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Abstract: Ti alloys are frequently utilized in fields that have a significant impact like medicine, chemistry, and physics 

because of their exceptional properties. The properties of titanium alloys are affected by their composition 

and microstructure. This investigation intended to investigate the effects of different concentrations of copper 

0, 0.5, 2.5, and 5 wt% on the cancerous cell line of the mouth coated with and without silver nanoparticles- 

Reduced graphene oxide (AgNps- rGO) sheets using Plus laser technology. The morphology and structural 

properties of the titanium-copper alloys were evaluated using scanning electron microscopy (SEM) and X-

ray diffraction (XRD). The result show the weight percentage of copper and the coating layer of coated alloys 

were studied, 54% of the Oral squamous cell carcinoma cell line (OSCC) was killed by the (Ti-0%Cu) coated 

alloy, while 79% of the OSCC cell line was killed by the (Ti-5%Cu) coated alloy.The XRD results of the 

alloy before and after coating showed that the diffraction peaks are for the α-Ti phase, as well as slight peaks 

for the metallic Ti2Cu phase, but no β-Ti peaks could be found. The (SEM) of the alloys prior to coating 

revealed that the pure titanium is uniformly dispersed throughout but the SEM images of the coated alloys 

revealed that the silver nanoparticles were distributed in a range of 20-26 nm with graphene oxide in a range 

of less than 100 nm.  

1 INTRODUCTION 

Tiny quantities are used as coatings or additives in 

nano-composite bio-applications in the contemporary 

period of material science research. 

In addition to being tiny or at the nanoscale, the 

nanomaterial offers rapid, inexpensive control over 

the structure of matter with a range of forms and 

morphologies since they are crucial elements in 

defining their qualities [1], [2]. These days, 

orthodontics, prosthodontics, and orthopedic surgical 

treatments employ a variety of metal materials, 

including porcelain, metal crowns, implants, mini-

implants, brackets, archwires, screws, and plates. In 

certain procedures, nanoparticles of Ag, GO, Cu, and 

Au are created as antibacterial agents [3]. Titanium 

(Ti) compounds have become common in the dental 

industry because of their practical application [4], [5]. 

Applications include scenarios that call for smaller 

implants, high-stress locales, or thorough defect 

remedies [6]. These specifications need higher-

quality materials, which are often achieved by adding 

chemical components to titanium. Implants may also 

have mechanical or biological problems [7]. Copper 

is important to the development of blood, nerve, and 

bone systems, as well as the proper maturation of 

these systems. Because of the copper's significant role 

in the human body, the number of scientists who seek 

to utilize its properties in the creation of new 

biomedical materials that benefit human health is 

increasing [8]-[10]. Increasing numbers of studies 

have demonstrated that biomaterials containing 

copper have a remarkable capacity [11], [12]. to 

preserve the cardiovascular system, shield themselves 

from bacteria, and promote healing of fractures [13]-

[15]. Reduced graphene can be effectively used as a 

physical substrate in the design of tissues, as a means 

to transport drugs, cameras, and cancer therapies [16], 

[17]. In this study, graphene oxide was produced from 
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green eucalyptus leaves using the Hummers method. 

Reduced graphene oxide nanoparticles (rGONPs) and 

silver nanoparticles (Ag NPs) were incorporated into 

a titanium-copper substrate by means of direct writing 

with a pulsed laser Deposition (PLD). This mixture 

was covered with a mixture that was employed as a 

cancer inhibitor for the oral cancer cell lines (OSCC). 

This research aims to fabricate Ti-Cu alloys with 

different copper concentrations and coat them with 

AgNPs-rGO nanoflakes to improve the structural, 

morphological and Anticancer Activity properties 

and study the effect of coating on inhibiting the 

growth and viability of oral squamous cell carcinoma 

cells. 

2 MATERIALS AND METHODS 

2.1 Materials 

Natural graphite rod, KMnO2 99%, NaNO3 99.5%, 

H2O2 32%, HCl 37.5%, H2SO4 98% (from LOBA 

Chemie), NaOH 99% (from Dae-Jung), titanium 98% 

(from Fluka Chemika), copper 99.5% (from Chem-

Lab), and eucalyptus leaves. 

