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Abstract Phosphate coating layer was produced on
titanium substrates by hydrothermal treatment with zinc
phosphate solutions. Phosphatizing reaction produced
zinc-titanium-phosphate coating layer on the surface by
hydrothermal treatment at 250 °C. Ti substrate treated
with low concentration of zinc phosphate solution for 14 h
was not fully covered by the coating layer. On the other
hand, surface coverage on Ti substrate treated with a high
concentration of zinc phosphate solution for only 6 h was
enhanced completely. SEM and XPS results indicated that
the formation of the coating layer was inhibited by surface
oxide layer. The coating layer was strongly attached on
Ti substrate, moreover, the bonding strength between the
coating layer and the Ti substrate was higher than the
mechanical strength of binder.
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1 Introduction

Titanium (Ti) is the most widely used biomaterial for
implant fabrication owing to its good corrosion resistance,
heat and cold workability and excellent mechanical
properties such as reasonable balance of high strength
and low elastic modulus as compared with other metallic
biomaterials. Its productions as implant have been used in
orthopedics and dentistry [2,4]. There are several different
kinds of surface treatments on titanium surface. These
methods can be classified into two main groups, surface
modification and surface coating. There are many kinds
of surface modification methods, such as, hydrothermal
treatment [9], ion sputtering [12], ion implanting [1], ion
plating, ion beam mixing, anode oxidation [17], laser re-
melting [7], acid-etching [11,14], treatment with hydrogen
peroxide [6], alkali and heat treatment [10] and so forth.
Also there are surface coating methods such as plasma
spraying [8,15], laser deposition [3], electrophoretic
deposition [13], and sol-gel preparation [16]. The aim
of this study is to establish a new method in order to
fabricate strongly attached phosphate coating on titanium.

Therefore, hydrothermal treatment was employed. It is
a useful method to acquire strong chemical bonding at
the interface between coating layer and substrate because
coating reaction in chemical solution can be carried out
under the temperature higher than 100 °C.

2 Materials and method

Commercially obtained mirror polished pure titanium
plates, 14.5 φ mm in diameter, were used as substrates.
Substrates were first washed in acetone for 5 min followed
by ultrasonic cleaning by distilled water for 5 min. The
substrates were placed in Teflon vessel with stainless steel
jacket containing zinc phosphate solutions. Then the vessel
was kept at 200 °C and 250 °C for 6, 14 and 48 h for
hydrothermal treatment. Chemical composition of the zinc
phosphating solution is shown in Table 1.

Surface morphology and chemical composition of
the coated layer was characterized by scanning electron
microscopy (SEM) after gold coating and energy dispersed
X-ray microanalysis (EDX). To evaluate the adhesive
strength between the coating layer and the substrate,
aluminum alloy rods with 4 mm diameter were bonded to
both sides of the zinc phosphatized Ti substrate with acrylic
super glue. Tensile testing was performed at a cross-head
speed of 1 mm/min using a universal testing machine with a
universal joint to ensure axial loading.

3 Results and discussion

Figure 1 shows SEM images of hydrothermally-treated Ti
substrate with zinc phosphate solution-1 at 200 °C for 48 h.

Solution-1 Solution-2

Phosphoric Acid (H3PO4) 19.8 (ml/L) 39.6 (ml/L)

Zinc Oxide (ZnO) 14.7 (g/L) 29.4 (g/L)

Nitric Acid (HNO3) 23.5 (ml/L) 47.0 (ml/L)

Table 1: Chemical composition of the zinc phosphating
solution.
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Figure 1: SEM images of hydrothermally-treated Ti substrate with zinc phosphate solution-1 at 200 °C for 48 h. Ti substrates
with different pre-treatments were employed such as (A) without heat treatment, (B) heat-treated at 300 °C for 1 h and (C)
heat-treated at 400 °C for 1 h.

Figure 2: XPS spectra of polished Ti substrate and heat
treated substrates at 300 °C for 1 h, 400 °C for 1 h and 400 °C
for 2 h.

