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Abstract
The service life as hard tissue implantation for clinical application needs compatiblemechanical
properties, e.g. strength,modulus, etc, and certain self-healing in case of internal infection. Therefore,
for sake of improving the properties of Ti-Cu alloy, themicrostructure,mechanical properties,
corrosion resistance and antibacterial properties of Ti-xCu alloy (x=2, 5, 7 and 10wt.%) prepared
byAr-arcmelting followed by heat treatment were studied. The results show that the Ti-Cu alloywas
mainly composed ofα-Timatrix and precipitated Ti2Cu phase. TheCu elementmainly accumulates
in the lamellar structure and forms the precipitated Ti2Cu phase. As the increase of Cu content, the
lamellar Ti2Cu phase increases, the compressive strength and elasticmodulus alsowere altered. The
Ti-7Cu alloy exhibited the higher compressive strength (2169MPa) and the lower elasticmodulus
(108GPa) comparedwith other Ti-Cu alloys. The corrosion resistance of Ti-xCu alloys increases with
the increase of Cu content.When theCu content was greater than 5wt.%, the value of corrosion
current density for Ti-Cu alloywas less than 1μA·cm−2, which is also significantly lower than that of
CP-Ti. The antibacterial test revealed that only the Ti-Cu alloywith 5wt.%or greater Cu content
could display a strong antibacterial rate against E. coli and S. aureus. Therefore, the prepared Ti-7Cu
alloy via heat treatment showed excellentmechanical properties, corrosion resistance, and
antibacterial properties, whichwouldmeet the replacement of human hard tissue and clinical
applications.

1. Introduction

With the rapid development ofmodern biotechnology, Titanium (Ti) and its alloys had beenwidespread
application in orthopedics and oral cavity repair field for their excellent biocompatibilities, corrosion
resistances, andmechanical properties [1]. Currently, Ti and its alloys were considered to have the highest
success rate in surgical implant surgery [2]. However, the experiences of clinical applications still presented some
challenges. As a kind of inert biomaterialmaterial, Ti and its alloys had no antibacterial activity, some bacteria
could also be recognized around implant [3, 4]. The bacterial infectionmight cause the implant to loosen and
eventually cause the implant to fail. Therefore, the postoperative infectionwas a very tricky clinical problem
caused by the bacterial colonies. Fourteenmillion people worldwidewere suffering frompostoperative
infections every day, and 60%ofwhichwere related to the use ofmedical equipment [5].

Copper (Cu) element, as one of the essential trace elements in human body, had beenwidely applied due to
excellent biocompatibility and antibacterial properties [6–8]. Surfacemodificationmethods, such as ion
implantation [9], Sol-gelmethod [10], Vapor deposition [11] and dualmagnetron sputtering [12], etc, were used
to improve the antibacterial activity of implants. However, due to the exfoliation and dissolution of the coatings,
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the release of exfoliated debris into surrounding tissuesmight cause chronic inflammation, resulting in implant
loosening even implantation failure. The Ti-Cu alloy by addition of Cu as alloying element was considered as a
candidate implantmaterial with good antibacterial activity [13–15]. However, themechanical properties of Ti-
Cu alloywere also deteriorated significantly, such as strength, fracture strain,modulus, etc [16–18]. Therefore, it
was necessary to further improvemechanical properties of Ti-Cu alloywhile did not reduce the corrosion and
antibacterial properties.

Based on above analysis, the Cu content and preparation process for Ti-Cu not only affected themechanical
properties of the alloy, but also determined the antibacterial activity. The study onTi-Cu alloywith good
comprehensive properties was always desired. Therefore, themicrostructure,mechanical properties, corrosion
resistance and antibacterial properties of Ti-Cu alloywere prepared by combining Ar-arcmeltingwith heat
treatmentwere studied.

2. Experimental

2.1. Preparation of Ti-Cu alloy
High purity Ti ingots (99.995%) andCu ingots (99.995%)weremelted by anAr-arcmelting furnace (DHL-300,
China) to prepare Ti-xCu (x=2, 5, 7, 10wt.%) alloy, respectively. During themelting process, the vacuum in
the furnacewas pumped to 10−3 Pa, and high purity argon (99.999%)was filled into the furnace. Considering
the homogeneity of the composition, the ingot was reversed four times permelting. The prepared ingots were
treated at 950 °C for 3 h in vacuum furnace, and followed cooling inside the furnace to room temperature.
Before testing, all samples were ground on SiC sandpaper with a roughness of up to 2000 grits and polishedwith
a polishing paste of 2.5μm.