2.2 Synthesis and Reduction of 
Graphene Oxide 

The most practical method of producing graphene 

oxide is the Hummer process. 1 gram of graphite is 

incorporated into the mixture of sulfuric acid and 

sodium nitrate in an ice bath for 45 minutes. Next, 3 

g of potassium oxido manganese (KMnO2) are added 

at a temperature of 35°C. The thick mixture is 

agitated for a day. The concentration of KMnO is 

decreased by adding 32% H2O2. The thick mixture is 

mixed with 5 ml of HCl 37.5% and deionized water. 

The mixture is heated to 75 °C for 5 hours in order to 

produce graphene oxide. The concentration of 

graphene oxide is decreased using eucalyptus leaves. 

After baking the leaves to temperatures of 100 °C, the 

product is then passed through a filter. After adding 1 

mg of GO to 80 ml of eucalyptus fluid, the mixture is 

sonicated for 2 hours. The mixture is then placed on 

a magnetic stirrer and stirred at 45 °C for 12 hours. 

Ultimately, after passing through 80 °C filter paper, 

the product is placed in a temperature-controlled oven 

for 3 hours in order to dry [18]. 

2.3 Preparation Ti - Cu Alloy by 
Metallurgy Method 

The substance was printed using a 600Map press. The 

cast iron had a diameter of 1.5 cm and a thickness of 

1 mm, and was then heated in a furnace at 1250 °C 

for two hours. 

2.4 Coating of Ti - Cu Alloy by 
Nanoparticles 

The intended material is composed of 0.12 g of silver 

nanoparticles plus 1.2 g of graphene oxide that has 

been reduced with eucalyptus oil. After the pressure 

is applied, the target's diameter is 0.5 cm and its 

thickness is 1 mm. The framework of Nd-YA.G laser 

device, type HUA, FEI offering intermittent surges of 

10.64nm (Q-switched) wave-length with energy per 

pulse of 400 mJ, number of pulses 200 pluses, 

repetition rate of 1Hz, with a convex lens of 100 mm 

to produce greater laser flounce, focal length must be 

increased. 

2.5 Cytotoxicity Assays 

The toxic effects of Ti-Cu alloys were determined 

using the MTT method in 6-well plates [19], [20]. 

Cell lines were grown at a concentration of 2 million 

cells per square meter. After 24 hours or after the cells 

formed a solid layer, the cells were tested for different 

concentrations of the substances in question. To 

determine the potency of the cells, the culture 

medium was removed after 72 hours of treatment, 500 

µl of 2 mg/ml MTT solution was added to the wells, 

and the cells were incubated at 37 degrees Celsius for 

2.5 hours. After the MTT washout, 500 µl of DMSO 

(Dimethyl sulfoxide) was added to the wells to 

dissociate any remaining crystals [21]. The mixture 

was then stirred and incubated at 37 °C for 15 

minutes. The experiment was repeated three times, 

and the absorbance at 492 nm was measured using a 

microplate reader. The percentage of cytotoxicity was 

calculated according to the standard inhibition rate 

method described in previous studies [22], [23], based 

on the difference between the absorbance values of 

the control and treated samples.  

The contrast of the control group's eyes is greater 

than the contrast of the sample group's eyes. After 

being coated with the virus, cells were cultured in 
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6-well microtiter plates at a concentration of 2 × 106

cells/ml and were incubated at 37 °C for 24 hours in

the presence of a microscope [24]. Ti-(0, 0.5, 2.5, 5)

% Cu was then added to the cells. After the exposure

period, the plates were coated with crystal violet and

incubated at 37 °C for 10 to 15 minutes. The dye was

removed with water from the tap until all of the color

was removed. The cells were observed at a 100x

distance using an inverted microscope, images were

then captured using a digital camera that was

connected to the microscope.

2.5 Organism 

The efficacy of the generated nanoparticles against 

cancer was determined using a cell type (OSCC). The 

human oral cancer cell lines were cultured in RPMI-

1640 medium that contained 10% fetal bovine serum, 

100 units of penicillin, and 100 µg of streptomycin. 

Cells were cultured with trypsin-EDTA and replated 

at a frequency of two weeks at a starting point of 80% 

confluence, the temperature of the cell culture was 

maintained at 37 °C [25], [26]. 

