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Abstract: Differential scanning calorimetric (DSC) study was carried out at different heating rates to examine the solid state
reactions in a 7150 Al-Zn-Mg alloy in water-quenched (WQ) state, naturally and artificially aged tempers. The exothermic and
endothermic peaks of the thermograms indicating the solid state reaction sequence were identified. The shift of peak temperatures to
higher temperatures with increasing heating rates suggests that the solid state reactions are thermally activated and kinetically
controlled. The artificial aging behaviour of the alloy was assessed by measuring the variations of hardness with aging time. The
fraction of transformation (Y), the rate of transformation (dY/d¢), the transformation function f{Y), and the kinetic parameters such as
activation energy (Q) and frequency factor (ko) of all the solid state reactions in the alloy were determined by analyzing the DSC data,
i.e. heat flow involved with the corresponding DSC peaks. It was found that the kinetic parameters of the solid state reactions are in

good agreement with the published data.
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1 Introduction

Aluminium alloys of 7xxx series Al-Zn-Mg are
widely used in aircraft and aero-vehicle structural
components. These alloys provide very high strength and
stiffness in their peak aged temper. The aging behaviour
and the sequence of precipitation and dissolution
reactions of these alloys have been assessed by various
methods such as hardness, resistivity measurement,
calorimetry and X-ray diffraction study [1—5]. But, in the
aluminium alloy system, the formation of a large number
of metastable precipitates and the wide variety of aging
treatments employed lead to complex microstructural
conditions [4, 6—8]. Hence, it is still essentially required
to study the microstructural features of the alloy for
further understanding and correlating the structure—
property relationship.

For rapid and qualitative description of solid-state
phase transformation/precipitation in aluminium alloys,
differential scanning calorimetric (DSC) is considered a
supplement to transmission electron microscopy (TEM)
studies [9—11], although TEM is an important technique.
Further, considering the limitations in quantitative TEM
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method, i.e. susceptibility to errors and time-consuming
technique, calorimetric method can conveniently be
utilized to understand the kinetics of all types of
precipitation and dissolution reactions in aluminium
alloys [12—-13].

The kinetics of precipitation and dissolution
reactions in aluminium alloys was obtained using
resistivity and differential scanning calorimetry (DSC)
techniques [14—19]. Generally, resistivity measurements
are used to study the kinetics under isothermal conditions
and DSC under non-isothermal conditions. JENA et al
[15] and GUPTA et al [16] evaluated kinetic parameters
for precipitation in Al-Cu-Mg alloy from DSC
thermograms. DELASI and ADLER [9] assumed a first
order kinetic relationship and used stepwise integration
procedure to determine the rate constants for the
dissolution reaction in three 7xxx series alloys. They also
have applied absolute reaction rate theory to find out the
activation energy for various reactions. DONOSO [20]
estimated the activation energies for dissolution of GP
zones and #' phase in the Al-4.5%Zn-1.75%Mg alloy
the peak temperature corresponding to the
maximum rates of heat generation. In the present
investigation, the sequence of solid state precipitation

from
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and dissolution reactions of a 7150 alloy is discussed
from the DSC thermograms obtained from the DSC
studies at different heating rates. Further, the kinetic
parameters, such as activation energy (Q), frequency
factor (ko) and the transformation function f{Y) are also
determined from the DSC data.

2 Experimental

2.1 Materials

The chemical compositions (mass fraction, %) of
the 7150 alloy are: Zn 6.30%, Mg 2.40%, Cu 2.30%, Zr
0.12%, Fe 0.10%, Si 0.05% and Al balance. The alloy
was obtained in rolled plate form of approximate 12 mm
in thickness. Specimens with dimensions of 10 mm in
diameter and 1 mm in thickness were obtained from the
alloy plate and were subjected to solutionising treatment
at a temperature of 475 °C for 45 min, quenched in water
and followed by artificial aging at temperatures of 110
and 120 °C up to 115 h corresponding to over aged (T7)
temper. Vickers microhardness in different aging states
were measured using a Matsuzawa Seiki MHT-1
microhardness tester equipped with Vickers indenter.

