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SURFACE CRACKING OF LASER MELTED Ti-6Al-4V ALLOY

ABSTRACT

The characteristic features of surface cracking observed after laser melting with CO, and Nd:YAG laser
were described. The cracks were always present, their length approaching some part of melted zone and
scarcely dependent on laser melting conditions. The appearance of cracks was attributed mainly to
martensitic transformation within the surface layer. The possible contribution of developed thermal
stresses cannot be also excluded. The existence of cracks may be utilized for the enhancement of bone —
implant strength.
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INTRODUCTION

The modern biomaterials must fulfill a number of requirements. Among them, the
extraordinary corrosion resistance in an environment of human body fluids is necessary.
Therefore the titanium and its alloys are nowadays the most selected and investigated
metallic materials destined for such applications.

There are a number of Ti alloys proposed as biomaterials for endoprostheses cones,
with Ti-Al-V alloys being still the most popular. In order to increase the corrosion and
wear resistance, a lot of technologies have been proposed. They include among others,
an artificial oxidation. The chemical oxidation in acids, like nitric acid, and some
concentrated hydroxides, electrochemical oxidation and thermal oxidation in vapour
phase followed by heat treatment, have been proposed [1-10].

The laser treatment of Ti and its alloys is not widely accepted. Among others, the lasers
have been applied to change the structure of surface\layer increasing in such a way its
corrosion resistance [11-13]. No appearance of cracks has been reported.

In this paper the previous results and possibilities to use the laser treatment for Ti alloy
have been verified at different conditions with aim to especially examine the possible
cracking of surface layer.
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EXPERIMENTAL

The Ti6Al4V alloy was melted. The laser treatment was made by two lasers: permanent
work CO; laser and Nd-YAG pulse laser. For CO, laser the power input was ranged
between 1.5 and 6 kW, scan rate between 0.25 and 1 m/s, as environment the liquid
nitrogen, water and air were imposed, and for the laser treatment in air some specimens
were pre-heated between 200 and 550 °C just before laser melting. For Nd-YAG laser
the power input was 150 W, scan frequency 50 Hz and scan rate 0.25 to 4 m/min.; the
melting was performed only in air.

RESULTS AND DISCUSSION

The results of performed tests are shown in Figs. 1-4. For every combination of tests
parameters the view of the melted surface and cross-section are put together.

The cracks are evident to form at each condition. The depth of the crack is dependent on
all variables. Generally, the higher power input and the lower scan rate, the longer
cracks. The environment has also an effect: cracks are more significant during laser
treatment in air and water. Pre-heating diminishes the cracking. The depth of the crack
is always a significant portion of the melted zone and from this point of view, the laser
melting in liquid nitrogen seems the most appropriate. The quantitative data are
estimated and will be published in future.

Two possible sources of the cracks may be considered. The first is martensitic
transformation following fast cooling even in water and air accompanied by an
occurrence of high mechanical stresses. On the other hand, the cracking during
martensitic transformation has not been reported for this alloy. Another possible source,
high shear stresses appearing during solidification of this very hard and brittle alloy may
release by formation of cracks.
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Fig. 1. Cracking of surface layers for specimens laser melted with CO, laser in liquid nitrogen at scan rate
1 m/min at power input (from top to the bottom): 3 kW, 4 kW, 5 kW and 6 kW
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Fig. 2. Cracking of surface layers for specimens laser melted with CO, laser at 5 kW (from top to the
bottom): in water at scan rate 1 m/min.; in water at scan rate 0.25 m/min.; in air at scan rate 1 m/min.; in air
at scan rate 0.25 m/min
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Fig. 3. Cracking of surface layers for specimens laser melted with CO; laser in air at 5 kW, at 1 m/min.
scan rate and after pre-heating at temperature (from top to the bottom): 200, 300, 450 and 550 °C
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Fig. 4. Cracking of surface layers for specimens laser melted with Nd-YAG laser at 150 W and 50 Hz, with
overlapping (from top to the bottom): 50%, scan rate 0.25 m/min.; 50%, scan rate 0.45 m/min.; 50%, scan
rate 0.65 m/min.; 30%, scan rate 1 m/min
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Fig. 5. Cracking of surface layers for specimens laser melted with Nd-YAG laser at 150 W and 50 Hz,
without overlapping (from top to the bottom) at scan rate: 0.25 m/min., 1.5 m/min., 2 m/min, 4 m/min
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CONCLUSIONS

The laser treatment of the Ti-6Al-4V alloy by both CO; laser and Nd:YAG laser causes
the melting and fast crystallization of surface layer accompanied by creation of
perpendicular cracks from the surface to heat affected zone,

The appearance of cracks may be attributed to two processes: martensitic transformation
and brittle cracking due to high internal stresses.

