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This study deals with the preparation and characterization of elastomeric nano composites from

renewable resources for vibration damping applications. The nano composites were synthesized by in

situ cationic polymerization technique in the presence of organophilic montmorillonite (modified nano

clay) filler. The clay filled nano composites showed superior dynamic moduli in comparison with the

pure elastomers. The storage modulus at room temperature (25 °C) was improved by 1.56 to 2 times with

respect to pure elastomers with an increase in the filler content from 1 to 4 %. A good and stable

vibration damping is observed in a wide temperature and frequency region (1-50 Hz). The loss factor,
tand, .. obtained from dynamic mechanical analysis varies from 0.58 to 0.87. Under laboratory

fabricated testing system, the transient attenuation with the complete decay of applied vibration within

nano composites demonstrates that the elastomeric nanocomposites have the potential as effective

damping materials.

Introduction

In recent years, there is a growing interest in renewable plant
based materials over petroleum-derived raw materials for
production of polymeric materials and composites because of
increasing environmental awareness and necessity for carbon
fixation'. Natural oils are versatile renewable resources for
producing functional polymeric materials®* because of their low
production cost, universal availability and biodegradability.
Reinforcing polymers with organic or inorganic fillers is a
common practice in polymer industry to improve mechanical
stability, thermal stability, improve barrier properties,
enhancement of flame retardancy and reduction of production
cost®®. Polymer nano composites have captured intense attention
over the traditional composites reinforced with high amount of
inorganic fillers in different engineering applications’'?. The
nano reinforcement has been utilized for the preparation of
advanced composite materials with balanced properties. Due to
nano-scale dimension of the filler in polymer nano composites,
the interfacial interaction of the fillers with polymer matrix
increases tremendously. This leads to a significant improvement
in composite properties even at a very low volume fraction of
filler loading".

Larock et al."* '* have produced a variety of polymers by direct
polymerization of native natural oil with styrene (ST) and
divinylbenzene (DVB) initiated by cationic initiator, boron
trifluoride diethyl etherate (BFE). Wool et al* ' have
synthesized rubbers, rigid composites and adhesives through free
radical polymerization from chemically modified oil. Petrovic et
al.' '® have developed polyurethanes from soy polyols derived
from epoxidized vegetable oils. In recent years, polymers have
been synthesized from vegetable oils by relatively new
polymerization techniques like acrylic metathesis polymerization
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(ADMET)" and ring-opening metathesis polymerization
(ROMP)** 2!, Polymeric composites/ nano composites have been
prepared by reinforcing vegetable oil-based polymers with fillers
or fibers depending on specific applications?. Composites have
found promising applications in automobile, aircraft, defence
packaging etc.  Natural oil based polymer-silicate nano
composites containing very low level of exfoliated/ intercalated
clay such as montmorillonite and vermiculite have attracted
considerable attention because of dramatic enhancement of their
properties with respect to virgin polymers™?.  For nano
composites preparation, clays has been focused and studied the
most since they are naturally occurring materials having the nano
layers morphology with very high aspect ratio and surface area.
The fibers are also utilized as a reinforcing agent in natural oil
based polymers to prepare composites or nano composites with
improved mechanical properties’” %, Larock et al. have
performed a lot of research work to prepare bio-composites from
conjugated linseed or soybean oil based resins filled with
different natural fibers like wheat straw, wood fiber, rice hull and
switch grass etc®®>2.

