
STORAGE MODULUS G AND G

What is the difference between loss modulus and storage modulus? The

storage modulus G' (G prime, in Pa) represents the elastic portion of the

viscoelastic behavior, which quasi describes the solid-state behavior of the

sample. The loss modulus G'' (G double prime, in Pa) characterizes the

viscous portion of the viscoelastic behavior, which can be seen as the

liquid-state behavior of the sample.

What is a storage modulus? 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 during that cycling strain. Why would

energy be lost in this experiment? In a polymer,it has to do chiefly with

chain flow.

What is loss modulus G? The loss modulus G'' (G double prime,in Pa)

characterizes the viscous portion of the viscoelastic behavior,which can be

seen as the liquid-state behavior of the sample. Viscous behavior arises

from the internal friction between the components in a flowing fluid,thus

between molecules and particles.

Why do viscoelastic solids have a higher storage modulus than loss

modulus? Viscoelastic solids with G' > G'' have a higher storage modulus

than loss modulus. This is due to links inside the material,for example

chemical bonds or physical-chemical interactions (Figure 9.11). On the

other hand,viscoelastic liquids with G'' > G' have a higher loss modulus

than storage modulus.

What is elastic storage modulus? Elastic storage modulus (Ea?2) is the

ratio of the elastic stress to strain,which indicates the ability of a material

to store energy elastically. You might find these chapters and articles

relevant to this topic. Georgia Kimbell,Mohammad A. Azad,in Bioinspired

and Biomimetic Materials for Drug Delivery,2021
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Why is a complex modulus higher than a storage modulus? In both cases

the complex modulus would be higher,as a result of the greater elastic or

viscous contributions. The contributions are not just straight addition,but

vector contributions,the angle between the complex modulus and the

storage modulus is known as the a??phase anglea??.

The storage modulus values at 30?C and the T g 's as determined from

DMA, as well as the flexural modulus, flexural strength, and the surface

hardness values of the castor oil polymers are given in Table 4.13. The

styrene content of each resin was 33 wt%. The mechanical property

hardness is the ability of the material to resist indentation 

This crossover point is important because it indicates the kinetics of the

gelation reaction. For instance, Deng et al. used oscillatory time strain to

evaluate the dependency of storage modulus (G'') and loss modulus (G")

of HA/CMC hydrogels over time and determined the gelling time at the

crossover point of the G'' and G" curves .

We''ve been discussing storage modulus and loss modulus a lot in the last

few days. These were two properties that I found really difficult to get to

grips with when I was first learning rheology, a?|

The ratio of the loss modulus to storage modulus in a viscoelastic material

is defined as the a?!, (cf. loss tangent), which provides a measure of

damping in the material. a?! can also be visualized as the tangent of the

phase angle between the storage and loss modulus. Tensile: a?! = a?3

a?2 Shear: a?! = a?3 a?2 For a material with a a?! greater than 1, the

energy-dissipating, viscous 
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The measuring results of amplitude sweeps are usually presented as a

diagram with strain (or shear stress) plotted on the x-axis and storage

modulus G'' and loss modulus G'''' plotted on the y-axis; both axes on a

logarithmic scale (Figure 2). The limit of the linear viscoelastic region

(abbreviated: LVE region) is first determined.

, G'' (storage modulus) G" (loss modulus) ,,G'' , G" a??

Storage modulus G'' represents the stored deformation energy and loss

modulus G'''' characterizes the deformation energy lost (dissipated)

through internal friction when flowing. Viscoelastic solids with G'' > G''''

have a higher storage modulus than loss modulus. This is due to links

inside the material, for example chemical bonds or physical 

Viscoelasticity is studied using dynamic mechanical analysis where an

oscillatory force (stress) is applied to a material and the resulting

displacement (strain) is measured. a?c In purely elastic materials the

stress and strain occur in phase, so that the response of one occurs

simultaneously with the other.a?c In purely viscous materials, there is a

phase difference between stress and strain, where strain lags stress by a

90 degree ( radian) phase lag.

i?'i2?e? 1/4  i??i??i??e?? e??i??e?? i??i?+- i?' G*i?? e,?i?!i??e?? i

?e??eJPY 1/4  i ?i?JPY i??i?+-eJPY (storage modulus, G'') i?'e? 1/4 e3 

i??e??i?' e3 1/4  i?? i??e??. i|?, i??e?? e??i??e3  i??e?? i??i?+-i??

e??i??e??. e??e??e??e??i?? i??i??i??e?? e?+-e?+-i?? i??i??i??eJPY

1/4  e1?eu?i??e??e(C)', e?+-e?+-i?? e2 1/2 i??i?? e?? G''i?' e?? i?!e2?

e??e3 , e??e? 1/4 i?? G*i?' e?? i>>?i??e2? 
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Download scientific diagram | The storage modulus, E? G a?2 and real

component of the loss modulus, E? G a?2a?2 versus frequency, f for (a)

water, and (b) PEO solution. In the sampled frequency 

Basic consideration of the experimental methods using parallel-plate

oscillatory rheometer and step-by-step guidelines for the estimation of the

power law dependence of storage, Ga?2 and loss, Ga?3 modulus as well

as the estimation of the relaxation time at f cross G a?2 a?? G a?2a?2 at

terminal zone using various approaches such as commercial 

The flow stress is defined as the value of shear stress at the crossover

point where the storage modulus is equal to the loss modulus (G'' = G")

(Schreuders et al., 2021). 