2.2. Phase identification andmicrostructure
The samples were processed into the dimension of 10×10×5mm for phase identification and
microstructure analysis. The phase was analyzed by x-rayDiffraction (XRD) (D8Advance, Bruker, Germany).
Themorphologywas observed by opticalmicroscope and Field Emission Scanning ElectronMicroscope (SEM,
NovaNaNOSEM-450, USA). Electron probemicroanalysis (EPMA, JEOL JXA-8230, JEOLLtd, Tokyo, Japan)
was applied to observe the element distribution of the alloy.

2.3.Mechanical performance test
Hardness wasmeasured byHV-1000Vickers hardness tester (Ningbo, China)with a 300 g load and 10 s dwell
time. Five different areas were selected for hardnessmeasurement randomly, and the result was the averagewith
standard deviation. The samples with dimension ofΦ4×10mmweremachined for compressive tests to
measure the strength by a universal testingmachine (AG-X 100KN, ShimadzuManufacturing Institute, Japan).
The elasticmodulus of thematerial was evaluated by the ultrasonicmaterial characterization system (TECLAB,
UMS-100, France).

2.4. Electrochemical test
The electrochemical test was completed at CHI660D electrochemical workstation using standard three-
electrode system. Ti-Cu alloy samples with size of 10×10×5mmwere used as theworking electrodes. The
saturated calomel electrode (SCE) and platinumelectrodewere used as reference electrode and auxiliary
electrode, respectively. Open-circuit potential and dynamic potential polarization curve (Tafel curve)were
tested inHank’s solution, containingNaCl 8.00 g, CaCl2 0.14 g, KCl 0.40 g,NaHCO3 0.35 g,MgCl2•H2O0.01 g,
Na2HPO4•12H2O0.06 g, KH2PO4 0.06 g,MgSO4•7H2O0.06 g and glucose 1.00 g at 37±1 °C, the PHof the
solution being about 7 [19]. The open circuit potential (OCP) tests were executed for 1 h to determine the value
open-circuit potential (Eocp versus SCE) after immersion for 1 h according to ISO 10271:2020 standard. The
dynamic potential polarization curvewas recorded at a potential range of−1500∼1000mV, and the potential
scanning speedwas 1mV s−1.

2.5. Antibacterial properties
The sample size wasΦ4×2mm,whichwas used for testing the antibacterial properties. The alloy had been
verified by the plate countmethod for Staphylococcus aureus (S. aureus) andEscherichia coli (E. coli) antibacterial
activity. The test samples (Ti-xCu alloy) and the control sample (CP-Ti)were cultured in 2ml bacterial
suspension diluted 10 times to 105CFUml−1 concentrations with PBS solution at 37 °C for 24 h under humidity
of 90%, respectively. Subsequently, the sample surfacewas rinsedwith 2ml PBS solution to ensure that therewas
no bacterial residue on the surface. Thewashing solution about 0.1mlwas inoculated on nutrient agar plate at 37
°C for 4 h. The viable bacteria were counted by automatic colony counter according toGB/T 4789.2–2010
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standard. The antibacterial rate Rwas calculated by the following equation(1):

= - ´R N N N 100% 1control sample control( ) ( )

Where, Ncontrol andNsample were the average numbers of the bacterial colony on the control sample (CP-Ti) and
the Ti-Cu samples, respectively.

3. Results and discussion

3.1. Phase identification
Figure 1 shows theXRDpatterns of Ti-Cu alloys with different Cu content. Only the obvious diffraction peak of
Ti was observed in the diffraction patterns of 2wt.%Cu, as shown infigure 1(a).With the increase of Cu content,
as shown infigures 1(b) to 1(d), the diffraction peak intensity of Ti2Cuphase increased. This indicated that the
precipitation of Ti2Cu phase increasedwith the increase of Cu content. Interestingly, the diffraction peak
intensity ofα-Ti also increasedwith increasing Cu content from5 to 10wt.%.

