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Abstract

In the present work AA7075 alloys with and without Sc, Zr addition after hot deformation were studied. Thermal
responses of precipitation reactions of hot deformed alloys were studied by differential scanning calorimetry,
the relative electrical resistivity changes were determined by DC four-point method. The interconnections of
these two materials characteristics were presented. Thermal and electrical measurements were compared to
microstructure development that was observed by scanning and transmission electron microscope. Two types
of eutectic phase were proved at (sub)grain boundaries. In the AA7075-Sc,Zr alloy primary multilayer Als(Sc,Zr)
particles precipitated during casting and subsequent cooling. In the thermal curves one exothermic process at
~ 200 °C and the decrease of relative resistivity changes were observed. Apparent activation energy of this
process was calculated using by Kissinger method as ~ 100 kJ/mol regardless Sc, Zr addition. Schematic time-
temperature-transformation diagram of the exothermic process was done on the base of calorimetric
measurements at different heating rates.
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1. INTRODUCTION

The AA7075 based alloys (AlZnMgCu) are widely used in metalworking and aerospace industries, e.g. Refs.
[1-4]. These alloys are particularly interesting due to their excellent strength, ductility, high toughness or
resistance to stress corrosion cracking and damage tolerance [1-5]. Processing (like solution treatment,
guenching or ageing), appropriate alloying, or a combination of both can be a good tool for controlling most of
these properties.

Two decomposition sequences of AlZnMg(Cu) based alloys are known [6-8]: a) supersaturated solid solution
(SSS) — solute clusters/Guinier-Preston (GP) zones — " phase (hexagonal structure) — n phase (MgZnz,
hexagonal structure), b) SSS — solute clusters/GP zones — T’ phase (hexagonal Al2ZnsMgs) — T phase
(cubic Al2ZnsMgs). The precipitation sequence could be more complicated, the formation of metastable
precipitates depends on the alloy composition, artificial ageing temperature, ageing time, heat treatment etc.
[6-9]. It turns out that the precipitation sequence also highly depends on ratio of Zn and Mg addition [7].

In most cases, Sc is an effective admixture which can improve the strength, inhibit recrystallization and also
refine grains [1]. When the content of Sc is increased from 0 to 0.6 wt% then the hardness and also tensile
and yield strength increase but there could be a problem with a loss in ductility [10]. The reason why Zr together
with Sc are used as admixtures is the lower price of final alloys nevertheless the mechanical properties are
comparable to the alloys with only Sc addition [1]. The addition of 2 wt% of Zr to Al alloys 7xxx series also
leads to the reduction of size of grains (from 1500 to 190 ym) [5]. The improvements of mechanical properties
of the alloys with both Sc and Zr additions are caused by the precipitation of the secondary Alz(Sc,Zr) particles
with L1 structure [1,11]. The Als(Sc,Zr) phase is more stable at higher temperatures than the AlsSc and/or
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AlsZr phase and also has a distinctive hardening effect [1,11,12]. Primary intermetallic particles AlsSc and/or
AlsZr and/or Al3(Sc,Zr) were observed in the cast ingots with Sc, Zr-additions [13-15]. These particles are
rectangular, triangular and/or polygonal with dimension about 2-5 ym and mostly appear inside (in the centre
of) the grains [13-15]. These particles in AlZnMgCu-based alloys consist of layers Als(Sc+Zr) + a-Al +
Al3(Sc+Zr) + a-Al ... [13-15].

2. EXPERIMENTAL DETAILS

Two (in wt%) Al—-6.6Zn-3.0Mg—-1.9Cu-0.2Fe (AlZnMgCu) and Al-6.2Zn—2.9Mg—1.8Cu-0.2Fe—0.23Sc-0.19Zr
(AlZnMgCuScZzr) alloys were isothermally annealed at 300 °C/60 min and then hot deformed with reduction of
5 % (HR5) and 10 % (HR10). Hot deformation of the alloys was done on motorized single rolling mills type
MDM LS120. The degree of deformation was manually adjusted within an accuracy of 0.1 mm. Constant rolling
speed 4 m/min was used. A high temperature hot plate PZ38-3T with temperature controller was used for
heating of the alloys. Immediately after heating, the alloys were hot deformed and process was finished by
guenching into water at room temperature (RT). The entire hot deformation process will not take longer than
10 seconds.

The relative electrical resistivity changes Ap/po was measured at 78 K by DC four-point method. The effect of
parasitic thermoelectromotive force was restrained by current reversal. Vickers microhardness (HV) was
determined at RT on polished samples. Differential scanning calorimetry (DSC) was used for the study of the
thermal behaviour of the alloys. Measurements were performed at heating rates of 1 - 30 K/min in the Netzsch
DSC 204 F1 Phoenix apparatus with Al2O3 crucibles. The mass of the samples was between 10-20 mg and
nitrogen flow of 40 ml/min was used as a protective atmosphere.

