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The effect of Boron admixture with five different concentrations x = 0.0,
0.04, 0.09, 0.30 and 0.55% wt. B on elastic properties of Ti—6Al-4V alloy is
investigated. The values of velocities of propagating surface acoustic wave as
well as bulk wave for additional structures are deduced. As found, with the
increasing of Boron content in Ti—6A1-4V alloy, its acoustic material signa-
ture (Young’s modulus E, shear modulus G, bulk modulus B), longitudinal
velocities, and shear velocities increase from 113 to 126 GPa, from 42.5 to
47.4 GPa, from 110.8 to 123.5 GPa, from 6148 to 6492 m/s, from 3097 to
3171 m/s, respectively. Using angular spectrum model, we calculate the re-
flectance function and the acoustic materials signature of Ti—-6Al-4V-xB,
which show an oscillatory behaviour. The spectral treatment of these signa-
tures provides the exact definition of Rayleigh wave velocity.

Key words: elasticity of Ti—6Al-4V alloy, acoustic material signature, sur-
face acoustic wave velocities, Boron admixture.

Hocmimxeno BIIUB JOMIITKy Bopy 3a m’AThoX 3HaueHb KOHIeHTpaIii x = 0,0,
0,04, 0,09, 0,30 Ta 0,55% wmac. B ma npy:xui Bracrusocti crormy Ti—6A1-4V.
Busnaueno 3HaueHHSA IIBUIKOCTEH IIOIMIMPIOBAHOI MOBEPXHEBOI aKyCTUUYHOIL
XBHUJIi, a TAKOXK 00’ €MHOI aKyCTUYHOI XBUJIi IJIs1 JOAATKOBUX CTPYKTYp. Bera-
HOBJIEHO, IIT0 TP 306inbmIerH] BMicTy Bopy B cromi Ti—6Al-4V akycTuusi xa-
paxkTepuctuku marepiany (moxyab IOura E, moxayab 3cyBy G, 06’eMHUIT MO-
Iyab B), MO3M0BMKHI IITBUAKOCTI Ta MIBUAKOCTI 3CyBY 30i/bITyI0ThHCS Big 113 mo
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126 I'Tla, Bix 42,5 no 47,4 I'lla, Bixg 110,8 mo 123,5 I'Tla, Bix 6148 mo 6492
M/c, Bix 3097 mo 3171 M/c BimmoBigHO. 3 BUKOPUCTAHHSAM MOJEJII0 KYTOBOTO
CIEeKTPY PO3PaxoBaHO (PYHKIIiI0 BimOMBAaHHA 1 aKyCTHUUHI XapaKTEepUCTUKU
matepiany Ti—-6A1-4V—-xB, aKi TpoABIAIOTH OCHUIiBHY HOBemiHKY. CrieKTpa-
JbHaA 00poOKa ITMX XapaKTEePUCTHUK 3abeslmeuye MOKJIUBICTHL TOUHOTO BU3HA-
YeHHd IMIBUAKOCTH PeseiioBoi XxBui.

Karouori croBa: npy:kuicts crony Ti—6Al-4V, akycTuuHi XapaKTepUCTUKHU
MaTepisay, HMIBUAKOCTI MOBePXHEBOI akyCTUUHOI XBUJIi, foMimika Bopy.

UccnenoBano BimAHME OpuMecu O0opa IPU OATH 3HAYEHUAX KOHIIEHTPAIIUU
x=0,0, 0,04, 0,09, 0,30 u 0,55% wmacc. B ma yupyrue csoiictBa cmiasa Ti—
6A1-4V. Ompenenennl 3HAUYEHUsI CKOPOCTEl PaCIPOCTPAHSIOIIEHCS IOBEPX-
HOCTHOM aKyCTHUUYECKOH BOJHBI, 4 TAKyKe 00bEMHOM aKyCTUUYECKOIl BOJIHEIL AJIA
JOTOJIHUTENIbHBIX CTPYKTYP. ¥ CTAHOBJIEHO, UTO IIPU YBEJINUEHUN COAEPKAHUA
6opa B cmiaaBe Ti—6Al-4V akycTuuecKne xapaKTepPHUCTHUKU MaTepuaia (Mo-
nyab Oura E, monyab caBura G, 00 bEMHBIN MOIYIb B), TPOA0IbHBIE CKOPOCTH
¥ CKOPOCTH caBura ysesauuusaioTcs oT 113 mo 126 I'lla, ot 42,5 no 47,4 I'Tla,
or 110,8 mo 123,5 I'Tla, or 6148 mo 6492 m/c, or 3097 mo 3171 m/c cooTBeT-
crBeHHO. C MCIOIBb30BaHUEM MOJEJH YIJIOBOTO CIIEKTPA BHIUNCIEHBI DYHKITUS
OTpaKeHHUA W aKyCTHUUEeCKMe XapaKTepucTuKu marepuana Ti—6Al1-4V-xB,
KOTOpBIEe IPOABIAIOT OCHUJLINPYIOIiee moBefenne. CuekTpaibHas o0padoTKa
9TUX XapaKTePUCTUK ITO3BOJISIET TOUHO OIIPEIeIUTHL CKOPOCTh BOJTHBI Pajes.

