-

. . SANG=T77-0172 7¢C
: Co~—fh- T oW RT--3

\‘\@% . A Stuly of Precipitation mnumm in Aluninum Alloys

by Positron Annihilation*

W. R. Wampler and W, B. Gauster
Sandia laboratories,** Albuquerque, NV 87185, U.S.A.

In order to aseess the eensitivity of positron snnihilation (PA)
to precipitation phenomena, the Doppler broadened PA lineshepe
was nonitored as a function of isochronal annealing steps on a
series of quenched aluminum alloys. A study of the Al-Cu system,
including both PA and trensmission electron microscopy, provided
new information on the role of vacancies In the formation cf
Guinler-Preston zones and led to the conclusion that incoherent
vrecipitate-matrix interfaces can provide efficlent trapping sites
for positrons. Further PA measurements on AlMgz Si end AlSi semples
showed that the lineshape paremeter chenges “coificided with micro-
structural changes during ennealing deduced Irom other technliques

end indicated that PA provides a sensitive monitor of these
phenomena.

‘Earlier work has shown that positron annihilation {PA) responds to
precipitation of solute atems from solid solution [1]. In order to deter-
mins vhaet changes in the alloy mlicrostructure are sensed by PA, we under-
took first a systematic study of AlCu by doth FA and transmission electron
microscopy (TEM). AlCu was chosen beequsoe 1t is the elassieal systom in
which Guinier-Preston (GP) zones form, and for which the evolution of tue
microstructure has been well documented {2]. Purther PA messuremenis were
done on Al¥g,Si, another system in which GP zones are.thought to form but
which is les§ well understocd {3,4]; and on AlSI, in which incoherent
precipitates are formed directly without f£irst forming GP zones [3].

Measuremenis of the Dopplaer droadened PA lineshape for the samples were
made auring isochronel annealing sequences. The apperatus and experimental
procedure are described in detall in reference [5]. The alloy samples were
first annealed at B23 X in the solid solution region of 4he vhase diagrem
and then rapidly quenched to 200 K, where vacancles in Al are not mobile.
A1l Doppler broadening measuremente were made at 85 K following annealing
steps of 30 mlnute holding times at each temperature. Data were analyzed
in terms of a lineshape perameter S, which is celeulated by dividing the
number of counts in a central region of the annihilation line, correspond-
ing to about one third of FWHM, by the total counts in the line.

Figure 1 shows 4the variation in S.parameter with annealing temperature
for pure Al quenched from 773 K and three AlCu alloy samples of different
Cu content quenched frem 823 K,

The main features of the curve for pure Al are the initial rise just
above 200 X, where the vacancies become mobile and form small clusters,
followed by a drop to a lower level due Lo the coersening of the clustere
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The experimental results for
the AlCu semples are dlscussed.in
. detell elsewhere [6]. The main
features are the drop occurring
between 250 and 300 X, the
.decreasing value of S parameter
with increasing Cu eoncentration :
in the temperature range 300-400 K, -
. and the dip in the value of S '
betwesn 530 and 650 K for the 2
and 4 w6.% samplea, We note that ok
S 1s lower for annealed Cu then ,
for Al {28.1 compared %o 33.5 for
Al [6] ), so that & drop in S below 1
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400 X range ere therefore due to Fig. 1 PA lineshape paxeneter s &
the enninilation of positrons at - f‘mz‘l’;" gg me&lﬂs tzm-
Cu rich regions of the lattice. g;;:.e Ai ca zlll):r: B

In the case of the AlCu 0.5 wt.% & Y.

elloy we conelude thot the Cu concentration 1s enhanced near the high den=
slty of dislocstion loops that were observed by TEM. Thls 4s reasonable
since substitutional Cu etoms are undersized in the Al lattice [7] and
would therefore be attracted %o the compressed ereas of the lattice arouwnd
the dislocation loops. The low value of S between 300-400 X for the 2 and
Y wb,% elloy suggests that here the positrons are being trepped at vacan-
ecles essoclated with the GP zones which begln to form at room temperature.
This supports & recently proposed model for GP zones in AlCu based on
extended x-ray sbsorption line structure measurements [ 8] , which postu-
lates a high density of vacancles in the Al matrix immediately next to the
GP zones in order to accommodate lattlce paremeter differences.

