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Abstract Many techniques have been used to coat
metallic substrate with bioceramics. The aim of this study
was to study the physical-chemical characteristics of poly-
vinylidene fluoride (x-PVDF)/hydroxyapatite (HA) com-
posite coating, obtained by casting method, on commercially
pure titanium (a-CP Ti) substrate surface modified by laser
beam irradiation. The preparation of coating was done for
mixing o-PVDF pellets shape dissolved in dimethylacet-
amide (DMA) with HA/DMA emulsion. The mixture was
poured onto the «-CP Ti sample and left to dry in an oven. CP
Ti plates were coated with a-PVDF/HA composite film, in
proportions of 100/00 and 60/40 in weight, and characterized
by particle size analysis, scanning electron microscopy,
energy dispersive spectroscopy (EDS), X-ray diffractome-
try, thickness measurement and contact angle. Uniform
coating with a small thickness variation along the coated
surface was successfully obtained.

Introduction

Commercially pure titanium (CP Ti) and its alloys have
been widely used as materials for dental and biomedical
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applications, owing to their excellent mechanical proper-
ties and biocompatibility [1]. There are, however, various
problems related to metallic materials implantation in the
human body due to corrosion, wear, and/or negative tissue
reaction. Almost all metallic implants are encapsulated by
dense fibrous tissue which prevents proper distribution of
stresses and may cause loosening of the implant. Therefore,
hydroxyapatite (HA) ceramic has been applied on CP Ti
and Ti-alloys implants to increase the corrosion resistance,
gain better biocompatibility and provide implant-bone
tissue biological adhesion [2].

Many HA deposition techniques are described in liter-
ature, such as ion sputtering, plasma spray, sol-gel, elec-
troless, biomimetic processes, and among others. Good
human body acceptance is achieved by these methods,
however, they present poor coatings quality with morpho-
logical variations and unsuitable uniformity (clusters and
cracks formation). Another problem is related to the Ti/HA
interface, which is directly affected by the difference of
thermal expansion coefficient, interfering in the deposited
layer adhesion [2-9].

In special, the polyvinylidene fluoride (PVDF) polymer
has been widely employed in several applications because
of its recognized good ferroelectric properties and bio-
compatibility and also due to be the cheapest among flu-
orided polymers. As an example, PVDF composites and
copolymers with ceramics (PZT, BaTiO;, and CaCOs)
have great technological interesting because of their ver-
satility in the attainment of thin and flexible films [10-12].
In addition, laser beam irradiation has been demonstrated
as a useful tool for surface modifying Ti CP in order to
improve its surface roughness and specific area [13].

Therefore, the aim and the innovative character of this
study was to study the possibility to coat o-CP Ti modified
by laser beam irradiation utilizing the o-PVDF/HA
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composite. Since previous study has reported, by cytotox-
icity assay (in vitro biocompatibility testing) and mechan-
ical testing, that o-PVDF polymer and «-PVDF/HA
composite exhibit biocompatibility and suitable mechani-
cal properties to be used as biomaterials in medical and
dental applications [14]. The investigated method here
appears as an alternative for Ti implants surface modifi-
cation by HA deposition.

Materials and methods

Preparation of Ti-PVDF/HA composites: casting
method

The Ti-PVDF/HA composites were prepared by casting
method. PVDF pellets’ shape was dissolved in dimethyl-
acetamide (DMA) in a 50-mL glass beaker under contin-
uous agitation and a controlled temperature of 100 °C. A
HA/DMA emulsion was then prepared by agitation without
heating in another 50 mL glass beaker. After complete
dissolution of PVDF, the HA/DMA emulsion was added,
maintaining the temperature and agitation until the mixture
attained the necessary viscosity, at which point it was
poured onto a 60-mm glass Petri dish that contained the o-
CP Ti sample (dimension: 15 x 15 x 2 mm3), which was
completely submerged in the solution. The mixture was
then oven-dried at 110 °C for 4 h to eliminate the DMA
solvent. By this method, it was possible to obtain «-CP Ti
plates coated on one side only with «-PVDF/HA composite
film in proportions of 100/00 and 60/40 in weight.

In regard to the preparation of composites, it is neces-
sary to make some observations: (i) details about proce-
dures and conditions of «-CP Ti superficial laser beam
irradiation can be verified in refs. [13, 15]; (i) previous
study showed that the maximum HA incorporated in PVDF
polymeric matrix is about 40% [14]. In this study, we opted
to use the proportions of 100/00 and 60/40 in weight in
order to study o-PVDF polymer and o-PVDF/HA com-
posite (maximum HA concentration) deposition on a-CP Ti
modified by laser beam irradiation; (iii) oven-dried tem-
perature and time were also based on previous study, where
FTIR-ATR-spectroscopic analysis showed that this condi-
tion (100 °C and 4 h) is optimum to completely eliminate
the DMA solvent [12].

