Academic Science Journal

Fabrication of Titanium — Copper Alloy and Study the Antibacterial
Activity
Mayada F. Khalil'*, Sabah A. Salman?, Farah T. M. Noori?

!Department of Physics, College of Science, University of Diyala
2Department of Physics, College of Science, University of Baghdad

mayada.faisel@gmail.com

Received: 10 February 2023 Accepted: 25 June 2023

DOI: https://doi.org/10.24237/ASJ.02.01.744C

Abstract

The composition of the phases and the microscopic structure of Ti-X% Cu (0, 0.5, 2.5, 5)%
prepared alloys was investigated by scanning electron microscope (SEM), and the antibacterial
activity was assessed to investigate the effect of the Cu content on the antibacterial activity with
or without coating with sliver nanoparticles and graphene nanosheets. The alloys were coated
using pulse laser deposition. The alloys of Ti-X%Cu were prepared by the metallurgy process.
Finally, the thermal conductivity was studied to determine the effect of increasing the copper
content and the coating with nanoparticles. Electron microscopy (SEM) of the alloys before
coating showed that the pure titanium is homogeneously distributed and the (Ti-0.5%Cu, Ti-
2.5%Cu, and Ti-5%Cu) there are precipitates of (200-800) nm while in scanning electron
microscopy (SEM) images of the coated alloys the silver nanoparticles were distributed (20-
26) nm, and graphene oxide was found to be less than (100) nm. The rate of inhibition of
bacterial growth increases with increasing concentration copper and with the presence of
coatings, and the best inhibition ratio for the sample was (Ti-5%Cu with AgNPs/rGONPs). On
the other hand, thermal conductivity of the alloys after coating is less than it was in the uncoated

alloys.
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Introduction

Purified titanium (Ti) for commercial use is quickly becoming the most popular alternative for
replacing lost teeth and currently holds the biggest market share in the oral metal materials and
implants sector. Over 500 different species of bacteria may be found in an individual’s oral
cavity. These bacteria can rapidly colonize various surfaces, such as teeth, prosthetic devices,
and dental implants [1,2]. Peri-implant diseases, such as peri-implant mucositis or peri-
implantitis, can occur as a result of the formation and maturation of biofilms on the surfaces of
dental implant materials. These diseases can have a negative impact on the long-term success
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of teeth implants [3,4]. Therefore, bacteria should be effectively killed, and the formation of
biofilms on the surfaces of implants should be discouraged to avoid implants from failing due
to bacterial infection and prevent further infections from occurring [5-7]. Despite the numerous
preventative steps that have been taken, such as exhaustive disinfection and tight adherence to
aseptic surgical protocols, patients can still get an infection days after surgical procedures. This
phenomenon is often described as the colonization of microorganisms and production of
biofilms on oral surfaces, including dental implants. The first bacteria to colonize a tooth
surface recognize salivary pellicle receptors, which is the first step in the process that leads to
bacterial attachment to the enamel and dentine of the tooth. Extracellular polymeric substance
originates from bacterial surfaces, the salivary pellicle provides binding sites for
microorganisms, and then the exopolysaccharide in the biofilm promotes biofilm stability and
structural integrity. These processes occur on the surface of bacteria. Thus, biofilms can shield
the bacteria from harm. Streptococcus mutans is one of the main species found in the biofilms
that form on oral implants. This species has a marked influence on biofilm formation,
inflammatory response, and any bone abnormalities that may exist [8-10]. On the basis of the
above studies, an appropriate amount of Cu was immobilized into pure titanium to fabricate a
Ti-Cu alloy to provide antibacterial properties for use as a dental material. In the present study,
the antibacterial properties of the new implant material and the related antibacterial mechanism
were investigated, and the alloy was prepared through characterization by scanning electron
microscope (SEM) and thermal conductivity. Alloys were made with the powder metallurgy
technique. Powder metallurgy (PM) is a production technique in which powdered metals are
compacted with other materials and then heated without a melting step to solidify and harden .
The microstructures and compositions that PM generates are ideal for making net-shaped goods
. Mixing the powder, compacting the powder in the required mold, then sintering, is what is
known as the standard technique or the "pressing and sintering process™ [11,12]. Pulsed laser
deposition (PLD) is a state-of-the-art thin film deposition technique. In order to create layers of
different materials that may be processed into a pellet target, PLD is one of the most versatile
methods. The ability to preserve the stoichiometry of the ablated target in the deposited layer is
a key characteristic of this method [13,14].
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Material and Method

Material

99.995%, natural graphite rod, KMn0299%, NaNO3 99.5%, H202, 32%, HCI 37.5%, (H2SO4,
98%) from (LOBA Chemie), NaOH (99%) from Dae-Jung, titanium (99%) from Fluka
chemika, copper (99.5%) from chem — lab, Silver Nanoparticles/Nano powder (Ag, 99.95%,

20~30nm), dark grey powder, spherical and true density (10.5 g/cm). sky spring nano materials
and eucalyptus’ leaves.