The development of microstructure was investigated by transmission and scanning electron microscopy (TEM
and SEM). JEOL JEM 2000FX, FEI Quanta 200FEG and MIRA | Schottky FE-SEMH microscopes were used.
Energy-dispersive spectroscopy (EDS) was carried out using by X-ray BRUKER microanalyser.

3. RESULTS AND DISCUSSION

Eutectic phase at subgrain boundaries in the initial state of all
studied alloys was observed by SEM — see Figure 1. The volume
fraction of the eutectic phase was very close for both AlZnMgCu
and AlZnMgCuScZr alloys. Detailed TEM analysis revealed that
this phase in the AlZnMgCuScZr alloy is a combination of T phase
(Mgs2(Al,Cu,Zn)ag) and Mn,Fe,Si-rich phase. Moreover, the S
phase (Alz2CuMg) was observed in the AlZnMgCu, too. Primary
multilayer Als(Sc,Zr) particles were observed inside grains in the
initial state of the AlZnMgCuScZr HR5 and HR10 alloys. In the
Figure 1 SEM image of the AlZnMgCuScZr HR10 alloy in the initial
state is shown, one can see eutectic phase at (sub)grain
boundaries and the detail of primary Al3(Sc,Zr) particles. The
average size of primary Als(Sc,Zr) particles was 2-5 ym and
structure of layers was identified as Als(Sc+Zr) + a-Al + Alz(Sc+2Zr)

— + o-Al + .... These results are in agreement with [13-15].
Sum . .
H The response of microhardness HVO0.5 to isochronal step-by-step
Figure 1 SEM image of the annealing of the HR5 and HR10 alloys is in the Figure 2. The
AlZnMgCuScZr HR10 alloy. See deformation has significant influence on microhardness values
eutectic phase and detail of primary during isochronal annealing up to 450 °C. Higher initial values in

Al3(Sc,Zr) particles the AlZnMgCuScZr alloys than in AlZnMgCu alloys (AHV0.5 = 20)
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are probably caused by presence of Sc,Zr-containing particles and/or by higher content of addition in the
AlZnMgCuScZr alloy. The initial values of HV0.5 was in the same studied alloys in the as-prepared state HV0.5
= 120 for the AIZnMgCu and HVO0.5 = 130 for the AlIZnMgCuScZr alloy [13,15].

Microhardness values of the HR5 alloys
continually decrease up to annealing at ~

—o— AlZnMgCu HR5 —o— AlZnMgCuScZr HR5
300 °C. After that, the values are almost
—o— AlZnMgCu HR10 —8— AlZnMgCuScZr HR10 .
constant (in the accuracy of
130 measurements) up to the end of the
o110 L annealing at 450 °C. After annealing up to
o 240 °C (for the AlZnMgCu) and up to 300
; 90 | °C (for the AlZnMgCuScZr) the effect of
different deformation degree disappeared.
70 The difference between values HVO0.5 of the
AlZnMgCu and AlZznMgCuScZr (HR5 and
50 o 1(')0 2(')0 3(‘)0 4(')0 5(')0 HR10) up to ~ 300 °C is AHV0.5 = 20, in the
temperatures above 300 °C AHVO0.5 = 30.
Annealing temperature (°C)

Figure 3 show DSC curves of the

Figure 2 Isochronal annealing curves of microhardness AlZnMgCu(SczZr) HR10 and HR5 alloys at
changes HVO0.5 (measured at RT) of the HR5 and HR10 different heating rates up to 400 °C. One
AlZnMgCu(ScZr) alloys can see significant exothermic process.

The maximum of this process is shifted to
higher temperatures with higher heating rate. The addition of Sc and Zr to the AlZnMgCu alloy caused the
small shift (5—-10 °C) of maxima to lower temperatures, no shift was observed with different deformation degree.
The activation energies of the exothermic process were calculated using by Kissinger method [16] regardless
Sc, Zr addition and different deformation degree as ~ 100 kJ/mol. Schematic time-temperature-transformation
diagram (TTT diagram) of the exothermic process is shown in the Figure 4. The points corresponding to 50 %
volume transformation of the process are plotted against temperature versus time on logarithm scale.
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Figure 3 DSC traces of AlZnMgCu (full lines) and AlZnMgCuScZr (dashed lines) a) HR5 alloys, b) HR10
alloys, at different heating rates