Particle size analysis of the used HA

Particle size of the used HA was analyzed by a laser dif-
fraction particle size analyzer (Mastersizer S/S-MAM
5005/Malvern) in order to compare the HA particles size
with the pores size of PVDF polymer.

Scanning electron microscopy

The superficial morphology of Ti-PVDF/HA composite
samples was analyzed by scanning electron microscopy
(SEM) and energy dispersive spectroscopy (EDS) X-ray
(LEO 440i). Samples were covered with a thin gold film
under argon atmosphere, by sputtering process (Polaron
SC7620 Sputter Coater), in order to make them conductive.
The microscope was set at 10 kV and 100 pA; the images
were magnified 500 and 4000 times.

Energy dispersive spectroscopy

To analyze the chemical elements composition, the
Ti-PVDF/HA samples were exposed to EDS X-ray of the
largest possible surface area to obtain the most general
representative spectrum for each sample.

X-ray diffractometry

Crystalline phases structure identification of Ti-PVDF/HA
composite samples was obtained by X-ray diffractometry
(XRD). Powder X-ray data were collected in the 20 interval
from 10 to 70° in 5s 0.01° steps, using a SIEMENS
D5000 diffractometer with copper radiation monochroma-
tized by a graphite crystal. The diffractometer was set at
40 kV and 30 mA.

Thickness measurement

The thickness of formed and adhered PVDF/HA composite
film on the CP Ti plates surface was investigated by a
Mitutoyo micrometer (0-25 mm, precision of 0.01 mm).
Measurements were carried out on three points of each
sample: central region and edges; the results correspond to
the average of 24 measurements for each Ti-PVDF/HA
composition.

Contact angle

Distillated water contact angle measurements were carried
out on Ti-PVDF/HA composites surface by half-angle™
measuring method (sessile drop method), using a contact
angle meter (TANTEC Cam-micro goniometer). The
method is allowed to obtain direct measurement of the
contact angle (0); arbitrary tangent line errors are elimi-
nated. This technique measures the half-6 angle, however,
the device is graduated as 2 x 0 and the contact angle
measurement is direct [16].

The contact angle measurements were taken at room
temperature in 75% relative air humidity, since the 6 varies
only slightly with temperature, according to Adam [17],
who found no detectable variations in the water in several
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solid hydrocarbonates in an interval of 20-35 °C. To
establish the balance of the forces involved, the contact
angle reading was obtained 20 s after deposition of the
drop on the surface of the samples. Each 6 value corre-
sponds to the average of four measurements, with a max-
imum deviation of £2. The measurements were carried out
on two samples surface of each Ti-PVDF/HA composition.

Results and discussion
Particle size analysis of the used HA

Figure 1 shows one of the distribution curves obtained by
particle size analysis of the used HA. The values corre-
spond to the average of five measurements. As it can be
observed, the average diameter of particles is 10.64 pm
under 28 vol.%. There is also a considerable amount of
smaller particles than the average diameter, for instance,
25 vol.% is consisted of 5 um particles size.

Scanning electron microscopy

Figure 2 shows SEM images of the morphology of PVDF
and PVDF/HA-60/40 coatings. Note the PVDF polymer
with a globular structure and porous regions between the
globes, which average pores size is 12 = 8 pum in diameter.
In comparison with HA particles size (previous item), the
used HA has a particle size amount smaller (>10.64 pm)
than pores size of the polymeric matrix, the polymer por-
ous spaces then can be filled by HA phase. Thus, the
PVDF/HA-60/40 composite presents HA wrapped in the
globules and homogeneously filling the inner part of the
original porous spaces of the pure PVDF.

According to Sheldon [18], the filler phase (in this case
HA) of a polymeric composite can act as a crystal-nucle-
ating agent (or, in rare cases, as an anti-nucleant), affecting
the size or the perfection of the polymer crystal. The
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Fig. 1 Particle size distribution curve of the used HA
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presence of HA to the PVDF matrix appears to modify the
polymer grain formation process, altering the size and
morphology of the pores.

Energy dispersive spectroscopy

The EDS X-ray spectra in Fig. 3 show the main chemical
elements of the PVDF and PVDF/HA-60/40 coatings.
These elements were identified as carbon and fluorine
originating from the PVDF structure, and as calcium (Ca)
and phosphorus (P) originating from the incorporated HA.

A semi-quantitative ratio of the chemical elements can
be calculated based on their peak intensities in the spec-
trum. According to Park [19], the Ca/P ratio of HA is
usually 1.67, a slightly different ratio of 1.54 is observed in
our study. This difference may indicate a chemical reaction
between HA and PVDF during the synthesis. This issue can
be clarified by X-ray diffraction and/or Fourier transform
infrared techniques.

