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Interdiffusion in Molten Fe-C Alloy
Yoshimoto WANIBE, Shoji TAKAI
Takeshi KojiMa, and Hiroshi SAKAO
Synopsis:

The isothermal interdiffusivity was studied for molten binary Fe-C and quasi-binary Fe-C-Si alloys
at 1550°C by the diffusion couple method. The experiment was carried out by using a narrow
alumina tube as a diffusion chamber under refined argon atmosphere in an electrical resistance fur-
nace. The results can be summarized as follows;

Dc=(1+0.24T2,C]) x 10-* cm?/3(0.3~39,C)
D§i1=1.0~1.4%x10-% cm?/s(0.59C, 0~1.349,Si)
D§;=6.9%x10-5 cm?/s(0.39C, 0.49,5i)
where D] is the interdiffusion coefficient of i in the quasi-binary Fe-i-j alloy. Discussion was held

on the experimental procedure as well as the results investigated. Good agreement is concluded
between the present measurement and some reference results which have been measured by the different

method and estimated by the other suitable way.
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Schematic illustration of the furnace used
for diffusion experiment.
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Fig. 2. Concentration profile in the couple Fe-
0.39,C/Fe-0.59,C for 30 min at 1550°C.
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Fig. 3. Concentration profile on a probability
paper re-plotted from Fig. 2 to estimate ¢.

1550°C o
Fe - C(0.3~0.5%)
0.8
0.6
b /
]
04 /
I/
02 s,
0 20 40 60
t (min)

Fig. 4. Time—dependency of ¢2 for the determi-
nation of D¢ in the couple shown in
Fig. 2 & 3.
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Table 1. Chemical composition of the couples used and the diffusion coefficient obtained.

Couple Composition of couple (%) D¢ x 104 Inner diameter of diffusion
No. cm?/s chamber
€a | (Cos | @a | @sa | 7
1 0.47 0.31 0 0 1.1 5
2 0.70 1.10 0 0 1.3 5
3 1.06 1.80 0 0 1.4 4
4 1.50 2.20 0 0 1.3 5
5 1.98 2.89 0 0 1.5 4
6 2.40 3.37 0 0 1.7 5
7 2.62 3.68 0 0 1.8 4
Q-1 0.27 0.75 0.49 0.49 1.13(Dg*") 5
Q-2 0.27 0.75 1.03 1.03 1.33 (7) 5
Q-3 0.27 0.75 1.34 1.34 1.37 (7) 5
Q-1 0.29 0.51 0.81 0.81 1.0 (DEY) 5
Q-1 0.31 0.29 0 0.81 0.69(D¢;) 5
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Fig. 5. Concentration-dependency of D¢ at
1 550°C.

12)~18) | EEpEIO ~ 20 g 5\ 3R ERE I OPIES R b
Rbh3bEzATHD, Wk Fe-C  H& 0 XEFHER
FiieL b ohk 5 b3 i@ 5 %.

—%, BEOEEMEOBE  XEHBEERT ORI,
DL IBRERAYRE LTS, VB Fe-C &
SOMKIRT HEERY, MECHFETIBRROME
g (0.001~0.006%) DB L UTHY LIcims?
LB 5.

AWge o 1.8%C fHTcistt 5 NEF B E &
BEOLONE ), FRBETHLETHERRDOE
PEEIK IDLONIBAEDOL ZAFRTEIWL. 0D
RIS ORI, X beihiicBT 5 X v aEOHE
BrEL BRBELRDS.

4.2 LHEEEERES

AEBIC B\ O IREE R o e, R ofhEE
MEET5120C, EOIBFHIERELE I3,
L2 L, BEOIKEEEICE T 2EHRIL, ZoEo%EY

— 91 —



190 g% &

% 66 4 (1980) %2 =

Table 2. Diffusion coefficient of C in molten binary ferro-alloys.

