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Abstract

This research investigated the influence of varying copper (Cu) concentrations (0, 5, 7, and 9 wt.%) on the sintering
behaviour, microstructural development, and mechanical characteristics of Ti-18NbD alloy, fabricated through conventional
powder metallurgy. Under specific sintering conditions (1150°C for 5 hours), Cu addition led to a more homogeneous
microstructure and promoted the complete dissolution of Nb particles. X-ray diffraction (XRD) analysis confirmed the
presence of alpha (o) and beta (B) Ti phases, along with the Ti,Cu phase, with its peak intensity increasing as Cu content
rose. Mechanical properties were significantly enhanced by Cu addition. Yield strength increased almost linearly with Cu
content. Compressive strength notably increased with 7 wt.% Cu, reaching 980 MPa, and slightly exceeded this value with
9 wt.% Cu. Hardness values increased due to solid solution strengthening in the a-Ti phase and the precipitation of the
Ti,Cu phase, with the highest hardness (222 HV) observed in the 7 wt.% Cu alloy. The elastic modulus initially increased
with 5 wt.% Cu, then subsequently decreased with further Cu additions, the Ti-18Nb-7Cu alloy exhibited the lowest elastic
modulus at 13.34 GPa. Furthermore, the resilience of the alloys improved with the formation of the Ti,Cu phase, and a

maximum value of 13.15 MJ m™3 was achieved.
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1. Introduction

Pure titanium (Ti) and Ti-6Al-4V (TAV) are the
most commonly used biomedical materials among
Ti-based alloys [1]. However, the mechanical
properties of Ti as an implant material do not fully
meet the requirements. The addition of vanadium (V)
and aluminium (Al) improves their mechanical
properties but significantly degrades their biological
properties due to the negative effects of Al and the
toxicity of V [2, 3]. Consequently, many studies have
focused on beta () and near 3 phase titanium-based
alloys with non-toxic alloying elements such as Nb,
Mo, Zr, Ta, and Sn. These alloys have several
advantages for orthopaedic implants, in particular,
better biocompatibility and bio-corrosion resistance
[4-6].

In newly developed biocompatible alloys,
niobium (Nb) is highlighted as an alternative to the
harmful beta stabilizer (V). It also exhibits f-
stabilizing properties and is non-allergenic and non-
toxic [7, 8]. Moreover, shape memory (SM) properties
of Ti-Nb alloys have been extensively studied [9—-11].
SM and superelasticity (SE) properties have also been
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investigated for Ti-V and Ti-Mo alloys [12, 13].
However, Ti-V alloys are unsuitable for biomaterial
applications because of the cytotoxicity of V, and Ti-
Mo alloys are sensitive to @ phase embrittlement [14].
Hence, Ti-Nb alloys are more suitable for biomedical
applications with various advantages besides high
corrosion resistance and low elastic modulus.

The elastic modulus of metal implants
significantly affects successful implantation, as
natural bone resorption and implant loosening may
occur due to stress shielding [2, 15]. However, human
cortical bone has a much lower elastic modulus (10-
30 GPa) than most of the metallic implant materials,
such as Ti and some Ti alloys [2, 16]. The modulus of
elasticity of TAV alloy, one of the most widely used
biomaterials, is 110 GPa [17]. The mechanical
properties can be optimised to overcome this
disadvantage by controlling the alloying elements and
relative densities [18].

Powder metallurgy (PM) is one of the most
effective methods for density control [19]. For
instance, while the density of Ti—18Nb—4Sn alloy
produced by the PM method is 97%, its elastic
modulus was determined as 75.8 GPa. However, this



346

Huseyin Demirtas et al. / J. Min. Metall. Sect. B-Metall. 61 (3) (2025) 345 - 355

value ranged from 10.8-33.2 GPa when the relative
density was reduced to 0.4-0.7 [20]. A primary
function of porosity in orthopaedic metal implants is
to support tissue adhesion and growth. Improving the
interfacial bond between bone tissue and implant
materials can enhance the in vivo life of load-bearing
implants. Another function is to control the elasticity
modulus and match it to that of bone [21, 22].

