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ARTICLE INFO ABSTRACT
Article history: Background: Titanium and its alloys have been used in biomédagplications
Received 10 January 2016 because of their biocompatibility and mechanicabgrties. However, It has a possible
Accepted 15 February 2016 toxic effect resulting from released vanadium alingnum. The (HA) coated Ti-6Al-
Available online 28 February 2016 4V alloy prevented releasing of undesirable i@isjective: The aim of this paper is to
investigate the structural and mechanical propedfeTi-6Al-4V alloy by coating with
Keywords: (HA,). This coating was prepared by Radio FrequencynaSputtering (RF) method.
Ti-6Al-4V; hydroxyapatite coating; Results: The thin film of HAp was annealed at temperatur8@0 C° to improve the
crystal growth; RF plasma; structural, composition, roughness and hardnesse weraracterized by X-ray

diffraction (XRD), Field Emission- Scan Electrondvbscope (FE-SEM), atomic force
microscope (AFM) and Vickers hardness respectiviihe HAp films were amorphous.
Conclusion: After annealing at 800 C° the surface amorphousAy was converted to
crystalline structure. AFM and the Vickers hardnsBewed different roughness and
hardness of Ti-6AlI-4V when uncoating, as-depositddp thin film and after
annealing.
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INTRODUCTION metal surfaces have been employed to controlling
tissue—titanium interactions; reduce the time fonéd
Titanium was discovered in 1791 and got its fixation and to prevent releasing of undesirablesio
name from Greek mythology; "Titan". It means the from the alloy (Richard C, 2015). These problems
enormously strong giant. Titanium is light can be prevented by using coating layers from
and transition metal on the periodic table composedbioinert materials as bioceramic HAp. Since these
of 60% iron and density of 4.5 g/cm. It is a silver materials are major inorganic component of human
gray material with an atomic number of 22 and an bone matrix and has a crystal structure identioal t
atomic weight of 47.90 (Adnan. 2012). Titanium is human bone and teeth minerals (Baek-Heectes.
allotropic material that exists as a hexagonaleslos 2008). The coated layers do not release ions into
packed structurea( Ti) up to 82 C° and a body surrounding tissue of the body as do metallic
centered cubic structure (bcc) above the tempeyatur biomaterials so that the coating layers on metallic
the addition of alloying elements to titanium emabl biomaterials to prevent metallic ion release from
it to have a wide range of properties (Tapashl. orthopedic implants made of Ti6Al4V (Davide Zaffe
2011). Commercially, pure (cpTi) titanium and its leeetal. 2008 ).
alloys (such as Ti-6Al-4V) have been utilized for Many techniques, such as sol gel (Sajjetdal.
load bearing implants in dentistry, osteosynthesis& A. Balakrishnanet al. 2007), Plasma electrolytic
and orthopedics due to their excellent oxidation (PEO)[Yeungt al,2013 ], Electrophoretic
biocompatibility, lightweight, high-strength,  deposition (EPD) (Corni ¢t al. 2008 & Lovsky Yet
corrosion  resistance  and  relatively  low al. 2010), dip coating process (Seriven, 1988 & M.
density(Gemelli Eet al. 2007). However, these Khalid et al. 2013), lon Beam Assisted deposition
properties are not high enough to promote direct(IBAD) (Zhi-Ye et al. 2014 & Guochenget al.
growth of the bone tissue or reduced the healing2014), pulsed laser deposition (PLD)(L.Tormsial.
period and also Ti-6Al-4V alloy has a possible toxi 1993), plasma spray (E. Mohsedi al. 2014 &
effect resulting from released vanadium and AGATA, 2009), and RF plasma magnetron
aluminum (C.N.Eliaset al. 2008). Modifications of
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sputtering can be used to deposit HA coatings(J Zwith AKASHI MVK-E. The measurement was

SHl et al. 2008 & S. Xuet al. 2002). occurred by using a 25-g load with a diamond tip
RF sputtering has several useful applicationsthrough 15 seconds.

such as high RF sputtering rates of metals and

insulators at low pressures and provision of a DC Results:

bias on the substrate surface; RF could also be& use Figurel shows Field Emission Scanning

to sputter metal, semiconductors, and insulatorsElectron Microscope (FESEM) images and EDX

(Yunzhi leeet al. 2008). This technique can produce data of HAp thin films formed on the surface &f T

thin, uniform, dense coatings that are homogeneous6Al-4V alloy respectively. In spite of the existenc

in structure and composition (Heeal. 2008). andp phases of Ti-6Al-4V alloy. The HAp thin films
were built on whole surface of substrate. The
MATERIALS AND METHODS uncoated specimen in figure (la) seems to have

many scratches and smooth surface due to its

Ti-6Al-4V Specimens used in this project were grinding and polishing. Figure (1b) shows surface
acquired from WG (William Gregor Ltd, London, morphology of Ti-6Al-4V specimen coated with
United Kingdom). Circular (Ti-6Al-4V) Specimens HAp by using RF plasma sputtering method without
are cut from rod with 30mm diameter and 3 mm annealing. HAp thin film was found to be a porous
thickness. All specimens were abraded successivelysurface because of amorphous structure of HAp. It
using SiC grinding paper with different grits ¢k  was found that annealing treatment at 800 °Cor f
from 80 grit, and continued by 120, 230, 400, 600, 1hr can cause the amorphous structure of HAp to
800 , 1000 and 1200 grit to obtain flat and strat convert roughness due to create crystalline phase
free surface and then polishing with diamond indicated in Figure (1c).
suspension start (1, 3, 6, 9, 15 um) for a smaath The EDX spectrums are shown in Figure2 which
mirror polished surface. A grinding and polishing explain the elemental distribution of the Ti-6Al-4V
machine model: metaserv 250, buehler was used andpecimen uncoated, as coated with HAp by RF
then cleaned ultrasonically and washed with acetoneplasma sputtering and annealing at temperature 800
and deionized water. °C . The EDX for the uncoated specimen shows

