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• Differences between a viscometer and a rheometer
• Flow analysis, application tips and tricks

• Oscillation analysis, application tips and tricks
• Introduction to rheology accessories and 

hyphenated techniques
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Rheology: An Introduction



What Rheology measures?

• Rheology can provide information about the material’s:
- Viscosity - defined as a material’s resistance to flow and is a function of shear
rate or stress, with time and temperature dependence

- Viscoelasticity - is the property of a material that exhibits both viscous and
elastic character. Measurements of storage modulus (G’), Loss modulus (G”),
and damping factor (tan d= G”/G’) with respect to time, temperature, frequency
and stress/strain are important for characterization

Stress
Shear rate = Viscosity Stress

Strain = Modulus



Rheology Instrumentation

Viscometers

Capillary viscometers

Rotational rheometers

DMAs and mechanical testers



What is the difference between a Viscometer and a Rheometer?
Viscometers

Capillary viscometers

• Only measure viscosity

• Only handle liquid samples

• Limited measurement range

• Report apparent viscosity vs. rpm and/or 
temperature

• May not be able to measure true shear viscosity 
vs. shear rate



What is the difference between a Viscometer and a Rheometer?
Rotational rheometers

DMAs and mechanical testers

• Capable of handling any samples from low 
viscosity liquid to high modulus solid

• Capable of performing flow measurement to 
directly measure viscosity vs. shear rate, shear 
stress and temperature

• Capable of performing oscillation measurement 
to measure viscoelastic properties of a sample

• Capable of perform transient measurement such 
as creep, stress relaxation, or stress/strain



Comparison of Angular Velocity and Torque Ranges of HR-10 vs. Brookfield Viscometer

• With flow testing, the Discovery 
HR-X0 rheometers provide a much 
wider range of angular velocities 
and torques than do common 
viscometers. 

• LV, RV, HA, HB are different type of viscometer spindles



What Type of Samples a Rheometer Can Measure?

• Viscosity (liquids) • Elasticity (solids)

• Viscoelasticity (semi-solids, pastes and gels)
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A Rotational Rheometer- How does it work?

Rotation Oscillation






How does a Rotational Rheometer Work?

• The study of stress and deformation relationship

Shear stress 𝜎𝜎 =
𝐹𝐹
𝐴𝐴

Shear rate = �̇�𝛾 =
1
𝑦𝑦0
�
𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑡𝑡

y0

∆x
F

Shear strain 𝛾𝛾 =
∆x
𝑦𝑦0

Stress
Shear rate = ViscosityStress

Strain = Modulus



How does a Rotational Rheometer Work?

• In a rheological measurement, stress; strain and strain rate (shear
rate) are all calculated signals

• The raw signals behind the scene are torque; angular displacement
and angular velocity

Fundamentally, a rotational rheometer will apply or 
measure:

1.  Torque (Force)
2.  Angular Displacement

3.  Angular Velocity



Measured parameter: torque

• Torque (M) is a measure of how much a force (F) acting on an object causes that
object to rotate.

 The object rotates about an axis, called the pivot point

 The distance (r) from the pivot point to the point where the force acts is
called the moment arm

 The angle (θ) at which the force acts at the moment arm

𝑀𝑀 = 𝑟𝑟 � 𝐹𝐹 � sin𝜃𝜃 = 𝑟𝑟 � 𝐹𝐹
(for θ = 90° as shown)

F

r

θ
M



Calculated parameter: stress

•Shear stress is calculated from the torque and geometry stress
constant

σ = shear stress (Pa or Dyne/cm2)

Μ = torque (N.m or gm.cm)

Kσ = stress constant

•The stress constant, Kσ, is dependent on measurement geometry
and/or initial sample dimensions

σ = Μ � Κσ
σ

Presenter Notes
Presentation Notes
Shear stress is a calculated parameter that equals force over area.  The SI units for shear stress are Pa or in CGS units, dyne per centimeter squared.  The force applied or measured is torque (M), and the shear stress is thus calculated from the torque multiplied by the geometry stress constant (K sigma), which is dependent on the size and shape of the measurement geometry (or sample assuming a torsion experiment).  Geometry stress and strain constants will be discussed in more detail in the next section covering geometry selection. 



