.23/27 605 880 0.69
33/37-32/35 —648 —385 1.68
33/38-32/36 —845 —680 1.24
31/36-32/38 —708 — 1340 0.53
31/36-33/38 —464 —775 0.60
33/37-32-36 —362 —391 0.93
31/37-32-38 —470 —834 0.56
31/37-33-38 —821 —720 1.14
31/36-33-38 —638 —475 1.34
1.1.-
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Fig. 7. Effect of silicon content on D' in Fe-
C-Si quasi-binary alloy at 1550°C; the
straight line is the relation estimated from
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the straight line is the relation estimated
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