Experimental Work
1. Preparation Ti— Cu Alloy by Metallurgy Method

The materials were pressed at 600 Map. After the pressing process, we obtained alloys with a
diameter of 1.5 cm and a thickness of 1 mm, and the alloys were burned in a heating furnace at
(1250 °C) for (2 h).

2. Coating of Ti — Cu Alloy by Graphene Oxide Nanosheet and Sliver Nanoparticles

The target material was synthesized using 0.12 g of silver nanoparticles with 1.2 g of reduced
graphene oxide by eucalyptus leaves liquid, and the target dimension after the pressing process
was as follows: 0.5 cm in diameter and 1 mm in thickness. The experimental setup for the PLD
of a solid metal target is shown in the figure. To achieve a high laser fluence, the Nd: YAG
laser device system was used, and the HUAFEI type provides pulses of 1064 nm or a 532 nm
Q-switched wavelength with an energy per pulse of 400 mJ, 200 pulses, a repetition rate of 1

Hz, a convex lens of 100 mm focal length.
3. Antibacterial Activity AQNPs/rGONPs

The antibacterial potential of the prepared samples (i.e., Ti-0%Cu with AgNPs/rGONPs (A1),
Ti-0%Cu (B1), Ti-0.5%Cu with AgNPs/rGONPs (A2), Ti -0.5% Cu (B2), Ti-2.5%Cu with
AgNPs/rGONPs (A3), Ti -2.5% Cu (B3), Ti-5%Cu with AgNPs/rGONPs (A4), and Ti -5% Cu
B4) was investigated against streptococcus mutans bacterial strains using agar well diffusion

assay [7,8]. About (20 mL) of Muller—Hinton agar was aseptically poured into sterile Petri
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dishes. The bacterial species were collected from their stock cultures using a sterile wire loop
[9]. After culturing the organisms, 6 mm diameter wells were bored on the agar plates using of
a sterile tip.Different concentrations of the samples were placed in the bored wells. The cultured
plates containing the samples and the test organisms were incubated overnight at (37 °C) before

measuring and recording the average inhibition diameter of the zones [10].
4. Statistical Analysis

The data were statically analyzed using the Graphpad prism program. The data are represented

as the mean = SD of three experiments, p<0.05 indicates a statistical significant difference [15].
5. Thermal Conductivity

Lee’s disk method was used to measure the thermal conductivity. The device consists of three
disks (i.e., A, B, and C), which are heated electrically by a (DC) power supply. The sample
was installed between the disks (A and B),, and the two disks (B and C) were heated for 10
min to start the heat transfer from disk B to disk A through the sample. Then, the
temperatures of the three disks (i.e., TA, TB, and TC) were recorded using a thermometer.
The value of thermal conductivity k can be obtained by applying Equation (1):

K[(TB -TA/ds]= e[TA+2/r (dA+ds/4) TA+dsTB)/2r] ...(1)

Results and Discussion

1. Morphology Properties of Titanium — Copper Alloy Coating by (AgNPs /rGONPs)

In the study of the microstructure evolutions and identification of phases, two typical
microstructures of Ti-Cu alloy were observed by SEM. Figure (1-A) shows the SEM images of
Ti-0%Cu, Ti-0.5%Cu, Ti-2.5%Cu, and Ti-5%Cu . For the Ti-0%Cu sample, the SEM photo
shows that pure titanium is homogeneously distributed. Meanwhile, the Ti-0.5%Cu, Ti-
2.5%Cu, and Ti-5%Cu in the sample are 200-800 nm wide precipitates that are finely dispersed
in the matrix, which proved to be the Ti2Cu phase by EDS analysis.
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Furthermore, the SEM images mainly show the lamellar secondary pre-capitated a-Ti phase
separated by aligned Ti2Cu particles [16-20]. Figure (1-B) shows the SEM images of Ti-0%Cu,
Ti-0.5%Cu, Ti-2.5%Cu, and Ti-5%Cu with the PLD target (AgNPs/rGONPs). The SEM
images show the distributed AgNPs ranging from 20 nm to 26 nm, with rGONPs less than 100