Cuwas a typical eutectoid-forming element in Ti binary alloy systemswhereβ→α+Ti2Cu at 790 °C.
According to the Ti-Cu binary phase diagram, only Ti2Cuphase was synthesized as a secondary phase in Ti-Cu
alloywith less than 40wt.%Cuunder an equilibrium solidification condition [20]. However, onlyα-Ti
diffraction peakwas detected in 2wt.%Cubecause the x-ray diffraction analysis did not succeed in detecting
small volume fractions of Ti2Cu phase.Otherwise, it was generally believed that the difference of atomic
diameter between alloying element andmatrix element was less than 16%, easily inducing diffusion between
them [21]. Thus, the diffusion phenomenon between Ti andCuwould occur because the atomic diameter of Ti
was about 13% larger than that of Cu.During the heat treatment, slow cooling resulted in the diffusion between
Ti andCu atoms and the formation ofmicrostructure composed ofα-Ti phase and precipitated Ti2Cu phase in
the Ti-Cu alloy.However, partial Cu atoms could diffuse into Timatrix to form solid solutionwithα-Ti as the
diffusion coefficient of Cuwas larger than that of Ti under the action of thermal activation energy. Therefore,
the excess Cu content, reaching at 10wt.%, could promote the formation ofα-Ti. In brief, the diffusion and
reaction of Cu atomswould affect themorphology and distribution ofmicrostructure.

3.2.Microstructure
Themicrostructure of Ti-Cu alloys with different Cu content is shown infigure 2. Although at lowCu
concentrations of 2wt.%, thewhite phases precipitated along the grain boundary of graymatrix (figure 2(a)). As
theCu content increased to 5wt.%, the obvious changes that thewhite lamellar precipitates increasedwas
observed, as shown infigure 2(b). These lamellar precipitates converged intomany strip-like regions, which
separated thematrix. AddingCu content to 7wt.% at eutectoid point, the eutectoid transformation occurred.
Hereafter, the strip-like regions of the Ti-7Cu alloy increased, the lamellar distance between themdecreased
(figure 2(c)). Furthermore, the lamellar precipitates of the Ti-7Cu alloy (The inset offigure 2(c)) became longer
than those of the Ti-5Cu alloy (The inset offigure 2(b)). As the concentration of Cu increased to 10wt.%Cu, the

Figure 1.XRDpatterns of the Ti-Cu alloy: (a)Ti-2Cu, (b)Ti-5Cu, (c)Ti-7Cu, (d)Ti-10Cu.
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hypereutectoid reaction occurred, which induced the finer eutectoid lamellae dispersed on thewholematrix of
Ti-10Cu alloy. Thus, the Ti-10Cu alloywas covered by numerous lamellar precipitates, exhibited infigure 2(d).

During the heating process, the Ti-Cu alloywasmainly composed of a relevant amount ofβ phase and a
certain amount of Ti2Cu after the heat treatment temperature decreased to about 900 °C [16]. Upon slow
cooling in the furnace, the decomposition ofβ phase induced the formation ofα phase or eutectoid structure.
The slower cooling rate was, themore eutectoid reaction occurred. Besides, the eutectoid reaction of the Ti-Cu
alloywould be so active that theβ-Ti phasewas not retained due to the rapid diffusion of Cu into Ti [22]. Thus,
the eutectoid reaction resulted in the precipitation of Ti2Cu along the crystal boundary ofα-Ti during the
cooling process.

To further identify the composition of strip-like region, amap scanningwas carried out on the element
distribution of Ti-7Cu alloy by EPMA in figure 3. It was clearly seen that the distribution of Ti andCu elements
was exhibited in themapping. The strip-like regionwas the enrichment area of Cu. Combiningwith the phase
analysis of XRD, it can be deduced that the gray areawas composed ofα-Ti phases, while the strip-like region as
eutectoid structure was composed ofα-Ti andTi2Cu phases. Thewhite lamellar structure could be identified as
Ti2Cu phases. Theα-Ti phase as gray lamellar phasemainly distributed between thewhite lamellar structures. In
any case, themicrostructure of Ti-Cu alloywas affected by theCu content and the heat treatment, which could
cause differences in terms ofmechanical properties.

3.3.Mechanical properties
As is well-known, themechanical properties of Ti-Cu alloy can be improved by controlling Ti2Cuprecipitation
[23]. Such precipitation could be achieved in response toCu addition and heat treatment at 950 °Cunder
vacuumcondition. Table 1 shows summary of themechanical properties of the Ti-Cu alloys. According to the
data given in the table, the hardness of Ti-Cu alloy increased as the increase of Cu content. It wasworth noting
that the hardness of the Ti-Cu alloy, except for the Ti-2Cu alloy, was higher than that of Ti-20Ag alloy (230HV)
andTi-5Cu alloy (270HV) [16]. Due to the difference of diameters between Ti andCu atom, the solid solution
crystal lattice suffered serious distortion, which resulted in the slip surface becoming ‘rough’ and increased the
resistance of dislocationmotion, thus improving the hardness of the alloy. It was deduced that the increase of
hardness was caused by solid-solution hardening ofα-Ti and the precipitation of Ti2Cu phase [24].