Polymeric materials have useful applications as a vibration
damper where vibration and its efficient control are prime
concern for product designers in machinery, structural
engineering and dynamic systems. In a previous work, we
developed elastomers from linseed oil and its vibration damping
properties and mechanical properties were analyzed**. Linseed
oil is the most abundant and cheap non edible oil among different
natural oils®. In the present research work, the elastomeric nano-
composites with enhanced mechanical stability and vibration
damping properties have been developed from linseed oil
reinforced with organically modified clay. Thus, the prime
objective of this work is the development of value added nano
composites having potential engineering applications from cheap
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bio-renewable resources.  The morphology of the nano-
composites has been studied through a scanning electron
microscope (SEM) for the investigation of filler-matrix internal
adhesion which is a very important parameter controlled the
mechanical and viscoelastic properties of composites®™. The
polymeric materials are very effective vibration damping
materials owing to their viscoelastic behaviour’®. Thus the
viscoelastic parameters like storage modulus, loss modulus,
damping loss factor etc are analyzed for systematic performance
analysis of nano-composites in vibration damping applications.
As the low frequency vibration like earthquake, wind induced
vibration, track vibration, vibration in machinery etc are very
much harmful for human being, the low frequency vibration
damping properties of these nano composites have been evaluated
by a laboratory fabricated testing system for their suitability in
practical vibration damping applications.

Experimental
Materials

Linseed oil used in our study was obtained from the local market
of Kolkata. Iodine value and acid value of linseed oil were
determined as 178 g I,/100g and 0.6 mg KOH/ g oil respectively.
Styrene (ST), divinylbenzene (DVB) (55 mole % DVB and 45
mole % ethylvinylbenzene) and boron trifluoride diethyl etherate
complex were purchased from Sigma-Aldrich, USA.
Montmorillonite (K-10) (MMT) and cetyl trimethyl ammonium
bromide (CTAB) were purchased from Aldrich Chemical
Company, USA.

Modification of Montmorillonite

MMT clay was dispersed in deionised (DI) water by stirring.
CTAB is added to dispersion. The whole dispersion was heated
at 60 °C for 6 hrs with a constant stirring condition. This solution
was centrifuged at 8000 rpm for 3 min. The modified MMT
solution was washed repeatedly and filtered until no precipitate
appeared after addition of AgNOj; solution (0.1 mol/lit) into the
filtrate. The filtered cake was dried in vacuum at 80°C for 12 hrs
and then grounded it using mortar and pestle to obtain the fine
powder of organically modified clay (OMMT). The OMMT was
further characterized by fourier transform infrared spectroscopy
(FTIR), dynamic light scattering (DLS) and X-ray diffraction
(XRD).

Nanocomposite Preparation

The desired amount of ST and DVB were added to the linseed oil
and the modified MMT was dispersed with this mixture. The
dispersion was maintained by constant magnetic stirring at 600
rpm for 24 hrs followed by mild ultrasonication for 30 min for
proper intercalation. Then, the mixture was cooled in ice bath
and initiator was added slowly in a vigorous stirring condition.
The BFE initiator was modified by mixing of 5 wt % initiator
with 10 wt % methyl ester of linseed oil to ensure a homogeneous
polymerization during its subsequent use as initiator. Methyl
ester was prepared in two consecutive steps in a
transesterification process’. Instead of regular linseed oil, the
methylester of linseed oil was used for better miscibility with
initiator which caused the uniform distribution of initiator in

ss reaction mixtures.

S

a

S

&

S

&

S

a

S

After homogeneous mixing, the resulting
mixture was transferred in to a glass mold and the mold was
properly sealed with silicon adhesives. The mold was kept at
room temperature for 2 hrs and then it was heated sequentially at
60 °C to 80 °C for 2 hrs, 110 °C for 12 hrs, finally post cured at
120 °C for 3 hrs. The fixed matrix composition was 40 wt % of
linseed oil, 27 wt % of ST, 18 wt % of DVB and 15 wt % of
initiator. The modified MMT loading into the fixed matrix was
varied from 0 to 5 wt % to get a variety of elastomeric nano
composites. A schematic of preparation of nano composites is
shown in Figure 1.

Characterization
Dynamic light scattering (DLS)

The average particle size and particle size distribution of the
water dispersed MMT and modified MMT were determined by
means of dynamic light scattering (DLS) performed at 25 °C on a
Zetasizer Nano ZS 90 (Malvern, UK ) light scattering instrument
at an scattering angle of 90°.

X ray Diffraction (XRD) Analysis

X-ray diffraction spectrometry of the MMT, modified MMT and
nanocomposites were performed by a wide angle X-ray scattering
diffractometer (Panalytical X-Ray Diffractometer, model- X’pert
Powder) with Cu K, radiation (4=0.154 nm) in the range of 4-35°
(20) at 40kV and 30mA.