X-ray diffractometry

The successful incorporation of HA in the PVDF matrix
was confirmed by XRD. Figure 4 shows the X-ray dif-
fractograms: (a) Ti-PVDF/HA-60/40, (b) Ti-PVDF, and (c¢)
pure HA. The crystalline phases were identified according
to X-ray power diffraction patterns (PDF file) [20]: (d)
PVDF, (e) Ti, and (f) HA.

According to Lovinger [21], PVDF presents Bragg peak
positions at 26 equal to 20, 27, and 40°. As the diffracto-
gram in Fig. 4b demonstrates the XRD of Ti-PVDF sample
presented characteristic diffraction patterns of Ti and
PVDF, indicating that the polymer coating was success-
fully formed. A comparison of the HA diffraction patterns
in Fig. 4f and the XRD of Ti-PVDF/HA-60/40 in Fig. 4a
led us to conclude that the HA was incorporated in the
PVDF. The PVDF diffraction patterns remain unchanged
after the matrix was impregnated with HA, indicating that
the PVDF polymeric structure was not modified during the
synthesis of the composites.

Figure 4e shows the main Ti Bragg peak at 260 equal to
40.22° and it is observed in Fig. 4a (Ti-PVDF/HA-60/40)
and Fig. 4b (Ti-PVDF), such results are in according to
Braga et al. [13]. The X-ray beam can reach the substrate,
despite it is coated with polymeric composite film. Then,
the Bragg peak detected by XRD technique is originating
from CP Ti surface.

Thickness measurement
The thickness measurement results showed the PVDF

polymer formed a coating on CP Ti surface of
0.07 £ 0.01 mm and the PVDF/HA-60/40 composite of
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Fig. 3 EDS X-ray spectra of the PVDF and PVDF/HA coatings

0.12 & 0.02 mm. This thickness difference could have
occurred due to the mass variation of each material used in
the composite composition; the mineral load causes a
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swelling in the polymer pores. However, the used method
provided a uniform coating with a little thickness variation
along the coated surface.
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Fig. 4 X-ray diffractograms of the samples: (a) PVDF/HA-60/40
coating, (b) PVDF coating, and (c) pure HA. XRD patterns of the
phases: (d) PVDF, (e) Ti, and (f) HA

Contact angle

Contact angle (0) equal to 0° is an extreme situation of
chemical affinity between surface and liquid and, therefore,
the liquid material spreads completely on the solid surface.
Contact angle equal to 180° is another extreme situation,
where the liquid material presents no interaction with the
solid surface. When 0 is lower than 90° it is considered the
surface is wet by liquid [22].

Table 1 shows the 0 values and their respective standard
deviations, using distillate water as a measuring liquid, of
the Ti-PVDF and Ti-PVDF/HA-60/40 surfaces. It is
observed that 0 is practically the same for both composi-
tions, since the device deviation is £2°.

Previous study showed that 6 of «-PVDF/HA composite
films tended to increase with addition of increasing con-
centrations of HA in the polymeric matrix. However, in the
compositions containing proportions of more than 60/40
the contact angle underwent a strong reduction due to
saturation of the polymeric matrix by the mineral load,
which caused the appearance of HA in the form of powder
on the surface of the PVDF/HA films, increasing the wet-
tability of material [14].

Table 1 Contact angle values () of the Ti-PVDF and Ti-PVDF/HA-
60/40 surfaces and their respective standard deviations

Composite Contact angle (0)

M; (®) M (°) M;(°) M4 (°) Average (°)
Ti-PVDF 98 98 99 98 98 + 0.5
Ti-PVDF/HA-60/40 100 100 100 100 100 £ 0

M measurement

@ Springer

Conclusions

According to SEM, EDS, and XRD results, the used
method is satisfactory to gain PVDF/HA composite coat-
ings because it was observed that the bioceramic incorpo-
ration was homogeneous, the pores of polymeric matrix
were filled and PVDF crystalline structure was not modi-
fied by incorporated HA.

The used method provided a uniform coating with a
small thickness variation along the coated surface.

Contact angle data showed the hydrophobic character-
istic of polymer predominated in the composite. This
characteristic may represent an obstacle to the application
of material in bone implants, since it is known that the
greater the material’s wettability the better its interaction
with the body’s tissues and liquids. However, a definitive
conclusion concerning this property can only be reached by
means of in vivo tests, which we plan to carry out in future
studies.

Acknowledgement The authors thank to the Department of Poly-
mer Technology/School of Chemical Engineering/State University of
Campinas, Department of Physical Chemistry/Institute of Chemistry/
Sdo Paulo State University and Department of Applied Physics/Gleb
Wataghin Physics Institute/State University of Campinas, for their
technical support, and CAPES (Brazil) for granting a fellowship.