Figure 2.Microstructure characterization of the Ti-Cu alloy: SEM images of Ti-Cu alloys. (a)Ti-2Cu, (b)Ti-5Cu, (c)Ti-7Cu, and (d)
Ti-10Cu.
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Figure 4 shows themechanical behavior and fracturemorphology of the Ti-Cu alloy. Infigure 4(a), the
compressive strength of the alloy increasedfirstly and then decreasedwith the increase of Cu content. As seen
from table 1, the Ti-7Cu alloy exhibited the highest compressive strength (2169MPa), whichwas significantly
higher than that of sintered Ti-10Cu alloy [13]. It indicated that the strength of the Ti-Cu alloywould be
improved through the precipitated Ti2Cu precipitated phase.However, the compressive strength of Ti-10Cu
alloy decreased due to the increase ofα-Ti phases, depicted infigure 1. That, theCP-Ti with singleα-Ti phase
displayed lower strength comparedwith conventional Ti alloy. In addition, it was worth noting that the fracture
strain (εf) decreasedwith the increase of Cu content, indicating that the existence of precipitated Ti2Cu phase led
to the decrease of the ductility of Ti-Cu alloy. Obviously, the compressive strength of Ti-Cu alloy could be
improved appreciably at the cost of a decrease in their ability to undergo plastic deformation. Even so, all of Ti-
Cu alloys via heat treatment revealed high fracture strain (εf> 55%) in the table 1, whichweremuch higher than
those of Ti-Cu alloys prepared by sintering (εf< 30%) [13, 25] and casting (εf< 25%) [26]. Briefly, the results
revealed that the fracture strain of the Ti-Cu alloys could be substantially improved via heat treatment.

The biomedicalmaterials implanted into human bodywas usually used under the condition of elastic
deformation, whichwould bear heavy load [27]. Therefore, the elastic energy wasworth to explore. As seen from
the inset offigure 4(a), the elastic energy (δe)was expressed by the elastic deformation region of the stress-strain
curve. The elastic energy could be calculated by the following formula [28]:

d
e s s

= =
E2 2

2e
e y y

2

( )

Figure 3.EPMAmapping scanning results of the Ti-7Cu alloy.

Table 1. Summary ofmechanical properties of the Ti-Cu alloys: compressive strengthσmax, δe elastic energy δe, elastic
modulus E, fracture strain εf, andVickers hardnessHv.

Alloys σmax (MPa) δe (MJm−3) εf (%) B/GPa G/GPa E/GPa B/G Hv

Ti-2Cu 2034 8.17 68.6 114.3 47.3 124.6 2.42 217.3

Ti-5Cu 2045 6.45 68.7 106.1 47.1 123.1 2.25 255.3

Ti-7Cu 2169 12.76 60.6 104.0 40.9 108.4 2.54 292.6

Ti-10Cu 1828 12.87 55.9 135.1 45.9 123.8 2.94 343.5
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Where εewas the elastic strain,σywas the yield strength, and Ewas the elasticmodulus of alloys in the stress-
strain curve. According to the equation (2), the elastic energy of the prepared Ti-Cu alloys were ranged from6.45
to 12.87MJm−3, whichwasmuch higher than that of CP-Ti (about 2MJm−3) andTC4 (about 3MJm−3) [27].
It was deduced that the elastic energy of the Ti-Cu alloywouldmeet higher biosecurity when used as implants.

Themodulus is an indispensable design valuewhen used to compute deflections of prostheses by structural
mechanics [29]. Thus, themoduli of Ti-Cu alloywere detected byUltrasonicmethod, considered as a
nondestructive and accurate technique, in determining amaterial’s elastic constant. Firstly, the shear wave
velocity (Vs) and the longitudinal wave velocity (Vl)weremeasured as the two basic physical quantities in the
inset table of figure 4(b), and then the elasticmoduli were calculated by the following formula [30]:

r= -B V Vs4 3 , 3l
2 2· ( ) ( )

r=G Vs , 42 · ( )

= +E B G B G9 3 5· ( ) ( )