Response of relative resistivity changes to step-by-step isochronal annealing of AlZnMgCu(ScZr) HR10 alloys
is plotted in the Figure 5a. Electrical resistivity of both HR10 alloys decreases up to ~ 300 °C in three stages
(I-1m) and after that sharply increase up to annealing up to 450 °C (IV). For a better recognition negative
numerical derivative (spectrum curves) of the annealing curves from Figure 5a are shown in the Figure 5b.
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In the spectra curves one can see three positive stages (I-11l) with maxima at ~ 110 °C, ~ 180 °C and ~ 250
°C. The maximum of the most significant ll-stage is shifted to lower temperatures with Sc, Zr addition. The
first minor relative resistivity decreases and minor I-stage at spectrum curves with maxima at ~ 110 °C is
probably caused by the dissolution of GP zones and/or clusters. These results are in agreement with [13-15,
17,18] where dissolution of GP zones and/or clusters were observed at temperatures 100 — 150 °C. Small
decreases in microhardness values up to 150 °C in HR5 alloys are probably connected to these. No thermal
changes up to 150 °C were observed at DSC curves of HR5 and HR10 alloys. Because of the small visibility
of the I-stages in spectrum curves and no visibility in DSC curves we assume, that the amount of dissolved
GP zones and/or clusters is small.
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Figure 4 Schematic time-temperature-transformation diagram (TTT) diagram of the exothermic process of
AlZnMgCuScZr HR10 alloy
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Figure 5 a) Relative resistivity changes (measured at 78 K) of the AlZnMgCu(ScZr) HR10
b) spectra derived as negative derivative of resistivity curves during isochronal annealing of the
AlZnMgCu(ScZr) HR10 alloys

After annealing up to 240 °C two types of particles were observed by transmission electron microscopy —
rounded particles of the S phase (Al.CuMg) and rods of the non-eutectic T phase (Al2ZnsMgs) [14]. The main
resistivity decrease (II) and ll-stage at spectrum curves with maxima at ~ 180 °C to which exothermic
processes in DSC curves (with maximum at ~ 195 °C at heating rate 1 K/min in HR10 alloys) and activation
energy 100 kJ/mol correspond, together with small lll-stage at spectrum curves with maxima at ~ 250 °C are
probably caused by combination of precipitation of T phase and/or precipitation and/or coarsening of S phase.
The microhardness values from RT to annealing up to 240 °C of HR10 alloys (see Figure 2) show no changes
(in accuracy of measurement) which leads to the conclusion that neither precipitation of T phase particles nor
precipitation of S phase particles leads to any hardening effect. This result is in agreement with [14,19,20].
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Microscopy observation after annealing up to 360 °C proved presence of secondary Als(Sc,Zr) particles in the
AlZnMgCuScZr HR alloys [14]. Although secondary Als(Sc,Zr) particles was not observed in the initial state of
the AlZnMgCuScZr HR alloys, on the base of microhardness values and typical hardening effect of these
particles (AHV = 25-40 [13, 17, 21, 22]) we assume their presence in the initial state of the AlZnMgCuScZr
HR alloys, too. These particles probably precipitate during annealing at 300 °C/60 min before/during hot
deformation. After annealing up to 360 °C additional precipitation and/or coarsening of these particles caused
their clearly identification by TEM and ED. No thermal processes were observed in DSC curves of HR alloys
which could correspond to precipitation and/or coarsening of the Als(Sc,Zr) particles.

4. CONCLUSIONS
The results of characterization of hot deformed AlIZnMgCu(ScZr) alloys arriving the following conclusions:

. Two types of eutectic phase (T phase (Mgs2(Al,Cu,Zn)s9) and Mn,Fe,Si-rich phase) at (sub)grain
boundaries in the initial state of the all alloys studied was observed. Primary multilayer Als(Sc,Zr)
particles were observed in the AlZnMgCuScZr hot deformed alloys.

. Higher initial values in the AlZnMgCuScZr alloys than in AlZnMgCu alloys (AHV0.5 = 20) were probably
caused by presence of Sc, Zr-containing particles and/or by higher content of addition in the
AlZnMgCuScZr alloy.

. One exothermic process was observed in DSC curves of the alloys studied with maximum at ~ 195 °C
at heating rate of 1 K/min. The activation energy was calculated as ~ 100 kJ/mol and TTT diagram of
this process was done. Three positive stages at spectra derived with maxima at ~ 110 °C, ~ 180 °C and
~ 250 °C were observed in the alloys studied. Exothermic process in DSC curves corresponds to IlI-
positive stage at spectra derived.

. The first relative resistivity decreases and minor I-stage at spectrum curves with maxima at ~ 110 °C
are caused by the dissolution of GP zones and/or clusters. The ll-stage at spectrum curves with maxima
at ~ 180 °C, exothermic process in DSC curves (with maximum at ~ 195 °C at heating rate 1 K/min in
HR10 alloys) together with lll-stage at spectrum curves with maxima at ~ 250 °C are caused by
combination of precipitation of T phase and/or precipitation and/or coarsening of S phase.

o After annealing up to 360 °C secondary Als(Sc,Zr) particles in the AlZnMgCuScZr HR alloys caused
hardening effect (AHV0.5 = 20-30). These particles probably precipitate during annealing at 300 °C/60
min before/during hot deformation in the AlZnMgCuScZr alloys, too.
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