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ABSTRACT

Theinternal friction behavior of the nanocomposite polymer was studied
using a Multifunction Internal Friction Apparatus. It is shown that the
internal friction peak in the polymer has relaxation feature and the peak
height is almost independent of frequency for the polymer without
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nanosilica. Nevertheless, the peak height for the polymer with nanosilica
increases not only with increasing vibration frequency, but also with in-
creasing nanosilica content, which results from the stronger interaction
between nanosilicawith polymer chains. For the nanocomposite polymer
with 3wt% nanosilica, the activation energy of polymer chain motion is
bigger than that of neat copolymers. © 2008 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Theexperimenta methodsof investigating polymeric
systems nowadays have reached a very developed
stage, which alowsmicromanipulation up to thelevel
of singlemonomers. Inthisway, information onbasic
macroscopic features, such asthe mechanical module
and the diel ectric rel axation, gets complemented by
observationsonthemicroscopiclevd; Furthermoreone
can monitor the motion of portion of the macromol-
eculesthrough some specia methods.

Theinternal friction method hasbeenwiddy used
toinvestigatethevariouslow frequency relaxation pro-
cesses of solid material sin recent decades’™. However,
all the previousinvestigations, to our knowledge, are
amost focused on low damping meta materials, such
asneat metal or alloys?, nonmetal compositesand so
on, and there has been very little research concerning

for organic polymers, especialy composite polymert3.
Itiswell knownthat polymersare complicated systems
that digplay arich variety of dynamica processesinthe
time/frequency scale-with vibrations, and the dynami-
cal process has something to do with side-group mo-
tions, a-trangition, secondary relaxations, segmenta
dynamics. Theinterna friction method can beusedto
determine above-mentioned the dynamical processes
in polymerssuch astheglasstrangtion, obtaining some
information on themicrostructure of polymer.
Nanosizeslicaisavery ussful reinforcement of ther-
mopl astic and thermasetting polymersif it canbedis-
persed well in polymer matrixes*™. However, thestruc-
ture complex of the multicomponents of the composite
polymersincreasestheinsufficiency for understanding
therdationshipsof microstructuresand componentswith
dynamical propertiesof polymer compositescontain-
ing nanometer scalefillers. Therefore, itisnecessary to
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investigatetherel axational featuresof compaosite poly-
mersby interna friction method for understanding the
microscopi c reinforcing mechanismof nanosizesilica

2.EXPERIMENTAL

The specimensused for measuring internal friction
are prepared from biphenyl A epoxyl diacraylateasthe
oligmer, butyl acrylate and methyl mathacrylateasac-
tive monofunctional monomer, Irgacre 907 (2-methyl-
1-(4-methylthiophenyl)-2-morpholinopropanone-1) as
photoinitiator, and Silicawith asize of 10-15 nanom-
etersasadditive components. All chemicd reagent were
used as-received from market.

After the solid powder silicawere added with a
certain proportion (all wt %) to liquid active compo-
nents contai ning oligmers(about 20-50%), monomers
(45-75%), and photoinitiator (3%), the mixtureswere
stirred by amechanical stirrer and asupersonic vibra-
tor at room temperature for nearly 1 h to get stable
disperang systems. Thenthedispersng mixtures, poured
into samplecdlsto obtain1x5x55 mm? specimens, was
photopolymerizated onaUV curer (UV 125, Beijing
Expoit Co.) by theirradiation of high-pressuremercury
lampswithaUV intensity of 0.4 mW-cm?for lessthan
1 minto obtain solidified nanocomposite samplesfor
testing.

Microstructuresof thenanosilicacompositesma
terialswere characterized on the cut samples utilizing
standard operating techniques. The cut samples, into
which the bulk nanocompositeswere cut at the ambi-
ent temperature by diamond knife and the cut were
collected on a copper grid, were observed by means
of transmission electron microscopy (TEM) with a
Modd of JEOL JEM100SX.