3 RESULTS AND DISCUSSION 

3.1 Structural Properties of Titanium – 
Copper Alloy Coating by (AgNPs –
rGO Nano Sheets) 

Figure 1a shows the patterns of diffraction of the α-Ti 

phase and the weak peaks of the compound 

intermetallic Ti2Cu, but no β-Ti peaks are present. 

Additionally, the intensity of the diffraction peak 

associated with the Ti-Cu alloy increases as the 

amount of Cu increases, this is indicative of a greater 

number of Ti-Cu precipitates [27], [28]. However, 

only one peak associated with theα-Ti phase was 

observed in Cu (0.5%), and the small volume fraction 

of the Ti2Cu phase was not observed by X-ray 

analysis of Cu. Additionally, the atomic diameters of 

the alloying and matrix components are less than 5% 

different, which is why it's typically believed that 

diffusion occurs between them. Since the atomic 

diameter of Ti is 13% greater than that of Cu, a 

migration between the two elements is observed. 

Because of the slow propagation of Ti and Cu atoms 

as a result of the heat treatment's slow cooling, a 

microstructure that is comprised of precipitated Ti2Cu 

and the α-Ti phase is formed in the Ti-Cu alloy. 

However, since the rate of diffusion of Cu is greater 

than that of Ti in the presence of a thermal energy of 

activation, some of the Cu atoms can migrate into the 

Ti matrix and combine with the α-Ti [29]. As such, 

increasing the concentration of Cu by 2.5% can lead 

to the formation of α-Ti. Ultimately, the migration of 

Cu atoms and their response have an effect on the 

distribution and shape of the microstructure [30]. The 

results of the XRD study, the Ti-Ag phase diagram 

(not shown here) and the Ti-X%Cu composition in 

Figure 1b all show that Ag is primarily located in the 

matrix of titanium, rather than in any of the Ti-X 

phases, and these phases are not observed by XRD. 

due to the low content [31], [32]. 

(a) 

(b) 

Figure 1: XRD patterns of Ti–X%Cu alloys: a) Ti–X%Cu 

alloys and b) Ti–X%Cu/AgNPs-rGONPs composite alloys.
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(a) 

(b) 

Figure 2: XRD analysis of graphene-based materials and AgNPs-rGO nanocomposite: a) XRD patterns of graphene 

oxide (GO) and reduced graphene oxide (rGO), and b) XRD pattern of AgNPs-rGO coating.

Figure 2a shows the patterns of X-ray diffraction 
that are associated with GO and rGO. The method of 
creating graphene oxide is said to be effective, the 
peak is at (2θ = 11.22̊) and the d-spacing is (7.87 Å). 
Increasing the d-spacing of graphite (d = 4.35 Å) 
causes this chemical process to increase, as the 
generated functional groups of oxygen form carboxyl, 
hydroxyl, and epoxy between the layers of graphite. 
Reduced graphene (rGO) facilitates the removal of 
functional groups based on oxygen, it has a maximum 
at (2θ = 26.2̊) and a d-spacing of 4.87 Å. While both 
GO and rGO are hexagonal, the AgNPs-rGO coating 
in Figure 2b has a hexagonal structure. The presence 
of AgNPs in a crystalline form is demonstrated by the 
five distinct diffraction patterns (2θ = 12.37, 13.67, 
16.32, 18.12, 21.52, 24.87) ° from the planes ((100), 
(111), (200), (220) (311)) of the face-centered cubic 
(FCC) crystal structure. 

3.2 Morphology Properties of Titanium 
- Copper Alloy Coating by (AgNPs-
rGO) Nano Sheet

To investigate the evolution of microstructure and 

recognize the phases, two different microstructures of 

Ti-Cu were observed SEM. Figure 3a shows SEM 

images of Ti-0%Cu, Ti-0.5%Cu, Ti-2.5%Cu, and Ti-

5%Cu, which were derived from the corresponding 

EDS investigations. In the SEM images of the Ti-

0%Cu sample, all of the titanium is located in the 

middle. Meanwhile, small, dissociated precipitation 

particles with a width of 200-800nm appeared in the 

matrix of the Ti-0.5%Cu, Ti-2.5%Cu, and Ti-5%Cu 

alloys, these were recognized as being of the Ti-Cu 

type by EDS analysis.  