Where,B andGwere the bulkmodulus and shearmodulus (GPa), ρwas the density of Ti-Cu alloy (kgm−3),
respectively. According to the equations (3)–(5), the values ofG,B andE of the alloywere calculated, depicted in
table 1 andfigure 4(b). It was seen from figure 4(b) that the change trends ofB andGwere similar with that ofE.
The Ti-7Cu alloy composed of Ti2Cu andα-Ti phases, depicted a decrease in Young’smodulus, possibly due to
lower Young’smodulus in the Ti2Cu precipitated phase. It was considerable that the elasticmodulus of Ti-7Cu
alloy (108GPa)was lower than that of Ti-7.1Cu alloy (120GPa), whichwould be beneficial to reduce stress
shielding effect. However, the elasticmodulus of Ti-10Cu alloy increased because of the increase ofα-Ti phases.
Besides, the ratio B/Gwas used as an indicator of ductility or brittleness of compound. As seen from table 1, the
ratios B/Gwere 2.42, 2.25, 2.54 and 2.94 for Ti-2Cu, Ti-5Cu, Ti-7Cu andTi-10Cu alloy, respectively. It was
obviously that the ratios of all of Ti-Cu alloywere over 1.75, indicating good toughness. This result was also
consistent with high fracture strainmeasured by the compressive test.

The fracturemorphology of the Ti-7Cu alloywas displayed infigures 4(c) and 4(d). The fracture
morphologywasmainly composed of dimples, cleavage plane and tearing ridge, displaying that the alloy
possessed good plastic strain. The fracture with partially enlarged dimple characteristics was shown in
figure 4(d). The tearing dimple could be observed clearly generated under the combination of shear stress and

Figure 4.Themechanical behavior and fracturemorphology of the Ti-Cu alloy. (a) typical stress-strain curve, (b) elasticmodulusE,
shearmodulusG, bulk elasticmodulusB, S-wave sound velocity versus and P-wave sound velocity curvesVl, (C) and (d) fracture SEM
images with surface details of the samplewith 7%Cu.
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bending stress, but no grain boundaries were found in the fracturemorphology. Therefore, it could be inferred
that the fracturemechanismmainly belonged to ductile fracture.

Themicromechanism of crack formation and propagation during ductile fracture is conceptualized
schematically infigure 5. During the compression (figure 5(a)), lots of dislocations appeared and gathered to
form the slip band (figure 5(b)). As the elastic deformation evolved, the stacking of slip bandwould be further
intensified, and the origin of crack happened along the hard phases (Ti2Cu phase) [31] and some voids. Those
voids could be engendered by somepores and precipitated inclusions in the alloy.When the plastic deformation
stage occurred, the stress and strain concentration along a certain slip band induced the crack propagation of the
Ti-Cu alloy. Thewhite lamellar Ti2Cuphases uniformly distributed on the eutectoid structure, would accelerate
crack propagation, butα-Ti as a plastic phase [32] delay the crack propagation to improve the plastic strain of
Ti-Cu alloy. Therefore, the lamellar structure with the alternate plastic phases and brittle phases would prevent
crack propagation.

Therefore, the proper lamellar structure would increase the deformation resistance and exhibit excellent
fracture strain of the Ti-Cu alloy (figure (5c)).

3.4. Corrosion properties
The addition of Cu into pure Ti induced excellent improvements inmechanical properties. However, it is well
known that the corrosion resistance and biocompatibility was hindered by alloying, depending on the used
element [33]. In order to estimate the corrosion resistance of Ti-Cu alloy, the electrochemicalmeasurement was
executed, the typical open-circuit potential curves andTafel curves of Ti-Cu alloys inHank’s solution are
represented infigure 6. The electrochemical data obtained from the open-circuit potential andTafel curves are
summarized in table 2.

Comparedwith Ti-2Cu andTi-5Cu alloy, open-circuit potential in the initial stage of open-circuit potential
curves for the Ti-7Cu andTi-10Cu alloys increased and reached a stable level as the immersion time increasing,
indicating that a passive filmwas formed on the surface of the Ti-Cu alloys (figure 6(a)). In the anodic active
region of Tafel curves, all of Ti-Cu alloys displayed a stable passivation region and unique passive-active
behavior, and showed obvious passivation characteristics, indicating that passivation filmwas formed on the
surface of these samples. However, the Ti-7Cu andTi-10Cu alloys exhibitedmore positive corrosion potential
(Ecorr) than those of Ti-2Cu andTi-5Cu alloy (figure 6(b)). Certainly, the corrosion rate (V )would determine
corrosion resistance. According to Faraday’s law:

Figure 5.Themicromechanism of crack generation and propagation during ductile fracture.
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=V i
A

nF
6corr · ( )

Where, icorrwas the corrosion current density;Awas the relative atomicmass ofmetal; nwas the valence number
ofmetal ions; Fwas the Faraday constant, respectively. As seen from equation (6), the corrosion ratewas
proportional to the corrosion current density during the corrosion process. The lower the corrosion current
density was, the lower the corrosion ratewas, demonstrating that the passivation film on the surfacewas better
able to protect thematerial.