2.2 DSC studies

Specimens in disc form of approximate 20 mg were
made from the as-quenched, naturally aged and
artificially aged alloys. It should be mentioned that the
as-quenched samples had undergone a few hours of
natural aging, due to the time gap between
solution-quenching treatment and the DSC run. The DSC
runs were initiated from ambient temperature to 540 °C
at different heating rates in nitrogen atmosphere, using a
Perkin Elmer Pyris 1 DSC unit. For baseline corrections,
all the DSC runs were corrected by subtracting a DSC
baseline obtained from a run with an empty pan. The
baseline corrections were accounted for in order to free
from the parasitic effects and also in perfect measuring
an accurate and reliable calorimetry heat evolution and
absorption of the DSC unit. In the DSC thermograms, the
exothermic and endothermic reactions were plotted
upward and downward respectively. The peak
temperatures of all the peaks were noted.

3 Results and discussion

3.1 Vickers microhardness

Figure 1 shows the variation of hardness with aging
time of the solutionised and water quenched samples
which were artificially aged at temperatures 110, 120 °C
for varying time and naturally aged as well. Figure 1
exhibits the characteristic aging behaviour of a
precipitation hardenable aluminium alloy, i.e. the
increase of hardness, attainment of maximum peak

hardness followed by the decrease of hardness with
increasing aging time. This variation of hardness with
aging time is attributed to the formation of GP zones,
precipitation semi-coherent #' (MgZn,) and S’ phases and
formation and growth of incoherent equilibrium 7
(MgZn,) and §' phases [1, 8, 21].
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Fig. 1 Variation of hardness with aging time of 7150 alloy

3.2 DSC thermograms of solution treated and water

quenched state

Figure 2 shows the DSC thermograms of the
solution treated and water quenched 7150 alloy at
heating rates of 2.5, 5.0, 10, 15, 20, 25 and 30 °C /min.
In the case of age hardenable aluminum alloys, normally,
the formation of precipitates is an exothermic process
whilst their dissolution is an endothermic process [22].
The peak temperature for the precipitation represents the
temperature at which the two factors, i.e. the fall of the
driving forces for the continued precipitation (i.e. the
decrease of supersaturation with the rise of temperature
during DSC run) and the increase of diffusivity with the
increase of temperature which results in competing to
reach a maximum precipitation rate.
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Fig. 2 DSC thermograms of 7150 alloy in solutionised and
water quenched state at different heating rates



K. S. GHOSH, et al/Trans. Nonferrous Met. Soc. China 21(2011) 1199-1209 1201

The DSC thermograms (Fig. 2) showing exothermic
and endothermic peaks indicate the sequence of
precipitation and dissolution reactions in the alloy: Super
saturated solid solution (SSSS)a — vacancy reach
clusters (VRC)—» GP zones — 7' — 5 (MgZn).
However, there are peaks for the precipitation and
dissolution of § (Al,CuMg) phase and a series of
endothermic peaks at higher temperatures which may be
attributed to the incipient fusion of these phases. It is
mentioned that there may be an overlapping of one
reaction with another; and hence the peaks in the DSC
thermograms (Fig. 2) are overlapped by one another.