Measured parameter: angular displacement

•Angular displacement (θ) is the angle, in radians,
through which an object moves on a circular path

s = arc length (or linear displacement)
r = radius of a circle
Conversion: degrees = radians⋅180/π

θ = ⁄𝑠𝑠 𝑟𝑟
r

θ
s

θ

𝑀𝑀



Calculated parameter: strain

•Strain is a measure of deformation representing the
angular displacement relative to a reference length

γ = shear strain (no units)
θ = angular displacement (radians)
Kγ = strain constant

•The strain constant, Kγ, is dependent on
measurement geometry and/or initial sample
dimensions

γ = θ � Κγ
θ

𝑀𝑀



Equation for modulus

G =
σ
γ

=
M � Kσ

θ � Kγ
Measured 

signals
Geometry
constants

Constitutive
equation

Material
function



•Angular velocity (Ω) is the change in angular
displacement (θ) per unit time of measurement

Note: linear velocity V = ∆s/∆t 

Ω = ⁄Δθ Δt

Ω = angular velocity (radians/s)
θ = angular displacement (radians)
t = time (s)

Measured parameter: angular velocity

r
θ

t1

t2

s

Ω

𝑀𝑀



Calculated parameter: shear rate

•Shear rate is calculated from the angular velocity
and geometry strain constant

�̇�𝛾 = shear rate (s-1)
Ω = angular velocity (radians/s)
Kγ = strain constant

•The strain constant, Kγ, is dependent on
measurement geometry and/or initial sample
dimensions

γ̇ = Ω � Κγ

r
θ

t1

t2

s

Ω

𝑀𝑀



Equation for viscosity

η =
σ
γ̇

=
M � Kσ

Ω � Kγ
Measured 

signals
Geometry
constants

Constitutive
equation

Material
function
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Discovery Hybrid Rheometer Specifications

DMA Mode Specifications
Motor Control Force Rebalance Transducer

Minimum Force in Oscillation 3 mN

Maximum Axial Force 50 N

Minimum Displacement in 
Oscillation

0.01 µm

Maximum Displacement in 
Oscillation

100 µm

Axial Frequency Range 610-5 rad/s to 100 rad/s 
(10-5 Hz to 16 Hz)
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ARES-G2 Rheometer Specifications

Force/Torque Rebalance Transducer (Sample Stress)
Transducer Type Force/Torque Rebalance

Transducer Torque Motor Brushless DC
Transducer Normal/Axial Motor Brushless DC
Minimum Torque (µN.m) Oscillation 0.05
Minimum Torque (µN.m) Steady Shear 0.1
Maximum Torque (mN.m) 200
Torque Resolution (nN.m) 1
Transducer Normal/Axial Force Range (N) 0.001 to 20
Transducer Bearing Groove Compensated Air

Driver Motor (Sample Deformation)
Maximum Motor Torque (mN.m) 800
Motor Design Brushless DC
Motor Bearing Jeweled Air, Sapphire
Displacement Control/ Sensing Optical Encoder
Strain Resolution (µrad) 0.04
Minimum Angular Displacement (µrad) 
Oscillation

1

Maximum Angular Displacement (µrad) 
Steady Shear

Unlimited

Angular Velocity Range (rad/s) 1x 10-6 to 300 
Angular Frequency Range (rad/s) 1x 10-7 to 628
Step Change, Velocity (ms) 5
Step Change, Strain (ms) 10