Also, the thin, rectangular-shaped phases in the 

SEM images are separated by organized, spherical 

particles called Ti-Cu [33]-[35]. Figure 3b shows 

images of the SEM type Ti-0%Cu, Ti-0.5%Cu, Ti-

2.5%Cu, and Ti-5%Cu, as well as their corresponding 

EDS analysis using a target that is composed of PLD 

material (AgNPs-rGO sheets). The SEM images 

indicate that the AgNPs are spread out around 20-

26nm, while the rGO sheets are distributed around 

100nm. Figure 4a shows an EDS image of a Ti-Cu 

alloy that was produced using a metallurgical method, 

while Figure 4b shows an EDS image of a Ti-Cu alloy 

that was produced using an AgNPs-rGO coating that 

is intended for use in healthcare.  
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(a) 

(b) 

Figure 3: SEM micrographs of the prepared Ti–X%Cu alloys: a) uncoated Ti–X%Cu alloys and b) Ti–X%Cu alloys coated 

with AgNPs-rGONPs. 
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(a)

(b) 

Figure 4: EDS spectra of the prepared Ti–X%Cu alloys: a) uncoated Ti–X%Cu alloys and b) Ti–X%Cu alloys coated with 

AgNPs-rGONPs.  

4.3 Anticancer Activity 

The toxic effects of Ti-0, 0.5, 2.5 and 5 wt% Cu on 

orally derived squamous cell carcinoma cells were 

studied. The effectiveness of the anti-cancer agent Ti-

0, 0.5, 2.5 and 5 wt% Cu was determined by its 

capacity to inhibit the proliferation of cancer cells. 

The results of (Ti-0%Cu) alloy destroyed 54% of 

OSCC cells, whereas a (Ti-5%Cu) alloy killed 79% 

of OSCC cells, as demonstrated in Figure 5. 

Morphology alterations in OSCC cell lines were also 

analyzed for evidence of apoptosis. The morphology 

of the treated cells was similar to that of the control 

cells. When treated with (Ti-Cu) coated alloys 
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containing varying concentrations of Cu, 

nevertheless, OSCC cell lines displayed 

morphological changes. There was a considerable 

reduction in the number of OSCC cell colonies in the 

presence of AgNPs-rGONPs-treated (Ti-Cu) coated 

alloys [36], as demonstrated in Figure 6. 

Figure 5: Cytotoxic effect of Ti-(0, 0.5, 2.5, 5) % Cu in 

OSCC cells. 

Figure 6. Morphological changes in OSCC cells after PLD 

for (Ti- 0,0.5, 2.5, 5)% Cu. (M.p. power). 

4 CONCLUSIONS 

This research demonstrates that the coating of Ti-0, 

0.5, 2.5 and 5 wt% Cu alloys with a dose- and time-

dependent effect on the toxicity of the cells of the oral 

cavity shows that these compounds have a significant 

effect on the cells of the oral cavity in comparison to 

existing therapeutic agents that have a similar cost, 

but are less toxic, and have fewer side effects. 

Additionally, a dual-phase Ti2Cu was created via a 

preplanning metallurgical approach using α-Ti. 

Covered Ti-0, 0.5, 2.5 and 5 wt% Cu alloys (Ag NPs-

rGO sheets) had a superior compatibility with 

biological systems than uncovered Ti-0, 0.5, 2.5 and 

5 wt% Cu, and the study conclusively demonstrated 

that the copper-bearing titanium alloy (Ti-Cu) 

possesses potent anti-cancer properties against oral 

squamous cell carcinoma (OSCC). A clear increase in 

the cytotoxic effectiveness against cancer cells was 

observed with increasing copper concentration. 

Specifically, the (Ti-5%Cu) alloy resulted in the 

destruction of 79% of the OSCC cells, representing a 

significant superiority when compared to the control 

alloy, (Ti-0%Cu), which destroyed 54% of the cells. 

Furthermore, analysis of the treated cells confirmed 

that the (Ti-Cu) alloys, across varying copper 

concentrations, induce distinct morphological 

changes in OSCC cell lines. These changes are 

indicative of the activation of the apoptotic pathway 

(programmed cell death). Overall, these findings 

establish that the incorporation of copper into 

titanium alloys is a successful strategy for creating 

implant materials with active therapeutic properties 

against oral cancer cells.
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