Karouessie ciaoBa: yunpyrocts cimiaBa Ti—6Al-4V, akycTuueckue xapakTepu-
CTUKH MaTepHuajia, CKOPOCTH OBEPXHOCTHOM aKyCTUYECKOM BOJIHBI, IPUMECh
6opa.

(Received November 11,2017 )

1.INTRODUCTION

Stainless steel and Co type alloys’ elasticity are around 206 and 240
GPa, respectively. They are much greater than that of the moduli of
bone, which are mostly between 17 and 28 GPa [1]. The moduli of elas-
ticity of titanium alloys are much smaller than that of other metals
used as biomaterials. They are much smaller than that of a- and B-type
titanium alloys. They are, however, greater than that of bone. The
moduli of recently developed B-type alloys are between 55 to 85 GPa[2,
3]. The Ti—-6Al-4V alloys are mainly used for replacing materials for
more application. Cracks in the alloys are, therefore, one of the big
problems for their unfailing use in the body. The cracks’ appearance in
the alloys is affected by changes in microstructure. The effect of addi-
tion of Boron on the mechanical properties of Ti—6A1-4V alloys is also
very important to understand the effects of changing elastic modules
calculated using the acoustic materials signature curves, which simu-
late the influence of body environment on the materials’ mechanical
properties, particularly, the moduli of elasticity of biomedical titani-
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um alloys [1]. Elastic properties of objects are very important, since
their measurement gives evidence about the fundamental forces,
which are performing between the atoms of materials. This is unlim-
ited importance in understanding of bonding properties in the materi-
als. Therefore, the choice of solid material (Ti64 alloys) for actual ap-
plication can be resolving based on information about its surface
acoustic wave velocities. Hence, the effect of Boron admixture on Ti—
6Al1-4V alloys’ elastic properties can be described using the surface
acoustic wave (SAW) velocities [4]. In this work, we investigate the
effects of Boron addition on Ti—6Al-4V alloys’ acoustic material sig-
nature, i.e., on elastic properties such as the B and G modules and on
variations of longitudinal, V;, and shear (or transverse), V;, SAW ve-
locities of Ti—6A1-4V—xB.

2. MATERIAL DETAILS

The alloys of Ti are widely used in aerospace, chemical and biomedical
industries because of their unique combination of physical and me-
chanical properties as well as their ability to stand elevated tempera-
tures. Amongst these, Ti—6Al1-4V (referred to hereafter as Ti64) is one
of the most commonly used alloys. It has been found that minor addi-
tion of Boron (up to 0.1% wt.) to Ti64 reduces the grain size dramati-
cally (by more than an order of magnitude) and increases the tensile
properties such as yield and ultimate tensile strengths [5]. The effect
of minor amount of B addition (within the hypoeutectic range) on elas-
tic modulus (E) of Ti64 has not yet been examined in detail, which is
the objective of this work. Five different alloys of Ti—6Al-4V—-xB
(with x =0.0, 0.04, 0.09, 0.30 and 0.55% wt. B) were examined in this
work. The alloys were first induction-skull-melted and then hot-
isostatic pressed at 900°C for 2 h with an applied pressure of 100 MPa
to eliminate cast porosity. Rectangular billets of length 400 mm and
cross-section of 52x60 mm?, thus produced, were obtained [6].

Four specimens of each composition were tested, and average values
are reported here. Additionally, we have employed instrumented in-
dentation and dynamic mechanical analysis testing methods to meas-
ure E and its variation with Boron content [7]. Scanning acoustic mi-
croscopy (SAM) simulation was conducted to estimate the different (B,
G) module and SAW velocity values of change in elastic of Ti—6Al-4V
alloy. The resulting cargo to V,, V;, and Vj curves were analysed with
the aid to the B, G and shear wave velocity (SWV) principles [8].

3. COMPUTATIONAL METHOD

Calculating process is created on the SAM technique under standard
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operative situations [4, 9-12]. It is contains of some ladders calculat-
ing.
a) Calculating of elastic moduli (B, G):

G=E/[2(v+1)], (1)
B=EG/[3(3G - E)]. 2)

Elastic properties of materials of density p = 4500 kg/m?, and Pois-
son’s ratio v=0.33 [6] and coupling liquid as Freon can be expressed in
term of independent parameters, shear modulus (G) from Eq. (1), and
bulk modulus (B) from Eq. (2).

b) Calculating period Az:

Va=Vig/{1-[1-Viq/(2fAZ) P} 3)

Initially, the difference between the recorded curve V(z) and the lens
response curve V1(z) is obtained. Then, V(z) curve is transformed into
oscillatory form with a constant period via fast Fourier treating. Fast
Fourier transform (FFT) is used to determine such a period from which
the velocity of any propagating mode can be associated with Rayleigh
wave excitation. The Rayleigh wave velocity V can then be calculated
for an operating frequency f =142 MHz from the relationship (3).
c¢) Calculating acoustic material signature V(2):

V(z) = [R(B)P,(0)e ****sinBcosOdo, (4)

where V(2) is output signal voltage, when the sample is displaced by a
distance z from the focal plane toward the acoustic lens computing the
V(z) curves of the whole specimen—lens system from the angular spec-
trum model (4) with pupil function P4(0).