Fourier Transform Infrared Spectroscopy (FTIR)

The modified MMT and nano composites were analyzed by
attenuated total reflectance (ATR) method of FTIR. A total of 42
scans at 4 cm™' resolution in transmittance mode were performed
by a FTIR spectrophotometer (Model: Alpha-E, Bruker,
Germany) to get an average spectrum.

Field Emission Scanning Electron Microscopy Analysis
(FESEM)

In order to determine the microstructure of polymer-clay nano
composites, the field emission scanning electron microscope
(JEOL JSM-7600F) was utilized with an acceleration voltage of 5
kV. Prior to scanning, the samples were sputter coated with a
thin layer (approximately 25 nm) of gold under vacuum by using
an Jon sputter coater of Hitachi, Japan (Model:E1010).

Dynamic Mechanical Analysis

The dynamic mechanical properties of the nano composites were
measured using a dynamic mechanical analyzer (Perkin Elmer
DMA 8000). A rectangular specimen of dimension 10 mm X 5
mm X 2 mm was tested in strain controlled compression mode at
a fixed frequency of 1 Hz and dynamic strain of 0.001 % in the
temperature range of -30 °C to 60 °C with a rate of increase in
temperature of 5 °C/ min. The storage modulus (E'), loss
modulus ( £") and damping loss factor (tan 8 ), which is the ratio
of E" and E' were recorded as a function of temperature. The
variation of E' and tand was optimized with the varying content
of clay in different samples. The frequency sweep of storage

10s modulus (E£'), loss modulus (E") and loss factor (tan 3 ) were
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Fig. 1 Schematic of polymerization reaction for nano composite preparation

performed in strain controlled compression mode of the dynamic
strain of 0.0005 % and the frequency range of 1 Hz to 50 Hz at
room temperature (25 °C).

Fabrication of experimental set up for vibration damping
analysis of nano composites

A square test piece of mild steel and nano composites was tested
by keeping free of the four ends of the test piece. The mild steel
test piece was tested to validate the experimental set up and
technique. The mild steel base plate was fabricated in the size of
100 x100 x2 mm having mass per unit area 16.5 kg/m”. The
elastomer was taken on the size of 100x100x3 mm. The test
piece was excited at its top middle position by the sinusoidal
excitation which was generated by the electrodynamic shaker of
Modal Shop Inc., USA (Model K2004E01). The shaker was
controlled by the function generator of Agilent Technologies,
USA (Model 33220A). A sinusoidal waveform of 5 Hz fixed
frequency and constant amplitude of 1.5 V (R.M.S) was applied
with the help of this function generator. The response of the test
piece was picked up from its middle position by the piezoelectric
light weight accelerometer of Metra Mass-und Frequenztechnik,
Germany (Model KS94B. 100%*/01). The accelerometer was
connected with a digital storage oscilloscope of Aplab Limited,
India (Model D36100C) interfaced with the PC, where the
resulting waveform is displayed.  The schematic of the
experimental set up, the excitation point and detection point of
the test piece were shown in Figure 2. The time decay waveform
of the test piece was recorded by the oscilloscope and the loss

factor was calculated by using this waveform. The loss factor
was calculated by the logarithmic decrement method using the
equation’®;

! (1)

N=20=21———
[ 272
1+(5)

where, § is the logarithmic decrement, defined by

A.
) )

Ai+r

) 1l
:?n(

where, r is the number of cycles, ¢ is the damping ratio, Ai is
the first significant amplitude and 4_,.is the amplitude after r
cycles.

Results & Discussions
Determination of particle size distribution of clay by DLS

From the DLS study, the Z-Average particle size of Na-MMT
and CTAB modified MMT were obtained as 593 nm and 683 nm,
respectively. The curve for the statistical particle size distribution
versus scattered light intensity is shown in Figure 3. The Z-
Average particle size of CTAB modified MMT is found to be
higher than Na-MMT due to the incorporation of tertiary
ammonium ion in the MMT structure.