The different peak regions in the thermograms (Fig.
2) marked A—H are: A—dissolution of Guinier—Preston
(GP) zones; B—precipitation of #' (MgZn,) phase; C—
dissolution of #' (MgZn,) precipitates; D and F—
overlapping reactions within a small temperature range,
i.e. precipitation of # (MgZn,), T (Mgs2(Zn,Al)s) and
copper bearing S' (Al,CuMg) phase; E—dissolution of #;
G—dissolution of these Cu-bearing phases; H—surface
oxidation. Further, at low temperatures (60—65 °C),
exothermic peak (4;) indicates the formation of VRC,
GP I and GP II zones, and a fluctuation at peak B,
between peak B and peak C may be attributed to the
formation of transition phases and/or invariant of #'
phase on the precursor of the lately dissolved GP II
zones. The reaction sequence occurring in the 7xxx
series alloy has been discussed in several references [3,
9-10, 13, 23—-27]. The presence of copper may introduce
additional Cu-bearing S' phase and it is variant in the
7150 alloy, mostly at the higher temperatures as the
composition of the alloy falls near the border of the a +
field of the Al-Zn-Mg-Cu phase diagram [28—31]. The
peak temperatures of all the peaks with different heating
rates (given in Table 1) are in agreement with the results
of literatures [3, 9—10, 23—24]. The GP zones are
coherent with the matrix, and the semi-coherent
intermediate #' (MgZn,) phase has been ascribed with
monoclinic unit cell, while the incoherent equilibrium #
(MgZn,) phase is hexagonal [8—9].

Table 1 Peak temperatures of DSC peaks of as-quenched 7150
alloy studied at different heating rates

t,/°C

Heating rate/

(°C-min7') Peak Peak Peak Peak Peak Peak Peak
A B C D E F G
2.5 - 213
5 - 221
10 93 114 227 237 248 255 282
15 96 122 234 244 255 262 285
20 113 131 240 253 260 270 287
25 119 134 243 256 265 272 295
30 119 142 248 265 270 279 301

t, is the peak temperature of the peak.

In precipitation hardenable aluminium base alloys,
the formation of GP zones commences from the room
temperature. It was reported that there are two types of
GP zones in Al-Zn-Mg based alloys, which are
solute-rich GP 1 zones, or Mg/Zn cluster; and solute/
vacancy-rich GP II zones [3, 25-26, 32-34]. The
endothermic peak A4 in Fig. 2 reflects the dissolution of
GP zones that are formed at room temperature
immediately in quenching. The dissolution peak
temperature is in agreement with the reported dissolution
temperature range of 50—150 °C [17]. The exothermic
peak region B is attributed to the precipitation of
semi-coherent 7' phase.

Further, from Fig. 2, it can be seen that the peak
temperatures of the peaks shift to higher temperature
with the increase of heating rates. Thus, the shifting of
the precipitation and dissolution reactions with
increasing heating rates indicate that these reactions are
thermally activated and kinetically controlled [12, 14—16,
19, 35]. The peak temperatures of the solid state
reactions at different heating rates are given in Table 1.

3.3 Thermograms of under- and over aged alloys
Figure 3 shows the DSC thermograms at heating
rate of 20 °C /min for 7150 alloy naturally aged for 3 h
and 23 h, and artificially aged at 70 °C for 0.5 and 110
°C for 1 h. The thermograms of the artificially aged alloy
do not show the peak 4 (GP zone dissolution) and peak B.
The absence of these two low temperature peaks is
attributed to the fact that the artificially aged alloys have
no GP zones to dissolve during DSC run; and moreover,
the alloys contain already precipitated #' phase. The
appearance of other peak regions C—H (Fig. 3) for the
artificially aged alloys is obvious. However, the
thermograms of only naturally aged samples exhibit low
temperatures peaks 4 and B, which is very prominent for
samples only 3 h naturally aged and with fluctuations for
23 h naturally aged. The appearance of peaks 4 and B in
the naturally aged alloys indicates that the solid solution
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30.0 N " --- Naturally aged for 23 h
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Fig. 3 DSC thermograms of 7150 alloy aged to various tempers
at heating rate of 20 °C/min
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is still supersaturated with the solutes, in other words, the
alloy does not contain equivalent amounts of #' phase.
Similar observations in the DSC studies of Al-Li-
Cu-Mg-Zr alloys of under-aged and retrogressed tempers,
were also reported in Ref. [35]. Thus, it is to be noted
that the absence of these peaks for artificially aged alloys
and the fluctuations of peak regions 4 and B for naturally
aged for 23 h confirm the presence of certain amount of
matrix strengthening #' phase. This is also reflected in
the aging behaviour (Fig. 1), as there is an increase of
hardness with aging time up to peak aged temper.

