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DIRECT DETECTION OF INHOMOGENEOUS SHORT-RANGE ORDER
IN THE Al-Cu (0.5 at.%) ALLOY

V. M. Silonov, B. T. Bokebaev, and E. V. Evlyukhina

It has been saown by the technique of X-ray diffuse scattering that in the Al-
Cu (0.5 at.%) alloy immediately after its preparation there is inhomogeneous
short-range order. :

INTRODUCTION

The Al-Cu alloys zre characterized by a rather narrow range of solid solutions: the copper concentration
attains a value of about 2 at.% at 800°C and then decreases sharply with decreasing copper content [1, 2.
The structure and properties of the Al-Cu precipitation-hardening alloys were studied in [3-9]. It was
found that, in addition to the © phase, there also occur Guinier~Preston phases. In [3], when interpreting
changes in the electroconductivity in the Al-Cu alloys, clusters with short-range order were assumed to
exist. However, no dircet evidence for the short-range order in the Al-Cu solid solutions had been found
earlier [2, 8-11]. Moreover, it was thought until recently [6, 10, 12] that short-range ordering in such systems
cannot be detected by J-ray analysis.

This work is focus:d on the detection of short-range order in diluted Al-Cu solid solutions.

EXPERIMENTAL -

The Al-Cu (0.5 at.%) alloy was prepared from pure raw materials in a corundum crucible of a resistor
furnace under a KCI-NaCl flux with subsequent cooling of the crucible (together with the furnace) down to
room temperature. A cylindrical sample cut out from an ingot was then ground and polished until glittering.
The alloy was annealed in a vacuum oven. The intensity of X-ray diffuse scattering (the Fel(, radiation)
was measured with a difractometer of scintillation counting. The measured data of diffuse X-ray scattering
was converted to the electron units using the procedure described in [11].

The Cowley parameters of short-range order (a;) were obtained on a BESM-6 computer by the least-
squares technique using the following expressions:
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where J(g;) are the experimentally obtained intensities of X-ray scattering; ¢; = 4nsinf/A (X is the wave-
length of the X-ray radiation, @ is the angle of scattering); n is the number of atoms in a unit cell; ¢4 and
cp are the atomic concentrations of the components; f4 and fg are the atomic factors of X-ray scattering;
C: is the coordination number for the ith coordination sphere; R; are the radii of coordination spheres; i
are the numbers of coordination spheres; j are the numbers of points in the diffraction pattern; Li; and @y
are, respectively, the modulating functions of the linear and quadratic size effects averaged over a sphere of
radius ¢. These functions depend on the alloy parameters as follows:
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where J; is the intensity of the Laue scattering; v is the volume of the unit cell; 8v/8c is the derivative of
the volume v with respect to the concentration ¢; (.. )g.f denctes averaging over the angles ¢ and 7 at fixed
values of q, 7, and j; Q is the scattering vector reduced to the first Brillouin band; Aq is the proportionality
factor hetween the Fourier amplitudes of the waves of statistical displacements Ug and concentration waves
Cq: Ugq = AqCq; and R, is the radius vector of the mth atom.

The tabies of averaged values {...)", from [13] were used in the calculations. The elastic constants for
the Al-Cu (0.5 at.%)} alloys were taken equal to those of pure aluminum; their ratios cy2/c1: and cq4/c1: are
required to calculate the averaged values (...)J, [13].

RESULTS AND DISCUSSION

The experimentally measured intensities of X-ray diffuse scattering for the Al—Cu (0.5 at.%) alicy just
after its preparation are presented in Fig. 1. A strong diffuse maximum typical of short-range order is seen
in the region of 28 scattering angles of 14-38°. The calculations of the short-range order parameters from
the X-ray scattering values shown in Fig. 1, carried out under the assumption that the copper content in
the alloy was 0.5 at.% (as weighed), gave no satisfactory results. This led us to a suggestion that the Al-Cu
(0.5 at.%) alloy just after its preparation is in an inhomogeneous state, so that there are regions enriched in
copper up to C == 3 at.% which are surrounded with a matrix depleted of copper.
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Fig. 1

Intensity of X-ray diffuse scattering (in electron units) by the Al-Cu (0.5 at.%) alloy versus
angle 28. The experimental data are indicated by open circles. The solid curve represents
calculated data. Curves 1, 2, and 3 are the Laue scattering curves calculated for copper
contents of 3, 2, and 0.5 at. %, respectively.