XRD analysis

This journal is © The Royal Society of Chemistry [year]
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Fig. 2 A sketch of experimental set up for vibration response analysis of nano composites

20 The wide angle X-ray diffraction pattern for MMT, CTAB
modified MMT and nano composites are shown in Figure 4.
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Fig. 3 DLS statistical size distribution of A. MMT & B. OMMT

MMT exhibits a strong diffraction peak at 26 =6.04 degree,
corresponding to the interlayer spacing of (001) plane of MMT.
35 Utilizing Bragg’s law (2dsin@ =L, where A and @ are the
wavelength of X-ray and diffraction angle, respectively), the d
spacing was calculated as 1.46 nm. In CTAB modified MMT, a
strong diffraction peak obtained at 26 =5.37 degree, where
d=1.65 nm. This means that silicate layers of MMT are
40 effectively intercalated by CTAB cations, causing an increase in
the d-spacing®. The XRD pattern of the nanocomposites with 1
wt %, 2 wt % and 4 wt % of modified MMT loading are also
shown in Figure 4. In the diffraction pattern of nano composites,
the (001) diffraction peaks are feeble compared to the MMT and
4s CTAB modified MMT. This confirms the distortion of ordered
platy nano layers of MMT due to intercalation of polymer chains

into the nano layer galleries of modified MMT. The diffraction
peaks of nanocomposites at 26 ~ 20.61 degree are designated
for the crystallites of linseed oil based elastomers. The peak

so intensity for crystallites decreases on increasing the filler content
from 1 wt % to 5 wt % in the nano-composites.
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Fig. 4 XRD pattern of MMT, OMMT & nano composites
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FTIR Spectroscopy analysis of Clay, modified Clay and
Nanocomposites

The FTIR spectra of MMT, modified MMT, linseed oil and nano
composites are shown in Figure 5. The analytical evaluation of
FT-IR spectra are given in Table 1442,

Nano composite

Linseed oil

10)
12)

an

Transmittance (%]
L "

2927 cm”
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1635 cm’!
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Fig. 5 FTIR spectra of MMT, OMMT, linseed oil & nano composites

In the FTIR spectrum of CTAB modified MMT, the absorption
band at 1450 cm™” due to the-CHj; bending vibration mode of
RN(CH;);" ion of CTAB is the characteristic peak of modified
MMT. The absorption bands at 3630 cm™ and 3395 cm™ are
defined as the stretching vibration of free ~OH and bound —OH of
both MMT and CTAB modified MMT. In comparison to MMT,
the band area for these two peaks increases in modified MMT,
indicating the introduction of CTAB in MMT. The intensity of —
OH bending for the interlayer water of MMT at 1635 cm’
decreases in modified MMT because the water content is reduced
through the replacement of hydrated cations by surfactant cation
ions. In the nano composite, the stretching vibration modes of
ester linkage (C=0) of linseed oil at 1740 cm™ is considered as
the characteristic peak of linseed oil present in nano composites
and out of plane bending of aromatic ring at 700 cm™ as the
characteristic peak of aromatic contents (ST and DVB ) in nano
composites.

Morphology Analysis of Nanocomposites

The field emission scanning electron micrograph (FESEM) of
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polymeric nano composites containing 2, 3, 4 and 5 wt % nano
clay are shown in Figure 6. In 2, 3 and 4 wt % nano clay filled
nano composites, the uniform dispersion of clay platelets are
observed throughout the matrix. In 4 wt % clay filled nano
composites, a very low extent of agglomeration of nano clays are
observed but in 5 wt % filled nano composites, agglomeration is
widely spread in large extent throughout the whole matrix. In all
nano-composites except for 5 wt % filled nano composites, the
homogeneous morphology indicates the intercalation of polymer
molecules into clay layers. The efficient adhesion between
polymer matrix systems and modified nano clay arises due to the
lower interfacial tension and better intermolecular specific
attraction between cetylammonium ions of modified clay and
polymer matrix, leading to the formation of nano-composites. In
the FESEM, relatively large numbers of nano platelets are
distinctive in the higher nano clay filled nano composites. Figure
6D shows the presence of many islands of nano clay
agglomeration (encircled in the figures) distributed in polymer
Thus, the dispersion of MMT is poor in the polymer
matrix and two phase morphology i.e. the tactoid structure is
formed. This leads to a weaker interfacial bonding between the
clay and matrix.

matrix.