The storage modulus measures the resistance to deformation in an elastic

solid. It's related to the proportionality constant between stress and strain

in Hooke's Law, which states that extension increases with force. In the

dynamic mechanical analysis, we look at the stress (I?), which is the force

per cross-sectional unit area, needed to cause 

modulus. G: shear modulus. 4 . Viscoelasticity: complex shear modulus  V

H H Z xy xy G G i t 0 exp * V ZK H H xy G i G xy xy G*: complex shear

modulus G G i ZKG '' iG "Shear/storage modulus . Loss modulus . 5 .

Phenomenological models of viscoelastic materials 

(8) for storage modulus, due to the superior loss modulus of samples

compared to elastic modulus at the same frequency. These evidences

establish that the viscos parts of polymers are stronger than the elastic

ones in the prepared samples. Indeed, the loss modulus of samples
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predominates the storage modulus during frequency sweep.
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Storage modulus (E'' or G'') and loss modulus (E" or G") The storage

modulus represents the amount of energy stored in the elastic structure of

the sample. It is also referred to as the elastic modulus and denoted as E''

(when measured in tension, compression or bending) and G'' (when

measured in shear).

The storage modulus (G`) measures the energy which is stored in the

sample and which will be released after mechanical stress. On the

contrary the loss modulus describes the viscose part of the sample, which

is equivalent to the loss of energy which is transferred through friction into

heat.

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 

Download scientific diagram | Storage modulus (Gx3), loss modulus

(Ga?3) and complex viscosity (I.*) versus angular frequency of S8 (sample

with 50% KG and 50% SSG) at 20 ?C and I3 = 0.01% from 

In both cases the complex modulus would be higher, as a result of the

greater elastic or viscous contributions. The contributions are not just

straight addition, but vector contributions, the angle between the complex

modulus and the storage modulus is known as the ''phase angle''.

Stress Relaxation Modulus G(t)  Figure 1: (A) Isothermal Storage Modulus

G0(I?) of a Polystyrene at Six Temperatures. (B) Storage Modulus Master

Curve at Reference Temperature T0 =1500C. 2 14. Nonlinear Stresses

Shear Stress is an a?|
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We can see that if G00 = 0 then G0 takes the place of the ordinary elastic

shear modulus G0: hence it is called the storage modulus, because it

measures the material's ability to store elastic energy. Similarly, the

modulus G00 is related to the viscosity or dissipation of energy: in other

words, the energy which is lost.

i 1/4 ?storagemodulusi 1/4 ?,a??i 1/4 ?i 1/4 ?i 1/4 ?i 1/4 ?i 1/4 ?i 1/4 ?i 1/4

?i 1/4 ?i 1/4 ?storage modulus ,a??

Storage modulus G'' represents the stored deformation energy and loss

modulus G'''' characterizes the deformation energy lost (dissipated)

through internal friction when flowing. Viscoelastic solids with G'' > G''''

have a higher storage modulus a?|

non-linear and the storage modulus declines. So, measuring the strain

amplitude dependence of the storage and loss moduli (G'', G") is a good

first step taken in characterizing visco-elastic behavior: A strain sweep will

establish the extent of the material's linearity. Figure 7 shows a strain

sweep for a water-base acrylic coating.

G = I? / Iu. That means storage modulus is given the symbol G'' and loss

modulus is given the symbol G". Apart from providing a little more

information about how the experiment was actually conducted, this

distinction between shear modulus and extension modulus is important

because the resulting values are quite different. In general, the value 

This can be done by splitting G* (the "complex" modulus) into two

components, plus a useful third value: G''=G*cos(I') - this is the "storage"

or "elastic" modulus; G''''=G*sin(I') - this is the "loss" a?|
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a?c G'' : i??i?+-e3?i?? (elastic modulus, storage modulus, resistance to

deformation) a?? i??e?!e?? i?,e?? i??(stress)i?? e??i?' i? 1/4 e??e??

e3?i??i??e??i??. a?? e3'i?u G''i?' e??i? 1/4 e(C)' e3?i??i?' e?? e??e??

i??e?! i?'e??. i??e??i ?i? 1/4 e!? e??e??i?? i??e?! e? 1/4 e3  i?'i?'i?'e??

e??e??.
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