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Influence of plastic deformation on occurrence
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We have studied the effect of plastic deformation by compression on the occurrence of
discontinuous precipitation in Al-30% Zn alloy after ageing at two different temperatures
(348 and 423 K) has been studied. Optical microscope, scanning electron microscope, X-ray
diffraction and differential scanning calorimetry were used for characterization.

During ageing of undeformed alloy, the grain boundary of supersaturated solid solution
represents the favorite site of precipitation by discontinuous mechanism. We found that the
occurrence of discontinuous precipitation depends mainly on the degree of plastic
deformation before ageing. The grain boundary act as reaction front and migrates in case
of low degree of prior deformation. © 2005 Springer Science + Business Media, Inc.

1. Introduction

Discontinuous precipitation (DP) (or cellular reaction)
is a solid state decomposition reaction that converts
supersaturated solid solution g into a two phase o +
B aggregate behind a migrating reaction front [1, 2]:
ag—> o+ B

The cellular reaction originates at high angle grain
boundaries by the formation of stable 8-plate enriched
in one of solute elements [2]. The relationship between
boundary structure, energy, mobility and diffusivity is
complex, it is generally accepted that high angle inco-
herent boundaries are the most likely candidates for DP
reactions fronts [2, 3].

The absence of DP on twin and other boundaries
with a rational orientation relationship and low energy
habit phase is attributed to either a perfect/near-perfect
coincidence relationship [4] or poor mobility (due to
low step density) of the low angle boundary concerned
[5]. Precipitation in a supersaturated alloy is known to
be altered considerably by a plastic deformation after
solution-annealing and before ageing. This effect has
been investigated particularly in several aluminum al-
loys [6—10]. It is known that prior plastic deformation
may either enhance or diminish the discontinuous pre-
cipitation [2].

It is reported that prior deformation enhances the DP
kinetics in Cu-In [11], Ni-based superalloys [12], Pb-
Na [13] and Nb-Zr-Ti [14]. On the other hand, entirely
the opposite effect has been observed in Cu-Be [15],
Cu-Ni-Mn [16], and Al-Li [2]. A high matrix disloca-
tion density as a consequence of prior straining may en-
hance continuous precipitation and thereby reduces the
driving force for DP [17]. On the other hand, Pawlowski
[18] has proposed that the mode of deformation is crit-
ical to determine whether DP kinetics are enhanced or
decreased.
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The aim of the present paper is the study of the
effect of plastic deformation by compression on the
occurrence of discontinuous precipitation. Two aging
temperatures |settings have been investigated (348 and
423 K).

2. Experimental procedure

The alloy used for this study was aluminum alloy con-
taining 30 wt% of zinc prepared by melting from high
purity components. The cast alloy was homogenized
during seven days at 703 K and quenched in iced water.
Samples of 8 x 8 x 9 mm? were cut and encapsulated
in Pyrex tubes under vacuum, annealed for 3 hours at
703 K and quenched in iced water to obtain a supersat-
urated solid solution.

To study the influence of deformation upon DP
during two aging temperatures (348 and 423 K), the
quenched samples were cold-worked by compression
from 8 to 70% thickness reduction. The treatment con-
ditions were obtained from the existent literature on the
discontinuous reaction and from the equilibrium phase
diagram of the Al-Zn system [19-24].

Studies of the mechanisms of precipitation were fol-
lowed mainly by optical microscope (OM). Scanning
electron microscope (SEM), X-ray diffraction experi-
ments using Cug, radiation, and differential scanning
calorimetry (DSC) were used as complementary tech-
nics. The specimens were etched with solution of 10 ml
HF (53%) + 30 ml Glycerin 4 10 ml Nital, in order to
observe them in OM and SEM.

3. Results and discussion

All specimens, i.e., deformed and undeformed were
aged isothermally at two temperatures (348 and
423 K).
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Figure 1 Microstructural evolution of Al-30 wt% Zn alloy during aging at 348 K for 5 h (a) and 72 h (b).

3.1. Ageing at 348 K

The results of ageing at 348 K are presented in Figs 1-4.
The relationship between microstructure and the differ-
ent amounts of compressive strain are shown. Exami-
nation of Fig. 1 of structural evolution of undeformed
alloy, shows that the precipitate appears at grain bound-
aries by DP (Fig. 1a), and after prolonged aging time,
discontinuous precipitates occupied the entire volume
of alloy (Fig. 1b).

