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ABSTRACT The grain boundary relaxation and microstructures of 2091 alloy under different heat treat-
ment conditions were studied by means of internal friction test and TEM analysis. T he resulis showed that the
grain boundary relaxation exists in the alloy under as quenched and aged conditions. The internal friction of
grain boundary is mainly affected by the existence form and segregation degree of alloying and impurity ele-

ments in grain boundaries, and it is affected neither by quenching speed nor by a few amount of torsion defor-

mation because they are not related to the grain boundary state.
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1 INTRODUCTION

The internal friction, which is a physical
property, is related to the existence state and
motion of molecules, atoms, photons and elec
trons in a solid (or on the surface of a solid),
and it is also referred to the configuration and in-
teraction of the various structural defects, thus
the qualitative and quantitative information in
various microscopic processes can be obtained

M In

through measuring the internal friction
the field of studying the fine structure of matert
als, the relation between the internal structure
and the macroscopic physical and/or chemical
propterty of a solid can bhe clearly clarified by
combination of the technique of measuring inter-
nal friction with the other conventional methods
of observing and analyzing microstructure.

The internal friction can be utilized to de
velop the functional damping materials. For in-
stance, the internal friction in steels has been
successfully used to manufacture a damping ma-

terial 2", otherwise, the internal friction in alu-
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minum alloys can be also exploited to prepare a
and AFLi alloys are

light alloys of a new generation which have heen

high- damping material,

rapidly developed in recent years. Because of
their low density, high specific strength and
high specific modulus, these alloys have ap-
peared to many countries of the world.

In this paper, the internal friction of grain
boundaries and the effect of heat treatment on it
were investigated in 2091 AFLi alloy; and on
the basis of the investigation the conditions of
grain boundaries were examined and thus the
comprehension about the brittleness nature of

grain boundary could be explained.
2 EXPERIMENTAL

The alloy used in this study was produced
by the ingot metallurgy (1/M) technique. The
ingot of alloy was covered after homogeneizing at

450 C and then was hot rolled into a sheet. The

chemical composition of alloy is listed as follows:



Vol.7 Na3

Effect of heat treatment on internal friction of grain boundary

119 -

Li Cu Mg Zr Fe Si Al
2.222.70 1.14 0.14 < 0.10 < 0.05 Dbalance

The heat treatment procedure of specimens
is as follows: after solution heat treatment at 530
C for 30 ~ 120 min,

quenched into the ambient temperature water,

the specimens were

liquid nitrogen and mixture of liquid nitrogen
and alcohol, respectively, and then aged at
190 C for 56 h followed by air cooling. The so-
lution and aging were carried out in a salt bath
furnace and in a constant temperature and dry
chamber, respectively. The internal friction of
specimens with demension of 180 mm %X 1. § mm
x 1. 8 mm was measured by Ge Low frequency
internal friction apparatus in the frequencies of 1
and 1. SHz, respectively, and at the heating rate
of 1. 25 C/min. The microstructure was ob-
served in a Philips CM 12 transmission electron
microscope.

3 RESULTS

3.1 Internal friction of grain boundary in the
as- quenched alloy

Fig. 1 shows the curves of internal friction

of grain boundary in the as quenched specimens

which were solutionized for 30 min and 120 min,

respectively. In comparison with commercial a

luminum alloys, the peak value and peak tem-

perature of internal friction are lower in the spec

imen solutionized, whose peak value is 7% 1077
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Fig. 1 [Effect of solution time on the internal

friction of grain boundary(f= 1 HZ)
1 —30min; 2 —120min

and peak temperature is 240~ 250 C.

The peak value of internal friction decreases
to about 5% 1077 and the peak temparature de-
creases slightly in the specimen solutionized for
120 min compared with those in the specimen so-
lutionized for 30 min. With the change of mea
sure frequency from 1 to 1.5 Hz, the peak of
grain boundary obviously exhibits the boundary
relaxation characteristic and the activation ener-
gy of grain boundary measured is 1.4eV.

The peak value and the temperature of in-
ternal friction of grain boundary are little altered
not only in the specimens which are quenched in-
to ambient temperature water, liquid nitrogen,
and mixture of liquid nitrogen and alcohol, re-
spectively, after solution treated at 530 C for 30
min, but also in both untorqued and torqued
specimens (the degree of torsion is 0. 6% and
0. 9%, respectively.) after solution treated at
530 C for 30 min followed by water quenching.

3.2 Internal friction of grain boundary in the
aged alloy

Fig. 2 shows the curves of internal friction
of grain boundary in the as-quenched specimen
and in another aged for 56 h. The peak value of
internal friction (about 3% 107 7~ 4 x 1077) re
markably drops and the peak temperature lowers
(about 200 C) in the specimen which is solution

treated at 530 C for 30 min and water quenched
followed by aging at 190 C for 56 h. The activer
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Fig. 2 Effect of aging on the internal friction

of grain boundary(f= 1 HZ)
1 —Quenched; 2 —Aged
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tion energy of grain bourdary is measured to be
0.7eV in the specimen aged at 190 C for 56 h,
which is lower than that in the as quenched
specimen.

3.3 Microstructures of alloy

AFLi alloys are typical age hardening al-
loys, in which the main strengthening phase is
§ (AL:Li) phase which is coherent with the ma
trix. Besides & phase, there are a number of T’
(AL CuLi) and S (ALCuMg) phases in the
2091 AFLrCuMgZr alloy. A supersaturated
solid solution forms after solution and quench-
ing. In addition, the recovery and recrystalliza-
tion occur during solution heat treatment and so
a large quantity of dislocations introduced by hot
rolling disappear in grain boundaries or form sub-
grain boundaries.