Dynamic mechanical analysis of nano composites

Under periodic excitation, the elastic part of any viscoelastic
material stores energy where the viscous part dissipates energy
according to the theory of viscoelasticity®®. The storage modulus
is the amount of energy stored per cycle of excitation and it
measures the elastic nature of the materials. The elastomer
matrix of nano composites consists of two parts; the first one is
the cross-linked polymer chain of ST-DVB on which linseed oil
is grafted and the second one is the unreacted part comprising of
free linseed oil, homo polymer of ST and DVB and a small
proportion of copolymer of ST and DVB. The plasticized
homopolymer contributes towards the viscous nature, whereas the
cross-linked part elasticity though overall the whole network
shows viscoelastic characteristics. The dangling chain ends have
also effect on viscous property. The variation of E' and loss
factor (tand ) with temperature for different elastomers having
varying clay contents is shown in Figure 7. The detailed dynamic
mechanical analysis results are also reported in Table 2. The
storage moduli of all samples are high at -30 °C and then a sharp
decrease is observed between 6 °C -40 °C, corresponding to a
primary relaxation process followed by a rubbery plateau region
after 40 °C. The storage modulus decreases for all samples in the
primary relaxation process where tand goes through the
maximum. From the storage modulus versus temperature plot, it
is observed that with respect to the pure elastomer, the storage
modulus increases with an increase in the clay content. This
nature of storage modulus establishes the reinforcing capability of
modified nano clay. During the primary relaxation process, the
storage modulus of pure elastomers decreases more steeply than
the nano composites. With an increase in temperature up to 100
°C, a steady improvement of storage modulus is monitored.
Thus, it is proved that the presence of filler improves the rigidity
and thermal stability of elastomers.

The variations of storage modulus with an increase in clay
content in elastomers matrix for three different temperatures are
plotted in Figure 7.

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], oo—oo0 | 5



RSC Advances

RSC Advances Dynamic Article Links Bage 6 of 10

Cite this: DOI: 10.1039/c0xx00000x

WWW.TSC.Org/XXXXXX

Table 1 Evaluation of FTIR spectra

Wave number (cm™)
~3630 (1)
~3395(2)

~1635(3)

2927 (4)
~2853(5)
~1478(6)
%2900 (7)
~2850 (8)
~1740 (9)

~1450 (10)

=1150 (11)
~720 (12)
~700 (13)

Assignments
Stretching vibration mode of free hydroxyl (-OH) group of MMT and CTAB modified MMT
Stretching vibration mode of hydrogen bonded hydroxyl group (-OH) of MMT and CTAB modified MMT

-OH bending of interlayer water of MMT

Asymmetric stretching vibration modes of methylene group (-CH, ) of long aliphatic tail of CTAB
Symmetric stretching vibration modes of methylene group(-CH, ) of long aliphatic tail of CTAB
-CH; bending of RN(CH3)3+ ion of CTAB
Asymmetric stretching vibration modes of methylene group (-CH,)of linseed oil
Symmetric stretching vibration modes of methylene group of linseed oil
Stretching vibration modes of ester linkage (C=0) of linseed oil

Asymmetric bending vibration modes of methylene group of linseed oil

Stretching vibration of ether linkage (C-O-C) of linseed oil
Overlapping of —CH, rocking vibration and out-of-plane vibration of cis-disubstituted olefins of linseed oil

Out of plane bending vibration of aromatic ring of styrene and divinylbenzene

"

lum  JEOL 6/25/2014
SEM WD 6.0mm 17:19:39

Fig.6 FESEM micrograph of nano composites of nano clay content A. 2 wt %, B. 3 wt %, C. 4 wt % & D. 5 wt %.