Ti substrates with different pre-treatments were employed
such as (A) without heat treatment, (B) heat treated at 300 °C
for 1 h and (C) heat treated at 400 °C for 1 h in order to
investigate the effect of oxide layer on the substrate. Obvi-
ously, the surface could not be fully covered by the coating
layer even if heat-treated Ti was used as a pre-treatment.
Besides, the surface coverage was different between non-
treated (Figure 1(A)) and heat-treated (Figures 1(B), 1(C))
substrates. As shown in Figure 1, surface coverage on heat-
treated substrates was less than non-treated substrates.

Figure 2 shows XPS O1s spectra of Ti substrates before
and after heat treatment at different temperatures. The major
peak at 530.1 eV was assigned to the bulk oxygen atoms
of titanium dioxide while another peak at 531.6 eV was
assigned to physisorption of H2O and oxygen atoms [5].
As shown in Figure 2, the peak intensity for TiO2 increased
with increasing heat-treatment temperature whereas the
peak intensity for H2O decreased with increasing heat-
treatment temperature and duration for heat treatment. SEM
and XPS results indicated that the formation of coating
layer was inhibited by surface oxide layer.

Figure 3 shows SEM images and EDX spectra for
hydrothermally-phosphatized Ti substrates treated at 250 °C
for 6 h with solution-1(A), for 14 hrs with solution-2 (B),
respectively. In Figure 3(A), Ti substrate treated at 250 °C
for 14 h with solution-1 was still not covered by the coating
layer. On the other hand, surface coverage on Ti substrate
treated at 250 °C for only 6 h with solution-2 was enhanced
completely as shown in Figure 3(B). EDX spectra from
Figure 3(B) indicated that the coating layer has been
composed of Zn, P, O and Ti elements.

Non-treated and phosphatized substrates were subjected
to adhesive strength test in order to evaluate the adhesive
strength between coating layer and substrate. Calculated
average value for non-treated and phosphatized substrates
was 16.7 ± 2.2 MPa and 15.7 ± 2.9 MPa, respectively.
Figure 4 shows SEM image for phosphatized Ti substrates
after adhesive strength test. Some broken parts in binder
were clearly observed. However, the coating layer still
remained on Ti substrate even after the adhesive test. This
result indicated that the coating layer was strongly attached
on Ti substrate. Moreover, the bonding strength between
the coating layer and the Ti substrate was higher than the
mechanical strength of binder.

4 Conclusions

Zinc phosphate coating layer was successfully produced
on titanium substrate by hydrothermal treatment with zinc
phosphate solution. The coating layer was composed of
zinc, titanium and phosphate. The layer quickly and fully
covered the titanium surface when high concentration
of zinc phosphate solution was used for hydrothermal
treatment. The formation of coating layer was inhibited by
surface oxide layer. Adhesive strength test indicated that
the coating layer was strongly attached on the titanium
substrate.

Acknowledgment This project is supported by the Ministry of Edu-
cation, Culture, Sports, Science and Technology, Japan.



Journal of the International Society for Ceramics in Medicine 3

Figure 3: SEM images and EDX spectra for hydrothermally-phosphatized Ti substrates treated at 250 °C for 6 h with
solution-1(A), and for 14 h with solution-2 (B), respectively.

Figure 4: SEM image for phosphatized Ti substrates after
adhesive strength test.

References

[1] J. Baszkiewicz, D. Krupa, J. A. Kozubowski, B. Rajchel,
M. Lewandowska-Szumiel, A. Barcz, et al., The effect of sodium-
ion implantation on the properties of titanium, J Mater Sci Mater
Med, 19 (2008), pp. 3081–3091.

[2] O. E. Beder and G. Eade, An investigation of tissue tolerance to
titanium metal implants in dogs, Surgery, 39 (1956), pp. 470–
473.