Copper (Cu) has been widely used as an alloying
element for Ti alloys, due to its remarkable
biocompatibility and antibacterial properties [23-26].
It has been proven that Ti-Cu alloys containing more
than 5% Cu by weight have high antibacterial activity
against E. coli and S. aureus [26]. In addition to
antibacterial activity, Cu content can also affect
mechanical and corrosion properties [26, 27].
Furthermore, the melting point of Cu (1084 °C) is
close to the sintering temperature of Ti-Nb alloys, and
the liquid phase formed by Cu can positively affect
the sintering process [28]. Moreover, the addition of
Cu reduces the melting point of the Ti-Cu mixture and
facilitates sintering [29]. These changes occurring
during the sintering process will also affect the pores
formed in the conventional PM method. It is also
known that Cu added to Ti in sufficient amounts
forms Ti,Cu precipitates [30].

Numerous studies have been carried out on the
effects of Nb addition to Ti, and some of them have
demonstrated that Cu addition increases the
antibacterial properties of Ti [25, 26]. However, it is
not sufficiently clear how Cu addition affects the
mechanical performance of Ti-Nb alloys. Moreover,
despite the positive effects of porosity on

biocompatibility and mechanical properties in
biomaterials, studies on alloys produced by the PM
method are limited. Another critical issue in the PM
method is the effect of Cu addition on sintering.
Therefore, this study aims to examine the mechanical
properties of Ti-18Nb alloys containing varying
amounts of Cu produced by the PM method.

2. Experimental Procedures

To investigate the influence of Cu addition on Ti-
Nb alloys, three varying amounts (5, 7 and 9 wt.%) of
Cu were added to the base alloy. The addition of Cu
was compensated by proportionally decreasing the Ti
content. Sample production was carried out by the PM
method. The Ti (99.9% purity), Nb (99.8% purity) and
dendritic Cu (purity >99.5%) powders used in this
study are shown in Fig. 1.

To prepare the samples, the powders were
weighed in the indicated ratios and mixed in a Turbula
T2F triaxial mixer for one hour. The mixed powders
were pressed uniaxially in a cylindrical steel mold
with a 13 mm diameter at room temperature (RT)
without lubricants or binders. Compression pressures
of 450 MPa, 500 MPa and 600 MPa were evaluated,
and 500 MPa was selected based on optimum results.
To reduce potential density gradients arising from
single-sided pressure application in relatively tall
compacts, incremental powder loading, manual
tapping, and a slow pressing rate were carefully
employed to ensure uniform stress distribution and
minimize friction-induced inhomogeneity.

After vacuuming, green samples were sintered in a
cylindrical tube furnace (Protherm PZF) under a
protective Ar atmosphere. Sintering temperature and
time were chosen based on the results from previous
studies [18, 27]. The furnace temperature was
gradually increased at a rate of 10°C per minute until
it reached 1150°C. At that temperature, the samples
were sintered for a period of 5 hours and then cooled
to 150°C in the furnace. Compression tests and
density measurements were performed immediately
after sintering. Some samples were cut, and

metallurgical  surfaces were prepared for
microstructure analyses, XRD and hardness
measurements.

Densities of sintered samples were determined
according to the Archimedes principle. Distilled water
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was used in experiments performed at room
temperature and normal pressure. Petroleum jelly was
used to prevent water leakage into the sample from
the pores formed on the surface. These measurements
were performed on at least eight samples for each
alloy. Based on these measurements, average density
values were determined, and volumetric porosity was
calculated as a ratio to the theoretical density.

Compression tests were applied on samples using
the Zwick/Roell Z600 universal tension-compression
test machine at a strain rate of 0.2 mm/min. After
sintering, the samples obtained in approximately @13
mm x 25 mm dimensions were checked for surface
parallelism and after grinding the required surfaces,
compression test specimens were obtained. Tests were
performed in accordance with ASTM E 9 — 89a and
each alloy was evaluated three times to ensure
consistent data.

Hardness measurements were taken as macro and
micro scales due to the presence of pores in the
samples and the lack of a homogeneous
microstructure after sintering in some alloys. Macro
hardness (Brinell) was determined using the Qness
Q250M instrument, applying a 62.5 kg load for 10
seconds with a 2.5 mm steel ball indenter.
Microhardness (Vickers) was measured using the
QNESS Q10 A+ device with a 1 kg load applied for
15 seconds. To ensure accuracy and reliability,
average hardness values were obtained from at least
five measurements.

