Functional Materials 12, No.2 (2005)

© 2005 — Institute for Single Crystals

The effect of phase state on damping capacity
in Ti-5AlI-5Mo-5V

T.Ryumshyna, I.Nosolev, T.Konstantinova

A.Galkin Donetsk Institute for Physics and Engineering,
National Academy of Sciences of Ukraine,
72 R.Luxemburg St., 83114 Donetsk, Ukraine

Received

The internal friction and Young’s modulus behavior at function temperature in the
range from 78 K to 300 K were studied in Ti-5AI-5Mo-5V alloy. The changing of quench-
ing temperature regulated the phase composition. The internal friction peaks at 140-
160 K were observed. The peak parameters were found to be sensitive to phase composi-
tion. The nature of maxima was discussed. The significant decrease of Young’s modulus
was observed in monophase [} alloy after quenching at temperature 900°C.

Uccnenosano Bausinue (asosoro cocraBa |i—5A5M0-5V cmiaBa ma TemmepaTypHbIe 3a-
BHCHUMOCTHU BHYTpeHHero tpeHus u mMognyad IOnra B guanasone 78—300 K. ®asoBrnIil cocTas
CILIaBa PeryJupoBAJICA IIyTeM N3MEeHEHUs TeMIepaTypPhl HArpeBa MOJ 3aKalKy. Y CTAHOBJIEHO
cymecrBoBanue Maxkcumyma npu 140-160 K, mapamerpsl KoTroporo saBuciaT oT (PasoBoro
cocraBa cmjaBa. [IpoBeseH aHaIM3 MPOIECCOB, OTBEUAIIUX 3a (popmupoBanve nuka. OGHa-

PY’KeHO 3HAUUTeJbHOE CHUIKEeHUE MOAYyJA B ogHodasHOM [-cmiaBe mocje 3akanaku ot 900°C.

Titan alloy (Ti—-5Al-6Mo-5V) was devel-
oped for aviation industry as a deformable
heat-resistant and structurally stable sub-
stance, which is able to function at high
mechanic and thermal influence [1, 2]. Ex-
posed to various influences, the material
can realize a variety of structural and phase
states. Today the possibilities of controlling
the structure and properties of the alloy by
thermomechanic treatment are far from
being exhausted. The processes that take
place at such controlling and their effect on
the mechanic characteristics of the material
are not studied in full measure. One of the
informative methods for mnondestructive
check of materials structure and properties
is the method of internal friction [3, 4]. The
measuring of ultrasound wave absorption in
relation to the frequency, the oscillations
amplitude and other parameters allow
studying the material properties in the
process of heating, deforming or phase
transformation. This article is devoted to
studying the thermomechanic processing ef-
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fect on the structure and properties of titan
alloy Ti-5Al-5Mo-5V by internal friction (IF).

Before the samples preparation, the mate-
rial was annealed at 900°C for 1 h, the tem-
perature being higher than phase - o + 3
transition (for this alloy it is 880°C [1]). As
a result of annealing, B-state BCC (bulk-cen-
tered cubik) lattice with grain size about
100 um is formed in all the volume of the
material. For the internal friction studies,
cylindrical samples 3 mm in diameter and
of half-wave length (24-85 mm) were pre-
pared. The length was selected experimen-
tally. After 2 h of heating at the tempera-
tures from 600°C to 1200°C with different
exposures (in the open air and in vacuum
ampoules), the samples were water-
quenched. The samples were deformed at
uniaxial tension. The hydroextrusion defor-
mation was done with special equipment,
developed in our institute. The phase struc-
ture was determined with X-ray analysis. In
the samples prepared the relaxation spec-
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Fig. 1. The temperature dependencies of in-
ternal friction and Young’s modulus for mo-
nophase 100 % B alloy (after quenching heat-
ing to 900°C).

trum of internal friction &(T) in the tem-
perature span 78-300 K was studied. The
simultaneous measurements of § scintilla-
tions logarithmic decrement and normal
elasticity modulus E were measured by the
method of double composite vibrator [4, 5]
in 70-100 kHz frequency range in the re-
gion of amplitude-independent internal fric-
tion for the longitudinal oscillations mode
with the amplitude ¢ = 10~ 7. The composite
vibrator was situated in the vacuum cham-
ber of KG-100 cryostat at the pressure less
than 1078 mm of mercury. The rate of heat-
ing and cooling of the samples was no more
than 0.5 K/min. The temperature and loga-
rithmic decrement of fading measurement
error was ~ 5 %.

