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This enables a DMA instrument to quantify the elastic (spring-like) versus
viscous (fluid-like) components of the sample response which is crucial for
reliable and complete viscoelastic property characterization such as
Storage Modulus, Loss Modulus, and Tan delta.

where Ea?2 is the storage modulus and is a measurement of the
recoverable strain energy; when deformation is small, The sample is
clamped in the DMA instrument's measuring head. During measurement,
the probe applies a sinusoidal force to the sample. The relationship
between the deformation and the applied force is determined once the

The slope of the loading curve, analogous to Young's modulus in a tensile
testing experiment, is called the storage modulus, E". The storage
modulus is a measure of how much energy must be put into the sample in
order to distort it. The difference between the loading and unloading
curves is called the loss modulus, E". It measures energy lost

The storage modulus G a?2 from the data and the SGR model match
each other well even up to 1?7 /1? 0 a? 1/4 1 where we cannot expect
good agreement. This promising behavior also gives us the interpretation
that mechanistically the cytoskeleton possesses a linear loga??log
relaxation-time spectrum and further that for the storage modulus the
cytoskeleton is well modeled by the a?|

Introduction. Thermoplastic and thermoset solids are routinely tested
using Dynamic Mechanical Analysis or DMA to obtain accurate
measurements of such as the glass transition temperature (Tg), modulus
(G™) and damping (tan I'). These measurements are used to predict
practical use temperatures, impact properties, energy dissipation, stiffness
and many other performance a?|
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of the storage and loss modulus curves is not the true gel point. Rather,
the instant of gelation is when the critical gel exhibits power law stress
relaxation and tan I' momentarily becomes inde-pendent of frequency.
This point can be identified by making sev-eral frequency sweeps
simulta-neously, measuring tan d in the time scale of the

Figure 3. Storage and complex modulus of polystyrene (250 ?C, 1 Hz) and
| R e — el the critical strain (13c ). The critical strain (44%) is the end of the LVR

:Eﬁﬁ where the storage modulus begins to decrease with increasing strain. The
o 1
"3 Hoarid storage modulus is more sensitive to the effect of high strain and

decreases more dramatically than the complex modulus.

The calculations are complicated by the fact that the instrument correction
terms |12 and I3 are dependent on G" and G". They are solved by an
iterative process that stops when the change in modulus is less than one
percent. Shear storage modulus (GPa): Shear loss modulus (GPa):
Flexural storage modulus (GPa): E" = 2(1 + 1?)G" Flexural

Figure 2 illustrates how rheology is used to understand and improve
processes and products. Processing typically changes the structure of the
food ingredients and can be studied using rheological techniques. Results
from rheological measurements can be applied together with the use of
appropriate models in order to understand the material's behaviour a?|

The above equation is rewritten for shear modulus as, (8) "G* =G"+iG
where Ga?2 is the storage modulus and Ga?2a?2 is the loss modulus.
| The phase angle I'is given by (9) " " tan G G I'= The storage modulus is
- often times associated with "stiffness” of a material and is related to the
Young's modulus, E. The dynamic loss modulus is often
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G": Storage Modulus Measure of elasticity, or the ability to store energy
G" = (Stress/Strain)*cos( I') G": Loss Modulus Measure of viscosity, or the
ability to lose energy G" = (Stress/Strain)*sin( I') Tan Delta Measure of
dampening properties Tan (1) = G"/G" G*: Complex Modulus Measure of
resistance to deformation G*= Stress/Strain

the storage modulus, E", a measure of how elastic the material acts under
these conditions of tempera-ture, load, and frequency. The lost height can
be related to the loss modulus, E". This a?|

Complex Modulus: Measure of materials overall resistance to deformation.
The Elastic (storage) Modulus: Measure of elasticity of material. The
ability of the material to store energy. The Viscous (loss) Modulus: The
ability of the material to dissipate energy. Energy lost as heat. Tan Delta:
Measure of material damping.

Figure 3. Storage and complex modulus of polystyrene (250 ?C, 1 Hz) and
the critical strain (13 ¢ ). The critical strain (44%) is the end of the LVR
where the storage modulus begins to decrease with increasing strain. The
storage modulus is more sensitive to the effect of high strain and
decreases more dramatically than the complex modulus.