The structural evolution during ageing of the same
areas of deformed alloys is shown by OM Figs 2 and 3,
we note the formation of deformation bands. The grain
boundaries remain at same location during ageing treat-
ment. On the other hand, after prolonging the ageing
time, for reduction greater than 40%, we observe a for-
mation of finer precipitates on these deformation bands
(Fig. 3b and c). It has been reported that the band itself
consists of small irregular subgrains boundaries show-
ing high misorientation [25]. It is known that increasing
the degree of cold work leads to the formation of defor-
mation bands which represent areas with locally high
dislocation density. Consequently, during ageing these
areas represent sites favoring continuous precipitation.
The nucleation within deformation bands has been ob-
served in several metals [26, 27]. For our case, after
cold work of more than 40%, no DP is formed, i.e., no
migrating boundary is developed. The same result has
been obtained by Tsubakino [28] in Cu-Sn. Hamana and
Choutri [29] have found that the DP rate is decreased
by small amount of prior plastic deformation in Cu-Ag
and Cu-Sb. One possible explanation for the absence
of DP after critical deformation (40%) is increasing a
degree of cold work leads to the formation of deforma-
tion bands. Therefore, the cellular precipitation cannot
develop in these areas.

It is known that localized deformation may confine
the plastic strain within a small volume and leads to the
DP [17]. For instance, it has been shown that prior lo-
calized strain by hardness indentation or scratching on
the external surface of single crystal or polycrystal may
initiate DP from the deformed plastic zone in Cu-Ag
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Figure 2 Microstructures of Al-30 wt% Zn alloy after 45% compressive
strain and aged at 348 K for (a) 5 h and (b) 72 h.

[30-32] and Ni-Sn and Ni-In [33]. The opposite result
is obtained in our study, i.e., that prior localized strain
in Al-30 wt% Zn alloy applied by hardness indenta-
tion is not capable of initiating the DP (Fig. 4), but on
the other hand, this DP reaction develops normally at
grains boundaries.
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Figure 3 Microstructures of Al-30 wt% Zn alloy after 45% compressive
strain and aged at 348 K for (a and b) 16 h and (c) 72 h.

3.2. Ageing at 423 K
The same analyses are used in the case of ageing at
423 K of deformed alloys. During this higher temper-
ature, we have observed the formation of cellular pre-
cipitates in all deformed alloys below 70% (Fig. 5a).
For this state of treatment, a morphology of lamellar
structure of precipitates is observed by SEM (Fig. 5b).

Consequently, we can say that the ageing tempera-
ture increases the critical deformation for suppression
of DP. The increased ageing temperature of deformed
alloys leads to annihilation of dislocations and favors
the development of DP.

It is important to notice the absence of recrystal-
lization mechanism in our deformed alloys at these
temperatures, because some authors have observed

Figure 4 Microstructure of Al-30 wt% Zn alloy after aging at 348 K for

25 h. (hardness indentation located in the lower left corner of figure)

Figure 5 Microstructure by (a) OM and (b) SEM of Al-30 wt% Zn alloy
after 20% compressive strain and aged at 423 K for 55 h.

this phenomenon at precipitation temperature. For
example, Hamana and Boumerzoug [34] have ob-
served grain growth occurs in Cu-Sb alloy before
DP.

X-ray diffraction showed that at two ageing tempera-
tures (348 or 423 K) the undeformed alloys decomposed
completely by cellular precipitation into a lamellar mix-
ture of face centered cubic, aluminum rich « solid so-
lution and an hexagonal close packed, zinc rich g solid
solution. X-ray diffraction patterns from the aged de-
formed alloy is shown in Fig. 6, in the 26 range between
30 and 150 deg, where, we observe the peaks of o and
B phases. The following table contains different lat-
tice parameters of o, o and 8 phases obtained from
different patterns:
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Figure 6 X-ray diffraction patterns of Al-30 wt% Zn alloy quenched, and aged at 423 K for 72 h.
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Figure 7 DSC curves of (a) undeformed and (b) deformed alloy, af-
ter quenching in iced water, and followed by heating and cooling with
5°C/min.
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Quenched alloy Aged alloy at 423 K

aq0 = 4.057 A a, =4.039 A, ag =2.665 A ¢ = 4.94 A

Likewise, the effect of plastic deformation is con-
firmed by DSC. DSC heat flow curves obtained in
undeformed (Fig. 7a) and deformed quenched alloys
(Fig. 7b) after continuous heating until 673 K followed
by cooling show the difference between these alloys.
Upon heating there is difference between deformed and
undeformed alloys, because the undeformed alloy (Fig.
7a) exhibits two exothermic peaks in the range tempera-
ture 308483 K and 512-673 K, these peaks correspond
to discontinuous precipitation which is confirmed by
OM. But the deformed alloy (Fig. 7b) exhibits low
exothermic peaks, corresponding to low dissipation of
energy. During cooling, the same shape of curve is ob-
tained in deformed or undeformed alloys, characterized
by one peak between 483 and 513 K. This peak corre-
sponds to the mechanism of non lamellar precipitation
at grain boundaries.

4, Conclusion

Our investigation represents a contribution to the study
of the effect of prior plastic deformation on the occur-
rence of discontinuous precipitation reaction. We have
proved that plastic deformation by compression applied
to quenched Al-30 wt%. Zn alloy affects this reaction
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during aging treatments. The occurrence of DP depends
on the degree of prior plastic deformation. This reac-
tion is observed only for low degree of deformation. For
higher deformation, the alloy is occupied only by de-
formation bands which represent favorite sites of finer
continuous precipitates.
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