nm.
2. Anti- Bacterial Activity

The antibacterial of Ti-X%Cu (0, 0.5, 2.5, 5)% was analyzed using streptococcus mutans. The
inhibition zones after the organism’s exposure to different concentrations of Ti-X%Cu (0, 0.5,
2.5, 5)% were measured and are illustrated in Figures 2, 3, 4, and 5. The result shows that Ti-
5%Cu more effective than Ti-X%Cu (0, 0.5, 2.5)%, and the results concentration dependent.
The zone of inhibition produced has a diameter of approximately (19-27) mm streptococcus
mutans, and the results indicate that the effect of the nanoparticles depend on the concentration.
The micro-organisms demonstrated resistance to external agents because of their outer
membrane that has a bacterial structure. The Ti-X%Cu (0, 0.5, 2.5)% effect on the growth of
the organisms was time dependent, with more growth noticeable after 12 h of treatment as
shown in Figures 2, 3, 4, and 5. Taken together, the results indicate that Ti-5%Cu has more
inhibitory effect than Ti-X%Cu (0, 0.5, 2.5)%, as proven by the statistical analysis.
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Ti-2.5%Cu Ti-5%Cu

Figure 1-A: SEM images of prepared Alloy.

Figure 1-B: SEM image of Prepared Alloy After PLD.
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Figure 2: Antibacterial activity of (AL1(Ti-0%Cu coated), B1 Ti-0%Cu) against streptococcus

mutans
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Figure 3: Antibacterial activity of (A2(Ti-0.5%Cu coated), B2 Ti-0.5%Cu) against
streptococcus mutans.
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Figure 4: Antibacterial activity of (A3(Ti-2.5%Cu coated), B3 Ti-2.5%Cu) against
streptococcus mutans.
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Figure 5: Antibacterial activity of (A4(Ti-5%Cu coated), B4 Ti-5%Cu) against Streptococcus
mutans

3. Thermal Conductivity

Figure (6) shows that the thermal conductivity increased with the copper content, but the

thermal conductivity decreased with AgNPs/GONPs coating.
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Figure 6: Thermal conductivity of prepared samples before and after PLD.
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Conclusions

The o-Ti, Ti2Cu and Ti2Ag phases are illustrated by the SEM images. After the PLD process,
all the samples were coated with a thin layer of AgNPs/ rGONPs, as shown in the images. The
anti-bacterial activity increased with the copper content, and the best results were recorded for
the coated Ti-5%Cu alloy. The thermal conductivity also increased with the copper content but

decreased with coating.
References

1. M. R. Akbarpoura, S. M. Javadhesarib, Wear performance of novel nanostructured Ti-
Cu intermetallic alloy as a potential material for biomedical applications, J. Alloy.
Comp., 699, 882-88(2017).

2. Y. Alshammari, F. Yang L.Bolzoni, Mechanical properties and microstructure of Ti-
Mn alloys produced via powder metallurgy for biomedical applications, J. Mech. Behav.
Biomed. Mater., 91, 391-397(2018).

3. M. Bao, Y. Liu, X. Wang, L. Yang, Sh. Li, J. Ren, G. Qin, E. Zhang, Optimization of
mechanical properties, biocorrosion properties and antibacterial properties of wrought
Ti-3Cu alloy by heat treatment, Bioact. Mater., 3, 28-38(2018)

4. M. Bao, X. Wang, L. Yang, G. Qin, E. Zhang, Tribocorrosion behavior of Ti—Cu alloy
in hank's solution for biomedical application, J. Biol. Tribol. Corros., 4, 6152-
6546(2018)

5. F. F. Cardoso, A. Cremasco, R. J. Contieri, E. S. N. Lopes, C. R. M. Afonso, R. Cara,
Hexagonal martensite decomposition and phase precipitation in Ti—Cu alloys, Mater.
Des., 32, 4608-4613(2011)

6. E. Zhang, L. Cong, Effect of surface treatments on the surface morphology, corrosion
property, and antibacterial property of Ti—10Cu sintered alloy, Biomed. Mater., 10,
(2015).