For microstructure analysis, the cut samples were
ground using SiC paper of grain sizes ranging from
240 to 1200 grit. Subsequently, polishing was
performed using 6um diamond particles. Samples
were etched using Kroll’s reagent to reveal
microstructural details.

For microstructure characterization, Carl Zeiss
Ultra Plus Gemini (FESEM) equipped with a Bruker
Energy-Dispersive X-ray Spectrometer (EDS) was
used. In addition to examining the pore morphology
and microstructure, the chemical compositions of the
formed phases were determined. Microstructure
images were further analysed using the Imagel
software to quantify and evaluate the presence of pores.

XRD measurements were performed using a

Rigaku Ultra IV diffractometer to determine the
phases present in the alloys. Measurements were
conducted with a 2 kW X-Ray Cu tube at a scanning
speed of 4 deg/min, and diffraction patterns were
obtained between 10 and 90 degrees 20 (Bragg
angles). The performance and sensitivity of XRD are
related to the scanning speed and better resolution can
be achieved at slower speeds. However, this speed (4
deg/min) was found to be sufficient for the qualitative
examination in this study.

3. Results and Discussion

The chemical compositions, measured average
densities, and volumetric porosity of the alloys are
presented in Table 1. The chemical compositions
represent the average actual values measured by EDS.
An approximate 18% porosity indicates a potential for
further densification of the alloy [31]. For
comparison, a Ti—13Nb—13Zr alloy, processed under
similar conditions, achieved 98.6% density after
sintering at 1250°C for 4 hours with a 360 MPa
compression [32]. In another study, hot isostatic
pressing (HIP) was applied to Ti-Nb alloys after cold
pressing, and 4 vol% porosity was achieved after
1100°C sintering [33]. However, natural pores were
desired, no additional densification process was
applied in this study. The modulus of elasticity is a
crucial factor in biomaterials, and Gibson and Ashby
[34] theoretically proved that the relative density
influences the elastic modulus.

Porosity decreased with the addition of 5 wt.% Cu,
compared to the reference material, and then the
porosity remained almost constant with the increasing
amount of Cu. During the sintering process, the Cu
phase can exist in two primary states and increase
density accordingly. If it is in the alloy, the addition of
Cu may increase the efficiency of sintering by
lowering the melting point of the Ti-Cu phase [29]. Or
the Cu phase may form a liquid phase among other
particles with high melting temperature [35]. In
addition, in the pressing process, both the shape
(dendritic) and mechanical properties of pure Cu
powder are expected to affect the compaction of
powder mixtures positively.

Table 1. Composition, density and volumetric porosity of alloys

Measured compositions (wt.%) Measured Density| ~ Volumetric
Samples - Jom? Porosity (%
Ti Nb Cu (g/em’) orosity (%)
Ti-18Nb 78.4 21.6 - 4.01 £0.10 18.58
Ti-18Nb-5Cu 75 20.8 4.2 4.17+0.07 17.48
Ti-18Nb-7Cu 72.1 20.5 7.4 4.22 +0.06 17.51
Ti-18Nb-9Cu 73 17.8 9.2 4.27+£0.07 17.59
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The addition of Cu also affected the phases formed
in the microstructure; the formed phases are seen in
the XRD analysis given in Fig. 2b. The analysis
revealed that the Ti-Nb alloys primarily consisted of
alpha (o) and beta (B) Ti phases. In addition, a small
amount of undissolved Nb was detected, as observed
in the microstructure investigations (Fig. 3). However,
since it is difficult to detect small amounts of phases
with general XRD analysis and the phase patterns of
Nb and B-Ti are almost coincident (26 values: 38.3°,
55.3°, 69.3° and 82.1°), they could not be clearly
identified and labelled. It should be noted that minor
Al and O signals are detected in the EDS spectra (Fig.
3), likely originating from residual alumina from
polishing and/or slight surface oxidation. These
signals are localized and minor, and do not
significantly affect the chemical composition, phase
formation, or mechanical properties of the alloys.