As a result of internal friction &(7T) tem-
perature dependencies in Ti—-5Al-5Mo-5V
alloy, a stable maximum of internal friction
is found in temperature range 140-160 K
(Figs. 1, 2), the position T, and height J,,
of which depend on temperature as well as
on the annealing conditions of the samples.
The increase of hardening heat temperature
from 600°C to 900°C leads to the displace-
ment of maximum temperature T,, from
140 K to 160 K, the height of the peak 5,
increasing five times. The further increase of
the heating to 1200°C leads to the decrease of
peak T, temperature from 160 K to 150 K
and a small decrease of peak §,, height.

The value of damping also depends on
the defect structure of the alloy. The ef-
fects of the uniaxial deformation and hy-
droextrusion on the logarithmic decrement
and Young’s modulus at room temperature
are shown in Fig. 3.

The data on the heating temperature in-
fluence on the damping value 0399 and
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Fig. 2. The temperature dependencies of in-
ternal friction and Young’s modulus for two-
phase 40 % B + 60 % o alloy (after heating
to 600°C).
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Fig. 3. The effect of deformation on the
damping decrement and Young’s modulus
(measured at room temperature).

Young’s modulus Egyq at room temperature
are represented in Fig. 4. The temperature
increasing to 900°C, the modulus becomes
smaller, and its further behavior depends
on the conditions of the experiment. Vac-
uum annealing doesn’t influence the modu-
lus, while annealing in the open air leads to
the increase of the modulus. The value of
internal friction 6399 monotonously in-
creases with the heating temperature.

So, now we shall discuss the results. To
find out the nature of the peak observed,
additional experiments for studying the de-
pendence of &(T) at other frequencies of ul-
trasound oscillations were held. A displace-
ment of IF peak towards higher tempera-
tures at the increase of oscillations
frequency was discovered. This confirms the
relaxation origin of the peak. The active
energy of activation, calculated by Max-
Vert formula, is U = 0.23 eV and corre-
sponds to the deformation mechanism, con-
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Fig. 4. The effect of quenching temperature
on the damping decrement and Young’s
modulus (measured at room temperature).

nected with the point defects caused by a
large number of alloying elements [3].

But IF maximum observed is much wider
than Debye peak, which implies that there
are some other processes in the given tem-
perature interval. In our view, at the same
time with the defects relaxation, a thermal
phase transformation (PT) <o’ takes place
by martensite mechanism in the peak range
at 140-160 K. The probability of pBca’
transformation is indicated by the results of
works [6—8], in which this transformation
is observed at room temperature and initi-
ated by deformation. This means that the
martensite point T'; is lower than room tem-
perature for metastable monophase (3 alloy,
and the cooling of the alloy at IF measuring
leads to martensite transformation of ther-
mal origin.

The parameters of IF maximum depend
on the quenching temperature due to differ-
ent phase compositions of the alloy and the
peculiarities of martensite transformations
at the phases with various metastability de-
grees. According to the phase diagram, at room
temperatures the titan alloy is Ti-5A-5Mo-5V
two-phase o + 3 alloy, the temperature of f + o
transformation being 880°C. After the heat-
ing followed by quenching from 900°C tem-
perature one-phase  state BCC is realized.
This state is more metastable than two-
phase state. After hardening heat at T <
880°C, two-phase B + o state is formed in
the material. Here the amount of precipi-
tate hexagonal o phase is the larger, the
lower the annealing temperature is. In the
two-phase alloy the [ phase metastability
degree decreases due to  phase enrichment
in alloying elements at o phase particles
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precipitating. The correlation between the
B phase amount and the parameters of IF
peak allows us to set up a correspondence
between the temperature of the maximum
T, and the one of the martensite transition
T;. The lowering of T,, temperature in two-
phase alloy can also be explained. For a more
stable B phase in the two-phase alloy the
probability of martensite formation is lower,
which should cause the IF peak temperature
displacement (from 160 to 140 K Figs. 1, 2).

