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Knudsen Cell-Mass Spectrometric Study of the Thermodynamics
of the Iron-Aluminum Alloys

Eiji IcHISE, Takashi YAamaucHI, and Toshisada MORI

Synopsis:
Activity coefficients of Al and Fe in Al-Fe alloys were measured in the temperature range from 1 400 to
1 600°C by the use of knudsen cell mass spectrometer.
Activity curves through the whole composition range were shown for 1 400 °C.
At higher temperatures, measurements with alloys of high aluminum concentrations and at lower temper-
atures, measurements with alloys of low aluminum concentrations could not be performed because of experi-
mental difficulties.
It was confirmed that the activity coefficient of Al followed Darken’s quadratic formalism in the tem-
perature and composition ranges investigated.
From the temperatuer dependence of the value im In(ff, Npo/I¥.Npy), the temperature dependence of
In r9, was determined. By combining the equations of temperature dependences of In y2, and afea., the
following equations were derived for the activity coefficient of Al in Al-Fe alloys.
Inya;=-—(2880/T+1.95) (1 —Na;)2—5770/T+3.51

for solid alloys with N,1<<0.33
Inya;=—(5060/T+0.50) (1 —N,,)z2—3490/7+2.05

for liquid alloy with N,;<<0.17.

The temperature dependence of the interaction parameter (4"’ can be given by

e =5760/T+3.9

for solid alloy and
e®'=10100/T+1.0

for liquid alloy.

From these equations values for 74, and ' at 1 600°C are calculated as follows:

73:=0.049 and ¢4 =+6.4.

Temperature dependences of r¢. and &§.’’ are also derived as:

Inye.(S)=3140/T—-5.79
Inys,(1)=440/T7—-4.30

and ¢4 =2280/7T+6.93

From these equations, values for 7%, and ¥’ at 1600°C are calculated as follows:
7%.(1)=0.017 and ¥ =+8.2

From the temperature dependence of In 73,, the limiting molar heat of mixing of Al in Al-Fe
alloy at the infinite dilution of Al was calculated to be —17 000 cal.

The obtained values were compared with the results of the previous investigatons.
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Fig. 1. Knudsen cell and cell holder.
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Fig. 2. Change in the correcting value with the
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Fig. 3. Effect of the chamber voltage on the ion
ratio.
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Frg 4, Experimental results for the Fe-Al alloys.
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Fig. 5. Solidus and liquidus of the Fe-Al ailoy.
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Table 1. Activity coefficients and activities in Fe-Al alloy at 1400°C.
N rar(h) an (1) aar(s) 7re(s) Qre(s) are(l)
0.060 0.0627 0.000 0.000 1.000 1.000 0.923
0.100 0.055 0.005 0.003 0.964 0.868 0.801
0.200 0.103 0.021 0.013 0.861 0.689 0.636
0.300 0.180 0.054 0.033 0.716 0.501 0.462
0.368 0.252 0.093 0.056 0.605 0.382 0.353
0.406 0.229 0.093 0.056 0.644 0.382 0.353
0.500 0.352 0.176 0.106 0.451 0.226 0.209
0.600 0.513 0.308 0.185 0.284 0.114 0.105
0.700 0.687 0.481 0.290 0.165 0.050 0.046
0.800 0.845 0.676 0.407 0.088 0.018 0.017
0.900 0.959 0.863 0.520 0.043 0.004 0.004
1.000 1.000 1.000 0.602 0.020 0.000 0.000
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Table 2. Values for 73, and ¢&" at 1600°C.

Investigators 7% eAh
CHou and ErLioTT 0.043 —
CHipMAN and FLoripIs 0.031 + 6.0
WiLper and ErLvioTrT 0.063 + 5.3
WoorLLey and ELvioTT 0.061 + 5.6
BeLToN and FRUEHAN 0.024 +10.2
This study 0.049 + 6.4
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