3.4 Analysis of DSC data

In the DSC run, the total heat effects, QO(7),
observed between the initial temperature of a peak 7; and
temperature 7, is given by

o) = HD (1)
me

where m is the mass of the sample; ¢ is the heating rate;
E is (calibration) constant; and A(7) is the area under the
peak between temperatures 7; and 7, which is the
observed heat flow that is associated with the
precipitation and dissolution reactions [15—16, 19]. A(T)
can be expressed as

A= [ (6alaT (2)

where Jq is the measured heat flow, involved for the
specific precipitation or dissolution reactions, to the inert
reference relative to the sample as a function of
temperature at a constant heating rate ¢ .

If Tt is the final temperature of the peak, we have

EA(T;)

m

oT;) = 3)

If Qy is the heat effect per mole of precipitate, then
the heat effect dQ is given by

dO=0ydn (4)
where dn is the number of moles of precipitates which

form or dissolve per unit mass of the alloy.
Integrating Eq. (4) and substituting in Eq. (1) yields

EA(T)

T = 5
n(T) O (5)
and

EATy)

T:)=—1t2 6

n(Ty) Oumé (6)

Thus, the fraction of the precipitation Y(7) at
temperature 7 can be expressed as

yry="0 (7)

n(T;)

Therefore, from Egs. (5), (6) and (7), we have
_AT)

o A(Ty)

(8)

From the DSC
transformed Y(7), i.e. the amount of phase precipitated or

thermograms, the fraction
dissolved at a given temperature range, can be expressed
according to Eq. (8).

The rate of transformation can be written as:

dy dY dT

de  dT dt

Thus,

dy drv

. 9
dr dT ¢ ®)

3.5 Non-isothermal transformation

For complex transformation and precipitation
reactions, the reaction kinetics for non-isothermal
transformation are usually expressed [19], according to

the modified Avrami-Johnson-Mehl equation, in the

form:
Y =1-exp(—k"t") (10)
kzkoexp(;—g) (11)

where Y is the volume fraction of precipitation at time ¢
k is the rate constant and » is the growth parameter,
which depend on the nuclei density and precipitate
growth modes, respectively; O and R are the activation
energy of the reaction and gas constant, respectively. Eq.
(10) is considered to be accurate based on the
assumptions that: 1) the product phase is randomly
distributed; 2) nuclei are randomly distributed; 3) the
average growth rate is independent of position in the
other than
neighbouring domains of the product phase is negligible

sample; 4) impingement on objects

and 5) blocking resulting from anisotropic growth is

negligible.
The logarithmic form of Eq. (10) yields
Inln[1/(1-Y)]=nln¢+nln k (12)

The rate constant & and the growth parameter n are the
constants for a process mechanism. Therefore, for a
specific value of n, the term nln & in Eq. (12) remains
constant. The plot of Inln [1/(1-Y)] vs In ¢ from Eq. (12)
yields a straight line function, from which the value of n
(slope) and & (from the intercept) can be obtained.

For non-isothermal transformation, it is more
expedient to use Eq. (10) in developing transformation
rate and related expression. The rate of transformation
can be expressed as
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T o) (13)
dr

where /() is the implicit function of Y from Eq. (10).
Combining with Eq. (13) and the derivative of Eq.

(10) results in

f@)=n(=N[-In(-1)]""" (14)

The non-isothermal kinetic data stated in the DSC
analysis in Eq. (9) can be written as

T ;'E*;'k(T)f(Y) (15)

Substituting k(7) from Eq. (11) into Eq. (15) and
taking logarithm and rearranging, Eq. (15) is simplified
as

(16)

=

dy 1
In[(— =In[f(Nk,]—-= —
[(dT)y¢] [/ (k] T
If for a heating rate ¢, the temperature at which a
constant fraction (Y’) of precipitate is obtained, is T},
then,
Q1
R T;

dy o
ln[(d_T)Y'¢j] =In[f (Y)ko]~ (17)

where ¢ is the jth heating rate, (dY/dT)y is the rate at a
given fraction of transformation (Y’), and 7; is the

temperature at which the fraction is ¥’ at heating rate ¢, .

