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Abstract: The results of the effect of small addition (0.25 at.%) of Ge on aging kinetics of a complex aluminum
alloy containing (wt.%) 5.9% Cu, 0.28% Si and 0.6% (total amount of Fe, Ti, Mn, Zr and V) are presented in
this paper. Aging was performed at 190°C in the interval ranging from lOmin to 256h. Hardness measurements,
light (LM), transmission electron microscopy (TEM) and differential scanning calorimetry (DSC) were used for
microstructural characterization during aging. It was shown that the maximum of hardness in alloy containing Ge
was achieved three times faster than in the alloy without Ge. TEM results clearly revealed that the accelerated
kinetics should be ascribed to heterogeneously nucleated Si-Ge particles serving as sites for dense and fine
distribution of 0' strengthening precipitates. Accelerated kinetics of aging was accompanied by increase in
hardness.

INTRODUCTION
In commercial Al-Cu based alloys the elements Si, Mn, Be, Ge, Sn, Ag and Cd have all been used to
modify the dominant precipitation reaction [1-5]. Results of Hornbogen and co-workers [6-8] clearly
demonstrated that in Al-Si-Ge alloys much finer (almost an order of a magnitude) Si-Ge precipitates
may be achieved than in Al-Si and Al-Ge binary alloys. Very recently, Mitlin et al. [9-11] tried to
modify the reaction of precipitation in Al-Cu alloy by the simultaneous addition of small amounts of
Si and Ge (in total of 0,5 to 2at.%), with the idea to control the kinetics of aging. It should be
mentioned that the effect of Si and Ge on the reaction of precipitation was studied using experimental
quarternary Al-Cu-Si-Ge alloy. However, elements such as Zr, V, Ti Mn, and Fe are always present in
commercial aluminum alloys in order to control the grain size and to increase the temperature of
recrystallization [12]. The effect of these elements on the chemical compositon of present phases and
alloy properties must not be neglected. The aim of this paper was to study the effect of small additions
of Ge on: (a) the microstructure and hardness, and (b) kinetics of precipitation of a complex
aluminium alloy.

EXPERIMENTAL
A commercial 2219 aluminum alloy (fully corresponding to ASTM standard), produced by Kaisser
Aluminum, was used as a starting material. The chemical composition of this alloy was modified
since the total concentration of Si and Ge was anticipated to be about 0,5at.%, with the Si/Ge~l
relation. Two experimental alloys were produced by this microalloying process, i.e.: one alloy
(designated as 2219S) with higher concentration of Si than the standard ASTM alloy, and another
alloy (designated as 2219SG ) with additions of both Si and Ge. Vacuum emission spectroscopy was
used to determine chemical composition of alloys, which is shown in Table 1. Concentration of most
important elements is emphasized by framing.
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Table 1: The chemical
Element

Cu

Ge

Si

Fe
Mn

Mg
Zn

Ti

Zr
V

CΓ

composition of investigated alloys (wt.%)
2219 ASTM

5,8-=-6,8
-

max 0,2

max 0,3

0,2*0,4
max 0,02

max 0,1

0,02-r0,l

0,l-r0,25

0,05-r0,15
-

2219S [at.%]

5,91 [2,52]
-

0,51 [0,49]

0,24

0,28

0,01

0,05

0,08

0,12

0,09
0,007

2219SG [at.%]

5,90 [2.52]

0,69 [0,26]

0,28 [0,27]

0,26

0,29
0,01

0,06

0,08

0,13

0,09

0,007

Melting, microalloying with «master-alloys» (Al-12 wt.%Si and Al-50 wt.%Ge) and casting were
performed in one-chamber vacuum induction furnace «Degussa». Pouring was done in a graphite
crucible. After machining, ingots were homogenized for 48h at 500°C and hot-rolled to thickness of 2
mm. After hot-rolling, the heat treatment of samples was as follows: annealing at 500°C for 24 h,
water-quenching, holding at room temperature for 9 days (natural aging) followed by artificial aging
at 190°C in the interval from lOmin to 256h.

Vickers macrohardness was measured using with a load of 98, IN. Microstructural characterization
was performed by the light microscope (LM) «Zeiss Axiovert 25» and the transmission electron
microscope (TEM) «JEOL 200 CX» operated at 200 kV. For light microscopy samples were etched in
a Keller solution consisting of 2 ml HF (48%), 3 ml HC1 (cone), 5 ml HNO3 (cone.) and 190 ml H2O.
Samples for TEM were thinned to electron transparency using twin-jet apparatus. The electrolyte was
25% solution of HNO3 in C2H5OH. Only one set of samples was studied by TEM: aged for longer
times (150h) for both alloys.