All sampleswere shaped to cuboid with 1x5x55
mm? and polished to meet the need of the measure-
mentsof thelow-frequency internd friction. Theinter-
nd friction (Q*) and rel ative shear modulusweremea-
sured by aMultifunction Internal Friction A pparatus
(MFIFA-1, Ingtitute of Solid State Physics, Academia
Sinica)®, which basically consistsof aninverted tor-
sion pendulum, atemperature programmer a photo-
electron transformer, an IBM computer and an 8087
processor for controlling al measurements. Thisappa:
ratus could provide severa different frequency mea-
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surementsat onetemperature runningintheforced os-
cillation mode. The scope of temperature measure-
ment ranged from 240K or 300K to 390K. During
running, thespecimen wasoscillated at severa discrete
frequenciesin sequence, and was heated at arate of
1°C/min.

3.RESULTSAND DISCUSSION

Fgure 1 showsinternd frictions-temperaturecurves
of the neat polymer without nanosilica. It can be seen
that the neat copolymerspresentsaninterna friction
peak at about 320 K and the peak position shiftsto-
ward higher temperaturewith increas ng frequency;, in-
dicating that the peak possessed rel axational feature.

For athermal activation relaxation process, peak
temperatureand itsactivation energy followsArrihenius
lav, i.e.

T=1oexp(H/KT) (@)
where, isthe pre-exponential factor (or therelaxation
timeat infinitetemperature), T istheabsol utetempera:
ture, H denotes the activation energy, and k is the
Boltzmann constant. It iswell known that at the peak
position the condition wt=1isfulfilled, where m=2xf is
theangular frequency of measurement, f isvibrationfre-
quency. At theinternd friction pesk position, Arrhenius
law can beexpressed asfollows:

Ino=-Intg—H/KT 2
where T isatemperature corresponding to maximum
valueof internd friction-temperature curveat any fre-
guency. Intermsof peak temperaturesat different fre-
guencies, theArriheniusplot (Inm versus 1/T) can be
obtained, asshowninfigure2. Fromthesopeandin-
terceptinfigure 2, theactivationenergy H, andthe pre-
exponentia factor t,, can be calculated to be 2.50
+0.5eV and 1.34x10%+*s, respectively. Abnormal
pre-exponential factor may be attributed to the move-
ment of chain cluster but single chain. The present in-
ternal friction peak isnot standard Debye peak. The
cal culated activation energy isso high that the stablilty
of polymer compositeswas subject to dishelieving, so
theresultscan be showed that it isappropriateto apply
Arrheniuslaw totheinterna friction pesk of meta ma
terialsbut organic polymer composites.

From figure 1, it can be known that their peak
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heightsarea most independent of frequency. Theinter-
nal friction peak possibly resultsfrom the movements
of thechainsin copolymer. Thereareside chainsand
different structure main chains. The chainscan move
and produceaninternal friction peak under stress-in-
duced. Because theinteraction between moleculesor/
and segmentsisequal to each other statistically within
copolymers, theinternd frictionvduewithdifferent fre-
guency isalmost same.

Asshowninfigure2, for thenanocommposite poly-
mer with 3w% nanosilicaand neat copolymer, H, and
H, can be also calculated to be 2.94 +0.52eV and
2.50+0.5eV, respectively. Obvioudly, the active energy
of compositeand neat polymersistoo highto stabilize
the polymers. Therefore, the gpplication of Arrhenius
law to theinternal friction peak of organic polymeris
probably appropriate. But therel axation parameter was
availableto understand themotion of polymer chain. It
isdeduced from the rel axation parameter that interac-
tion of nanos ze particlewith polymer chainisof impor-
tance very muchinthermal rel axation of polymer mi-
crostructure.

Figure 3 showstheinternal friction-temperature
curvesof thecomposite polymer with 3 (wt)% nanosilica
at different frequencies. It can be seen that the peak
temperature a so shiftsto higher temperaturewithin-
creasing frequency. Different from figure 1, the peak
heightsinfigure 3 increasedrastically with increases
withincreasngfrequency. Theexisienceof “‘crosslinking”
pointsresulting frominteraction of nanosilicawith poly-
meric chain causesthe movabl e segments shorter, the
segments motivation might be trailed off by the
“crosslinking” points. In the nanocomposite, the peak
temperaturefrom every frequency washigher than that
inthe neat copolymers, indicating that the presence of
the nanometer licainthe polymer matrix improved the
thermal stability of materias. By nonlinearly fitting, the
relationship of the peak height with frequency can be
expressed as:

®

Qe = Ae2® ®

where Q;L, isthepeak height and A isconstant, being related

to the features of composite polymer. From equation (3), it can
be seen that relaxation strength increases exponentially with
increasing frequency in the nanocomposite polymer but in the
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neat polymer.

