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Effect of Delayed Aging on Mechanical Properties
of an Al-Cu-Mg Alloy
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The effect of delayed aging on mechanical properties is characteristically found in Al-Mg-Si alloys. “Delayed
aging” refers to the time elapsed between solutionizing and artificial aging. Delayed aging leads to inferior
properties. This effect was investigated in an Al-Cu-Mg alloy (AU2GN) of nominal composition Al-2Cu-
1.5Mg-1Fe-1Ni as a function of delay. This alloy also showed a drop in mechanical properties with delay.
The results are explained on the basis of Pashley’s kinetic model to qualitatively explain the evolution of a
coarse precipitate structure with delay. It is found that all the results of delayed aging in the Al-Cu-Mg alloys
are similar to those found in Al-Mg-Si alloys.
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Samples were solutionized at 808 K for 6 h, water quenched,
and subjected to a delay of 0, 2, and 48 h before artificial aging
at 478 K for 22 h. Heat treatment details are shown in Table 1.
Temperatures were accurate to withiK and quench delays

The alloy of nominal composition Al-2Cu-1.5Mg-1Fe-1Ni in all cases were within 10 s. The heat treatment was carried out
(AU2GN) is designed for elevated temperature applications upin an air circulating pit furnace.
to about 523 K in aeroengine components. This alloy is sub-  Samples of appropriate dimensions were prepared from cylin-
jected to delayed aging. The term “delayed aging” refers to thedrical blanks for various tests, namely, hardness«(25 x 25
severe impairment in hardness and tensile properties (uItimatemm), tensile (5-mm gauge diameter and 25-mm gauge length),
tensile strength (UTS) and yield strength (YS) due to a delay be-and fatigue (4-mm gauge diameter and 20-mm gauge length).
tween solutionizing and artificial aging. The delayed aging ef- Hardness testing was carried out on a Karl Frank (Weinheim,
fect was observed in Al-7Si-0.3Mg all&y:* Germany) (GmbH) brinnel hardness testing machine with a 2.5-

Pashleyet al”l have shown that in an Al-Mg-Si quasi-binary  mm ball and a load of 62.5 kg. An Instron (United Kingdom) uni-
alloy,i.e.,Al-1.2% Mg,Si wrought alloy, the precipitate structure  versal testing machine (model 1116) was used to carry out tensile
coarsens with the average length of,Bigorecipitates, increas-  tests at room temperature at a nominal strain rate ®§10
ing from 22 to 48 nm when the alloy is subjected to a delay of 0 High-cycle fatigue (HCF) tests were carried out to failure using
to 72 h between solutionizing and artificial aging. Their study  a rotating beam testing machine. The applied bending stress was
also shows that when Cu was added to the alloy, partial inhibition260 MPa [55% of the UTS) and the speed of rotation was 3,000
of delayed aging took place. A later stidshowed that delayed  rpm. Stress rupture tests were carried out using a Satec (Grove

aging can be completely suppressed by trace additions of Cd, InCity, PA) testing machine at 470 K and at a stress of 190 MPa.
and Sn in Al-7Si-0.5Mg cast alloy. The same stliéxtended

Pashley’s kinetic modélto explain the effect of trace additions.
During commercial processing, inordinate and unscheduled
delays take place between solutionizing and artificial aging. . .
Minor variations occur between batch-to-batch processing, such _ Table 2 shows the results of the mechanical properties of the
as those in solutionizing temperature, delay in quenching, delay@lloy AU2GN in 0, 2, and 48 h delay between solutionizing and
in aging, and aging temperature. In an earlier stlitlye effect artificial aging, respectively. The tensile properties decrease as
of quench delay on fatigue life of alloy AU2GN was studied, and & function of delay time from 0 to 48 h through 2 h delay.
it was found that the quench delay reduces fatigue life. Based on  Figure 1 shows the delayed aging curve and also the natural
the above study, quench delays were kept to less than 100 s. Sinflding curve. Itis observed that hardness drops with the delay in
ilarly, delays between solutionizing and aging treatments werejust 30 min. Further, the hardness increases in just 30 min dur-
noticed in the shop floor practice, resulting in erratic results. iNg natural aging to a value of 80 BHN.
Thus, there is a need to systematically understand the effect of The fatigue life significantly dropped from 1.583(° cycles

delayed aging on the properties of AU2GN. Therefore, the pres-(0 h delay) to 4.8 10* cycles (48 h delay). Similarly, the stress
ent work was taken up to Study this topic_ rapture I|fe at 478 K Wlth a stress Of 190 MPa dropped S|gn|f|'

cantly from 120 plus to 48 h.
S.P. Ravindranathan, K.T. Kashyap, S. Ravi Kumar, C. Rama- The above behavior can be explained based on Pashley’s ki-
chandra, andB. Chatterji, Central Materials and Processes Labora- N€tic model wherein the evolution of a coarse precipitate

tory, Foundry and Forge Division, Hindustan Aeronautics Limited, Structure is predicted qualitatively as a function of delay. Pash-
Bangalore 560 017, India. ley’s kinetic model is a model for two-step aging, wherein the
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Table 1 Heat treatments given to alloy AU2GN
140 — AU2GN
Solutionizing Cooling Delay caused Aging N—
Designation treatment medium before aging  treatment -
z
DO 808 K/6 h water Oh 478 K/12 h § 100 —
quenching =
D2 808 K/6 h water 2h a78K/2h 8§ _ . e
quenching § P
D48 808 K/6 h Water 48 h 478 K/12 h < 0 - AGING AT 478K / 22H
quenching = AFTER DELAY AS PER X-AXIS
b @==ae AGING AT ROOM TEMP.
20 —
Table 2 Mechanical properties of different delayed and

| | | | | | | |
60 90

TIME / MINUTES

aged conditions of the alloy AU2GN (each result is an average Jlo

of three tests)