With an increase in clay content from 1 to 4 wt %, the storage the degree of crystallinity. ~As supported by XRD, the

modulus increases by 1.2 to 1.53 times at -30 °C and 1.56 to 2 crystallinity decreases with an increased concentration of clay
times at room temperature (25 °C) in comparison to the pure 30 because of clay platelet exfoliation. This decrease may be
»s elastomers. The clay exfoliation in polymer matrix greatly attributed to the higher interfacial area and adhesion between the
enhances the interfacial area which improves the reinforcement elastomer matrix and exfoliated clay, which reduces the mobility
potential. However, this phenomenon can be well explained by of crystallizable chain segments of elastomer matrix under

This journal is © The Royal Society of Chemistry [year] [iournal], [year], [vol], 00-00 | 6
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The tan § peak in tan § verses temperature graph denotes the
primary relaxation temperature (Ta). The tan § peak designated

1E8

% ss by tan Omax indicates the maximum dissipation of excitation
1E8 ,‘é energy under dynamic stress condition. At primary relaxation
Im——— 8 temperature or near about it, the chains begin to reptate back and
’ 1 N 3" forth along their length. This molecular motion transforms the
= 1E7 4 20 10 S 70 excitation energy into heat energy. T« of the pure elastomers is

% % e TRMpSERAIES o found to be 33.4 °C.
E 1 % ®eoen <-teu The T, shifts to a lower temperature with an increase in the
-§ 1000000 - a0 wt% 1 '“'f"°°-' filler content in the elastomers. The T, value decreases from 33.4
o= —e—1wt% °C to 15.4 °C with an increase in filler content from 0 wt % to 5
. —Aa—2wt% wt %. This may be attributed to the highly viscous clay dispersed
g 100000 - v—3wt% 65 reaction mixture, which affects the initiator diffusion and chain
& 3 —:—; x 4: " e, propagation during cationic polymerization. As per previous
S, discussion, the main polymer chain consists of ST and DVB at
o 10000 . . . v v which linseed oil molecules are grafted. The linseed oil segment

80 100 120 of this polymer chain is flexible where as the ST-DVB segment is

70 rigid. During polymerization reaction, it is also possible that

DVB and ST can penetrate more easily in to the layered structure

of modified MMT than the long chain triglyceride molecules.

o —1—=0 Wt:/" This loss of ST and DVB reduces the overall rigidity of nano
:::; x: 02 composites, resulting a decrease in T, values®.

v 3 Wi% 75 The performance of any damping materials is measured by the

5 —a—Awt% loss factor i.e. tand. The variation of tand as a function of

g —s—5wt% temperature is represented in Figure 7. The tand,, i.e. the

® :m; o® maximum value of the loss factor of different nano composites

2 ;A ’ “\g‘-"- are in the range of 0.58 to 0.87, whereas the room temperature

0.2 —ﬁﬁfﬁ‘ ‘4:&_' E :.':“'5!51.. s0 loss factor tan & of different nano composites are in the range

AN P :?}A»AA'&.'L,,‘“ of 0.58 to 0.82. The high tan d value (tan$>0.3) of materials in

0.0 4 Y a wide temperature ( A7 ) range is a prerequisite for any damping

» T T T T applications™.  The temperature ranges (AT ) for effective

—
e 8 = 4 6l g D damping (tand > 0.3) of different nano composites evaluated

Temperature (°C) gs from tan 8 versus temperature curve are listed in Table 2. The

100 temperature ranges for effective damping are in the range of 39
—=—-30°C °C to 87 °C. The loss factor values are comparable with the

35 80+ ——25°C damping properties of different conventional polymeric materials
—a— 50°C such as Poly (methyl methacrylate) (PMMA),

60 4 a0 Polytetrafluoroethylene (PTFE), epoxy, neoprene rubber etc®.