XRD analyses revealed that the Ti,Cu phase was
formed with the addition of 5 wt.% Cu and higher
concentrations to the base alloy. With increasing Cu
content, the peaks at 43.6° and 77.5° corresponding to
the Ti,Cu phase (JCPDS No. 14-0641) exhibited a
distinct increase in intensity. In a study on the
mechanical and tribological properties of Ti-Cu
alloys, Xu et al. [30] observed that the amount of
Ti,Cu intermetallic phase increased with increasing
Cu concentrations. Despite the variation in Ti,Cu
intensity, all Cu-containing alloys presented a similar
set of phases (a, B, and Ti,Cu). From the Ti-Cu binary
phase diagram, it can be deduced that the Ti,Cu phase
can only be formed at Cu compositions less than 40%
[29]. The Ti-Nb-Cu triple phase diagram (Fig. 2a)
indicates that only o and B-Ti phases form when less
than 5 wt.% Cu is added to the Ti-18Nb alloy.
However, as the Cu content increases, the Ti,Cu phase
begins to form in addition to these phases, and the

a) Ti b)12°0:

& % 3]

%Q\@q’ 20 %f/&‘\%&\\“ 20 %«’{;,oi *§ 600 ]

0 > 2

Y IANAND, O

40 BT =/ \, o
N Ti,Cl

amount of these precipitates increases with increasing
Cu content. In addition, according to this phase
diagram, with the increasing amount of Cu, the
structure consists predominantly of B-Ti and Ti,Cu.
This transformation indicates that increasing Cu
content promotes f phase formation [29].

The microstructure of all alloys generally consists
of a and B-Ti phases (Figs. 5 and 6). However, some
Nb-rich regions appear in the Ti-18Nb base alloy. In
Fig. 3, the whitish regions correspond to Nb-rich areas
that contain almost no Ti, and the light grey areas
surrounding these regions contain approximately two-
thirds Nb by weight. Although the whitish Nb-rich
regions are relatively rare, the light grey areas are
scattered throughout the microstructure. In contrast,
Fig. 4 presents the low-magnification (100x)
microstructures of the Cu-containing alloys, in which
no whitish Nb-rich regions are observed. Light grey
regions are detected only in limited amounts in the Ti-
18NDb-5Cu alloy. These observations provide further
evidence that Cu addition enhances the sintering
process and promotes the dissolution of Nb particles.
Consistent with the Ti-Cu binary phase diagram [36],
even the addition of 5 wt.% Cu reduces the melting
point of Ti by approximately 20%, and this decrease
continues with increasing Cu up to 1005°C.

B-Ti structure formation begins with the
dissolution of Nb particles at about 900°C and
increases proportionally to the amount of dissolved
Nb [37]. Ti-10Nb and Ti-15 Nb alloys were sintered
from 900°C to 1500°C, and Nb-rich phases in both
alloys up to 1100°C were observed [38]. In addition,
the shape of these Nb-rich phases was irregular after
sintering at 900°C, and they were spherical after
sintering at 1100°C, as in that study. In another study
on this subject, Zhao et al. [39] stated that the
sintering temperature should be 1300°C on average
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Figure 2. a) Ti-Nb-Ti,Cu phase diagram [29] and b) XRD measurements of our alloys
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for complete homogenisation in Ti-Nb alloys.
However, Cu was not added in the mentioned studies.
In this study, lower sintering temperatures were tried,
considering that the addition of Cu would have a
positive effect on sintering. As a result, this study
showed that the Cu addition supported the formation
of a homogeneous microstructure by ensuring the
dissolution of Nb during the sintering stage and that
1150°C was sufficient for 5 wt.% and more Cu-added
samples.

The microstructure of Cu-added alloys consists of
light-coloured regions and homogeneously distributed
lath-like dark phases. Niobium concentration is higher
in the light-coloured areas and lower in the darker
areas (Fig. 5, line EDS). The light-coloured regions,
indicating enrichment in the beta-stabilizer Nb, are
identified as B-Ti, while the darker regions are
designated as a-Ti. During furnace cooling after
sintering, the B-Ti phase decomposed through either
a-phase precipitation or a eutectoid transformation.
The thick dark grey areas observed in Fig. 5 represent

a-Ti phases in the microstructure. No evidence of fine
a-phase formation or martensitic transformation was
observed at the cooling rate employed in this study.
Although the Ti,Cu phase appeared in XRD analysis
(Fig. 2b) of all Cu-added alloys, it was not determined
in the microstructures. It has been stated that these
precipitates usually occur at the nanoscale in the
microstructure [40, 41].