References

1. Tajima K, Hironaka M, Chen K, Nagamatsu Y, Kakigawa H,
Kozono Y (2008) Dent Mater J 27:258

2. Suchanek W, Yoshimura M (1998) J Mater Res 13:94. doi:
10.1557/JMR.1998.0015

3. Kweh SWK, Khor KA, Cheang P (2000) Biomaterials 21:1223

4. AriasJL, Mayor MB, PouJ, Leng Y, Le6n B, Pérez-Amor M (2003)
Biomaterials 24:3403. doi:10.1016/S0142-9612(03)00202-3

5. Metikos-Hukovic M, Tkalcec E, Kwokal A, Piljac J (2003) Surf
Coat Technol 165:40

6. Abe Y, Kokubo T, Yamamuro T (1990) J Mater Sci: Mater Med
1:233. doi: 10.1007/BF00701082

7. Brendel T, Engel A, Riissel C (1992) J Mater Sci: Mater Med
3:175. doi: 10.1007/BF00713445

8. Lacefield WR (1993) In: Hench LL, Wilson J (eds) Advanced
series in ceramics. World Scientific Publishing, Singapore

9. Fatehi K, Moztarzadeh F, Solati-hashjin M, Tahriri M, Rezvannia
M, Ravarian R (2008) Bull Mater Sci 31:101

10. Inderherbergh J (1991) Ferroelectrics 115:295. doi:10.1080/0015
0199108222386

11. Callegari B, Belangero WD (2004) Acta Ortop Bras 12:160

12. Campos JSC, Ribeiro AA, Cardoso CX (2007) Mater Sci Eng B
136:123. doi:10.1016/j.mseb.2006.09.017

13. Braga FJC, Marques RFC, Filho EA, Guastaldi AC (2007) App
Surf Sci 253:9203. doi:10.1016/j.apsusc.2007.05.048

14. Braga FJC, Rogero SO, Couto AA, Marques RFC, Ribeiro AA,
Campos JSC (2007) Mater Res 10:247. doi:10.1590/S1516-1439
2007000300005

15. Ribeiro AA (2007) Doctoral thesis, State University of Campinas,
Campinas, Brazil


http://dx.doi.org/10.1557/JMR.1998.0015
http://dx.doi.org/10.1016/S0142-9612(03)00202-3
http://dx.doi.org/10.1007/BF00701082
http://dx.doi.org/10.1007/BF00713445
http://dx.doi.org/10.1080/00150199108222386
http://dx.doi.org/10.1080/00150199108222386
http://dx.doi.org/10.1016/j.mseb.2006.09.017
http://dx.doi.org/10.1016/j.apsusc.2007.05.048
http://dx.doi.org/10.1590/S1516-14392007000300005
http://dx.doi.org/10.1590/S1516-14392007000300005

J Mater Sci (2009) 44:4056-4061

4061

16.

17.

18.

19.

Cam-micro (1996) Contact angle meter model Cam-micro,
operating manual. Tantec Inc., Schaumburg, IL

Adam NK (1963) In: Moilliet JL (ed) Waterproofing and water-
repellency. Elsevier, Amsterdam

Sheldon RP (1982) Composite polymeric materials. Applied
Science Publishers, London

Park JB (1984) Biomaterials science and engineering. Plenum
Press, New York

20.

21.

22.

Powder diffraction file (PDF) (2000) International Centre for
Diffraction Data-Joint Committee of Powder Diffraction Stan-
dards (ICDD-JCPDS)

Lovinger AJ (1982) In: Basset DC (ed) Developments in crys-
talline polymers—1. Applied Science Publishers Ltd, London
Moita JMN (2006) Brazil FAPEPI, Terezina. www.fapepi.pi.gov.
br/novafapepi/ciencia/documentos/Molhamento.PDF. Accessed 4
Dec 2007

@ Springer


http://www.fapepi.pi.gov.br/novafapepi/ciencia/documentos/Molhamento.PDF
http://www.fapepi.pi.gov.br/novafapepi/ciencia/documentos/Molhamento.PDF

	Hydroxyapatite deposition study through polymeric process �on commercially pure Ti surfaces modified by laser beam irradiation
	Abstract
	Introduction
	Materials and methods
	Preparation of Ti-PVDF/HA composites: casting method
	Particle size analysis of the used HA
	Scanning electron microscopy
	Energy dispersive spectroscopy
	X-ray diffractometry
	Thickness measurement
	Contact angle

	Results and discussion
	Particle size analysis of the used HA
	Scanning electron microscopy
	Energy dispersive spectroscopy
	X-ray diffractometry
	Thickness measurement
	Contact angle

	Conclusions
	Acknowledgement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