Orthogonal Superposition (OSP) and 
DMA  modes

Motor Control FRT

Minimum Transducer Force (N) 
Oscillation

0.001

Maximum Transducer Force (N) 20

Minimum Displacement (µm) 
Oscillation

0.5

Maximum Displacement (µm) 
Oscillation

50

Displacement Resolution (nm) 10
Axial Frequency Range (Hz) 1 x 10-5 to 16



Geometry Options

Parallel
Plate

Cone and
Plate

Concentric
Cylinders

Torsion
Rectangular

Very Low
to Medium 

Viscosity

Very Low
to High 

Viscosity

Very Low
Viscosity

to Soft Solids

Mid-modulus
Solids

Water                     to                     Steel



Rheology Applications
Flow Analysis - Tips and Tricks
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Viscosity Ranges

Materials Viscosity η (Pa.s)
Air /Gas 0.00001  
Water 0.001
Milk/ Coffee 0.01
Olive oil 0.1
Glycerol 1
Liquid Honey 10
Molasses 100
Polymer Melt 1000
Asphalt Binder 100,000

Presenter Notes
Presentation Notes
Different liquid materials in the world can have significantly different viscosities, therefore , they also exhibit different flow behaviors.
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Viscosity Behaviors

η,
 P

a.
s

σ or �̇�𝛾
η,

 P
a.

s
σ or �̇�𝛾

η
Pa

.s

σ or �̇�𝛾

Newtonian Shear Thinning Shear Thickening

• Newtonian and non-Newtonian



• Common rheological methods for measuring viscosity of liquids

Viscosity Measurement Methods

Single rate/stress Flow ramp Stepped or steady state flow

https://www.tainstruments.com/recorded-theory-applications-training/

https://www.tainstruments.com/recorded-theory-applications-training/


Information from a Flow Curve



Viscosity Curves of Various Fluids
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Presenter Notes
Presentation Notes
This plot shows examples of flow viscosity curves of some of those common materials in our daily life.The pink curve in the graph is  corn syrup.  Even though it has high vis, it is Newtonian which means its vis ins independt of shearMost polymer solutions and polymer melts are Newtonian under low shear and shear thining under mid to high shear.The butter lotion, which is the blue diamond curve is extremely shear thinning.  Its viscosity from low to high shear rate decreases over 4 decades.The strarch dispersion, which is the blue curve at the bottom, also show interesting flow behavior, under low shear it is newtonian, then it becomes shear thinning, at higher shear rate,  it turns into shear thickenning. As we can see, the materials that show complicated flow behaviors are all containing multiphase systems. We usually call them structured fluids.  The visvosiies of thos emateials are high depending on the shear rate.Then what shear rate we shall use to measuring the visosity?



What Geometry to Use?
• Cone or parallel plate (e.g. 60mm, 40mm, 25mm, 20mm, 8mm)

• Roughen surface parallel plate to avoid slippage (e.g. crosshatched, sandblasted)

• Concentric cylinder cup with DIN, recess-end, vane or helical rotor



What is the difference between a Cone-plate vs. a parallel plate?

• The cone shape produces a smaller gap height 
closer to inside, so the shear on the sample is 
constant  

h increases proportionally 
to dx, γ is uniform

𝛾𝛾 =
𝑑𝑑𝑑𝑑
ℎ

• For a given angle of deformation, there is a 
greater arc of deformation at the edge of the plate 
than at the center

𝛾𝛾 =
𝑑𝑑𝑑𝑑
ℎ

dx increases further from 
the center, h stays constantℎ

ℎ

Provide uniform shear across the sample

Non-uniform shear but can be corrected
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PIB 2490 Parallel plate

PIB 2490 Cone plate

PIB 2490 Parallel plate corrected

Parallel Plate Stress Correction

𝜎𝜎(𝑅𝑅) =
𝑀𝑀

2𝜋𝜋𝑅𝑅3
[3 +

𝑑𝑑𝑑𝑑𝑑𝑑𝑀𝑀
𝑑𝑑𝑑𝑑𝑑𝑑�̇�𝛾𝑅𝑅

]