DMA can also measure the material's tan delta, which is the ratio of the
loss modulus to the storage modulus and provides insight into the
material's damping characteristics. The RSA-G2 Solids Analyzer is a
state-of-the-art instrument for measuring the rheological properties of solid
materials. It offers:
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the loss modulus, see Figure 2. The storage modulus, either E" or G", is
the measure of the sample's elastic behavior. The ratio of the loss to the
storage is the tan delta and is often called damping. It is a measure of the
energy dissipation of a material. Q How does the storage modulus in a
DMA run compare to Young's modulus?

The results for storage modulus and loss modulus as a function of
frequency for sample S (the relatively stiff sample) are shown in Figure 6.
Figure 7 shows the storage modulus for sample C (the relatively compliant
sample). Even though sample C was tested with a 2mm punch, the
contact did not produce

or polymer melts are sensitive to the measurement frequency, and the
rheological parameters such as storage modulus (G"), loss modulus (G")
and complex viscosity (1.*) can vary significantly as a function of testing
frequency. Figure 1 shows data from a dynamic frequency sweep
performed on a viscoelastic material - Polydimethylsiloxane (PDMS).

The sample is clamped in the measurement head of the DMA instrument.
During measurement, sinusoidal force is applied to the sample via the
probe. -Storage modulus: E", G" (purely elastic component)-Loss
modulus: E", G" (purely viscous component)-Loss tangent: tanl' (=E"/E"),
can be measured by DMA, and their dependence on temperature and

If storage modulus is greater than the loss modulus, then the material can
be regarded as mainly elastic. Conversely, if loss modulus is greater than
storage modulus, then the material is predominantly viscous (it will
dissipate more energy than it can store, like a flowing liquid). Since any
polymeric material will exhibit both storage and
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Storage modulus E" a?? MPa Measure for the stored energy during the
load phase Loss modulus E" a?? MPa Measure for the (irreversibly)
dissipated energy during the load phase due to internal friction. which is
given by the linear or rotational drive of the DMA instrument,
environmental parameters such as temperature or relative

The complex modulus, the storage and loss modulus combined, is then
T| v - determined as a function of frequency and temperature. Storage Modulus
}";g 8 (E") is a measure of the elasticity of a polymer material. Loss Modulus (E")
M %/ ‘ is a measure of the capacity for a polymer to convert mechanical energy

into heat.

viewed in a double logarithmic plot of the storage modulus (G") as function
of oscillation stress. The yield stress is the critical stress at which
irreversible plastic deformation occurs. In figures 10-13 the yield stresses
are taken as the onset value of the modulus curves. The dynamic

stress/strain sweep method can be used for

The TA Instruments Q800 is the culmination of years of engineering
expertise in Dynamic Mechanical Analyzers. TA Instruments pioneered
DMA instrumentation with the 980 DMA From E* and the measurement of
I', the storage modulus, El, and loss modulus, Ell, can be calculated as
illustrated in .

Tan delta: the ratio of the loss modulus to the storage modulus and the
measure of the damping abilities of the hydrogel; Performing high-quality,
reproducible rheology measurements requires the right test instrument. TA
Instruments is a world leader in the design and manufacture of test
systems for materials properties, including for rheology.
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The ARES-G2 is the most advanced rotational rheometer for research and
material development. It remains the only commercially available
rheometer with a dedicated actuator for deformation control, Torque
Rebalance Transducer (TRT), and Force Rebalance Transducer (FRT) for
independent shear stress and normal stress measurements. It is
recognized by the rheological a?|

Tg was evaluated from peaks and inflexion points of storage modulus
curve, loss modulus curve, and Tan I' curve as indicated. The obtained
values were then tested statistically for standard deviation and uncertainty
values. Measurement uncertainty of less than 0.2 ?C was found to be
associated in Tg measurement in all employed methods

INTRODUCTION. Dynamic mechanical analysis (DMA) has become an
important materials characterization tool which can unveil the complex
elastic modulus of solids and thus becomes an inseparable component of
any materials science laboratory to correlate the structure and property of
solids [1, 2].Elastic modulus or modulus of elasticity is a measure of a?|
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