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ABSTRACT

The precipitation process in a supersaturated Al-2.3wt3Li-2.3wt3Mg
alloy has been studied by means of differential scanning calorimetry
(DSC). It has been shown that the pre-precipitate something like G.P.
zones is formed almost simultaneously with the 3 phase during and
after quenching. The activation energies for dissolution of the pre-
-precipitate and for precipitation of the @& phase have been deter-
mined by applying Ozawa's method to the DSC curve, to be 87+5 kJ/mol
and 8313 kJ/mol, respectively. The precipitation seguence in this
alloy is suggested to be: supersaturated solid solution—epre~pre-
cipitate —= metastable § phase —eequilibrium & and T phases.

INTRODUCTION

Recently much attentions have been paid to Al-Li-Mg system[1-3]
which has potentials for providing low density, high strength, high
elastic modulus and corrosion resistance alloys. The characteristics
of the precipitation in this alloy have been investigated by many
workers[1-3}. According to Thompson et al[l], the precipitation
sequence in this alloy is: supersaturated solid solution— §'phase
—T phase. On the other hand, by means of X-ray analysis and TEM
Shchegoleva et al[2] have shown formation of G.P. zones in the early
stage of precipitation. In spite of the need for precise information
on the precipitation process in Al-Li-Mg system, early stage of the
precipitation in this alloy has not been clarified yet. In the pre-
sent work, the precipitation process and kinetics in Al-2,3wt%Li-
2.3wt%Mg alloy have been investigated by means of differential
scanning calorimetry(DSC).

EXPERIMENTAL PROCEDURE

An Al-2.3wt%Li-2.3wtiMg alloy was prepared from high purity mate -
rials. They were melted together in an alumina crucible and cast into
an iron mould under an argon gas stream. The ingot of 20 mm ¢ rod
was annealed for homogenization at 773 K for 7 days.
Specimens for the DSC measurements were made by hot forging and
swaging the ingot to discs, 4.5 mm in diameter and 2.3 mm in thick-
ness. All specimens were solution heat treated at 823 K for 2 h and

quenched into ice water and aged at room temperature, 323 K, 353 K,
i Rtk
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403 K and 433 K. The DSC measurement has been carried out over the
temperature range from room temperature to 723 K during heating the
specimen at a rate of 5 K/min under 1.01 X 10° Pa argon gas atmos-
phere.

RESULTS AND DISCUSSION
DSC Curves of As-quenched and Slawly Cooled Specimens

Fig. 1 shows the DSC curves of
Al-2.3wt3Li-2.3wt%Mg alloy obtain-
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ion denoted by T is observed.

Comparing with the results by TEM[1], the heat evolution Q in Fig.l
{a) is attributed to precipitation of the & phase from the super-
saturated a solid solution, the heat absorption R to dissolution of
the § phase. Comparing with the phase diagram of Al-Li-Mg system[4],
the heat evolution §1 and S; can be attributed to precipitation of
the equilibrium § (AlLi) and T (AloMgLi) phases, the‘heat absorption
T to dissolution of the equilibrium § and T phases, respectively.
The DSC curve of as-guenched specimen shows that the amount of heat
absorption R is larger than that of heat eveluticon Q. This suggests
that some amount of the & phase has been formed before the DSC mea-
surement, that is, during and immediately after quenching.

DSC Curves of Aged Specimens

DSC curves of the specimens which were quenched from 823 K into
ice water and aged at room temperature and 353 K for various ageing
periods are shown in Fig.2 and Fig.3, respectively. The DSC curve of
as~-quenched specimen is also shown in Fig.2 and Fig.3 by dotted
curve for comparison. It is noted that DSC curves in the temperature
range between 550 K and 700 K does not affected by ageing at room
temperature and 353 K. As shown in Fig.2, the heat evolution Q de-