Volume: 2, Issue: 2, April 2024 206 P-ISSN: 2958-4612
Manuscript Code: 744C E-ISSN: 2959-5568



Academic Science Journal

7. E. Zhang, J. Ren, S. Li, L. Yang, G. Qin, Optimization of mechanical properties,
biocorrosion properties and antibacterial properties of as-cast Ti—Cu alloys, Biomed.
Mater., 11, (2016)

8. A. O. F.Hayama, P. N. Andrade, A. Cremasco, R. J. Contieri, C. R. M. Afonso, R.
Caram, Effects of composition and heat treatment on the mechanical behavior of Ti—Cu
alloys, Mater. Des., 55, 1006-1013(2014)

9. J. Liu, Z. Xinxin, W. Hongying, L. Fangbing, L.Mugin, Y. Ke, Z. Erlin, The
antibacterial properties and biocompatibility of a Ti—Cu sintered alloy for biomedical
application, Biomed. Mater., (9), (2014)

10. C. Ohkubo, I. Shimura, T. Aoki S. Hanatani, T. Hosoi, M. Hattori, Y. Oda, T. Okabe,
Wear resistance of experimental Ti-Cu alloys, Biomaterials, 24, 3377-3381(2003)
11.J. W. Gooch, (Ed.), Encyclopedic Dictionary of Polymers, (Springer Science &

Business Media, New York, 2010)

12. M. P. Groover, Fundamentals of Modern Manufacturing, Materials, Processes, and
Systems, (John Wiley & Sons, 2020)

13. E. Pentia, L. Pintilie, I. Matei, T. Botila, E. Ozbaya, Chemically Prepared
Nanocrystalline PbS Thin Films, Journal of Optoelectronics and Advanced Materials,
3, 525-530(2001)

14. V. Popescu, D. Raducanu, G. L. Popescu, Optical Properties of PbS Powders Obtained
by Chemical Precipttation, Chalcogenide Letters, 9, 175-183(2012)

15. M. Takahashi, M, Kikuchi, Y. Takada, O. Okuno, Grindability and mechanical
properties of experimental Ti—Au, Ti—Ag and Ti—Cu alloys, Int. Congr. Ser., 1284, 326—
327(2005)

16. S. Wang, Z. Ma, Z. Liao'J. Song, K. Yang, W. Liu, Study on improved tribological
properties by alloying copper to CP-Ti and Ti-6Al-4V alloy, Mater. Sci. Eng. C, 57,
123-132(2015)

17. E. Zhang, Sh. Li, J. Ren, L. Zhang, Y. Han, Effect of extrusion processing on the
microstructure, mechanical properties, biocorrosion properties and antibacterial
properties of Ti-Cu sintered alloys, Mater. Sci. Eng. C, 69, 760-768(2016)

Volume: 2, Issue: 2, April 2024 207 P-ISSN: 2958-4612
Manuscript Code: 744C E-ISSN: 2959-5568


https://www.sciencedirect.com/science/article/abs/pii/S0261306913009898#!
https://www.sciencedirect.com/science/article/abs/pii/S0261306913009898#!
https://www.sciencedirect.com/science/article/abs/pii/S0261306913009898#!
https://www.sciencedirect.com/science/article/abs/pii/S0261306913009898#!
https://www.sciencedirect.com/science/article/abs/pii/S0261306913009898#!
https://www.sciencedirect.com/science/article/abs/pii/S0261306913009898#!
https://www.sciencedirect.com/science/article/abs/pii/S0261306913009898#!
https://www.sciencedirect.com/science/article/pii/S0928493115302265#!
https://www.sciencedirect.com/science/article/pii/S0928493116307251#!

Academic Science Journal

18. E. Zhang, X. Wang, M. Chen, B. Hou, Effect of the existing form of Cu element on the
mechanical properties, bio-corrosion and antibacterial properties of Ti-Cu alloys for
biomedical application, Mater. Sci. Eng. C, 69, 1210-1221(2016)

19. E. Zhang, L. Zheng, J. Liu, B. Bai, C. Liu, Influence of Cu content on the cell
biocompatibility of Ti—Cu sintered alloys, Mater. Sci. Eng. C, 46, 148-157(2015)

20. E. Zhang, J. Ren, S. Li, L. Yang, G. Qin, Optimization of mechanical properties,
biocorrosion properties and antibacterial properties of as-cast Ti-Cu alloys,
Biomed.Mater., 11,(2016)

Volume: 2, Issue: 2, April 2024 208 P-ISSN: 2958-4612
Manuscript Code: 744C E-ISSN: 2959-5568