Not only a great quantity of 5 particles,
but also some S* and T’ phases precipitate with-
in grains, or along dislocations and subgrain
boundaries during aging, as shown in Fig. 3 and
Fig. 4. The stable equilibrium phases, such as 6
(AILi), T2(AleCuliz) and T (ALLiMg) phas
es, form along the grain boundaries in 2091 alloy
during aging, while the precipitation free zones
(PFZs) form near the grain boundaries, as
shown in Fig. 5. With further aging, the equr
librium phases coarsen and the PFZs widen.

4 DISCUSSION

4.1 Effects of solutiomr quenching and torsion
on internal friction of grain boundaries

The recovery and recrystallization may oc
cur during solution treatment and the recrystal
lized grains may grow up with the prolongation
of solution time, consequently the internal fric-
tion of grain boundary increases. Owing to the
presence of constituent Zr in the tested alloy, the
AlzZr particle forms, which is an infusible, or
highr melting phase, and strongly obstruct the
motion of grain and/or subgrain boundaries.
Thus, the recrystallization is effectively inhibit-
ed. The metallographic observation shows that
the grain size does not obviously vary with the
prolongation of solution time at 530 C, there
fore the effect of grain size on the internal fric-

tion of grain boundaries can be ignored. Another
reason which may have influences on the internal
friction of grain boundaries is the aggregation of
alloying and impurity constituents at grain
boundaries.

In the view of Ge Tingsui'”, the peak val
ue and peak temperature of internal friction of
grain boundaries decrease with the increase of

Fig. 4 Precipitated phases within grains
and along subgrain boundaries
in the aged alloy



Vol.7 Ne3

Effect of heat treatment on internal friction of grain boundary

« 121 -

' ‘ i 1

€

LR T

Fig. 5 Equilibrium phases on the grain boundary (a) and
PFZS along the grain boundary (b) in the aged alloy

the content of alloying elements when the con-
tent is over 0. 001% . The alloying elements and
impurity elements are liable to aggregate at grain
boundaries, where the energy is high and the
atoms disorderly arrange. With the prolongation
of solution time, the alloying elements and im-
purity elements aggregate at grain boundaries,
therefore the peak value and temperature of in-
ternal friction decrease.

As is known, the degree of supersaturation
of vacancies depends on the quenching medium,
1 e the cooling rate of quenching. However, the
state and even the internal friction of grain
boundaries do not depend on the quenching
medium, on the basis of the model of disordered

4
atoms cluster” [

, which supposes that the ar
rangement of atoms be irregular and disordered
in a grain boundary with width of several atoms
and then the supersaturated vacancies be annihi-
lated in it, and thus the internal friction is only
related to the behavior of grain boundary relax-
ation.

A little torsion, whose effect on the internal
friction of grain boundaries is similar to that of
quenching medium, only produces some de
formed dislocations within grains, but it has lit-

tle influence on the large angle grain boundaries

w hich induce the internal friction.

4.2 Effect of aging on the internal friction of
grain boundaries

In comparision with asquenched specr-
mens, the peak value and peak temperature of
internal friction of grain boundaries decrease
heavily in aged specimens. The micromechanism
of the internal friction of grain boundaries lies in
the adhesive glide of grain boundaries, 1 e the
motion of disordered atoms on the grain bound-
aries.

In the impure metals, because the glide is
restricted within the trident grain boundary, the
real relaxation time of grain boundaries Tmay be
calculated by the equation:

20dr
T= T(1s 285 (1)
where T is the relaxation time in which there

are no precipitates on grain boundaries, Ais the
distance between the precipitates within grains
and/or at the grain boundaries, 2 d is the aver
age size of grains and r is the radius of the pre
cipitates.

The shorter distance owing to the precipita
tion on grain boundaries results in the shortened
relaxation time, and the peak value/ temperature
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lowerd.

4.3 Activation energy of the internal friction
peak of grain boundaries

From the results, it is known that the actr
vation energy of the internal friction peak of
grain boundaries in the aged specimen( about 0.7
eV) is lower than that in the asquenched speci-
men (about 1.4eV).

As is known, the relaxation time may be
expressed by the equation:

T= Tyexp(H/RT) (2)
where  H is the activation energy, R is the gas
constant and T is the absolute temperature. In
correspondence with the results the decrease in
the activation energy shortens the relaxation
time on the basis of the eq. (2). The low activa
tion energy of grain boundaries implies the low
surface activation energy, i e the low strength of
grain boundaries may result in intergranular brit-
tle fracture because of the initiation of cracks a
long the grain boundaries.

In the as quenched 2091 alloy, whose duc
tility is high, the fracture is transgranular and
tough; but in the aged alloy, the fracture is in-
tergranular and brittleness results from the pres
ence of equilibrium phases on grain boundaries
and PFZs. However, the transgranular fracture
may consume more energy than the intergranular
one. The facts above-mentioned correspond with

the results.

5 CONCLUSIONS

(1) The behavior of grain houndary relax-
ation exists in both asquenched and aged 2091
AFL1 alloy, but their peak values/ temperatures
of internal friction of grain boundaries are differ-
ent.

(2) The peak value/ temperature of internal
friction of grain boundaries deceases with the
prolongation of solution time. The bhehavior of
internal friction is little affected by the replace-
ment of quenching media or by a little torsion.

(3) After aging, the peak value/tempera
ture of internal friction of grain boundaries obvr
ously decreases, and the activation energy of in-
ternal friction peak of grain boundaries decreases
too.
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