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The addition of small amounts of Ca, In and Sn to the Al-Cu alloys-
is knownl to strongly influence the aging process.’ The formation of ei_
is favored at the expense of 8", Io the pteseot:study a series of Al-
4Cu alloys'ﬁith and without soditions of Cd, In and Sn,'end a eommetcial
2021 Al alloy containing 6. 34 Cu, .0.15.Cd and O. 05 Sn were 1nvest1gated
by transm1851on electron microscopy and dlffraction. The ternary alloys
had eithet 0.122 Cd or 0.05% Sn or ln.

The structures obtained after aging.for 24 hours at 163°'are shown

"in fig. 1. The 2021 Al alloy shows particles of ~'500A dlameter w1th

large strain fields [Fig. l(a)] The ternarv Al 4Cu-0 05 Sn alloy also
showed [Fig 1(b)] similar §' particles, but of slightly larger diameter
(-~ 770A), ‘after identical aging treatment. On the other hand the binary
A1—4éu alloy”contained mixtures of eﬁ (average dia. ~.33OA) and G'V[Fig. 1
(c)] after the same aging treatﬁent. The size ahd distributioﬁ of the

8’ precipitates in 2021 Al-alloy appear to be similar to the 8" in the
binary,-and their strain fields are also very_similar.v ThiSVSuggests‘
that the B’ particles in 2021-A1 alloy and also in the.ternary alloys

are probably.coherent at this agingztemperatore. Coherency could be
maintained in 6' by Cd, In or Sn atoms segregating at the interface.

This possibility is-iﬁ accord with the diffraction pattern. (fig. 2).

The presence of {100} {300}! etec., ©' spots (including spots at x fig. 2b)
could be explained if some of the O, l/2 1/4 or 1/2, 0, 3/4 sites in Q'-

structute [the unoccupied sites," ref. (2)] are occupied by Cd, In or
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Sn atoms., To maintain coherency it may be that more of such sites

near the 6'-matrix interfaces will be filled than in the. interior o ’

=

and so it may not be necessary to assume a different intéfface structure
(as in ref. 1). An alternative interpretation of the pattern (fig. 2)
involves -double diffraction, although dark fiéld’analysis of possible
double diffraciton spots has.béen inconclusive, so we'prefer the above
explanation.

A comparison of the sizes of 6' particleé in the various alloys
shows that théyvare much smaller in the 2021;A1 alloy compared to the
other ternary alloys. This suggests that.the growth rate of 8' in 2021—A1
alloy containing maximuﬁ supersaturation of Cu énd also Cd and Sn is
the slowest. This can be explained if one 5s§ﬁmés that in the alloys
containihg trace elements, the growth of the érecipitate is controlled
by the movement of.Cu—Qacancy—Cd (or In or:Sn)rclusters to it, as
suggested by Noble.> 1In the 2021-A1 alloy the clusters may be of Cu-
Vac;Cd~Sn,>which may be larger in size compared to the clusters in the
ternaty;. Thus,bthe larger cluster size may be résponsible‘for*the
smalier particle diameter in 2021-Al1 alloy compared to other ternary
allo&é.

In all the alloys containing trace elements 6' precipitates are

-uniformly distributed [figs. 1(a) and (b)] and no nucleation on dislo-

r

e

cations is observed. In binary Al-Cu alloys heterogeneous nucleation

“>

of 8' on dislocations is well known. The presence of Cd, In or Sn
atoms at the interface of 6' may reduce its surface energv and hence
favor homogeneous nucleation even at lower temperatures.

Fig. 3 shows the presence of both 6' and 6" precipitates in the
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Al—4Cu—0.05‘In'alloy after aging'féerAJhours aﬁ 163°C., - The 6 precipitates
are much bigger than the 6" as clearly seen in dérk field. Fof the sémébb
aging tféatment the Al—ACp—0,0S Sn alloy.does not show any 6" and only 6'
is seen [fig;ll(b)].T“This méy;be due to a gfeatérbbinding energy between
vacancy and-Sn atoms than with In atoms.
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Figure 1.

Figure 2.

‘Figure 3.
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FIGURE CAPTIONS

(a) Dark field micrograph of matrix reflection in 2021-A1 -

alloy, 6' only.

- (b) Bright field micrdgraph of Al-4Cu-0.05 Sn>allby, ®' only.

(c) Brigﬁt field.micrograph of Al-4Cu alloy showing.both 8"
and -6' (marked by arrow)_precipitates;

All were aged for 24 hours at 163°C.

(a) Selected area diffraction pattern from an area similar to o

Figure 1(a) but éged for 12 hours. at 19090. The c/a ratio

for the 6' precipitates is ~ 1.5.

‘ (b) Explanation of the pattern in (a).

' (a) Al-4Cu-0.05 In alloy aged for 24 hours at 163°C showing

both 6' and 6" precipitates.

(b) Selected area diffraction pattern of (a). The reflections

due to 6' and 6" are indistinguishable.

‘(c) Dark field of the streak [encirciéd area - in (b)], showing

mainly 6' precipitates. The 6" precipitates reverse contrast

faintly.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to-the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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