Therefore, a plot of In[(dY/dT)y ¢;]vs (1/Tj), under
different heating rates, will give a straight line of slope
(—Q/R) from which the value of activation energy Q can
be determined.

3.6 Kinetic parameters of solid state reactions in 7150
alloy
3.6.1Dissolution of GP zones (Peak A)

The endothermic DSC peak A4 (GP zones) for the
water-quenched 7150 alloy at different heating rates is
shown in Fig. 4. From these curves, the precipitate
amount (volume fraction, Y) and precipitate rate (d¥/d¢)
can be calculated from Egs. (8) and (9), respectively. The
plots of Y and the precipitation rate (dY/df) are shown as
a function of temperature in Figs. 5 and 6, respectively.
The Y vs T curve is sigmoidal in shape and shifts to
higher temperatures with the increase of heating rate.
The variation of rate of transformation with temperatures
is typical of a sigmoidal Y—T curve. Further, there are
also considerable shifts in the maxima of the rate of
transformation curves (Fig. 6) to the higher temperatures
with increasing heating rates. It implies that the
transformation is thermally activated and kinetically
controlled.

The data obtained from Fig. 6 are plotted according
to Eq. (17) in Fig. 7 for three values of fraction
transformed (Y") 0.25, 0.50 and 0.75. The slopes of the
three linear straight lines give the average value, (33.02 +
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Fig. 4 DSC thermograms of peak 4 for 7150 alloy in
solutionised state at different heating rates
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Fig. 5 Plot of Y—T of peak 4 for solutionised and water
quenched 7150 alloy at different heating rates
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Fig. 6 Plot of dY/d¢ vs T of peak A4 for solutionised and water
quenched 7150 alloy at different heating rates

1.88) kJ/mol, as the activation energy (Q) for the process.
The activation energy value for the dissolution of GP
zones is in good agreement with the values obtained by
others [9-10, 13, 36].
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Fig. 7 Plot of determination of activation energy for GP zones
dissolution of 7150 alloy after Eq. (17)

It is mentioned that the calculated Q has to be taken
as apparent activation energy since, in many cases, the
processes involved are not unique and also not precisely
definable. Furthermore, due to the complexity of the
precipitation and dissolution reactions involved that
results in an overlap of their effects in the DSC peaks of
7017 Al-Zn-Mg alloy, the energy content associated with
a particular process (precipitation or dissolution) cannot
be determined accurately. As a consequence, the
determination of enthalpy effects may result in some
erroneous value. Notwithstanding the above restrictions,
meaningful values of Q associated with distinguishable
processes may be obtained since the temperature (7)
value at the signal peak is little affected by the
uncertainty of the baseline [37].

In order to assess the progress of reactions at all
temperatures and for all temperature — time programs,
the function f{Y), the constants, &y and Q are required to
be determined. In general, the reaction function f{Y), is
unknown at the outset of the analysis. A range of
standard functions which represent particular idealized
reaction models have been proposed [38—39]. The
function f{Y) is determined by assuming suitable forms
and using experimental data to verify. Reactions that
occur by nucleation and growth yield sigmoidal
behaviour. A general relationship [40] that gives
sigmoidal behaviour is

W=y (- (18)
where exponent » and m are constant. The formalism can
incorporate Johnson-Mehl-Avrami-Kolmogorov (JMAK)
kinetics and the form that also yields sigmoidal behavior
is

()= n[-In(1-1)]" " (1-Y) (19)

where the exponent n, growth parameter, is a constant
dependent on precipitate growth mode. If # is considered
to be 1, 3/2, 2 and 3 [39-40], Eq. (19) is reduced to Egs.
(20), (21) and (22) respectively, as expressed below.