The abrupt decresse in S perameter hetwsen 450 K and 500 X for the
AlCu 2 end 4 wt.% samples occurs at the temperature vhere the echerent e"
precipltate phase converts to the partlally ccherent ©' phase as anown by
TEY [2,6]., When this occurs, misfit dislocations are formed at the edgoes
of the disc shaped precipitates. The low value of the S paraneter here
again indicates annihilation of, the positrons near Cu atoms in the lettice,
We conclude that the positrons are being trapped at the mlaZli dislocations
of the inecherent precipitate bounderies. Amneeling at highor temperatures
- produces further coarsening of the precipitates wntll evenitunlly they are

80 far apart that the positrons swmmple mainly precipitate~frco rogions of
the latiice and the S parameter rdoes to a valuc closo to that for annonled
Al. :

A similsr anneallng study wes made using Al¥g,83 sumples with a com-
position of 1.0 wt.% Mg end 0,58 wh.% 81, corresponding to on atomic ¥avlo
of 2 lig atoms per 5i atom. TFigure 2 shows the 5 parameter as & funetion
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axrdening 6121:1:0 alloy is bolieved to be due to the formation of the GP
zones and since hardening has bheen oboerved to occur already at room teme
perature {10}, 4t *s reasonshle to essoclate the rise in the S paremeter
at 300 X with the initlel formation of these zones. It should be noted
that tha value of § 4in the platecu region of the curve where Al zonen are
presont 2o high Tor the AWME,Si alloy whereas it was low for the AlCe
alloy. In both cases the posiirons are sempling Impurity rich regions in
the lattice but the different electronie structures of the impurity ele-

ments give rise to the different effect on the value of S for these two
alloys.

The first 4rop. in the S perasmeter occurs near the temperature where

the rod shaped f' phase precipitates have veen seen to form and the final
. drop correlates with the formation of the lerge incoherent §-phase plate-
lets {4,9]. Again, the final return %o the velue for amnealed pure Al is

probably due to the sampling by the positrons of mainly the precipitate-
free reglons between the lerpge platelets.

We have slso studled precipitation in an AlSY slloy semple. Thls sys=
tem 4s different from the previous alloys in that no GP zones have bheén
observed {111, The prectpitate phese 1 pure Si with = dlemond cubic
crystael structure. Previously reported studies of precipitatlon in this
system {11, 12, 23] indicate that post-quench annealing at bemperatuves
between 270 X and 340 K results in formetion of clusters of vacencies and
81 atoms too small to be resolved by TEM, but which act as nuclel for
growth of Si preciplietes at higher temperatures. These small elusters
. were found to nucledse only at temperatures below sbout 340 K in ALSL

1.2 wt.% semples [11], suggesting that they are unsteble at higher temperae .
" tures, Resldunl resisti;vity measurements showed thet precipltetion of the
54 occurs around 450 K [14) and annealing at 473 X resulta in the growth

of the 51 precipltates to e olze largs encugh to he whnoxved by TEM (151«

Tnla plcture 18 consistent with the results obtalned from our PA men-
surements on the Al8i 1.0 a%.% alloy shown in Flgure 3. The 5 paramater
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of vacancles and Si atams. Thls
occurs at a higher temperature
than the drop in S parameder
assoclated with the dissolubtion
of small vacency clusters in pure
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growing we observe an increase in

the value of 9, Tha return to the  Fig. 3 PA lineshape parameter es
value of S for annealed Al at . e function of annealing |
higher temperatures occurs when temperature for the AlSi
the precipitates have become so sample.

large that the positrons sample

mainly the preeipitete free

regions of the material.

In summary, we have shown that chenges in the PA lineshape parameter
observed during ammealing of three different types of Al elloys cen be
coyrelated with mierostructural changes determined by other techunlques.
The PA measurements on the AlCu syaiem, which were more comprehensive

%han the work on the other alloys, provide new evidence for the role of
vacancles in the preciplintion process..
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