It is know that IF peak, generated by
phase transformations, is accompanied by
Young’s modulus E anomalies at transition
temperature T, [3, 6, 9]. As the measure-
ments show, there is a change curve of E(T)
curve for monophase samples (100 % ) in
the T, range (Fig.1). This confirms the
existing of B<>a phase transformation.

At the same time, the absence of obvious
modulus change for two-phase alloy as well as
much smaller width and height of the peak
(Fig. 2) can indicate the decrease of T, lower
than even nitric temperatures. In this case,
the dependence &(T) at 140 K is influenced
only by relaxation IF maximum component.

Nonuniform and nonstationary internal
thermal stresses, which appear during the
quenching, also give some contribution to
wide IF maximum forming. They make for
o'" martensite forming and much influence
the energy conditions around the impuri-
ties, changing the relaxation conditions.

Stress misfits also affect IF peak, ap-
pearing on the phase boundaries due to
damping capacity anisotropy and thermal
expansion of various phases. These stresses
can have rather big value (Opms ~ 50 MPa at
cooling for 200 K), according to evaluations
produced in [10].

As the studies show, damping logarith-
mic decrement absolute value [ correlates
with the structural state of the alloy. When
monophase alloy is deformed by stretching,
the observed structure (of dislocations,
martensite layers) defects increase [8] is ac-
companied by damping 063qo increase. In
case of more complicated deformation pat-
tern during hydroextrusion, the defects in-
crease causes the increase of IF (Fig. 3).
The increase of quenching defects with
higher quenching temperature (Fig. 4) is
also accompanied by damping decrement
8300 increase. The experiment showed a se-
rious effect of quenching temperature on
the modulus of elasticity. If the modulus
value in two-phase alloy can be caused by
the strengthening influence of two-phase
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boundaries and p-phase enrichment in
dopants, then the coefficient increase at
temperatures higher than 900°C may be
connected with the increase of hydrogen ab-
sorption [2]. The most interesting result is
the sufficient decrease of Young’s modulus
after quenching from 900°C, i.e. in mono-
phase B-alloy. We have found a region of
low-modulus state, in which alloy deforma-
tion is much easier, in the alloy. A similar
decrease of the modulus was observed in
other titan alloys: Ti—12Ta—9Nb—-6Zr and
Ti—23Nb—33Zr [11]. The state of the material
with the low modulus is named “rubber”-
state. The decrease of the modulus testifies
to the change of atom interaction character,
the latter can be caused by the change of
B-phase solid solution composition.

So, we can conclude that the research of
IF temperature dependencies on the modulus
of elasticity in Ti-5Al-5Mo-5V alloy discov-
ered the peaks in 140-160 K temperatures
range. The maxima parameters depend on the
phase state and thermomechanic stresses. The
IF effects observed are caused by the proc-
esses of low-temperature martensite a’’<>f
transformation and point defects relaxation
in the field of changing internal stresses. A
low-modulus state, at which the deforma-
tion conditions are facilitated, is found out
to form in the alloy after quenching at tem-
peratures about 900°C (100 % B-phase).

The authors are thankful to G.K.Volkova
for carrying out the X-ray structure phase
analysis.
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Bnius (pa3zoBoro ckjaay Ha HENPYKHI BJIACTHUBOCTI
ciiasy Ti—5AI-5Mo-5V

T.O.Promwuna, 1.K.Hocones, T.€E.Koncmanminosa

Busueno BmiuB (asoBoro ckjaxy cmiaaBy |i—5A5Mo-5V ma temmneparypui samemxuocti
BHyTpimrHbOTO TEpTA Ta Moxyasa IOHra y aiamasoni 78—-300 K. dasoBumii ckjajg cmiaBy
peryJioBaBcs 3MiHOIO TeMIEpaTypyu HArpiBaHHS IIif 3arapTOBYBaHHA. Y CTAHOBJIEHO iCHYBaHHSA
MaKCcUMyMy BHyTpimiaboro Teptda mpu 140-160 K, mapamerpm sSKoro sanekath Bifx ¢pasoBoro
cKJIamy cruaBy. IIpoBeneHo amasia mporieciB, AKi BifAmoBinamoTh 3a (popMmyBanHA MiKy. BuasieHo
3HaUYHe SHIIKEHHS MOAYJA B ogHo(MasHOMY [(-cmiasi micaa rapryBamua Bim 900°C.
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