120 150

Properties DO D2 D48 Fig. 1 Delayed aging curve and natural aging curve for the alloy
. AU2GN
Tensile
0.2% proof stress (MPa) 342 339 333
Tensile strength (MPa) 402 382 375
HCF properties at room temperature
Fatigue life
(number of cycles) V., = molar volume of the cluster species,
at 260 MPa Stress 1.53510° 6.85x 10# 4.85x 10 T = absolute temperature, and
Stress Rupture y = surface energy between the cluster and matrix.
Stress rupture
I'Rfirﬁgfg K isgc?éqagn sschmen s?)ze(ljimen Spherical clusters are'assum.ed in the model. As the volume av-
did not fail fractured fractured erage of the clusters is considered (the alternate shapes of the

clusters will not change the physical reasoning behind the

(a) Test discontinued after 120 h model),

- ) ) (4/3)1r3pN, = awW
stability of clusters is considered. Clusters, as the name suggests,

are an aggregate of solute atoms in the matrix. Clustering takes
place during solutionizing and/or after quenching eitheoan where

temperature or at the artificial aging temperature just prior to  Nr = numper of clusters/unit vollume, and
precipitation. r = density of the cluster species.

In Pashley’s model, the stability of these clusters, after stor-
ing the alloy at lower temperatur€,) followed by aging at a
higher temperaturd(), is considered. The stability criterion is
based on the increased rate of arrival of solute atoms to th
cluster as compared to the rate of evaporation of solute from
the clusters. Using curvature effects, the stability criterion can
be derived as follows:

(Eq 3)

The above equation is a mass balance of solute in the matrix.
Under steady-state conditions, when there are no excess vacan-
£ies,A=B, and the relations are drawn schematically in Fig. 2.

As delay increases, increases, and one clearly sees in Fig.

2 that with increased, particularly ata > a,, clusters get
destabilized upon artificial aging. If one assumes a Gaussian
distribution of clusters, there will be a minimum cluster size
I'min, Mean cluster size and maximum cluster sizg,,,. With

the size distribution also incorporateg;, In Sandr.In S,it

can be seen in Fig. 2 that far> ar,, only the large-sized
clusters are stabilized at the artificial aging temperature. The
term St is the strenghtening precipitate in Al-Cu-Mg alloys.
The nucleation o takes place on these large clusters to give
a coarse precipitate structure.

Fig. 3(a) shows the microstructure of the sample with O h
delay. Only the insoluble particles (constituent particles) are ob-
served. Figure 3(b) shows the microstructure of the sample with
48 h delay. Here, not only the insoluble particles but also the

(A/BrInS>K (Eq 1)
where
I = mean cluster radius;
S = supersaturation 3§(1 - a)]/C,
W = weight of solute/unit volume,
« = fraction of solute in clusters, and
C, = concentration of solute in equilibrium with a flat inter-
face;
A = coefficient that determines the rate of arrival of solute

to the clusters and is proportional to the diffusion coef-
ficientD and excess vacanci¥tAaDaX); and
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coarse precipitate particles are observed. This observation con-
firms the prediction of Pashley’s kinetic model, which predicts
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Fig. 2 Stability situation of clusters assumiAg- B

a coarse precipitate structure with long duration of delay be-
tween solutionizing and artificial aging.
Therefore, as th& precipitate becomes coarse, the tensile «
propertiesi(e., YS and UTS) will drop as expected with delay, F
as can be noted in Table 2. This phenomenon also explains th{:
hardness drop with delay illustrated in Figure 1. -
Table 2 also shows a drop in HCF life with delay, which can |
also be explained on the basis of coarse precipitate structure
With delay, as in conditions D2 and D48, a coarse precipitate
structure is obtained. This will accentuate planar slip (localized
slip) 1! which will lead to early nucleation of fatigue cracks,
where as with 0 h delay, a fine precipitate structure prevails,
which has the effect of homogenizing the slip, leading to ex-
tended fatigue lif&2 (b)
Once again it can be observed from Table 2 that the stres
rupture lives for the delayed conditions D2 and D48 are re-
duced as compared to the conditions without delay (DO). In
order to explain these results, the creep mechanisms need to be
invoked. The dominant mechanism for creep can be consideredo be solutionized. In this way, a simple hardness test can be-
to be grain boundary sliding! In view of this, the accommo-  come a key output.
dation of grain boundary sliding is dislocation glide and climb
in neighboring graing! If the precipitate is coarse, as in con- .
ditions D2 and D48, dislocation glide becomes far easier. Th(—:‘re-Condus'onS
fore, the material exhibits a high rate of grain boundary sliding,
which allows the sample to fail early. When the precipitate ~ The delayed aging of Al-2Ci-1.5Mg-1Fe-1Ni alloy (AU2GN)
structure is fine, as in the DO condition, accommodation in termsimpairs the mechanical properties. The observations are consis-
of dislocation glide is more difficult and, thus, inhibits grain tent with Pashley’s kinetic model.
boundary sliding.
Further, it can be seen from the natural aging curve, in Fig. 1,Acknowledgments
that the hardness increases from a value of 64 VHN in the O h de- )
layed condition to a value of 80 VHN in an approximate 30 min Th? a_luthors thank the management qf _Hmdustan Aeronau-
delay (or aging at room temperature) and maintains the value fofficS Limited (Bangalore, India) for providing the support to
a long aging time. carry out this work and also for giving permission to publish
It was already discussed that there is deterioration in engi-th® Work.
neering properties such as tensile, fatigue, and stress rupture
after a delay of 2 and 48 h. Thus, one can take these two obseReferences
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