Figure 1 also gives calculated curves of the intensity of the Lane scattering for the copper contents 0.5,
2, and 3 at.%. The measured intensities at angles 20 = 12-38° are seen to fit better to the Laue scattering
curve calculated for the copper content 3 at.%. It implies that the observed intensity distribution from the
Al-Cu (0.5 at.%) alloy is related to the scattering by regions enriched in copper atoms (¢ =~ 3 at.%). For
this reason, the parameters of the short-range order were calculated for the compositions 0.5, 2, and 3 at. %
Cu. It was found that in all the cases the sign of the short-range order parameter in the first coordination
sphere (a;) was negative. For the composition ¢ = 3 at.% Cu, the calculated value of ey was —0.06. It
corresponds to the existence of 1nhomogeneous short-range order in the Al-Cu (0.5 at.%) alloy with unlike
atoms as predominant neighbors.

Further measurements of the X-ray scattering intensity for the Al-Cu (0.5 at.%) alloy were carried
out after six-month ageing of the sample at room temperature. The data obtained for angles 26 = 10-40°
are presented in Fig. 2. The blurred diffuse maximum caused by the inhomogeneous short-range order is
seen to disappear after the ageing, and instead a much more narrow intensity maximum appeared in the
range of angles 28 = 10-15°. It is also seen that the scattering intensity diminishes in the range of angles
2¢ = 18-38°. A maximum of intensity similar to that observed at the angles 10-15° was earlier found in [9]} in
the diffraction patterns of ageing Al-Ag alloys. It was related to the formation of Guinier-Preston bands I.
Apparently, the marked changes in the scattering intensity observed after the ageing are also related to the
formation of Guinier-Preston bands I in the Al-Cu (0.5 at.%) alloy. The appearance of Guinier-Preston
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Fig. 2

Intensity of X-ray scattering by the Al-Cu (0.5 at.%) alloy versus the angle 26: (1) just after -
the alloy preparation; (2) after six-month ageing; (3} after additional annealing at 550°C
for two hours.

bands I also resulted in the disappearance of copper-rich regions with the inhomogeneous short-range order,
which manifested itself in the disappearance of the diffuse maximum.

The results of inter sity measurements carried out after subsequent (after the ageing) annealing at 550°C
are also given in Fig. 2 The annealing resulted in a further decrease in the maximum intensity at angles
26 = 10-15°. This decrease is caused by a partial desorption of the regions containing the Guinier—Preston
bands I.

The presence of inhomogeneous short-range order in the Al-Cu (0.5 at.%) alloy established in this work
is in line with the data on the activity coefficient [14]. According to [15], the activity coefficients v, are
related to the paramete: of short-range order «; by the following expression:

lnya = Slin (1 + C—B—cn), (6)
2 [}

The estimates obtained by Eq. (6) showed that for the Al-Cu solid solutions & is negative. This finding is
in qualitative agreement. with our results. However, the application of the X-ray diffuse scattering method
also revealed that ageing of the alloy at room temperature brings about a transformation of the short-range
order into Guinier-Presion bands.

CONCLUSIONS

In freshly prepared Al~Cu solid solutions, there exists the inhomogeneous short-range order in the
arrangement of the constituent atoms. Ageing at room temperature results in dramatic changes in the
intensity of X-ray diffuse scattering: the diffuse maximum attributed to the short-range order disappears
and a scattering pattern specific 1o the Guinier-Preston bands I appears.
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