creases with ageing time, while a new heat absorption P appears in



- 311 -

TEMPERATURE /*C
TEMPERATURE /*C
10 200 / 100 ":“ N ’?° . 3%
ak x ¥ A= 41" AGED AT 355K 3
1 Z;%E:.‘.‘nl"' m 3 2k FOR 8.4 b M ]
o ] 4 b .
°—“;¥&C/p < °t i ~
-2 . — =2 ° ‘
r 3 ~f 3
b FOR 20 " 3
2 [FOR 728 /«-f(\ 1 i -
PR S .\ [ T Pt o —
* < :
vt b it . 4l 5 .
o ¥ T ¥ T T - ak ? ¥ T ¥ =
2 {-ron ze0n /v/\ afror 'M b
P R ] L P 1
o A <l or = 3 T
T af W J L oafF [ 1
L o . L s -
a " ©
E - T T v T T m E L ¥ T L T T 7
-~ *Fror ragn ] - FFOR a8 h
~ 3 /P\ /“"n/‘\ 3 \l ap [ e R -
c_? © T ol o @ L . =
@« af D E 4 ap L -
- b . pe PR N -
T T T T L » T T T 1 T -
4 FFOR 14232 E “ [ror 240m . 3
r ] R 2p R .
e ey AWy @ [ <
- f ol E 2 p o S 1
-4 A N4 b E
gl 4 Frog 2a3ep | N i T g aF T q ! 4
S .b //\ E S| LLroR swoh [N P E
= Pla # - I ob
2 3 g 3
“I 4t L 1 3 i o . ) 1 " 3
300 400 500 sao 200 400 500 eo0
TEMPERATURE / K TEMPERATURE / K
Fig.2: DSC curves of Al-2.3wt%Li- Fig.3: DSC curves of Al-2.3wt3Li
2.3wt%Mg alloy aged at room temp- -2.3wt%Mg alloy aged at room
erature. temperature.

the temperature range lower than the heat evolution Q due to the
precipitation of the & phase. The heat absorption P may be attributed
to dissolution of the pre-precipitate something to like G.P. zones
formed during ageing at room temperature. The present results suggest
that the pre-precipitate is formed almost simultaneously with the
phase during and after quenching. As shown in Fig.3, the DSC curves
of the specimens aged at 353 K are different from those aged at room
temperature. Here, the heat absorption P appears at higher tempe-—
rature range than that in Fig.2 and overlaps with the heat absorption
R. The heat evolution Q decreases and disappears on ageing for more
than 2 h., This suggests that stability of the pre-precipitate formed
at 353 K is higher than that formed at room temperature.
Thermal Stability of Pre-precipitate

AH* is defined as the change in enthalpy due to the formation of
the pre-precipitate during ageing. Tp appears to be related to a mean
particle size of the pre-precipitate. AH* increases in the early
stage of ageing and decreases after 240 h of ageing. However, Tp in-

creases almost linearly with the logarithm of ageing time even after
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Fig.4: Change of AH* and Tp as a Fig.5: Change of Tp as function
function of ageing time at 353 K. of ageing temperature.

620 h of ageing. This tendency shows two significant features: (1)
The pre-precipitate may be stable even after prolonged ageing, and
(2) Coarsening of the pre-precipitate increases linearly with ageing
time. Fig.5 shows the relationship between Tp and ageing temperature
in the specimen aged for 2 h, 24 h, and 120 h. Tp curves seem to
cross at one point, when they are extrapolated to higher temperature.
The crossing point which appears to be related to the solvus temper-
ature of the pre—precipitate approaches the solvus temperature of
the G'phase, Tr , determined by the DSC measurements.

Activation Energies for Precipitation Process

Table 1 shows the Table 1 Activation energies for reactions

activation energies at peak P and Q.

for the precipitation ACTIVATION ENERGY(kJ/mol)
PEAK OZAWA'S_METHOD [NAGASAKI-MAESONO'S METHOD
process 1n Al-2.3wt% p |DISSOLUTION OF THE 8745
. PRE-PRECIPITATE
Li-2.3wt%Mg alloy by PRECIPITATION OF
Q 5’ PHASE 8313 80t2
Ozawa's method[5] and THE

Nagasaki-Maesono's method[6]. The values of the activation energies
shown in Table 1 are lower than the activation energies for diffu-
sion of Li(119.2 kJ/mol)[ 7] or Mg(114.8 kd/mol)[ 8] in Al. Thus, in
the precipitation process of A1—2.3wt%Li-2.3wt%Mg alloy, role of the

quenched-in vacancy may be important.
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