ACKNOWLEDGMENTS

The work has been supported by the Polish Ministry of Science and Higher Education
as the research project No. 3 TO8C 049 29 entitled “Modification of structure and
properties of surface layer of the Ti-6Al-4V alloy by surface melting in ultrafast
cystallisation conditions”.

REFERENCES

1. MacDonald D.E., Rapuano B.E., Deo N. i in.: Thermal and chemical modification of
titanium-aluminum-vanadium implant materials: effects on surface propoerties,
glycoprotein adsorption, and MG63 cell attachment. Biomaterials 25 (2004) 3135-
314.

2. Nishiguchi S., Kato H., Fujita H. i in.: Titanium metals form direct bonding to bone
after alkali and heat treatments. Biomaterials 22 (2001) 2525-2533.

3. Yang B., Uchida M., Kim H.-M. i in.: Preparation of bioactive titanium metal via
anodic oxidation treatment. Biomaterials 25 (2004) 1003-1010.

4. Wang X.-X., Yan W., Hayakawa S. i in.: Apatite deposition on thermally and
anodically oxidized titanium surfaces in a simulated body fluid, Biomaterials, 24
(2003) 4631-4637.

5. Wang C.X., Wang M. and Zhou X., Nucleation and growth of apatite on chemically
treated titanium alloy: an electrochemical impedance spectroscopy study,
Biomaterials, 24 (2003) 3069-3077.

6. Wang X.-X., Hayakawa S., Tsuru K., Osaka A.: Bioactive titania gel layers formed
by chemical treatment of Ti substrate with a H,O,/HCI solution. Biomaterials 23
(2002) 1353-1357.

7. Takeuchi M., Abe Y., Yoshida Y. i in.: Acid pretreatment of titanium implants.
Biomaterials 24 (2003) 1821-2827.

8. Sul Y.-T., Johansson C.B., Petronis S. i in.: Characteristics of the surface oxides on
turned and electrochemically oxidized pure titanium implants up to dielectric



102 ADVANCES IN MATERIALS SCIENCE, Vol. 8, No. 2(16), July 2008

breakdown: the oxide thickness, micropore configuration, surface roughness, crystal
structure and chemical composition. Biomaterials 23 (2002) 491-501.

9. Song W.-H., Jun Y.-K., Han Y., Hong S.-H.: Biomimetic apatite coatings on micro-
arc oxidized titania. Biomaterials 25 (2004) 3341-3349.

10. Frauchiger V.M., Schlottig F., Gasser B., Textor M.: Anodic plasma-chemical
treatment of CP titanium surfaces for biomedical applications. Biomaterials 25
(2004) 593-606.

11.Yue T.M., Cheung T.M., Man H.C.: The effects of laser surface treatment on the
corrosion properties of Ti-6Al-4V alloy in Hank's solution. J. Mater. Sci. Lett. 19
(2000) 205-208.

12.Yue T.M., Yu J K., Mei Z., Man H.C.: Excimer laser surface treatment of Ti-6Al-
4V alloy for corrosion resistance enhancement. Mater. Lett. 52 (2002) 206-212.

13. Guillemot F., Prima E. 1 in.: Ultraviolet laser surface treatment fore biomedical

applications of [ titanium alloys: morphological and structural characterization.
Appl. Phys. A 77 (2003) 899-904.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CityBlueprint
    /Cmex10
    /Cmmi10
    /Cmr10
    /Cmsy10
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EuroRoman
    /EuroRomanOblique
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GDT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicE
    /GothicG
    /GothicI
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GreekC
    /GreekS
    /Haettenschweiler
    /Impact
    /ImprintMT-Shadow
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCPEUR
    /ISOCPEURItalic
    /ISOCT
    /ISOCT2
    /ISOCT3
    /ISOCTEUR
    /ISOCTEURItalic
    /Italic
    /ItalicC
    /ItalicT
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-Regular
    /Mangal-Regular
    /MicrosoftSansSerif
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /MyriadWebPro
    /MyriadWebPro-Bold
    /MyriadWebPro-Condensed
    /MyriadWebPro-CondensedItalic
    /MyriadWebPro-Italic
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PanRoman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /ScriptC
    /ScriptMTBold
    /ScriptS
    /Shruti
    /Simplex
    /StylusBT
    /SuperFrench
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolMT
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /Technic
    /TechnicBold
    /TechnicLite
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Txt
    /UniversalMath1BT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinetaBT-Regular
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00000
  /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 2.00000
  /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

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