SX)=(1-Y) (20)
=2 tnlt-1) (1) e
f@)=2[-n(1-¥)]*(1-¥) (22)
S@)=3m(-1)P(-¥) (23)

Further, for a three-dimensional diffusion equation,
the transformation function f{Y) may also be expressed as
[16]:

SN=[1-(1-1"F (24)
Now, combining Egs. (9), (16) and (22) yields
¥, 4 21

ln[(dT)f(Y)] Infk, R T (25)

The plots of In[(dY/dT)(@/f (Y))] vs (1/T) are
made to verify the validity of function f(Y) after Egs. (20)
to (24). But, the function f(Y) after Eq. (25) is the most
satisfactory, as shown in Fig. 8, whereas the other
relationships after Egs. (20), (21), (23) and (24) are
unsatisfactory, as shown in Fig. 9, of the function f{Y)
after Eq. (24).

Thus, for the dissolution of GP zones, the activation
energy is found to be (27.93+3.15) kJ/mol, and k; is
found to be 1.56 x 10% s~'. The activation energy values
obtained according to Egs. (17) and (25) are in close
match. Thus, the best transformation function f{(Y)
describes the dissolution of GP zones in 7150 alloy is
2[-In(1-Y)]"*(1-Y). Table 2 gives the kinetic parameters
and transformation functions evaluated by the authors for
the solid state reactions of the 7150 alloy.

Table 2 Kinetic parameters of different solid state reactions of 7150 alloy

O/(kJ-mol ") .
Peak (Nature of peak) ko/s S
By Eq. (17) By Eq. (25)
A (GP zones dissolution) 33.02+1.88 27.93+3.15 1.56 x10°  2[-m(1-Y)]2(1-7)
B (77 dissolution) 96.4248.98 101.85+13.50 1.00x10°  2[-m(1-Y)]*(1-Y)
G (S dissolution) 174.67£18.91 169.5910.39 1.49x10"  2[-n(1-¥)*(1-Y)
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Fig. 9 Plot to verify transformation function f(Y) for GP zones

dissolution of 7150 alloy after Eq. (25)

3.6.2 Precipitation of ' (MgZn,) phase (peak B)

In the present investigation, attempt has not been
made to determine the kinetic parameters and the
transformation function for the precipitation of
n'(MgZn,) phase (peak B) from the DSC thermograms in
Fig. 2. Using the techniques discussed in the previous
sections, the determined values of kinetic parameters for
the reaction will not be accurate and appropriate, as the
temperature range (i.e. the beginning and completion of
precipitation of #' phase) of peak B is very small and
close.

3.6.3 Dissolution of #' (MgZn,) phase (peak C)

The peak C for the dissolution of #' phase (DSC
thermograms in Fig. 2) is shown separately in Fig. 10.
From these curves, the fraction of precipitation (¥) and
the precipitate rate (dY/df) are calculated from Egs. (8)
and (9). Figs. 11 and 12 exhibit the plot of ¥ vs T and
(dY/df) vs T, respectively. Likewise the dissolution of GP
zones, the Y vs T curves are sigmoidal in shape and shift
to higher temperatures with the increase of heating rate.
The variation of rate of transformation with temperature

3¢ . — 15 °C/min ’
N -=-20 °C/min H
32r N v 25°C/min
\  ——30°C/min /)
% 31F \\ I[
2 30f N N o
= \\ AN -/ /
- 28 .. h NS /
27+

225 230 235 240 245 250 255 260
Temperature/°C

Fig. 10 DSC thermograms of peak C for 7150 alloy in

solutionised state at different heating rates
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L Y A A A A 25 °C/min
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0 L 7 'r /|/ 1 ] | |
225 230 235 240 245 250 255 260 265
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Fig. 11 Plot of Y—T of peak C for solutionised and water
quenched 7150 alloy at different heating rates

— 15 °C/min ~
50 ---20°C/min FARY
- 25 °C/min H N S
Y 30 °C/min / \ . ,,’ \\
3 ! \
o \
=30t \
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0 . .~".::| i ! 1
225 230 235 240 245 250 255
Temperature/°C

