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Abstract—The present study aims at determining the effect of Rosen et al. [16] studied the precipitation- handgnn

ageing on the impact toughness and microstructi29?4 Al-Cu -

Mg alloy. Following the 2 h solutionizing treatmeat 450°C and
water quench, the specimens were aged at 200°@f@us periods
(1 to 18 h). The precipitation stages during agewege monitored by
hardness measurements. For each specimen grouppyChapact

and hardness tests were carried out. During agéiegimpact
toughness of the alloy first increased, and thelowing a maxima
decreased due to the precipitation of intermediduases, finally it
reached its minimum at the peak hardness. Comwaktbetween
hardness and impact toughness were investigated.
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|. INTRODUCTION

GE hardened Al-alloys are widely used in enginegrin

2219 alloy by measuring sound velocity, attenuatamd
hardness. Measurements as a function of ageing &ime
various temperatures were found to exhibit promidanges
and anomalies related to the formation of predg#ta The
influence of precipitation kinetics during ageing electrical
conductivity and hardness in both unstretched dastipally
deformed 2024 alloy specimens was investigated dseR et
al. [17]. Natan and Chihoski [18] developed a neethrad of
evaluating heat treatments of Al-alloys by congirgcin a
hardness- conductivity field formed by a network ooirved
coordinate lines of quenching and ageing times.eRct al.
[19] characterized sound velocity and attenuatiataly current
and hardness measurements on precipitation-hard2é2d
alloy subjected to a series of different pre-ageingat

applications due to the considerable improvements treatments prior to various tempers. However, thieyet little

their yield strength and hardness by controlledrrtize

mechanical treatments. Micromechanisms governiagtire
characteristics of such alloys depend on cohereag

distribution of precipitates, grain size and shapgain

boundary precipitates, presence of other seconsepbarticles
which result from impurities. The unstable fastftae, even if
it is ductile, becomes frequent because the sthengtg
lowers the level of toughness, and this becomeslalgm with

large scale structures. Since the fracture of negineering
components is promoted under dynamic conditioreretlis a
need to understand the fracture behaviour of nadsetinder
dynamic loads. Moreover, fracture characteristiogleu the
impact load seem to become important, because

application to transportation vehicles will increaqd1].

Therefore, during fracture mechanics tests, it may
advantageous to include Charpy impact tests soetgirical
correlations between the various fracture pararmetan be
developed.Various studies have been published otutin

of microstructure, tensile properties and fractimeghness of
precipitation hardened Al-alloys [2-11]. Some reshars
have also interested in the nondestructive chaiaat®n of
aged Al-alloys. Hagemaier and Kleint [12] investegh the
conductivity-hardness-ageing treatment relationsloip Al

alloys in various tempers. Gefen et al. [13,14]d&d the
variance in ultrasonic attenuation during agein@@?4 alloy.
Hagemaier [15] established a correlation betweemnlgctivity

versus strength and hardness versus strength éorQi5-T6
and 2024 -T3/T4 alloy specimens.
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known [1, 20] in regard to the effect of precipibaton impact
toughness.

Il. EXPERIMENTAL

The rectangular bar of 2024 alloy is machined and

specimens for hardness and impact test are prep@hednical
composition of the alloy determined using opticatission
spectrometer Q8 Magellan is given in table I.

TABLE |
CHEMICAL COMPOSITION OF2024ALLOY
Element Weight %
the

Al 92.¢
Cu 4.2
Mg 1.7

Fe 0.35

Cr 0.06

Si 0.32
Mn 0.62

Zn 0.22

Ti 0.0¢

P <0.02

The specimens are solution treated at 450°C for thdn,
guenched in water. They are aged at 200°C for uarageing
times (1-18 h). At pre-determined intervals, thesmens are
cooled rapidly to room temperature and subjectedthi
mechanical tests. The aged specimens are kepd@E-2

The evolution of microstructure is monitored by drass
measurements using a Vickers micro-hardness teEiee
hardness measurements are taken on each speconerihiz
different regions to determine a mean value of hesd.
Impact fracture energies are measured with a pandtyipe of
test machine at room temperature. Fracture surfatebe
Charpy specimens are examined under a scanningroglec
microscope.
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Ill.  RESULTS ANDDISCUSSION

