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Diffusion of Iron in Some Molten Non-Ferrous Metals.
Makoto KATO and Susumu MiNowa h

. The diffusivity is an important variable in a number of metallurgical phernomena. However, until -
: recently few quantitative data have been availiable on diffusion phenomena of iron in liquid non-

ferrous metals. Therefore, we attempted to determme the diffusion coefficients of iron in molten Al, .
Zn, Sn and Mg.

The results obtained were as follows:

1) In some examinations of diffusion run in molten Zn by semi-infinite medlum, ‘the  unexpected
distributions of iron concentration in molten Zn were observed. These phenomena were considered as -

““precipitation” originating from the difference 'of specific gravity. Therefore, prior to determlmng the
- diffusion. coefficient of iron, the solublhty of it in molten Zn was measured by some methods in the
temperature range from 450°C to 700°C. The solubility measured in this work is very small compared:
with the value shown in literatures. 2 : »

2) The diffusion coefficients of i iron in 1 molten. Al, Zn, Sn and Mg were determined by Stefan and
Kawalki’s method. The diffusion coefficients determined were: v

In molten Al (700~900°C) Dpe=3°7X1073 exp(—4, OOO/RT)cm2/sec

In. molten Zn (470~900°C) Dpe=2°7X10"2 exp(—8,700/RT)

- In molten Sn-(500~900°C)  Dpe=1"9X 108 exp(—3,000/RT’)

In molten' Mg (800~900°C) ~ Dpe=1°7X 103 exp(—2, 500/RT)

3) Above results were compared with the calculated values by some reprcsentatlve equations. The
obtalned diffusion coefﬁc1ents of iron in this work agree well with the calculated values by the Li-
Chang’s equation, using Goldshmit’s ionic radius of iron for radius of diffusion molecule This result -
shows that cations of iron diffuse in molten non-ferrous metals, because the. activation energy of diffu—
sion is of the same order ‘as in the nonmetalhc solutions. (Received 21 Apr. 1965)
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D= (V-3 p)/(ng—n) -+eveeereereressenmennins (1)
D: JEEfRE (cm?/sec) »

‘Table 1. D calculated by equation (1), at 550°C.
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Table 2. Diffusion coefficient of Fe in molten AL .
Temperature Time - Fe concentration (%) k/2vDE | D.
G | (/°K) (sec) | Inmitial -~ Ay B B, - B (cm?2/sec)
700 1‘03)(10_3 7200 1°415 0°420 0°377 0°320 0°296 0+26 514X 10-¢
: B 4°135 1+881  1°321 0°651 0°258 0°47 160 7
800 093 7 7200 1°415 0} 426 0384 0325  0°283 . 0°27 480 # )
: 4°+135 1°569 1°261 0°744 0399 - 0°40 2°14 7
9OOA 0°85 # 14200 1415 0°435 0°383 0°318 0°268 . 0°28 7°60. 7
4°+135 1+890 1+288 0*612 0259 0°46 2°83 7’
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\ S ) Table 3. Diffusion coefficient of Fe in molten Zn.
T Temperature - Time . Fe concentra;tion' (%) - ‘5/21/ Dt - D
(°C) | (1/°K) | (seo) Initial A B, B Bs ' (cm?2/sec)
*¥470 |1°34X 1073 7200 | 0246 0°148  0°062 0020 07006 0°68 0°68% 1074
v %510 |1°28 # | 7200 0186 07076  0%061  0°031.  0°013 044 1v72 #
- ' *605 [1°14 7 5400 ©0°202  0°096  0°066 07028 07012 © 0048 1997 7
¥5 \egy | 3600 0181 0087  0°057 = 0°025 0008 |  0°48 301 7
700 |1°03 7 7200 | . 0°385 0°159  0+118 0067  0°038 | . 0°33 3227 7
1*842  1°150  0°563 0137 ~ 0°012 072 067 7
- ' . ’ T
‘ 800 0793 7 7200 0°385 0147  0°115  0°073 07052 027 | 502 7
. ' S o 1°842 1070  0°582 0164  0°024 - 0%66 078 7
- 900 |o*8s # | 4200 0385  0°158  0°117  0°065  0°035 031 6.02 7
» 1°842  1°060  0°582  0°175 07029 0°64 1°45 7

*: The results of ‘experience 2-1-1. \({lsin'g 5 mm § Sample)

v _ . ' Table 4. Diffusion coefficient of Fe in molten Sn.
A Temperature Time , ' Fe concentration (%) ' k/2v/Dr | D
°C) | (1/°K) (sec) ~ Initial Ay By B Bs (cm?/sec)
500 1'29}(10'3, -10800 - 07094 0°028 0°025 01022 0°019 : 0°27 3°19X 1074
: 0°143 0'0571 0044 0027 0°015 039 1*55 #
700 103 7 . 7200 01094 0°029 .. 0°026 0°021 0°018 . 0°28 4+37 7
) 0+143 0°051 0°042 0°029 0°021 - 034 3°00 #
‘900 0°85 7 4200 0°094 0032 0°027 0°020 0°015 - 032 599 #
' . 0°143 0054 - 0°043 0°038 0°018 0°36 460 4

Table 5. Diffusion coefficient of Fe in molten Mg.

~ Temperature Time Fe concentration (%) ' h/2v/ Dt D
Tecy) | /oK) | ec) | Imitial A B, By B, (cm?/sec)
800 , [0°93X 1078 72b0 0°030 0°011 0°008; 0°0074 - 0°005 Q'26 5°13X107¢
‘900 085 # 4200 O‘OFSO B 0°012 ~ 0°009¢ 0°007¢  0°005; 0*32 5°81 7
| HHE & WP D TR LB O IO~ B, SRR 7: KRR
Pz KERE 2 OBRIC VTR B Z 2 BB LA D 71 PRBORL A
NTER. —F, BABEOERD BB L D 13 SUTHERLAND DR
L C Comen-TurNsuLL OIEFHIID KETHEL TV Ds—(kT/é'fH?T) [(1+30/ﬁr)/(1+20/ﬂr)]
B, }ﬁﬁ’i’ﬂ %ghtﬁﬂﬁmﬁmﬁyﬁﬁﬁgw-ﬁ%ﬂ (3)
ThZDToZ e &85, - v : B: Coefficient of sliding factor.
StokEs-EINSTEIN (DT B bi?iﬁﬂkfiq—&ﬁﬁﬁ?ﬁﬁOD@"\D@@{vﬁﬁf el
DS——E':kT/ 6 71-777/...................-...-.........(2) %@%ﬁ>it‘: Z)i%%p‘i ﬂ_go’ *ﬂ.‘?‘%ﬁﬁi({i%b\/\fy%fb
k: ®wv= 8K ik =0 LR T EHFTED. L3> T(3)RTK
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Table 6. Viscosities of molten Al,15 Zni4bd and Sn.1% _

* Temperature (°C) 662 700| 768 833
Viscosity of Al (C.P.) 1°379; 1°286| 1175 1°058

Temperature (°C) 450, 500, 600 700
Viscosity of Zn (C.P.) 3°17) 2°78| 2°24) 1-88

- Temperature (°C) 465 523 584 704
Viscosity of Sn (C.P.) | 1°244] 1°146] 1°078| 0969

Dpo=1"9% 10-3 exp(—3,000/RT)
Fe=0"094%
Drpe=3"8X 10-3exp(—5,000/RT) Fe=0°143%

. in molten Mg(800~900°C):

Dpe=1°7%10"3exp(—2,500/RT) Fe=0°030%
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