While the Cu-containing alloys generally
exhibited similar microstructures, the alloy with 9
wt.% Cu distinctly featured differing, ash-grey
coloured phases at the interfaces of the dark grey (o-
Ti) phases. This characteristic microstructure was
observed throughout the entire alloy (Fig. 6).
According to the Ti-Cu binary phase diagram, the -
Ti phase exhibits a eutectoid transformation at 790 °C
with 7.1 wt.% Cu [36]. During cooling from this
region, precipitation of Ti,Cu from the B-Ti phase
takes place and a-Ti + Ti,Cu phases are formed. In an
alloy such as 9 wt.% Cu, where hypereutectoid
transformation occurs, the Ti,Cu phase precipitates in
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Figure 3. Microstructural image of the Ti-18Nb alloy and EDS spectra of indicated points

Figure 4. Low-magnification SEM images of the samples: a) Ti-18Nb-5Cu, b) Ti-18Nb-7Cu, and (c) Ti-18Nb-9Cu
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B-Ti upon solidification, and the [-Ti phase
transforms into Ti,Cu and o-Ti phases below the
eutectoid line [36, 42].

EDS analysis of the microstructure indicated that
phases labelled 4 and 8 correspond to the B-Ti phase,
whereas the remaining lath-like dark areas represent
the o-Ti phase. Analysis of points 1, 3 and 7 taken
from the ash-grey regions formed in the
microstructure of the alloy with 9 wt.% Cu addition,
reveals only the Cu and Nb-rich parts of the o-Ti
phase. Line EDS analysis of the designated area
showed a progressive increase in Nb content within
this ash-grey region, which formed subsequently to o-
Ti, and a higher Cu concentration compared to the -
Ti phase. During solidification of alloys with an
a+p+Ti,Cu microstructure, the Nb-rich B phase
initially forms. As the crystal grows, regions farther

from the grain centre contain a higher concentration
of Cu. As a result, Cu concentration increases towards
the B-Ti grain boundaries, and the Ti,Cu phases
precipitate [29]. This formation is not clearly
observed in the other alloys. The analysis also
indicated that the a-Ti phase contains more Cu than B-
Ti. Previous studies have reported that the a-Ti phase
can contain more Cu than the B-Ti phase, suggesting
that Cu can thermally diffuse into o-Ti, forming a
solid solution [26].

The addition of Cu had a noticeable effect on both
the microstructure and mechanical properties of the
Ti-18Nb alloy. Fig. 7 shows a representative
compression test curve and average compression test
results for each alloy. In addition, Table 2 provides the
mechanical values of the samples. The standard
deviations of the values measured from mechanical

Mass-%

T T T T
20 40 60 80 100
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Figure 5. Microstructural image and line EDS profile of the Ti-18Nb-7Cu alloy

Figure 6. Microstructural image with point and line EDS analyses of the Ti-18Nb-7Cu

Mass percent (%)

Spectrum

0 6
Point number

@ 00

BY SA



Huseyin Demirtas et al. / J. Min. Metall. Sect. B-Metall. 61 (3) (2025) 345 - 355

351

tests (Table 2) were determined to be below 10%.

The average compression test results in Fig. 7b
and Table 2 show that the yield strength of the Ti-
18Nb alloy increases almost linearly with the addition
of Cu. In contrast, the compressive strength increased
slightly with 5 wt.% Cu, followed by a considerable
increase at 7 wt.% Cu, and a further, albeit slight,
enhancement with 9 wt.% Cu. Previous research
investigating Cu additions to titanium at various
concentrations (2, 5, 7, and 10 wt.%) reported that the
Ti-7Cu alloy achieved the highest compressive
strength [26]. Similarly, the compressive strength of
the alloys demonstrated a substantial increase with the
addition of 7 wt.% Cu. However, further Cu addition
resulted in only a minor or no further increase in
compressive strength.