Investigators Measring |y, poq @ |Temperature e T 330
Do(cm2/s) |00 (cm?/s)
Grace-Derged) C.R 1.63-Sat. | 1410-1600 | 1.6x10-2 14.0 3.3
2.53-Sat. | 1340-1505 | 3.9%10-2 16.0 4.7
Heisterkamp-Loéhberg? C-R 2.55-Sat 1350-1500 | 8.27x10-3 12.0 3.0
Lepinskikh et al® C-R 2 1400-1500 | 1.74x10-3 9.2 1.4
Mori-Nomura® Evaluation of 0.0-2.5 1350-1 600 |1.74x (14+0.52 11.3 1.8
Literature X %G ) x 10-3 (2.594,C)
K osaka-Saito® D-R (Solid Fe) | 4.15 1190-1510 | 1.76x10-2 15.0 2.8
Savelev et al.®) C-R 2.96 1430-1600 | 1.1x10-2 15.0 1.8
Goldberg-Belton? C-R & D-R | 0.0-Sat. 1560 (1.110.219C ) x 10~ (;2%0)
Ono-Ezaki® C-R 1.73-Sat. | 1350-1550 | 22(EL-T) 1 8(42.9) | 2.2(x0.3)
This work D-C 0.31-3.68 1550 (1.0040.249,C ) X 104

C-R=capillary-reservoir method, D-C=diffusion couple method

D-R=estimation from dissolution rate

FESEDL 5L CEETHS L, FEHICERGE 1D,
®D X5 skt airot.

FTFMERR L LT, eS8 EA LThHD
BRI % % Co FTEREEY A EwEE 2.5
min ¥ TORBHISELIIERE T, FREOLA L
SAVERIREES R, = DRI, RERUBFEE T
o[ UE e & AR CERIEORR® L —& LT
%.
NEF, RAD I hE, BB oBRReYRET
g, zheho REG o35 o2 07w
s MIEHcD. Fig. 4 T—Hlxm LIk, F0
Wi & DY R, INBIE R FRSEECERBE LT D
BB ISR w3 % ¥ TORRM (R#NT o
PR LT~ A+ AHHIE) > 7o O O IR L 25
ElR it = 2 BES 7o LS 3 080 HE (75 =
IE) wRa UIcihBBAsR R 2R L 5. KERT
1, o OBEEE oW, —2.5min 238 +1.5min
OB LTE Y, FHit —1.0min THO7.

PlEn=20MRB X b, BERNR L ORERCEARR
EREETVHIDEEZZ IS,

SHRIBBEONRE 4mm L Smm %2 C, LD
B L SERLHEAET LTARLD, BRI EAEER
Tehyot-. (Table 1)

4-3 HEWEEOLLE
BEF Creilifs Sh T\ 53k Fe-C R ToMAEIRE

1550°C ' |

© Grace & Derge(C-R)

I A Heisterkamp & Lohberg(C-R)
@ Kosaka & Saito(D-R) i

4 L. O Ono & Ezaki(C~R)

¥ Savelevet al.(C-R)

| Lepinskikh etal.(C-R)

L | |

— — Darken's Equation |

- —-— Goldberg & Belton

(C-Rr,D-R) | °
—&— The present work (D-C)

24

w

1

L ==

JLL‘%”¥?/”/

Dex 10° (cm?/sec)

N

N
%
\
\
\
]

[*.C]

Fig. 6. Illustration of Table 2 for the comparison.
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Table 3. Diffusion coefficient of Si in molten binary ferro-alloys.

: Dgi(cm?/s) Dg; X 104
Investigators Measuring |yt pet i Ten(lpg;t“re > at 1550°G
d Do(cmz/s) |Q (kcal/ mol) | (cm2/s)
] 9 50_9 79 1575_1 680 E Ovw10-4 | 10 9
Saito Ct a1.40) D_C s e IT T H U A I 1 Uuv JsU A 1V | 1V .. 4 0'3
0-30 at9p 1 600 D increases with 9;,Si
Calderon et al.4» D-C 0-4.4 5.1x10-4 9.15 0.41
8.0-17.0 1550-1725 2.1x10-3 13.20 0.55
17.0-23.0 2.8x10-3 11.90 1.05
Majdic et al.4? D-C 1.0 1 500-1 690 1.4x10-2 23.7 0.20
This work D-C 0.0-0.81 1550 0.69(D%;)
D-C=diffusion couple method
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Do=(1+0.24 [%C]) x 10~ cm?/s (0~3%C)
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Nsi

Fig. 9. Effect of silicon content on D§! in Fe-
0.59%C-Si quasi-binary alloy at 1 550°C.
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