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The reconstruction of the precipitati on structure after solution treat-
ment has been in vesti gated by positron annihi lation spectroscopy . I n this
study the behaviour of samples ta ken from an aircraf t \A irbus 300", being
in operation for 18 years, is compared to a ref erence material supplied by
A lcoa. The results of position annihil ati on spectroscopy show that there are
no signi Ùcant di˜erences in b oth materials. This Ùnding is in agreement w ith
the results obtained from other metho ds w ithin the scope of the general re-
search program w hich points to a materials behaviour as predicted for a safe
operation of this typ e of aircraf t.

PACS numb ers: 78.70.Bj

1. I n t rod uct io n

T hese investi gati ons are part of a larger program establ ished by Ai rbus In -
dustri es to characteri ze the aging behavi our of the al loy Al -2024 used in the fab-
ri cati on of the aircra ft \ Ai rbus" . The chemical com positi on of thi s al loy is given
in T able.

Positro n anni hi lati on spectroscopy (PA S) is a metho d whi ch is sensiti ve to
defects in a m icroscopi c and ato mic scale. Positro ns may be tra pped by vacanci es,
vo ids, dislocati ons, semicoherent and incoherent parti cl es, and coherent preci pi -
ta tes such as Gui nier{ Presto n zones (G PZ). Theref ore duri ng the last years the
positro n m etho d has turned out to be a potenti a l to ol for studyi ng decompositi on
phenom ena in al loys, especially in Al [1{ 3].

The f orm ati on of the GPZ al ready occurs at (or near to ) room tem perature.
D uri ng aging m etastable phasesare form ed and then disapp ear or are tra nsform ed
into more stabl epreci pi ta tes whi ch are ful ly incoherent to the m atri x. The sequence
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T A BLE

C hemical comp ositi on of A l- 2024.

Cu Mg Mn Si Fe

wt % at% wt% at% wt% at% wt% at% wt% at%

4.4 1.92 1.5 1.66 0.7 0.345 0.5 0.48 0.5 0.24

of stages in the decom positi on pro cess depends on the com positi on of the al loy,
the quenchi ng condi ti ons, the aging tem perature and the ti me [4].

In thi s work the positro n data for the 8 5 £ C aging af ter soluti on trea tm ent
of a reference m ateri al suppl ied by Al coa (nam ed FT) and sampl es ta ken from an
ai rcra ft \ Ai rbus 300" , being in operati on for 18 years (nam ed T), are presented
and discussed.

2. E x per i m en t a l

The sampl esfor the PAS were prepa red by cutti ng of 8 È 8 mm pi ecesfrom the
correspondi ng sheet. The sam ple-source-sam ple-sandwi ch was Ùxed in a positi on
tha t positro n l i feti me and S param eter were m easured at the sam e ti m e. The
parameters of the devi ce are publ ished elsewhere [5]. To study the reconstruc ti on of
the preci pi ta ti on structure after the soluti on trea tm ent (4 9 5 £ C / 20 min/quenchi ng
in water) the sam ples were aged at 8 5 £ C and the positro n anni hi lati on data were
m easured at room temperature in the fol lowing sequence:

0 =1 =2 = 4 =8 =16 =3 2=6 4 =1 2 8 =2 5 6 =5 1 2 =1 0 0 0 h:

For the Ùtti ng of the ti m espectra an up dated version of the wel l -known POSIT RON-
FIT EXTEND ED program package [6] was used.

The l ine-shape parameter S i s a m easure of anni hi lati ons of positro ns wi th
conducti on or valence electrons. For the calcul ati on a smal l porti on in the centre
of the m easured D oppl er-bro adened 511 keV spectrum is di vi ded by the to ta l area
of the spectrum .

The wi ng param eter W i s the sum of two segments on either side of the peak
and theref ore associated wi th core electrons alone. The relati ve S param eter S r e l

i s calculated by

S re l = S n =S re f ;

wi th S n as value for the current measurement and S re f for the S param eter of a
ref erence m ateri al of well annealed defect-f ree pure Al .

3 . R esul t s an d d iscu ssio n

In Fi g. 1 the resul ts of positro n l i feti m e (a) and S param eter m easurem ents
(b) for the 8 5 £ C aging after soluti on trea tm ent are presented. The positro n an-
ni hi lati on data reÛect the reconstruc ti on of the preci pi ta ti on structure after the
soluti on trea tm ent duri ng the 8 5 £ C aging. The interpreta ti on of PAS results in
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Fig. 1. Mean p ositron lif etime (a) and S parameter (b) for the 85£ C aging af ter solutio n
treatment of a ref erence material (FT ) and a sample taken from an aircraf t (T ).

term s of the reconstructi on of the precipi ta ti on structure after soluti on trea tm ent
needs, however, support from previ ous kno wl edge, for exam ple from various m i-
cro scopies or smal l-angle X- ray scatteri ng (SAXS).

