
ISSN 1070-3632, Russian Journal of General Chemistry, 2009, Vol. 79, No. 4, pp. 797–799. © Pleiades Publishing, Ltd., 2009. 
Original Russian Text © V.E. Muradyan, A.A. Arbuzov, Yu.N. Smirnov, 2009, published in Zhurnal Obshchei Khimii, 2009, Vol. 79, No. 4, pp. 634–636. 

797 

Adhesive Strength of Fullerene-Doped Epoxyamine Compositions  
V. E. Muradyan, A. A. Arbuzov, and Yu. N. Smirnov 

Institute of Problems of Chemical Physics, Russian Academy of Sciences,  
pr. Akad. Semenova, Chernogolovka, Moscow oblast, 142432 Russia 

е-mail: muradyan@icp.ac.ru 

Received September 12, 2008 

Abstract—Dependence of adhesive strength of model gluing epoxide compositions glass–binder–glass 
hardened with aliphatic and aromatic amine hardeners on the fullerene additive content is studied. When 
aromatic amine is used as a hardener of epoxy-diane resin, addition of fullerenes does not affect the adhesive 
strength. On the contrary, when aliphatic amine hardener is used, the increase of adhesive strength as compared 
to nondoped composition was 400%. Use of a mixture of aliphatic and aromatic hardener leads to substantial 
synergism of their effect on strength properties of the fullerene-doped compositions. 

Strength properties of glass-reinforced plastics are 
known to be strongly dependent on the value of 
adhesion on the boundary of the surface of reinforced 
glass fibers and polymer matrix [1]. It was suggested 
[2] to measure the value of adhesion as a tensile stress 
for pulling apart two glass plates glued crosswise 
together with epoxy-amine binder. A specific feature 
of this procedure is its high sensitivity to defects of 
gluing and residual stress at the phase boundary, which 
upon loading causes fast propagation of the main 
crack. At the same time, it is known [3–6] that addition 
of doping nanomaterials such as fullerenes, shingites, 
“astralenes,” nanotubes, montmorillonite and other 
compounds of carbon or silicate nature with developed 
surface may act as stoppers of the main crack by 
dissipating its energy as a result of formation of large 
number of microcracks. An increase in dissipative 
properties (viscosity of destruction) of binders and 
composites on their bases is an important factor of 
strengthening these materials [7, 8]. 

In the present work, the effect of fullerene additives 
on the adhesive properties of epoxy-amine binders has 
been studied. 

Earlier [3–6] it was reported on the use of 
fullerenes for improving physicomechanical and 
thermophysical characteristics of polymer materials. 
Due to the presence of highly active C=C double 
bonds in the molecules of fullerenes their interaction 
with functional groups present in the gluing 
composition is possible. When epoxy-amine composi-

tions are used, these functional groups are the amino 
groups of the hardener and epoxy groups of the resin. 
Therefore fullerenes may participate in the process of 
hardening forming chemical bonds with the polymer 
matrix and, thus, imparting the glue with enhanced 
adhesive strength and affecting the other physico-
chemical properties. 

Investigation of the strength properties of the 
composites was performed on a model glue joint 
(MGJ) glass–binder–glass. In Fig. 1 the dependence of 
adhesive strength of MGJ (σgl) on the fullerene 
additive content for thermoreactive epoxy-amine 
composition with aliphatic and aromatic hardeners is 
shown. As can be seen from the plot, hardening of the 
epoxide resin ED-20 with aromatic amine, 4,4'-
diaminodiphenylmethane (DDM), provides much higher 
initial strength of gluing (8 MPa) as compared to the 
aliphatic amine polyethylenepolyamine (PEPA) 1.87 MPa. 
However, addition of either fullerene C60 (F, curve 1) 
or the mixture of fullerenes С60/С70 (MF, curve 2) into 
the gluing composition with DDM does not increase 
the strength of gluing. These results can be due to 
several reasons: firstly, to poor stability of the 
dispersed medium and sedimentation of fullerenes 
during the process of hardening because of a slow 
increase of viscosity; secondly, to low reactivity of 
aromatic amine with respect to double bonds of 
fullerene (the Michael reaction). 

At the same time, when PEPA was used as a 
hardener the adhesive strength substantially increased 
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Fig. 1. Dependence of adhesive strength of MGJ (σgl) on 
the fullerene additive concentration, type of hardener and 
regime of hardening: (1) hardener DDM, additive С60;     
(2) hardener DDM, additive С60/С70; (3) hardener PEPA, 
additive С60, hardening at 80°С; (4) hardener PEPA, 
additive С60/С70, hardening at 80°С; (5) hardener PEPA, 
additive С60/С70, hardening at 20°С. 

Fig. 2. Dependence of adhesive strength of MGJ on the 
PEPA content in the mixture of hardeners DDM–PEPA for 
the fullerenes mixture content of 1.5 wt %. 

with the fullerene concentration passing through 
maximum for the fullerene content in the composition 
of 1.5 wt % (curves 3 and 4). The use of fullerene С60 
as an additive increases the adhesive strength of MGJ 
as compared to the nondoped composition by 300% (to 
5.6 MPa), and the use of the mixture С60/С70, by 400% 
(to 7.2 MPa). Such a difference may be caused by the 
presence of a more active fullerene С70 in the mixture 
С60/С70. It should be mentioned that the mixture of 
fullerenes С60/С70 is two-three times cheaper than 
fullerene С60 of 99.5% purity. The fullerene effect on 
the adhesive strength of epoxy–amine compositions 
hardened with PEPA may be due to a fast increase of 
initial viscosity at room temperature as well as to the 
ability of the fullerene double bonds to react with 
highly reactive amino groups of the aliphatic hardener 
PEPA. 

