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Abstract
Recently, composite materials play a major role in the production of materials with superior properties in engineering applications. Composite materials for component are chosen components is because of weight saving for its relative stiffness and strength. Nowadays, as carbon reinforcing material carbon nanotube (CNT), graphite and graphene are used as reinforcing materials. The graphene has the most remarkable properties in this reinforced material due to its extraordinary mechanical features, low friction and high abrasion resistance. In recent years, researches were concentrated on the production of graphene reinforced metal matrix composites such as aluminum, magnesium, titanium etc. Among them, graphene reinforced titanium composite has a new topic in composite applications. These composite materials can be used in biomaterials, aerospace and automotive applications. Because of these considerations, graphene reinforced titanium matrix composites were fabricated using powder metallurgy route. In this study, titanium metalic powder (<150 µm) and graphene nanoplates (5-10 nm thickness, <10µm diameter) were used as matrix and reinforcement element, respectively. The graphene was added to titanium for various percentages (0, 0.15, 0.30, 0.45 and 0.60 % wt.). After compaction, sintering was performed at 1100oC for 2h. The microstructure and crystal phase of the composites were analyzed with scanning electron microscopy (SEM). According to the results, the best hardness values were obtained for 0.15%wt. graphene added titanium samples.  The hardness results showed that, graphene reinforced titanium composites were enhanced from 232 HV to 331 HV for 0.15 %wt. graphene added composite. It reduces with graphene addition due to agglomeration tendency of graphene. The graphene was located around the titanium powder from the SEM images. 
1.
Introduction
Generally metal matrix composites (MMCs) can be defined as materials obtained after a material having high strength and rigidity is surrounded by another base material Nowadays, MMCs are extensively used in automobile, biomaterials and aerospace applications. Traditional pure metals are failing to overcome current challenges of ordinary materials are facing today. Composite materials are major importance for these difficulties. Especially, new generation reinforcement materials are needed. Carbon-based materials such as graphite, carbon nanotube and graphene have also been used as new generation reinforcing materials in recent years [1-3].
Nowadays carbon-based reinforcing materials are mostly carbon black, graphite and carbon nanotubes, and in recent years graphene has begun to be preferred. The strong carbon bonds in its structure make graphene one of the strongest known materials on earth. This material combines excellent mechanical, electrical properties with atomic thickness. Graphene has many areas of applied technology such as electronic devices, energy storage, sensors, biomedical devices and bulk scale composites for structural applications [4-6]. 
Although the graphene was synthesized in 2004, composite studies on graphene have begun to increase after 2008. Between 2010 and 2016, studies on graphite have increased steadily. In recent years, innovative studies have been carried out for the use of graphene in composite materials. In this field published scientific studies, it has been found that the use of the graphene in the metal matrix structure improves the mechanical and microstructure properties of the composite positively.
In this study we produced composite material by powder metallurgy method (PM). PM has more advantages than other methods. One of them include greater shape flexibility and reduced processing steps. Titanium (Ti) and graphene (Gr) was used as matrix and reinforcement materials, respectively in this study. The reason for using Ti as matrix material which has remarkable mechanical features and corrosion resistance, biocompatible and also it is used for many fields of industry especially for biomedical applications [7].
In present study, investigation of the effect of Gr addition on the mechanical and microstructure of Ti matrix composites. Gr reinforced metal matrix composites for various percentages and composites were fabricated by PM route. The mechanical treatment of composites were observed with micro vickers hardness test. The crystal phase and microstructure of the composites were detected by scanning electron microscopy (SEM).
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2.Materials and Methods
In this work, we used Ti powder (particle size of <150µm and density of 4.5 g/cm3) as a matrix material with a purity of 99.8%. GNP (Grafen Chemical Industries Co.) is used as a reinforced material which has a specific surface area of 120–150m2/g, 5–10 mm diameter and thickness of 5–10 nm.

Ti-Gr composites were fabricated by powder metallurgy (PM) as given in Fig.1. Gr reinforcements of 0.15wt%, 0.30 wt%, 0.45wt% and 0.6wt% were mixed with pure Ti powder. Composite sample names are encoded like this; 0,15wt% Gr reinforced composite encoded as Ti-Gr15.

As seen in Fig.1, firstly, each mixture was blended in ethanol medium with ultrasonic mixer approximately and then the mixed powders were ground with a ball mill. Then, the mixed powders were shaped in a 10-mm diameter stainless steel mold at 900 MPa. After shaping composite samples were heated with tube furnace under vacuum at 11000C for 120 min. Then the production of composites, materials characterization was done. For scannig electron microscope (SEM) analyzes were performed for observing of graphene in the composite microstructure.
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Figure1. Schematic diagram of Ti-Gr composites fabrication by using PM method
3.Results
In this study, actual density of Ti-Gr composites were tested according to the Archimedes method. The actual density (ρc), percent of relative density (RD) (ρr (%))as given in Eqns (1) to (2).
                                                      ρc = [WK/ (WD-WA)] ρw  




(1)

                                                       ρr (%) = (ρc/ρt)x100




  
(2)
It can be seen in Fig.2, relative densities of sintered and un-sintered composite samples relative densities. Densities increased up to 93% after sintering under vacuum. During sintering under the certain temperature the atoms began to neck at points touching each other. After sintering strong bond between the atoms occured dense structure in the composite materials. Ti-Gr15 posses density result (93.5%). When increasing of Gr(%) content in the composite materials, it is decreased. Because, Gr nanopowder began to agglomeration tendency and also nanopowder couldn’t be dispersed homogeneous in the composite.       
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Figure 2. The variation of relative density for Ti-Gr composites
A micro-Vickers hardness tester under a load of 500 gf was used to measure the hardness of the samples. The average values of at least six measurements at polished cross-sections for various areas of each sample were considered. Fig.3 shows the Vickers hardness of Ti composites for various Gr contents at 1100oC for 120-min sintering time. As shown in Fig.3 hardness of all composites for all sintering temperatures significantly increased and then decreased with increasing Gr amount. The vickers hardness of Ti-Gr composite at 1100oC for 120 min with 0 wt%, 0.15 wt%, 0.30wt%, 0.45wt% and 0.60 wt% Gr addition was measured as nearly 232,5, 331,1, 280,25, 277,6 and 240,1 HV, respectively. Ti-Gr15 has the highest hardness result (331,1 HV). Moreover, welldispersed Gr led to the greater interfacial area between metallic particles.
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Figure 3. Vickers hardness of the Ti–Gr composites for various Gr amount at 1100oC for 120min.
4.Discussion and Conclusions
Fabrication of Ti(particle size of <150µm)-Gr composites was carried out  for various percentages of Gr content by using PM method. Vickers hardness, density and microstructure of composites have been examined. The highest density and Vickers hardness for Ti-Gr composites were measured as  93.5% and 331,14 respectively. The hardness of Ti-Gr up to 0.15wt.%Gr content increased from 232,5 HV to9 331,1 HV. It reduces with the addition of Gr above 0.15wt.% due to the agglomeration tendency of graphene. When compared with pure Ti at the given conditions, the hardness of Ti-Gr composite enhanced from 232,5HV to 331,1HV because of dislocation and fine grain strengthening mechanisms. Ti-Gr composite materials was observed better mechanical properties than pure Ti. These kinds of composites promise the future for using especially the field of biomaterials.
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