Also, loss factor values are comparable to different polymeric

40 4 materials such as polymer blend, polymer IPN, polymer

composites specially screened for damping applications*®*®. A

comparison of loss factors of different damping materials with

the developed nano composites is shown in Table 3. In addition

40 e o ——— " with this, the relaxation temperatures of different nano

composites are around room temperature (25 °C); so they can be

6 T 1' ¥ 2' ? :;» g A ¥ 5' ’ 1 effectively applied as damping materials in practical applications.

In the next step, the frequency dependence of storage modulus

Chay contant (it is) 100 (E"), loss modulus ( £ ") and loss factors were examined. The

storage modulus, loss modulus and loss factor as a function of

Fig. 7 Dynamic mechanical analysis results, A. Variation of storage frequency are plotted in Figure 8. The dynamic moduli (both E'

45 modulus \.)Vit‘h temperature, B. Vaﬁatipn of loss modulus With temperature & E ") grows steeply with an increase in the frequency. The plot
& C. Variation of storage modulus with clay content at different

of E' versus frequency expresses the frequency response of

20

Storage modulus (MPa)

©
b

temperatures
105 elasticity. On the other hand, the plot of E" versus frequency
dynamic stress. This results in an enhancement of storage indicates about the frequency response of viscous behaviour. The
modulus. In the sample having 5 wt % clay, defects or flaws are increase in E'may result from the increase in molecular chain
so generated due to the phase separated morphology as observed in rigidity and the interaction between polymer chains. The increase
FESEM. These initiate micro-cracks under dynamic loading, in E" arises due to the increase in relative motion between
causes the reduction in storage modulus. 110 polymer chains. A slight decrease in tan § for nano composites

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], oo—oo0 | 7
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Table 2 DMA temperature scan results of nano composites

X
OMMT content in nano T, E' E' 1
: . and tan o AT
composites (Wt %) (4O at -30°C at 25 °C ( )ma" ( )” C)
(MPa) (MPa)
0 33.4 41.7 3 1.01 0.94 78
1 30.8 50 4.7 0.87 0.82 83
2 24.6 55 4.6 0.70 0.69 67
3 18.4 70 5.5 0.64 0.58 51
4 17.9 77 7.7 0.58 0.49 39
5 15.4 64 6 0.68 0.62 87
; _
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Fig. 8 DMA frequency sweep measurement of A. Storage modulus, B. loss modulus, C. loss factor & D. Variation of loss factor with clay content

Table 3 Review of loss factor of different damping materials

X

Materials Loss factor at 1 Hz Reference
PMMA < 0.1 45
PTFE R 0.224 45
Epoxy ~0.039 45
Neoprene rubber ~1.12 45
Polymer blends ~0.2-0.6 46
Polymer IPN 2 0.2-0.8 47
Polymer composites ~ 0.05-0.8 438

Developed ~ 0.5-0.9

nano composites

25 ¢

with an increase in frequency is observed, signalling a more
elastic like response than viscous response with an increased
frequency. The values of tané, E' and E" at 5 Hz, 10 Hz, 30

Hz and

50 Hz are shown in Table 4.

From the frequency
30 response of tand for nano composites, it is clear that the
damping property is stable within the measured frequency range
(1 to 50 Hz). Itis also identified that the tan & decreases with
an increase in clay content. The values of tand at 5 Hz are
plotted as a function of varying clay content in nano composites
35 in Figure 8. The energy dissipated in the polymer matrix is due
to the intermolecular friction and molecular chain relaxation. The
segmental mobility of polymer chain is greatly restricted by the
clay layers, leading to a decrease in the loss factor.
nano composites can be employed effectively in different
40 damping devices like constrained layer damping system (CLD),
active constrained layer damping system (ACLD), hysteresis
damper etc to control unwanted vibration and noise in different
applications over a wide range of temperature and frequency.