Fig. 12 Plot of dY/dt vs T of peak C for solutionised and water
quenched 7150 alloy at different heating rates

is typical of a sigmoidal Y—7 curve. There are also
considerable shifts in the maxima of the rate of
transformation curves to the higher temperatures with the
increasing heating rates, implying that the transformation
is kinetically controlled.
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The data obtained from Fig. 12 are plotted according
to Eq. (17) in Fig. 13 for three values of fraction
transformed (Y") 0.25, 0.50 and 0.75. The slopes of the
three linear straight lines give the average value (96.42 +
8.98) kJ/mol, which is the activation energy (Q) for the
dissolution of ' phase. The activation energy value is in
good agreement with the value reported in literature for
7xxx series alloys [9-10, 13, 36].

-0 Y'=025
31k 0=(99.77+10.64) kJ/mol
Y'=0.75
325 0 =(84.39 +7.69) kl/mol
$-33F
S 34
>~
T 354
=1
— -3.6Y'=0.50
3 0=(102.09+8.98) kJ/mol
1 0,,=(95.4249.10) kJ/mol .
-3.8 L I I

1 1 Il 1
191 192 193 194 195 1.96 197 198
T7'/103K™!
Fig. 13 Plot of determination of activation energy for #'
dissolution of 7150 alloy after Eq.(17)

Likewise for the dissolution of GP zones, plots are
made to determine the transformation function, for the
dissolution of ' (MgZn,) phase, after combining Egs. (9)
and (16) with Egs. (20)—(24). But, the relationship, Eq.
(22) is the most satisfactory, as shown in Fig. 14,
whereas the other relationships after Egs. (20), (21), (23)
and (24) are unsatisfactory, as shown in Fig. 15, of the
function f(Y) after Eq.(20).

The activation energy for the precipitation of #'
phase in the 7150 alloy after Eq. (25) is found to be
(101.85+13.50) kJ/mol and k, is found to be
(1.00x10°+2.35 s'), when the n value is 2. The
activation energy values obtained after Egs. (17) and (25)
are in close match. Thus, the best transformation
function f(Y) describes the dissolution of #' phase in the
7150 alloy is

2[-n(1-Y)]2(1-7).

3.6.4 Precipitation and dissolution of #(MgZn,) phase

There is complete overlapping of peak regions D, E
and F (Fig. 2) and the transformations have also occurred
within a small temperature range, so it is not possible to
determine the kinetic parameters accurately by the
present techniques adapted.

3.6.5 Dissolution of §' (ALLCuMg) phase (peak G)

The peak G for the dissolution of S' phase (DSC
thermograms in Fig. 2) is shown in Fig. 16. From these
curves, the fraction of precipitation (Y) and the
precipitate rate (dY/dr) are calculated from Egs. (8) and (9).

In [(dY/dT)- (¢ (1))]

When /(¥)=2[-In(1-Y)]"%(1-Y)
38l 0=(101.84+13.46) ki/mol
ky=(1.00X 10°+2.35) 5!

0 L 1 I 1 1 1 1 L
191 1.92 193 1.94 1.95 1.96 1.97 1.98 1.99
T7Y/1073K™!

Fig. 14 Plot to verify transformation function AY) for
dissolution of ' phase of 7150 alloy after Eq. (25)

-1.6
. When f(Y)=1-Y

In [(dY/dT)- (¢/f(1))]
Dok o8

I

et

)
T

1 1 1 1 1 1 1

6 L
191 1.92 193 1.94 1.95 1.96 1.97 1.98 1.99
T7'/103K™!
Fig. 15 Plot to verify transformation function AY) for
dissolution of 7' phase of 7150 alloy after Eq.(25)
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Fig. 16 DSC thermograms of peak G of 7150 alloy in
solutionised state at different heating rates

Figures 17 and 18 exhibit the plot of Y vs 7T and dY/d¢ vs
T, respectively. Likewise the dissolution of GP zones and
the dissolution of #', the Y vs T curves are
sigmoidal in shape and shift to higher temperatures with
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Fig. 17 Plot of Y—T of peak G for solutionised and water
quenched 7150 alloy at different heating rates
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Fig. 18 Plot of dY/d¢ vs T of peak G for solutionised and water
quenched 7150 alloy at different heating rates

the increase of heating rate. Further, the considerable
shift in the maxima of the rate of transformation curves
to the higher temperatures with the increasing heating
rates implies that the transformation is kinetically
controlled.

