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Introduction

Viscoelastic materials exhibit the characteristics of both elastic
solid and viscous liquid. This dual behavior which is both time
and temperature dependent is characterized by dynamic
mechanical analysis (DMA).

Nanc reinforcemer of engineerin material: car impar
remarkable structural (e.g., stiffness) and physical (e.g., low
CTE) property advantages to the matrix. characterizing the
viscoelastic behavior of nanocomposite materials is essential
for structural applications.
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Objective & Scope

Characterize the viscoelastic behavior of nylon 6,6 thermoplastic
reinforced with different wt. percent multi-wall carbon nano tubes;
and vinyl ester thermoset reinforced with nano clay and graphite
platelets.

Visco-elastic properties such as Storage Modulus (E’), Loss
Modulus (E”), Glass Transition Temperature J,TLoss Factor
(Tar ) were obtainecusinca DMA.

Short-term Creep compliance was obtained and the time-
temperature superposition principle was applied to characterize the
long term creep behavior of nanocomposites

' The University of Mississippi
W School of Engineering




heory of DMA

Works on the principle of vibration
measurement.

Force is provided using non-contact
drive motor and amplitude is
measured using optical encoders.

Stiffness is obtained directly from the
force and amplitude signals.

Modulus is computed by multiplying
the stiffness with an appropriate
geometry factor.
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Boundary Conditions

Cantilever bending clamp is a good ™"
general-purpose mode for evaluating g
thermoplastics and high dampec §
materials. This type was used for
Creep testing of all nanocomposites ir
this research.

Three point bendin¢ is considere as
“pure” mode of deformation and
recommended for stiff materials.
Three-point bend clamp was used for
oscillatory testing of all
nanocomposites .
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Experimental Setup (Oscillatory tests)

MWCNT reinforced nylon 6,6 Vel
nanocomposites were tested I/\ N NN
using three-point bend clamp | VvV VV \/
with a span of 50 mm at a . Time
frequency of 1 Hz and a Time Sweep
displacement amplitude of 25

Lm.
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Experimental Setup (Creep)

Nylon 6,6, vinyl ester and their
nanocomposites were testel
using single-cantilever clamp
with a span of 17.5 mm and a
pre-load stress of 3 MPa.

Applied Stress

Resultant Strain

Shor-termr creey test: were — 5

carried out with Q800 DMA Dby s r
subjecting the samples to
constant load over 30 minutt *
duration at isotherme? *

temperatures.
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Results of Single-frequency strain

Typical outputs of nylon ® and vinyl ester reinforced
nanocomposites for storage modulus, loss modulus and loss
factor as a function of temperature. Glass transition temperature

reported is at the loss modulpgak .

-1000
pare e g

a
2899MPa s . =
34.19°C 0.1041 = W
162.6MPa ey D g1 5
v, ()] =
""m\ =S
.. [ o]
% 34.19°C*._ © 3
f" 007197 U 10
7 | 2
Wﬁ N | o
{ 0011 -
E e |
\\‘.\ —_— I
N |
. *

Rt T
100+—————————————— 1
-100 -50 0 50 100 150 200

Temperature (°C)

Typical output of pure Nylon 6,6

# School of Engineering

10000 117.13°C 1000
g??ooomclia 70-30°C 05690 =
E 6.77°C 1844MPa 7\ 108.84°C o
91.13MPa XN/ % 63.08MPa =
) N © 10
g Py L - *“.“m_-lf “*—M % %)
10007 70.30°C Py a 2
E 1665MPa Yy \ 1 c 2
S 70.30°C £ *‘ i 'Eo 1£10 EO
= 0.1108 / \ i — -
) {‘ y i | w
o J ! [ S
© 100+ / ' \1 | —
7 ‘ \§ 3 1 |
« ; / * — |
B f%‘f * I
s b
10 . . . ‘ ‘ 0.1
2100 -50 0 50 100 150 200

Temperature (°C)

ﬁ

Universal V4.3 TA Instruments

Typical output of 1.25% Nanoclay/

Vinyl ester

A



‘ Storage Modulus
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Glass Transition Temperature

Glass Transition Temperature o
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‘ Loss Factor ( Tan Delta)

Tan Delta peak of Nylon 6,¢
nanocomposites
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Creep (Linear viscoelastic range)

Creep data was plotted as
compliance (1/MPa) for
different applied stresses. The
compliance curves should
overlap In the linear
viscoelastic range.

The effect of appliec stres Creep compliance for pure nylon
from 2 to 4 MPa on creep

compliance for both nylon 6,6

and vinyl ester was found to be

less than 5 %.

The Creep behavior can be
considered to be linear in this
range




Short-term Creep Results

Relative creep (defined as a
percentage of instantaneous or
Initial strain).

The effect of temperature on creep
response IS more pronounced for

nano-clay and graphite vinyl ester
nanocomposite.

Creep responses for 2.5 wt. percent
nano-clay and graphite platelet vinyl
ester nanocomposites increased by
134% and 360% respectively, at their
glass transition temperatures of ~ 88
C and ~ 95 C.




Time-temperature superposition (TTS)

Master curves of creep were
generated by shifting of the creep
data at different temperatures to a
28 C reference room temperature
for all the nanocomposites.

The raw data signals at various
temperatures were exported into
rheology data analysis software as
TTS signals, and the shifting

mechanism Iis adopted at a
prescribed reference temperature
for creep-strain data.




Long-term Creep Results

The 2.5 wt. percent nano-clay
vinyl ester was observed to
exhibit the minimum relative
creep of all, including graphite
reinforced vinyl ester.

The 1.25 and 2.5 wt. percent
reinforced vinyl ester with
nano clay composites had
228% and 182% relative creep
respectively, compared to
528% for pure vinyl ester after
11 years duration.




Conclusions

Storage modulus increased with increasing reinforcement for
nylon 6,6 and vinyl ester nanocomposites.

Storage modulus and glass transition temperature of 2.5 wit.
percent graphite platelet reinforced vinyl ester is more than that
of nanoclay reinforced vinyl ester, while the loss factor is higher
In case of 2.5 wt. percent nanoclay reinforced vinyl ester.

The 2.5 wt. percen nanc clay /vinyl este exhibitec the lowes
creep compliance (i.e. greatest creep-resistance) over time
periods of 400 minutes and 11 years




Future Work

Stress relaxation experiments for nanocomposites :- strain Is
applied to sample instantaneously and held constant for specific
period of time. Relaxation modulus is monitored as a function of
time.

Developing a one dimensional viscoelastic model to predict the

constitutive behavior of nanocomposites from the DMA creep
data.
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