Thus the
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Table 4 Frequency scan results of DMA

OMMTcontent in nano Storage modulus (MPa) at Loss modulus (MPa) at Loss factor at
composites (wt %)
5 10 Hz 30 Hz 50 Hz 5 10 Hz 30 Hz 50 Hz 5 10 Hz 30 Hz 50 Hz
Hz Hz Hz
0 1.2 1.7 2.5 3 1.9 24 3.6 4.1 0.94 0.93 0.92 0.84
1 3 3.6 4.8 6 2.5 3 3.9 4.7 0.84 0.83 0.79 0.78
2 5.2 6.9 10.7 12.8 3.8 5 7 6.9 0.74 0.73 0.65 0.55
3 6.1 8.2 13 15.8 4.5 5.52 8 8.7 0.72 0.67 0.61 0.54
4 9 12.4 19.8 23.7 6.4 9 9.8 0.55 0.51 0.42 0.38
clamp®. In our experiment, a miniature lightweight (1.8 g)

s Attenuation of low frequency vibration using Nano
composites

The attenuation of a laboratory generated mechanical vibration
(1.5 V, 5 Hz) through the nano composites is studied. In the
fabricated testing system, mild steel plate resonator is taken as the

10 reference. With respect to the mild steel, the vibration damping
property of the nano composites are evaluated. The time decay
waveform of mild steel plate and nano composite are shown in
Figure 9. The wave form for nano composite containing 2 wt %
filler is taken as the representative waveform of all nano

1s composites. The wave form of mild steel plate exhibits very
negligible decay but the nano composite exhibits very sharp
decay within two cycles.

93
S

accelerometer was used to eliminate the losses due to the
attachment of the accelerometer. The optical vibration sensing
device like laser vibrometer is the best solution to eliminate this
disturbance. Two long strings were utilized to suspend the test
piece for eliminating support related losses. The vibration testing
results reveal that the nano composites effectively attenuate the
excitation vibration within 2 or 3 cycles, a primary requirement
for practical damping applications.

Table S Vibration response results of nano composites

OMMT content in nano Loss factor at 5 Hz

composites (Wt %)

0 0.82
1 0.73
2 0.69
, 3 0.56
i 4 0.51
20
<‘1 -— a
Conclusions

Amplitude (V)

— Resonator
Nano composite|

25

-1.0
0.005

T Al T
0.010 0.015 0.020

Time (sec)
Fig. 9 Time decay wave form of resonator and nano composite

The loss factor of mild steel plate at room temperature (25 °C) at
30 a frequency of 5 Hz is determined as 0.0053; the loss factor of
nano composites having different clay compositions are tabled in
Table 5. These results are slightly different from the dynamic
mechanical results at 5 Hz and at the room temperature (25 °C).
In a laboratory investigation of loss factor, it is very difficult to
35 eliminate energy loss due to the external environment. There are
some factors that should be considered during this experiment;
these are-(1) losses due to attachment of sensing device such as
accelerometers and strain gauges, (2) losses due to the excitation
of sound waves in the atmosphere, and (3) losses due to the
40 interaction of the sample with the supporting structure such as

55

Value added engineering nano composites have obtained from
linseed oil and organophilic MMT, renewable resources. The
XRD analysis reveals a clear decrease in the crystallinity of
polymer with an increase in the clay content in nano composites
because of clay platelet exfoliation in the polymer matrix.
Intercalation of polymer molecules into clay layers formed a
homogeneous morphology, observed through FESEM. The 4 wt
% of clay is the optimum level that can be incorporated in the
polymer matrix. Beyond this optimum level, phase separated
morphology was formed. In dynamic mechanical analysis, the
storage modulus is increased by 1.56 to 2 times at room
temperature (25 °C) with an increase in the clay incorporation
from 1 to 4 %. The maximum damping loss factor has the range
of 0.58 to 0.87 with a temperature range (A7 ) of 39 °C to 87 °C
for effective damping. The nano composites also exhibited
effective and stable loss factor in the frequency scan of dynamic
mechanical analysis. A successive reinforcing capability of nano
clay was identified both in a wide temperature range and low
frequency regions. A laboratory generated low frequency
vibration is successfully attenuated by nano composites within 2
or 3 cycles; this further establishes that the developed nano
composites are preferable candidates for damping applications.

This journal is © The Royal Society of Chemistry [year]
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