The data obtained from Fig. 18 are plotted according
to Eq. (17) in Fig. 19 for three values of fraction
transformed (Y ') 0.25, 0.50 and 0.75. The slopes of the
three linear straight lines give the average value of
(174.67 + 9.45) kJ/mol, which is the activation energy (Q)
for the dissolution of S phase.

Plots are made to determine the transformation
function for the dissolution of S" (Al,CuMg) phase, after
combining Egs. (9) and (16) with Egs. (20)—(24). But,
the function f(Y) after Eq. (22) is the most satisfactory, as
shown in Fig. 20, whereas the other relationships after
Eq. (20), (21), (23) and (24) are unsatisfactory, as shown
in Fig. 21, of the function f{Y) after Eq. (23), i.e. data are
more scattered and the best linear fit is not possible to
obtain activation energy for the reaction.

The activation energy for the precipitation of §'
phase in the 7150 alloy after Eq. (25) is found to be

3.0 Y'=0.50
30k 0 =(179.90 +12.53) kJ/mol
¥'=0.25
34l 0 =(174.09429.59) kJ/mol
§-3.6-
g -3.8}
[
= -4.0F
=]
= -4217'=0.75 h
» 0 =(170.02+14.63) kJ/mol
| 0, =(174.67+18.91) kJ/mol .
e 6 1 1 1 1 1 1 1
1.73 1.74 175 176 1.77 178 1.79 1.80

T71/1073K™!

Fig. 19 Plot of determination of activation energy for
dissolution of S’ phase of 7150 alloy after Eq. (17)
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0=(169.59+10.39) kJ/mol .
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Fig. 20 Plot to verify transformation function AY) for
dissolution of S’ phase of 7150 alloy after Eq. (25)
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-45¢
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Fig. 21 Plot to verify transformation function AY) for

dissolution of S’ phase of 7150 alloy after Eq. (25)

(169.59+10.39) kJ/mol and k is found to be (1.49x10" +
41.55) s, The activation energy values obtained after
Eq.(17) and (25) are in close match. Thus, the best
transformation function f{Y) describes the dissolution of
§' phase in the 7150 alloy is 2[— In(1- Y)]l/2 (1-7).
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4 Conclusions

1) The DSC thermograms of 7150 alloy taken at
different heating rates exhibited many endothermic and
exothermic peaks which represent the sequence of
precipitation and dissolution reactions, such as the
formation of GP zones, the precipitation of #' phase, the
dissolution of #' phase, and the precipitation and
dissolution of # and S' phases. The comparison of DSC
thermograms of naturally aged and artificially aged
alloys indicates that the artificially aged alloys contain
semi-coherent matrix strengthening #' phase and
equilibrium # phase, whereas, the naturally aged samples
for short duration which exhibit GP zones peak and the
precipitation of #' phase peak are still supersaturated with
the solutes.

2) The shift of the reaction peaks to higher
temperatures with increasing heating rates implies that
the reactions are thermally activated and kinetically
controlled processes.

3) From the DSC data, the technique to determine
the fraction of transformation Y, and the method to
determine activation energy (Q), frequency factor (ko)
and the transformation function f{Y), were discussed.
These values for the dissolution of GP zones, the
dissolution of #' phase and the dissolution of S phase
were determined.

4) From the present DSC thermograms, it is difficult
to determine the kinetic parameters accurately for the
precipitation and dissolution reaction of # phase because
of the complete overlapping of peaks within a small
temperature range for these transformations.
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