From the results of such inv estigati ons i t is kno wn tha t preci pi ta ti on in
Al -2024 after soluti on trea tm ent occurs vi a a series of meta stabl eAl { Cu phases[7].

The form atio n and growth of such preci pi ta tes resul ts in the decrease in the
m ean positro n l i feti m e and S param eter (Fi g. 1a, b) for both materi als duri ng the
8 5 £ C aging af ter the soluti on trea tm ent. T o get inf orm ati on whether onl y one or
several typ es of defects are responsible for the positro n tra ppi ng, for both materi als
the W param eter wa s calculated and used in the S ( W ) plot (Fi g. 2a,b).

Based on the tra ppi ng m odel , the analysis of the 511 keV radi ati on l ine shape
leads to a defect-speciÙc parameter R [8{ 10]. Cha nges of a parameter S ( W ) in a
series of m easurements can be caused either by the typ e or by the concentra ti on
of the defect. The characteri sti c R param eter is deÙned by

R = ( S i À S 1 ) = ( W i À W 1 ) ;

wi th S 1 ; W 1 for the reference measurement and S i ; W i for the current m easure-
m ents in the series. R i s concentra ti on independent and characteri zes the typ e of
tra ppi ng site inv olved. Thi s is valid i f only one typ e of tra ppi ng centre is present.
D rawi ng a S (W ) pl ot the points form in thi s case a stra ight l ine wi th the slope R .

The corresp ondi ng S ( W ) pl ots calcul ated from the data of the l ine-shape
m easurements are given in Fi g. 2a and b.

From these graphs for both m ateri als three steps in the 85£ C aging af ter
soluti on trea tm ent up to an aging ti m e of 1000 h can be clearly di stinguished
1. 0 | 2 h,

2. 2 | 16 h,

3. 32 | 1000 h.
Accordi ng to the l i tera ture the Ùrst step reÛects mainly anni hi lati ons in v acanci es
frozen by the quenchi ng pro cess [1, 3, 4].
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Fig. 2. S ( W ) plot for the 85 £ C aging af ter solution treatment of a ref erence material

(a) and a sample taken from an aircraf t (b).

In the second step the graph form s a cloud of points and not a stra ight line.
In thi s case accordi ng to the tra ppi ng m odel the positro n tra ppi ng is caused by
several typ es of defects. For aging ti m es > 1 6 h the measured data result in the
S ( W ) pl ot in a nearl y stra ight l ine. Thi s indi cates on the one hand tha t onl y
one typ e of defect is present, and on the other hand tha t changes in the positro n
data m ust be caused by changes in the defect concentra ti on. From the resul ts
of addi ti onal SAXS- m easurem ents and discussions in the l i tera ture [7] i t can be
concluded tha t the m entio ned defects are Al { Cu preci pi ta tes. Because the positro n
a£ ni ty A + [11] of Cu ({ 4.81 eV) is hi gher tha n tha t of Al ({ 4.41 eV), positro ns
are tra pp ed in these precipi ta tes i f they reach a cri ti cal radius r c duri ng the aging
ti m e.

The resul ts of the positro n l i feti m e and S param eter m easurem ents as well
reÛect an increase in the concentra ti on of Al { Cu preci pi ta tes for aging ti m es be-
tween 16 and 1000 h and show no signiÙcant di ˜erences between both m ateri als.

The presented results of PAS indi cate in addi ti on tha t the reconstruc ti on of
the preci pi ta ti on structure after soluti on trea tm ent is not Ùnished after an aging
ti m e of 1000 h at 8 5 £ C.



Long-T ime Agi ng Behavi our of the Al loy Al -2024 . . . 445

4. Co n cl usion s

The reconstruc ti on of the preci pi tati on structure after soluti on trea tm ent
has been inv estigated by PAS. In thi s work the behavi our of sampl es ta ken f rom
an ai rcra ft \ Ai rbus 300" , being in operati on f or 18 years (T), is compared to a
ref erence m ateri al suppl ied by Al coa.

The resul ts of PAS presented in thi s work pro ve tha t there are no di ˜erences
in the aging behavi our after soluti on trea tm ent of both m ateri als.
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