A trend consistent with that observed for
compressive strength was noted in the hardness
measurements (Table 2). The 7 wt.% Cu-containing
alloy exhibited the highest hardness, which remained
relatively constant or slightly decreased with
increasing Cu amount. The observed increase in
hardness was achieved by solid solution strengthening
in the o-Ti phase and precipitation of the Ti,Cu phase
[43]. Given the presence of comparable phases in the
Ti-18Nb-xCu alloys, it is suggested that a similar
mechanism underlies their increased hardness. A
consistent pattern was noted between Vickers and
Brinell macro-hardness readings, although Brinell

hardness values were marginally lower, likely due to
inherent manufacturing imperfections.

Analysis of the elastic modulus in response to
increasing Cu content revealed an initial slight rise
with 5 wt.% Cu, followed by a subsequent decrease
with further Cu addition. Yuan et al. [44] reported that
the compressive and yield strength increased when 4,
7, 10 and 13 wt.% Cu were added to the Ti-13Nb-
13Zr alloy. Their findings indicated that the elastic
modulus initially declined with increasing copper, and
subsequently increased, with their 7 wt.% Cu alloys
exhibiting the lowest modulus. In the present
investigation, a similar trend was observed with Cu
addition in our alloy, which also featured o and B-Ti
phases, confirming that the 7 wt.% Cu alloy exhibited
the minimum elastic modulus.

Considering that bulk (arc-melted) Ti-15Nb alloy
has an elastic modulus of 77 GPa and Ti-7Cu has an
elastic modulus of 108 GPa [26, 33], it becomes
evident that the elastic modulus is primarily governed
by production parameters and the intrinsic porosity of
the material. However, compact human cortical bone
exhibits an elastic modulus ranging from 12—17 GPa,
which can drop to as low as 3 GPa in areas like
cancellous bone [45, 46]. Therefore, the alloys
developed in this study demonstrate suitable elastic
modulus values, effectively contributing to the
reduction of stress shielding.

Biomedical implant materials are typically
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Figure 7. a) An example compression test curve and b) determined average values

Table 2. The average mechanical values of samples

Samples E (GPa) 0,...(MPa) o,(MPa) U, (MJ/m?) HV HB

Ti-18Nb 1280 759.61 442.68 7.65 150+25 110+6
Ti-18Nb-5Cu 14.24 814.1 522.87 9.6 197421 13245
Ti-18Nb-7Cu 13.34 980.49 566.9 12.04 222+ 24 140+1
Ti-18Nb-9Cu 13.38 1009.2 593.08 13.15 216+28 13843




352

Huseyin Demirtas et al. / J. Min. Metall. Sect. B-Metall. 61 (3) (2025) 345 - 355

engineered to undergo elastic deformation during
their functional lifespan. Hence, the material’s
capacity to absorb energy (resilience) during elastic
deformation is of considerable importance. The
modulus of resilience (U), represented by the area
beneath the elastic deformation curve on a stress-
strain diagram, can be quantified using the following
equation [47]:

U ,=c2/2E )

In the formula, E is the modulus of elasticity, and
o, is the yield strength. The formula demonstrates that
the combination of high yield strength and low
modulus of elasticity will lead to a higher resilience
value, which is expected to be advantageous in
biomaterial applications.

The lowest modulus of resilience (U) among the
produced alloys was observed in the Ti-18Nb alloy,
with a value of 7.65 MJ/m*. and consistently increased
with Cu addition: 9.60 MJ/m? for Ti-18Nb-5Cu, 12.04
MJ/m? for Ti-18Nb-7Cu, and 13.15 MJ/m?® for Ti-
18Nb-9Cu. This trend indicates that Cu addition
enhances the material’s ability to absorb elastic
energy before yielding. For comparison, the modulus
of resilience is typically reported in the range of 1-5
MJ/m* for many conventional titanium alloys [48],
with a value of 3.7 MJ/m? for the widely used Ti-6Al-
4V (TAV) alloy [49]. In contrast, higher values, such
as 22.56 MJ/m? have been reported for P-phase
dominant alloys like Ti-10Mo-1.25Si-10Zr [48]. The
relatively high Ur values observed in the present
study, especially with Cu addition, highlight the
improved elastic energy absorption capacity of the
developed Ti-18Nb-xCu alloys.