Figure4 showstheinternal friction-temperature

curvesof thecompoditepolymer with different nanoslica
content at 0.05 Hz. From figure4, it can be seen that
the height of internal friction peak increaseswithin-
creasing nanosolicacontent in thematrix, and the peak
temperaturesare nearly samefor different nanosolica
content. Thisphenomenon resultsfromthestiffening of
thematrix imparted by inorganic nanometer silica. The
motion of the acrylates copolymer chain wasfurther
restricted by theinteraction of between polymer seg-
ment and silicasize. Therelaxation strength increases
withincreasing nanosilicacontent.
The damping in composition polymer could beattrib-
uted to theinteraction of thenanosilicainsidethe poly-
mer matrix with polymer segments. Theincreaseof re-
|axation strength of thenanocompositesresultsfromthe
exigenceof nanoglicain polymer matrix, which results
inpartia transformation of “free” macromolecule seg-
mentsintoa“bound” state with super-segmental order.
Asaresult, intengfication of theoveral damping pro-
cesswasobservable. Ontheother hand, thereare phase
boundaries between nanosilicawith polymer chains.
These phase boundaries a so attribute the damping be-
cause of thermal expansion mismatching between
nanosilicaand polymersand someinterface defects. It
has been cal cul ated that interface damping is propor-
tional to the volume fraction of reinforce phase'?.
Therefore, the damping increases with increasing
nanosilicacontent. Asamatter of fact, the damping
mechanism of nanocompaosite polymer with nanometer
scdedlicasisquitecomplicated, whichisdifferent from
theconventional micrometer scaesilica. Theinterface
between polymerswith nanometer silicawereableto
beagradua penetrating region, i.e. thetrangtiona re-
gion, asshowninfigure5. It isconcluded that the pen-
etrating groupislikely to be hydroxyl group of biphenyl
A epoxyl group suspending polyacrylatesmain chains
and sil-hydrox! group on surface of nanosilica. There-
gion possibly attributesto main energy dissi pating and
Increases with increasing nanometer particle volume
fraction.

From figure 6, it can be seen that nanosilicaare
homogeneoudly dispersed withanarrow sizedistribu-
tionin photopolymerized nanocomposite. Thedotsin
theimagelocate about from 10 nmto 15 nm, in con-
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formancewith theprimary szeof nanoslicathat isem-
bedded into the polyacrylates matrix. Dueto dispers-
ing statesuniformly of nanosilicasizes, theinteraction
between nanosilicaand polymer segmentsisconsid-
ered to be equivaence, so polymer segmentswould be
activated at d most sametemperature for nanocompo
siteswith different concentration of nanosilicainthe
photocured matrix. The data had not been recorded
regularly in higher temperature for the sampleshave
softened, but thetendency of internd friction changing
wasapparent. Of course, themolecular mechanism of
the polymer-nanofiller interaction cannot becompletely
understood, but it can be suggested that thefillerscan
restrict chain mobility by formation of animmobilized
polymer shell around thefiller.

4. CONCLUSIONS

Thereisaninternd friction peak ontheinternd fric-
tion-temperature curvesin the polymer. It can be sug-
gested that the peak results from the movements of
chansin polymer. Thenanosizefiller can affect thedy-
namics of therelaxation peak of the nanosilicacom-
positesthat fabricated from acrylate oligment, mono-
mer and nanometer silicapowder under irradiation of
ultraviolet light, internd friction-temperature curvesil-
lustrate that position of internal friction peak isshifted
toward higher temperatureswith increasing forced os-
cllationfrequency, and theheight increaseswithincress-
ing nanos ze powder within organic polymer matrix. For
nansilicacomposites, theactivation energy of polymer
chain motionishbigger than that of neat copolymersand
therdaxationtimesmdler.
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