Therefore, the value of corrosion current density (icorr)would be amore important indicator of corrosion
resistance formetalmaterial. The icorrwas obtained using Stern-Geary equation [34]:

b b
b b

=
+

i
R2.3

7corr
a c

p a c

·
( )

( )

Where,βa andβcwere theTafel slopes of the anodic and cathodic part of Tafel plot andRpwas linear polarization
resistance. The values ofEcorr, icorr,βa,βc andRpwere shown in table 2. The values of icorr decreasedwith the
increase of Cu content. The icorr values of the Ti-7Cu andTi-10Cu alloys were 0.749 and 0.969μA·cm

−2,
respectively. Comparedwith TC4 (5.86±0.98μA·cm−2) [35], the Ti-7Cu andTi-10Cu alloys exhibited higher
corrosion resistance due to the precipitated Ti2Cu phases increasing [13], which could promote the formation of
passive film on the surface of the Ti-Cu alloy.

3.5. Antibacterial activity
Figure 7 shows the typical colonies of S. aureus andE. coli cultured on the sample surface for 24 h. A large
number of bacteria were observed onCP-Ti andTi-2Cu samples, indicating the fact that neither sample had
antibacterial property. On the contrary, little bacterial colony including E. coli and S. aureus bacteria could be
found on the Ti-7Cu andTi-10Cu samples, demonstrating that these Ti-Cu alloys had good antibacterial
property (figure 7(a)).

The antibacterial rate of the Ti-Cu alloywas calculated and depicted in figure 7(b). According tofigure 5(b),
the Ti-7Cu andTi-10Cu alloywith the antibacterial rate of over 99% exhibited strong antibacterial properties
according toGB/T 4789.2–2016 Standard. Based on these results, it could be seen that the Cu content had a great
influence on the antibacterial property.

Although the bacteria required low concentrations of Cu ions as essentialmicronutrients, even so, high
concentrations of Cu ions could inhibit cell growth or even lead to cell death [36].When the bacteria colony of
E. coli and S. aureuswas cultured in the Ti-Cu alloy for 24 h, Cu ions could be released from the precipitated
Ti2Cu phases [37].With the increase of Cu content, the release of Cu ions increased. The releasedCu ionsfirstly
contactedwith the bacterial cellmembrane, resulting in local oxidation or short circuit on the surface [38].

Figure 6.Typical OCP (a) andTafel curves (b) of the Ti-Cu alloys.

Table 2.Electrochemical data of the Ti-Cu alloys.

Alloys Ecorr(V) icorr (μA·cm
−2) Rp (kΩ·cm

−2) βa (mV) βc (mV)

Ti-2Cu −0.694 2.061 30.954 1.964 4.850

Ti-5Cu −0.662 1.496 36.755 2.536 5.373

Ti-7Cu −0.525 0.749 57.524 2.603 7.491

Ti-10Cu −0.598 0.969 48.894 2.826 6.344
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When the cellmembrane of bacteria was destroyed, the Cu ionswould react with bacterial proteins so as to kill
the bacteria. Therefore, the Cu content of Ti-Cu alloy could be a direct impact on antibacterial activity.

4. Conclusions

TheTi-xCu (x=2, 5, 7, 10wt.%) alloywas successfully prepared by combingAr-arcmelting technologywith
heat treatmentmethod. The Ti-Cu alloywasmainly composed ofα-Ti andTi2Cu.With the increase of Cu
content, the Ti2Cu precipitation phase increased, which induced high strength and low elasticmodulus for Ti-
7Cu alloy, and improved the corrosion resistance for Ti-7Cu alloy andTi-10Cu alloy. The antibacterial test
illuminated that the Ti-Cu alloywithmore than 5wt.%Cu, possessed strong antibacterial property against
E. coli and S. aureus. Therefore, it could be concluded that the Ti-Cu alloys, especially for Ti-7Cu alloy, would be
a very proper substitute for biomedical implantmaterials due to its very high strength, lowmodulus, high
fracture strain, excellent corrosion resistance and antibacterial property.
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