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ABSTRACT

Corrected Nordheim's law has been applied to Al-Mg, Al-Cu and Al-Zn solid solution avoiding
the effect of G.P. zone or cluster by appropriate reversion treatment. Obtained resistivity increase per
unit concentration of cach solutc Ap has been employed to correct the effect of deviation from Matthi-
essen's rule (DMR) on previously proposed relation between resistance ratio and resistivity.  Scat-
tering of previously reported Ap values is discussed on the view point of effects of the second order
term of concentration according to Nordheim's law and of the DMR as dependence of the Ap on
temperature.
keywords: Al solid solution, resistivity, concentration effect, temperature effect, resistance ratio.

I. BACKGROUND, MOTIVATION AND AIMS
J.O.Linde corrected the well-known Nordheim's law to fit high concentration solid solutions
consisted of noble metal-multivalent metal, for example Cu-Zn, Ag-Al, etc. [1], as:

pSSp= PPURE,+ ApXn X (1 -V X) (1),

where pPURE, is the resistivity of ideally pure solvent metal at T, Ap¥ is contribution to resistivity
per unit atomic fraction X of a solute and v is a non-dimensional constant. Later, Komatsu ct al
independently found that the correction can be applied to Mg-0 to 9at. (9.7mass)%Al solid solutions
[2].

The eq. (1) can be approximated in dilute solid solutions as

PSS, = PPURE, 4 ApX, X
or  pPSSy=pPURE.+ Ap,, (C/at.% or mass%) (2).

It has been proposed by Komatsu ct al. [3, 4] that the relation between resistivity at 77K, p35;,,
and resistivity ratio, R= P,/ p;; can be written as:

pSS5;= (PPURE M pPURE, ) /(R- ) ),

where 1 is ratio of Ap at 300K and 77K, Ap,;y/Ap,5, which deviates from unity when deviation
from Matthiessen's Rule (DMR) exists. ~ Komatsu ct al. [3, 4] have determined cmpirically the
cq. (3) for many dilute solid solutions and utilized to detect or to average the error in size factor
mecasurement, for example in Al-Mn system having the most negative DMR [5]. However, in solid
solutions containing more than 1 at% solute (or X >0.01), eq.(1) means that the Apy; decreases with
increasing solute concentration.  Therefore, determination of the ApX is necessary, especially in the
case of high concentration solid solution, to correct the effect of DMR on the relation between p4; and
R.

In aluminum based solid solution, the order of solute showing large maximum solubility will
be Zn (X =0.665), Mg (0.189), Cu (0.025), Si(0.0159) and Mn (0.0047) [6].  However, perhaps
because of small Ap, a little difference of Mg contents in specimens for chemical analysis and for
resistivity measurement and effect of impurities in dilute alloys, in Al-Mg solutions below 4at%Mg,
the negative curvature of X -p curve could not be clearly detected [7] .

In this report, the eq. (1) is applied to Al-Mg, Al-Cu and Al-Zn concentrated solid solution
alloys to determine the ApX at 300K and 77K avoiding the cffect of G.P. zone and to examine valid-
ity of the ¢q.(3).

2. EXPERIMENTAL PROCEDURE


















