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DETERMINATION OF CONTACT ANGLE VALUES OF GLUES
WITH VARIOUS GLUE-JOINT PROPERTIES

Sylwia Olenska — Mariusz Maminski — Piotr Beer

Abstract

The goal of the work was to determinate contact angle values of various glue-joints. There
were done studies of static contact angle of glues. Their values were compared to
deflections of boards that were veneered with using each type of glue. Results shows that
the higher contact angle, the lower absorption ability of a surface. So the best results (the
lowest deflections of boards) were for polyisocyanate glue, but the worst were for popular
in industry poly(vinyl acetate) glue.
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INTRODUCTION

Strength of a glue-joint is mainly determined by physical, chemical and mechanical
properties of the adhesive. The adhesive in liquid form should exhibit the following
features: ability to form sufficient number of intermolecular interactions with the substrate
(e.g. hydrogen bonds, covalent bonds for polyisocyanates) as well as ability to wet and
penetrate the substrate. Additional requirements can be defined for the cured glue-joint.
Namely: high cohesion (preferably higher than that of the substrate), low shrinkage upon
polymerization, elasticity providing stress dissipation accompanied by high toughness and
stress bearing without fracture of the glue-joint.

One of the basic test that is performed for glues in solid state is wetting test. Wetting is
defined as surface ability of adsorption. The most often there are used two kinds of wetting
test: [Cagle, 1977]:

1. adhesion work test- that is considered to be less accurate method. Value of adhesion
work is counted upon value of heat generated during touching of glue with glued
surfaced. Obtained value gives the opportunity for determination of liquid adsorption.

2. determination of contact angle- more accurate measurement, anyway demanding
preparing a flat surface. Determination of contact angle can be done in two ways:

- taking measures of static contact angle- in this method drop deposited on surface of
testing material has to have stable measure to determination of contact angle;

- taking measures of dynamic contact angle, that means testing of contact angle change
in time function. This method is usually used for materials characterized by high
porosity, where after some time drop is completely spilled.

It is known that the higher contact angle, the lower absorption ability of a surface.
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MATHERIAL AND METHODS

Measurements of contact angle (6) were made on a contact angle analyzer Phoenix 300
of Surface Electro Optics, using method of static contact angle. This method is based on the
assumption that drop of a liquid, located on stable unabsorbing surface, achieves the
equilibrium at the moment when size of drop base stops changing. In presented tests angle
was measured after 30 seconds since deposition.

It is important to deposit the drop on the surface in the softest way, so that measured
contact angle was as high as possible. In case of pressing the drop to surface, it spreads
over the surface and contact angle decreases. That is the reason for using analyzer that is
equipped with stepper motor computer controlled, that allows for precise batching of small
drop (5 puL). Additionally, in order to control drop drifting, goniometer has built-in camera
with microscopic lens.

Contact angle was determined for reference liquid on three types of adhesives:

- poly(vinyl acetate),
- polychloroprenic,
- polyisocyanate.

Measurement of contact angle was based on the definition of contact angle that
specified it as an angle formed by flat surface of solid body and the plane that is tangent to
surface of liquid that borders with solid body or to plane that divides two contacting liquids
[http://kbn.icm.edu.pl].

There were done five measurements for each kind of adhesive material. Mean values of
contact angle were set with results of deflections measurements of wood-based panels of
dimensions 900x450x18mm that were asymmetrically one-side veneered.

RESULTS AND DISCUSSION

There are presented results of determination of contact angle that are set with results of
geometrical stability of wood-based panels veneered asymmetrically with tested glues. In
figures 3, 5 and 7 significants were used as follow:
¢- unveneered board,

m- board veneered, unvarnished,
x- board veneered, varnished.

Figure 1. Determination of contact angle for poly(vinyl acetate) glue
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Figure 2. Graph of deflection of wood-based panel veneered with poly(vinyl acetate) glue
[Olenska et all, 2010]

In figure 1 it is seen that water drop deposited on poly(vinyl acetate) glue-joint is

spilled and its contact angle is relatively low. It means that hydrophobic properties of this
glue are small. In figure 2 significant fact is high values of board deflections that were the

effect of asymmetrical veneering process.

Figure 3. Determination of contact angle for polychloroprenic glue
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Figure 4. Graph of deflections of wood-based panel veneered with polychloroprenic glue
[Olenska et all, 2010]
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In figure 3 it is seen that contact angle of contact glue is considerably higher than that
of poly(vinyl acetate) glue. It means that this glue has better hydrophobic properties. Graph
of deflections in figure 4 shows that wood-based panel asymmetrically veneered with
contact glue wrapped less than the one veneered with poly(vinyl acetate) glue.

Figure 5. Determination of contact angle for polyisocyanate glue
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Figure 6. Graph of deflections of wood-based panel veneered with polyisocyanate glue
[Olenska et all, 2011]

In figure 5 it is apparent that contact angle of polyisocyanate glue is the highest of all
presented. It indicates that this type of glue-joint has the best hydrophobic properties.
Measurements’ results of wood-based panel deflections presented in figure 6 show that
elements asymmetrically veneered with this type of glue were hardly undeformed after

veneering process.
Full collection of obtained results of contact angle measurements are presented in figure 7.
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Figure 7. Measurements results of contact angle for all glues

The lowest value of contact angle obtained for poly(vinyl acetate) glue (26,4°) which is
considered to create rigid glue-joint. Consequently, this type of glue exhibited highest
absorption properties. Using this glue in asymmetrically veneering leads to high
deformations of wood-based panel. Polychloroprenic glue that in industry is considered to
form elastic glue-joint has higher contact angle (67,9°). However, using it for asymmetrical
veneering leads to high deformations of board, despite the fact that they are lower than
these in panels veneered with poly(vinyl acetate) glue. The lowest deformations of
elements were observed for polyisocyanate glue with elastic glue-joint. For that glue, the
highest value of contact angle (80,8°) was obtained which proved its high hydrophobicity.

CONCLUSION

Obtained results show distinct correlation between contact angle of glue and
deflections of asymmetrically veneered wood-based panels. It was stated that the lower
contact angle, the higher are deflections of asymmetrically veneered wood-based panels.
Consequently, it is assumed that glue used for composite bonding in asymmetrically
veneered boards should have low water wetting ability.

ACKNOWLEDGEMENT
This paper was financially supported by the National Sciences Centre with the project No.
DEC-2011/01/N/ST8/07752.

REFERENCES

1.Cagle Ch. V.: Handbook of adhesive bonding [in polish], WNT, Warsaw 1977
2.http://kbn.icm.edu.pl/pub/kbn/eureka/0107/103.html

3.0lenska S., Roszkowski M., Cichy A., Beer P., 2010: Analysis of geometrical
deformations of furniture fronts, Ann. WULS-SGGW, Forestry and Wood Technology 72:
90-94

4.0Olenska S., Tarcicki P., Cichy A., Maminski M., Beer P., 2011: Asymmetrical veneering
with hardwood species of different shrinkage value, Proceedings of the 20™ International
Wood Machining Seminar, 2011: 543-547






	MATHERIAL AND METHODS
	RESULTS AND DISCUSSION


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