4. Conclusions

This study investigated the effect of Cu addition
on the sintering behavior, microstructure, and
mechanical properties of Ti-18Nb alloy produced by
the conventional powder metallurgy process. The
main findings are as follows:

- A homogeneous microstructure was achieved for
Ti-18Nb alloys with 5 wt.% Cu and higher content
after sintering at 1150°C for 5 hours, whereas these
conditions were insufficient for the base Ti-18Nb
alloy. Cu addition facilitated the dissolution of Nb
particles and promoted a more homogeneous
structure by lowering the melting point of the Ti-Cu
phase, thereby positively influencing the sintering
process.

- Volumetric porosity in Cu-containing alloys
decreased by approximately 5% compared to the Ti-
18ND alloy.

- XRD analysis confirmed the presence of Ti,Cu,
alpha (a) and beta (B) Ti phases in all Cu-containing
alloys, with the intensity of Ti,Cu peaks increasing
with higher Cu content. Cu addition also supported
the formation of the beta phase.

- Hardness values increased with Cu addition, the
highest hardness (222 HV or 140 HB) was measured
in the 7 wt.% Cu alloy.

- Yield strength showed an almost linear increase
with rising Cu content. Compressive strength notably
increased with 7 wt.% Cu addition (reaching 980
MPa) and slightly exceeded this value with 9 wt.%
Cu.

- Elastic modulus initially increased with 5 wt.%
Cu addition, subsequently declining with 7 and 9
wt.% Cu. The Ti-18Nb-7Cu alloy exhibited the lowest
elastic modulus (13.34 GPa) among Cu-containing
alloys.

- The combination of high yield strength and low
elastic modulus resulted in high resilience (12.04
M1J/m?) for the Ti-18Nb-7Cu alloy.

The Ti-18Nb-7Cu alloy exhibits superior
mechanical properties, including high compressive
(980 MPa) and yield (567 MPa) strengths, peak
hardness (222 HV), and the lowest elastic modulus
(13.34 GPa), making it a promising candidate for
biomedical implant applications.
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UTICAJ SADRZAJA Cu NA MIKROSTRUKTURU I MEHANICKA SVOJSTVA Ti-
18Nb-XCu LEGURE PROIZVEDENE METALURGIJOM PRAHA
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Apstrakt

Ovo istrazivanje je ispitivalo uticaj razlicitih koncentracija bakra (Cu) (0, 5, 7 i 9 mas.%) na ponasanje pri sinterovanju,
razvoj mikrostrukture i mehanicke karakteristike Ti-18Nb legure, proizvedene konvencionalnom metalurgijom praha. Pod
specificnim uslovima sinterovanja (1150 °C tokom 5 sati), dodatak Cu je doveo do homogenije mikrostrukture i podstakao
potpuno rastvaranje cestica Nb. Analiza rendgenskom difrakcijom (XRD) potvrdila je prisustvo alfa (a) i beta () Ti faza,
kao i Ti-Cu faze, Ciji se intenzitet pika povecavao sa porastom sadrzaja Cu. Mehanicka svojstva su znacajno poboljsana
dodatkom Cu. Granica tecenja se povecavala gotovo linearno sa sadrzajem Cu. Pritisna ¢vrstoca se znacajno povecala sa
7 mas.% Cu, dostizu¢i 980 MPa, i neznatno je premasila ovu vrednost sa 9 mas.% Cu. Vrednosti tvrdoce su se povecale
usled rastvornog ojacavanja a-Ti faze i precipitacije Ti-Cu faze, pri cemu je najveca tvrdoca (222 HV) uocena kod legure
sa 7 mas.% Cu. Modul elasticnosti se u pocetku povecavao sa 5 mas.% Cu, a zatim se naknadno smanjivao sa daljim
dodavanjem Cu; Ti-18Nb-7Cu legura je pokazala najnizi modul elasticnosti od 13,34 GPa. Pored toga, energija elasticne
deformacije legura se poboljsala formiranjem Ti:Cu faze, a postignuta je maksimalna vrednost od 13, 15 MJ m™.

Kljuéne reci: Ti legura; Biomaterijal; Metalurgija praha; Test kompresije; Modul elasticnosti; Energija elasticne
deformacije
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