RF sputtering was used to prepare HAp layer onenergy emission (Ti, Al and V) indicated that the
Ti6Al4V alloy by using high purity (99.99%) HAp substrate is Ti-6Al-4V alloy due to the existende o

target’ a base pressure was evacuated ml@'f elements (Tl, Al and V) as indicated in Flgure (ZH)

mbar) by a combination of rotary and turbo- ca@n be seen from the patterns of calcium and
molecular pump, then argon was passed till thePhosphorus elements as well as the matrix (Ti-6Al-
pressure reached @ 10° mbar) , and then the 4V). This means the layer formed on the surface i

, . HAp layer which is comprised of calcium and
target was cleaned by pre-sputtering (with 30 W RF P
pogver) for 15 min. er(gg_gg%) V\?aé supplied as phosphorus elements and diffusion through the

reactive gas at a flow ratio of 10 sccm. The distan substrate as indicated in Figures (2b) and (2cg Th

between the target and the substrate was maintainelanocrpep:sséts'ovr\]litﬁfaﬁﬁgﬂg] 2??ergh2?§g?;ugoglsgem§
at 80 mm for all deposition experiments with a RF indicated in Figure (2c) 9 P
power 200 W for 1 h duration. During the sputtering 9 :

process, the temperature rose to approximately 800 X-ray d|ffract|on pattern O.f Ti-6Al-4V uncoated,
°Ch ¢ self-heati as coated with Hjand annealing at temperature 800
ecause of self-heating.

) _ . °C are shown in Figure 3. The XRD pattern for the
Various  techniques for surface analysis, yncoated specimen shows the lines of Ti-6AI-4V are
structure examination and properties evaluation arejpg 002, 110, 101 and 102 aP dalues 35.46,
used to investigate modified surface such as XRDg3g 27° 39.98° 40.7° and 53.24° respectively which
analysis was carried out within the 20-60° range 4.e belong a phase of Ti-6Al-4V as indicated in
using a (PANalytical X’Pert PRO MRD PW3040, Figure (3a). As deposit HAwas found to be
Almelo,Netherlands) with a Cu Kradiation = amorphous with no crystalline phase; just peaks

1.541 A) to identify the phases developed of rgjated to Ti-6Al-4V substrate were observed as
specimens of Ti6Al4V alloy. FESEM was performed jndicated in figure (3b). Figure (3c) shows Strostge

using a (Leo-Supra 50VP, Carl Zeiss, Germany)|ines of the XRD profile of annealed the coated
equipped with an energy dispersive X-ray (EDX) gpecimen of Ti-6Al-4V alloy at 800 °C  with the
system. . Element distribution in the surface of following Miller indices (hki): (002), (211), (300)
treated and untreated samples is evaluated using3p1), (310), (221)and (004) belong to the HAp
EDX mapping. The surface roughness of the film phase were agreement to the data reported for
was measured by using atomic force MICrOSCOP€heyagonal Gx(PO):OH (JCDS —-ICDD file#09-

(AFM) (Dimension Edge, Bruker) in the Tapping 0432) where the crystalline of HAp layer become
operation mode and a NanoDrive dimension- patier.

edgetapping, image-processing software. Vickers
hardness of the coated composites was evaluated
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Fig. 1: Field emission scanning electron microscope image6Al4V alloy (a) the as-received substrate (b)
HAp coatings deposited on a Ti6Al4Vsubstrate (¢)eating at 800 °C.

AFM micrographs with a scanning area 610 HV. It was found the hardness of Hayer was
== speme® N figure 4 shows the surface greater after annealing at 800 °C
topography of the average surface roughnegps (R
the substrate, as deposited and annealing atConclusions:
temperature 800 °C the uncoated specimen in Figure  The present study concludes that coating of Ti-
(4a) has many scratches and smooth surface witt6Al-4V alloy with HA, has amorphous structure and
roughness (B is 0.00367-+ . Figures (4b) and this structure transforms to crystalline phase rafte
(4c) show the AFM images of the HAp coated Ti- annealing at 800 °C . The surface topography of
6Al-4V alloy without and with annealing at uncoated Ti-6Al-4V,as deposited HAfilm and
temperature 800 °C respectively. In annealingd@t 8 annealing at temperature 800 °C is significantly
°C convert the surface porosity of HAp with,fR  difference in surface roughness and hardness where
was 0.104 n=r: to crystalline grain with roughness the coating of Ti-6Al-4V alloy and it's heat treant
(Ra) of 0.203 e . at 800 °C are good methods to form excellent
The Vickers hardness value of uncoated hardness layer and high roughness on the surface
specimen was 348.9 HV. The hardness of coatingalloy.
was 423.3 HV and after annealing at 800 °C  was
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Fig. 2: EDX analyses of the samples (a) the as-receivedubstrate (b) HAp coatings deposited on a
Ti6Al4Vsubstrate (c) annealing at 800 °C.
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Fig. 3: X-ray diffraction pattern of the Ti-6Al-4V alloy Jas-received (b) as-coated (c) annealing at 800 °C
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Fig. 4: AFM 3D images of Ti-6Al-4V alloy (a) the as-receilvsubstrate (b) as-coated (c) annealing at 800 °C.
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