Samples of alloys 2219S and 2219SG (quenched and held at room temperature for 3 months) were
examined by differential scanning calorimetry (DSC). The measurements were made using a "DSC-4
Perkin Elmer" calorimeter. Calorimetric curves were scanned in the temperature range 50-370°C. The
heat capacity, Cp, measurements were performed using sapphire samples as standards [13-15]. The
mean value of the least three scans, recorded by DSC at heat rate of 10°C/min were taken for each
sample.

180 Proceedings of 3rd BMC-2003-Ohrid, R. Macedonia



AGING OF A COMPLEX Al-Cu BASED ALLOY

RESULTS AND DISCUSSION

LIGHT MICROSCOPY

The microstructure of quenched samples is shown in Fig. la,b. It is obvious that quenching did not
produce a homogeneous microstructure which normally corresponds to the supersaturated solid
solution. The presence of several phases of different morphology may be seen in the matrix of both
alloys. The most prominent phase which appear in both alloys is in the form of light (marked P),
plate-like particles (about 10um in size) with rounded edges. In addition, rod-like particles (marked R)
formed in parallel rows can be seen in the microstructure of 2219SG alloy (Fig. lb).

.' - -...• I

Figure 1: Light microscopy. Microstructure of quenched samples, (a) alloy 2219S; (b) alloy 2219SG.

CHANGE OF HARDNESS DURING AGING
Change of hardness of 2219S and 2219SG alloys as a function of aging time at a constant temperature
(190°C) is shown in Fig. 2. Hardness of alloys slightly decreases at the beginning of aging (up to lh
for alloy 2219SG and 0,5h for alloy 2219S), which may be ascribed to reversion [16], i.e. to the
dissolution of GP zones formed during the previous process of natural aging. Later, a rapid hardening
occurs yielding a maximum of hardness of about 100 HV after 8h of aging for alloy 2219SG, and
80HV after 24h for alloy 2219S. It was found that the maximum hardness in alloy 2219 SG (with Ge)
was achieved three times faster than in the alloy 2219S (without Ge). During longer aging times
hardness decreases, which indicates that over-aging prevails as the operating process. Hardness of
2219SG is higher through the whole aging interval.
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Figure 2. Change of hardness during aging at 190°C.

TRANSMISSION ELECTRON MICROSCOPY

Figure 3. TEM micrograph of alloy 2219SG. (a) Bright-field image showing edge-on 8' particles and rounded
Si-Ge particles; (b) bright-field image showing inclined 6' precipitates and Si-Ge precipitates
(indicated by arrows); (c) dark-field image obtained using the 1-12 e, reflection near [110]A| zone
axis. . ' •

Images of a sample of 2219SG alloy after ageing for 150h at 190°C (over-aged condition) are shown
in Fig.3. The dark rounded particles are Si-Ge and edge-on are 8' particles (Fig.3a). The Si-Ge
particles act as nucleation sites for G' precipitation (indicated by arrows in Fig. 3b). The dark-field
image (Fig.3c) shows irregularly inclined 8' particles in the matrix. Small addition of Ge promotes not
only accelerated aging kinetics due to the presence of Si-Ge particles which serve as favourable sites
for precipitation 8' particles, but also increases the level of hardness compared to the alloy without
Ge.
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Figure 4. TEM micrographs of alloy 2219S. (a) Bright-field image; (b) dark-field image, showing 8'
precipitates, using a 1-12 e, reflection near [110] zone axis.

The microstructure of alloy 2219S after aging for 150h is shown in Fig. 4a,b for comparison. It is
obvious that the morphology and the distribution of 0' particles are different than in alloy 2219SG.

DSC ANALYSIS

The results of Cp measurements are shown in Fig.5 for both alloys studied in this work. The observed
pronounced changes in Cp values with temperature are the result of the distinct changes in the
microstructure. These changes correspond to hardness and TEM results. Peaks ("A") in the lower-
temperature section of thermograms may be ascribed to the dissolution of GP zones formed during the
room temperature aging (natural aging). Peaks of both alloys lie at the same temperature (145°C).
However, the higher-temperature section peaks ("B") appear at different temperatures (215°C for
alloy 2219SG and 230°C for alloy 2219S). The values of Cp for alloy 2219SG are much higher than
for alloy 2219S in this section of thermograms. Peaks ("B") are connected with the appearance of a
metastable phase.
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Figure 5. Variation of Cp with temperature for the studied alloys.
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CONCLUSIONS
Applying microalloying, i.e. by adding a very small amount of Ge (0,25 at.%) to a complex Al-Cu
alloy (designated as ASTM 2219) and varying the concentration ratio of Si and Ge, changes of
microstructure and hardness of two experimental alloys 2219S (without Ge) and 2219SG (with Ge)
have been achieved. Small addition of Ge accelerates aging kinetics due to the presence of Si-Ge
particles which serve as favourable sites for precipitation of 8' particles, but also increasing hardness
compared to the alloy without Ge. At the same time, the addition of Ge results in a change of Q, for
values especially in the higher-temetarure section of thermograms.
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