4. RESULTS AND DISCUSSIONS
4.1. Effects of Boron Adding on Elastic Moduli of Ti—6A1-4V Alloys

In this work, we first determine the whole set of acoustic parameters
(v, o, E, B, and G) for different additions of Boron in Ti—6Al1-4V—-xB
alloys (with x = 0.0, 0.04, 0.09, 0.30 and 0.55% wt. B) using some re-
sults and relations (1) and (2). The calculated values of Poisson’s ratio
and acoustic parameters are briefly shown in the Table 1. The effect of
varying the Boron concentration is clearly noticeable due to changes of
distance between atoms in the material as well as to molecules spring-
ing. In fact, the microstructure of Ti—6Al-4V alloy sample is composed
of meaningful grains with size leads to change density.
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TABLE 1. Elastic moduli of Ti—6A1-4V alloys for different Boron admixture.

Boron concentration Experimental Calculated

in Ti—6Al1-4V alloy E,GPa B, GPa G, GPa
0.0 113 110.8 42.5
0.04 121 118.6 45.5
0.09 114 111.8 42.8
0.3 120 117.7 45.1
0.55 126 123.5 47.4

We evaluate, plan and fit the results of Young’s modulus E, shear
modulus G, bulk modulus B due to different Boron admixture. Figure
1 shows us that the diagram is separated on two modifications. One of
them corresponds to linear increasing of E, G, and B with increase of
Boron concentration (x = 0.09, 0.30, and 0.55% wt. B) in Ti—-6Al-4V
alloy.

4.2. Effects of Boron Addition on Periods Az of Acoustic Materials
Signatures to Recognize Velocities V;, V;, and V for Ti—6Al1-4V
Alloys

A series of periodic maxima and minima occurs at acoustic materials
signatures, characterized by a period Az. This region is an important
characteristic of the sample’s acoustic properties. Distances between
following maxima and minima are known as the spatial period Az,
which related to the Raleigh velocity of the propagating mode by
means of Eq. (3).
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Fig. 1. Calculated elastic moduli of Ti—6A1-4V—xB alloys.
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To improving our investigation, it should be cleared an influence of
Boron addition on periods Az because of every changes of velocities V;,
Vr, and V at surface and interface of Ti—6Al1-4V alloys. From obtained
curves, we deduced the acoustic signatures, which are illustrated in
Fig. 2, a. One can see that an increasing of Boron concentration leads
to a few change in amplitudes of V(z) as well as in periods.

The evolution of the FFT spectra displayed in Fig. 2, b confirms that
the velocity of longitudinal and Rayleigh modes increase with x, in
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Fig. 2. FFT spectra (a) and acoustic material signatures Az (b) at several val-
ues of x for Ti—-6Al-4V-xB alloys (0.0 < x <0.5% wt. B).

TABLE 2. Acoustic characteristics V;, V;, V5, and Az.

Borqn concentration Acoustic Acoustic wave velocities
in Ti—6Al-4V alloy signatures
B, % wt. Az, um V., m/s ‘ Vo, m/s ‘ Vg, m/s
0.0 79.4 6148 3097 2864
0.04 84.3 6361 3205 2951
0.09 80.5 6174 3108 2884
0.3 84 6336 3191 2944

0.55 83 6492 3171 2927
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concordance with the results of Fig. 2, a. In fact, it was found that as x
change from 0.0 to 0.55% wt. B, V; increases from 6148 to 6492 m/s,
Vr—from 3097 to 3171 m/s and V,—from 2864 to 2927 m/s. As well as
with x changing from 0.0% wt. B, Az of V increases from 79.4 to 83
pm. All these observations are regrouped in Table 2.

5. SUMMARY

Elastic properties of Titanium—-6Aluminum—-4Vanadium composite
with Boron admixture and different constriction due to several con-
centration x = 0.0, 0.04, 0.09, 0.30 and 0.55% wt. B were investigated
by means of the simulation of scanning acoustic microscopy V(z)
curves as well as corresponding periods Az. Remarkable variations
were deduced.

The values of shear modulus B, bulk modulus and G at different Bo-
ron admixture vary from 110.8 to 123 GPa and from 42.5 to 47 GPa,
respectively.

Changes were put into data via the calculation of SAW velocities de-
pended on forces between matrix atoms and Boron impurities in Ti—
6Al1-4V alloys.

As found, the velocities V;, V;, and V5 changed in Ti—6Al-4V alloys
from 6148 to 6492 m/s, from 3097 to 3171 m/s, and from 2864 to 2927
m/s with Boron concentration increasing in range of 0 < x <0.55.
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