The temperature regime also strongly affects the 
adhesive strength. Hardening of ED-20 with PEPA in 
the presence of MF at room temperature led to a 
decrease in the strength by a factor of 1.4 (to 5 MPa) 
as compared to the composition hardened at 80°С. 

Therefore, the obtained results demonstrate that the 
use of aromatic amines as hardeners leads to a high-
strength gluing but without any positive modifying 
effect in the presence of fullerene. And, vice versa, the 
use of aliphatic amines provides lower initial adhesive 
strength but it is markedly increased in the presence of 

fullerenes. That is why, to achieve higher adhesive 
strength, we tried to obtain  the optimum combination 
of aliphatic and aromatic amines for the composition 
doped with 1.5wt % of MF (Fig. 2). 

When using a mixture of hardeners PEPA and 
DDM as a hardener for the fullerene-doped epoxy-
diane resin ED-20 a growth of the maximum of 
adhesive strebgth of MGJ (to 13 MPa) for the PEPA 
content of 20–40 wt %, that is, a substantial synergism 
in mutual action of hardeners of different type on the 
strength properties of the fullerene-doped composi-
tions was achieved. Further increase of the PEPA 
content in the hardening composition (above 50%) led 
to a decrease in the adhesive strength, which reaches 
the values close to the adhesive strength of the 
composition ED-20 + PEPA + MF. Hence, doping of 
the glue composition by the mixture of fullerenes 
increases the initial adhesive strength of MGJ from  
1.8 MPa for the system ED-20 + PEPA to 13 MPa for 
the system ED-20 + (DDM+PEPA) + MF, that is, a 
620% growth in the adhesive strength is observed. 
These results can be used for purposeful modification 
of glass-reinforced  plastics with fullerenes. 

EXRERIMENTAL 

Two glass plates of 60×25×6 mm size were used 
for MGJ. Between the crosswise arranged plates a 
fluoroplastic gasket was placed to regulate the 
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thickness of the glue joint (~120 µm). In the gasket an 
opening of 6 mm diameter was cut out regulating the 
square of gluing. The binder was poured into the 
opening in the gasket, the plates were pressed with the 
load of 250 g and placed into a special unit and then to 
a heating cabinet. The surface of the glass plates was 
not chemically or mechanically treated. 

The tensile strength of the glue joint (σgl) was 
determined at 20°С by stretching of MGJ by cross 
claws with the rate 3 mm min–1. The average value of 
σgl was taken from the results obtained on 9 specimens. 

Fullerene С60 and a mixture of fullerenes С60/С70 as 
a dry toluene extract of the fullerene-containing soot 
prepared by electric arc method was used [9]. 

Introduction of fullerenes into the gluing com-
position was performed by ultrasound dispersion of the 
extract in the epoxy-diane resin ED-20 with 
subsequent mixing with the hardener PEPA or DDM. 
Hardening with PEPA (mass ratio 9:1) was performed 
starting from room temperature for 24 h and then at 
80°С during 3 h. Hardening with DDM (mass ratio 
4:1) was performed at 80°С for 5 h and then at 120°С 
for 3 h. For combined use of hardeners PEPA and 
DDM the hardening was performed similar to that with 
DDM. 

The possibility of effective modification of epoxy-
amine compositions by doping with fullerene С60 and a 
mixture of fullerenes С60/С70 is demonstrated. The 
effect is achieved due to formation of chemical bonds 
between the modifier and the polymer matrix. It is 
found that the modifying ability of fullerenes depends 
on the activity of the double bonds in their molecules 
and on the reactivity of amino groups of the hardener 

determining the extent of the Michael reaction. The 
regime of hardening and the components of the gluing 
composition also play an important role. Therefore, the 
use of fullerenes capable of chemical binding with the 
polymer matrix favors the increase of crack resistance 
of glue joints thus increasing the adhesive strength of 
the final nanocomposites. 

ACKNOWLEDGMENTS 

This work was financially supported by the Russian 
Foundation for Basic Research (grant 06-03-33089). 

REFERENCES 

  1. Andreevskaya, G.D., Vysokoprochnye orientirovannye 
 stekloplastiki (High Strength Oriented Glass-Reinforced  
 Plastics), Moscow: Nauka, 1966. 
  2. Smirnov, Yu.N. and Korotkov, V.N., Russ. J. Appl. 
 Chem., 2003, vol. 76, no. 11, p. 1822. 
  3. Gunyaev, G.M., Il’chenko, S.I., Komarova, O.A., 
 Aleksashin, V.M., Deev, I.S., Ponomarev, A.N., and 
 Nikitin, V.А., Plastmassy, 2003, no. 10, p. 15. 
  4. Tremisova, A.L., Anokhin, I.V., Gorbunova, I.Yu., and 
 Kerber, M.L., Plastmassy, 2006, no. 11, p. 10. 
  5. Savel’eva, Yu.B., Rumyantsev, A.F., Faizrakhmanov, N.G., 
 Raskutin, A.E., and Mikhailova, L.A., Plastmassy, 
 2005, no. 8, p. 31. 
  6. Il’chenko, S.I., Doctoral Sci. (Tech.) Dissertation, 
 Moscow, 2006. 
  7. Yudin, V.E. and Leksovskii, А.М., Fizika Tverdogo 
 Tela, 2005, vol. 47, no. 5, p. 944. 
  8. Smirnov, Yu.N., Doctoral Sci. (Chem.) Dissertation, 
 Chernogolovka, 2006. 
  9. Kushch, S.D., Muradyan, V.E., Moravskii, A.P., and 
 Fursikov, P.V., Neftekhimiya, 1997, vol. 37, no. 2, p. 112. 

ADHESIVE STRENGTH OF FULLERENE-DOPED EPOXYAMINE COMPOSITIONS  

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  79   No.  4   2009 

799 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