[3] J. P. Borrajo, J. Serra, P. Gonzalez, B. Leon, F. M. Munoz, and
M. Lopez, In vivo evaluation of titanium implants coated with
bioactive glass by pulsed laser deposition, J Mater Sci Mater
Med, 18 (2007), pp. 2371–2376.

[4] J. M. Carter and D. C. Smith, Studies of properties of titanium
alloys for dental purposes, J Dent Res, 46 (1967), p. 115.

[5] K. E. Healy and P. Ducheyne, The mechanisms of passive
dissolution of titanium in a model physiological environment, J
Biomed Mater Res, 26 (1992), pp. 319–338.

[6] S. Kaneko, K. Tsuru, S. Hayakawa, S. Takemoto, C. Ohtsuki,
T. Ozaki, et al., In vivo evaluation of bone-bonding of titanium
metal chemically treated with a hydrogen peroxide solution
containing tantalum chloride, Biomaterials, 22 (2001), pp. 875–
881.

[7] M. S. F. Lima, F. Folio, and S. Mischler, Microstructure and
surface properties of laser-remelted titanium nitride coatings on
titanium, Surface and Coatings Technology, 199 (2005), pp. 83–
91.

[8] Y. P. Lu, M. S. Li, S. T. Li, Z. G. Wang, and R. F. Zhu,
Plasma-sprayed hydroxyapatite+titania composite bond coat for
hydroxyapatite coating on titanium substrate, Biomaterials, 25
(2004), pp. 4393–4403.

[9] M. Nakagawa, L. Zhang, K. Udoh, S. Matsuya, and K. Ishikawa,
Effects of hydrothermal treatment with CaCl2 solution on surface
property and cell response of titanium implants, J Mater Sci
Mater Med, 16 (2005), pp. 985–991.

[10] S. Nishiguchi, T. Nakamura, M. Kobayashi, W. Q. Yan, H. M.
Kim, F. Miyaji, et al., Surface structure of bioactive titanium pre-
pared by chemical treatment, Bioceramics, 10 (1997), pp. 561–
564.

[11] J. Y. Park and J. E. Davies, Red blood cell and platelet
interactions with titanium implant surfaces, Clin Oral Implants
Res, 11 (2000), pp. 530–539.

[12] E. C. S. Rigo, A. O. Boschi, M. Yoshimoto, S. Allegrini,
B. Konig, and M. J. Carbonari, Evaluation in vitro and in
vivo of biomimetic hydroxyapatite coated on titanium dental
implants, Materials Science and Engineering: C, Biomimetic and
Supramolecular System, 24 (2004), pp. 647–651.

[13] M. Roy, A. Bandyopadhyay, and S. Bose, Laser surface mod-
ification of electrophoretically deposited hydroxyapatite coating
on titanium, Journal of the American Ceramic Society, 91 (2008),
pp. 3517–3521.

[14] F. Schwarz, M. Herten, M. Sager, M. Wieland, M. Dard, and
J. Becker, Histological and immunohistochemical analysis of
initial and early subepithelial connective tissue attachment at
chemically modified and conventional sla�titanium implants. A
pilot study in dogs, Clin Oral Investig, 11 (2007), pp. 245–255.

[15] H. Wang, N. Eliaz, Z. Xiang, H. P. Hsu, M. Spector, and L. W.
Hobbs, Early bone apposition in vivo on plasma-sprayed and
electrochemically deposited hydroxyapatite coatings on titanium
alloy, Biomaterials, 27 (2006), pp. 4192–4203.

[16] W. Xu, W. Y. Hu, M. H. Li, and C. Wen, Sol-gel derived
hydroxyapatite/titania biocoatings on titanium substrate, Mate-
rials Letters, 60 (2006), pp. 1575–1578.

[17] M. Yoshinari, Y. Oda, T. Kato, and K. Okuda, Influence of
surface modifications to titanium on antibacterial activity in
vitro, Biomaterials, 22 (2001), pp. 2043–2048.


	Introduction
	Materials and method
	Results and discussion
	Conclusions


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