In the case of Al-Cu alloys, the microstructurablenion is
complex, and the precipitation sequence varies riépg on
the degree of super-saturation and the ageing tetuype.
Where as in 2024 alloy, two successive transitexist from
super-saturated solid solution, namely, GP-9" - 6 (Al2Cu)
and GPB - S"- S’- S (CuMgAI2). The complete pretifiobn
sequence can only occur when the alloy is aged
temperatures below the GP zone solvus. The mecharfithe
transformation sequence usually
nucleation at the sites of earlier products, résylin fine and
uniform precipitate dispersions [9, 21].

The age hardening process is very often investigate
hardness measurements that monitor
sequence. Fig.1 shows the variation in hardne&024 alloy
as a function of ageing time at 200°C. Followingemarkable
increase from 122 to 154 VHN within the first 4 hameing,
hardness increased slightly up to its maximum ¢ Y6IN at
10 h ageing.
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Fig. 1 Variation in hardness of 2024 alloy as afion of ageing
time

The contribution to hardness depends on the cobgreh
the precipitate with the matrix, size and distribntof the
precipitates and the proximity of the particles.general, the
increase in hardness depends on the variation @nsttess
fields in the vicinity of the precipitate. After gaching from
solid solution the alloy contains regions of solségregation.
This clustering produces local strain which resukhis an

increased further by the ordering of larger clurap€u atoms
on certain planes of the matri”). Next, definite precipitate

platelets of9’, which are coherent with the matrix, form. The

coherent precipitate produces an increased stiglith ih the
matrix and a further increase in hardness. Aftagér ageing
the equilibrium phase, which is no longer coheraiith
matrix, is formed. Therefore, the hardness startetrease.

The impact toughness is strongly dependent
microstructural variables, and affected by a nundidactors,
such as yield strength, ductility, temperature, dratture
mechanism. As seen in Fig. 2, the room temperatopact
fracture energy of 2024 alloy aged at 2000C readtes
maximum (51.5 J) within the first five hours, thefecreases
down to 22 J at longer ageing times. The specimim the
highest hardness has the lowest impact toughness.

involves heterogeme
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Fig. 2 Variation in impact energy of 2024 alloyaafunction of
ageing time

The SEM fractographs of the specimens aged foasdl1l

the precipitatia are shown in Fig.3. There is a clear differenesvben the

fracture surfaces. Fracture surface associated tivtHowest
toughness condition has an appearance consistidgngies;
small and shallow voids formed round the largedusions.
The decrease in impact energy, in contrary to hessincan be
related to the formation of metastable precipitatesreasing
the hardness and the yield strength by precipitatiakes the
alloy more brittle and decreases the impact fracemergy
since less plastic work can be done before thénsimathe
plastic zone is sufficient to fracture the test cspen. A
similar result has been reported for aged 7178 4#1@]). The
results are also in agreement with previous studiesarious
Al alloys, reporting an increase in strength on irgeis

accompanied by a corresponding decrease in the-staain
fracture toughness [23].

Fig. 3 Fracture surfaces of |mpact‘speC|mens agﬂdQDC a. for 7 h
b. for 13 h

IV. CONCLUSIONS

After solutionizing at 450°C for 1 h and quenchirige
variance in the impact toughness and hardness 24 20-

anlloy as a function of ageing time is determined.

The maximum hardness is reached after 10 hr agé&img.
is attributable to the increased volume fractiopcipitates,
which contribute to the increased elastic moduluthe aged
specimen. During ageing, when coherent zones tugemi-
coherent intermediate precipitates and the voluraetibn of
precipitates increases, the hardness and the celastiiulus
also increases.

Impact fracture energy makes a maximum within tingt f
five hours, then, decreases to 22 J at longer gdamnes. The
decrease in impact energy, in contrary to hardneas, be
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related to the formation of metastable precipitalesreasing
the hardness and the yield strength by precipitatiakes the
alloy more brittle and decreases the impact toughreince
less plastic work can be done before the straithénplastic
zone is sufficient to fracture the test specimeme Epecimen
with the lowest impact toughness corresponds tohtghest
values of hardness.
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