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1.
Introduction



Among the main metallic materials for biomedical applications, i.e. stainless steels and Co-Cr -based alloys, titanium and its alloys are getting much attention in biomedicine. Due to their very good properties, such as light weight, excellent biocompatibility, corrosion resistance, excellent balance of mechanical properties, they are the most attractive biomedical materials today [1].  




However, the elastic modulus of titanium and its α+β alloys (100-110 GPa) is significantly higher than that of bone tissue, which has E-modulus in the range of 10-40 GPa. This problem can be solved by alloying with elements like niobium, which decreases the E-modulus, as (-phase former [2]. Besides, the most widely used titanium alloy for biomedical applications, Ti-6Al-4V, contains vanadium, which causes cytotoxic effects and aluminium associated with neurological disorders. So, alternative Ti-based alloys with other non-toxic alloying elements are currently the subject of intensive study, as a new biomaterials [3]. 




The goal of this investigation was to study the microstructure and mechanical properties of as cast Ti-Cr-Nb alloys for biomedical applications.
2. Materials and methods

2.1.
Alloy preparation




In the present study six Ti-Cr –based ternary alloys, with niobium contents ranging from 10-30 at.% (Tab. 1), are examined. Selection of investigated compositions was based on the design principles for Ti- based biomedical alloys. Beside chromium known as (- phase improving element, niobium is strong (-phase forming element [4]. 

2.2. Specimen preparation




The samples were prepared by melting the pure elements in a laboratory arc furnace. The weighed charge materials (about 7 g) were placed in a water-cooled copper crucible and then melted using a non-consumable tungsten electrode arc in a vacuum chamber. This vacuum chamber was first evacuated and then purged with argon. The samples in form of „buttons“ were remelted three times in order to ensure the chemical homogeneity. The casting of alloys was realized in the same equipment by means of specially constructed copper anode, which served also as a casting mould. In this way, as-cast cylindrical specimens with dimensions 8 mm x 25 mm were produced directly.

2.3.
 Metallographic analysis




After embedding in an epoxy resin, the samples are metallographically prepared with wet grinding on SiC paper and final polishing with Al2O3 water suspension. There was no need for etching, because the microstructure was remarked easily.
2.3. Optical and scanning electron microscopy




The microstructure of the as-cast alloys was observed by optical microscope Leitz, Ortholux at the magnification of 280x. Microphotographs were taken with digital camera Olympus DP11 and used for quantitative analysis, which was carried out with the computer program UTHSCA Image Tool. Scanning electron microscopy (SEM) was performed on microscope Tescan Vega with backscattered electron technique (BSE). 

2.5. Hardness measurements




The samples for hardness measurements were grinded and polished, without etching. Vickers hardness tests were performed on the Otto-Wolpert-Werke hardness tester with load of 30N for a loading time of 10 s. 

2.6. Measurement of elastic modulus




Cylindrical samples with a cross-section of 8 mm x10 mm were machined for compressive test using an Amsler testing machine at strain rate of 1 x 10-4/s at a room temperature.
3. Results and discussion



This paper presents a study of as cast Ti-Cr-Nb alloys, with 60-80 at.% of titanium, 10-30 at.% of niobium, and chromium as a balance. Observation of these alloys by optical and scanning electron microscopy shows that all samples have two-phases microstructure. It consists of dendritic and interdendritic region, which can be seen on the microphotographs as a dark and light areas (Fig. 1).
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(a) Ti80Cr10Nb10



(b) Ti70Cr10Nb20



(c) Ti70Cr20Nb10
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(d) Ti60Cr10Nb30



(e) Ti60Cr20Nb20



(f) Ti60Cr30Nb10
Fig. 1 Optical (280x) and BSE (1500x) micrographs of as cast alloys 




Quantitative metallography (Tab. 1) showed that the lowest portion of dendritic phase has the alloy Ti60Cr10Nb30 with the highest niobium content (30 at.%). Further, average area of grains increases with increasing dendrites content. The biggest grains has the alloy Ti80Cr10Nb10 and the smallest Ti60Cr20Nb20.
	Alloy No.
	Alloy composition, at.%
	% dendrites
	% interdendritic region
	Average area of grains, (m2
	Grain size, G

	1
	Ti80Cr10Nb10
	35.24
	64.66
	621.41
	7.72

	2
	Ti70Cr10Nb20
	32.26
	67.74
	451.11
	8.18

	3
	Ti70Cr20Nb10
	13.60
	86.40
	97.15
	10.39

	4
	Ti60Cr10Nb30
	10.64
	89.36
	167.76
	9.6

	5
	Ti60Cr20Nb20
	38.02
	61.98
	77.51
	10.72

	6
	Ti60Cr30Nb10
	12.59
	87.41
	317.67
	8.68


Tab. 1 The results of quantitative metallography obtained by program Image Tool and grain size G (ASTM 112 -96)



The results obtained by hardness measurements (Tab. 2) were in the range of 412-575 HV3. It can be seen that all as cast alloys have relatively high hardness, which are in a good agreement with a similar biomedical alloys. The maximal hardness have alloys No.1 and 4 with the highest titanium (80 at.%) and niobium (30 at.%) content.



Elastic moduli for as cast Ti-Cr-Nb alloys were in the range 17-34 GPa (Tab. 2) and they are much more lower than the values for other (-type titanium biomedical alloys (60-85 GPa) [5]. 
	Alloy No.
	Alloy composition, at.%
	HV3
	E, GPa

	1
	Ti80Cr10Nb10
	575
	34

	2
	Ti70Cr10Nb20
	412
	17

	3
	Ti70Cr20Nb10
	522
	-

	4
	Ti60Cr10Nb30
	525
	19

	5
	Ti60Cr20Nb20
	484
	28

	6
	Ti60Cr30Nb10
	504
	20


Tab. 2 Vickers hardness (HV3) and elastic modulus of experimental alloys

4.  Conclusions 



From the represented investigation of microstructure and mechanical properties of as cast Ti-Cr-Nb biomedical alloys can be concluded as follows:    

· Optical and scanning electron microscopy exhibited two-phases microstructure of alloys, 

· Quantitative metallography indicated that the portion of dendritic phase was minimized with the maximal niobium content (30 at.%),
· Hardness tests showed high values in the range of 412-575 HV,
· The elastic moduli vary between 17 and 34 GPa and they are close to that of human bone (10-40 GPa).



Due to the low elastic modulus and relatively high hardness values the investigated Ti-Cr-Nb alloys can be considered as a favorable material for a biomedical applications.
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