Stress Correction

• The parallel plate viscosity can be corrected through the Weissenberg-Rabinowitsch
correction so that parallel plate data can be compared with cone and plate data. 
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Be Careful When Using a Cone and Plate

Truncation Height = Gap

• Most structured fluids contain particles with size in the 
micrometer range

• Depending on the cone angle, the truncation gap of a 
cone geometry will be between 10 and 120 mm

• Parallel plate geometry is recommended

Gap can be adjusted  
Common gap at 0.5-2mm

Typical Truncation Heights:
1° degree  ~ 20 - 30 microns
2° degrees ~ 60 microns
4° degrees ~ 120 microns

Gap must be > or = 10 x particle size

Presenter Notes
Presentation Notes
  



Example Viscosity Test on Battery Slurries
• Slurry viscosity scan over a wide range of shear rate
• Particle size and shape affect the flow behavior of the slurry

40mm parallel plate at gap of 1mm

T Chen, Apps note RH119
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What else a flow test can measure?   -Yield and Thixotropy

• Structured fluid properties
o Non-Newtonian
o Yield stress
o Thixotropy 
o Viscoelasticity

Yield

Thixotropy

at rest
σ<σyield

under shear
σ>σyield

Shear removed
Partial recovery

High viscosity
Elasticity

Structure destroyed
Shear thinning

Viscosity & elasticity 
recover over time

Full recovery

∆t1 ∆t2

High viscosity
Elasticity

∆tRec

https://www.tainstruments.com/practical-series-training-courses/

https://www.tainstruments.com/practical-series-training-courses/


What is Yield?
 Yield stress is a time dependent characteristic that is associated with many structured fluids such as

Mayonnaise, Ketchup, hand lotion, hair gels, paints etc.

 A material that has yield does not flow unless the applied stress exceeds a certain value – yield point

 Yield stress is created in formulation by adding additional thickeners

 Yield helps stabilize complex fluids

o Avoid sedimentation and increase shelf life

o Reduce flow under gravity

o Stabilize a fluid against vibration



How to Measure Yield

 Yield can be quantitatively measured on a rotational rheometer

 Common methods

o Stress ramp 

o Stress sweep 

o Shear rate ramp 

o Dynamic stress/strain sweep 

Note:
Yield behavior is a time dependent characteristic.  Measured yield stress 
values will vary depending on experimental parameters

No settling?!

https://www.tainstruments.com/practical-series-training-courses/

Presenter Notes
Presentation Notes
Yield behavior is a time dependent characteristic – if you give anything enough time, it will flow.

https://www.tainstruments.com/practical-series-training-courses/


Yield Stress of a Body Lotion
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Peak viscosity=1237 Pa.s
Yield stress= 27.1 Pa

• Stress ramp from 0 to 200 Pa in 60 seconds
• Yield is determined at the point where viscosity shows a peak
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Yield stress = 56 Pa

Yield Stress of Ketchup

Bingham Model:

𝜎𝜎 = 𝜎𝜎𝑦𝑦 + η �̇�𝛾

• Stress ramp test on Katchup
• Yield is computed by fitting the flow curve with a mathematical model



Yield Stress of a Toothpaste
• Steady state stress sweep from 10 Pa to 500 Pa

• Yield stress is determined by a sharp decrease in viscosity over a narrow range of applied shear stress

• Take the onset of viscosity vs. stress curve
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Yield = 102 Pa

Chen apps note: RH094 



Yield Stress of Orange Juice 
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• Shear rate ramp down from 500 to 0.001 1/s

• Yield is identified by the stress plateau

slope=-1

Yield stress = 0.017Pa

No settling?!

Chen apps note: AAN-017 

Presenter Notes
Presentation Notes
Orange juice also has additives that are added to prevent phase separation of bulk.

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMWg3oG0mMkCFUtpPgodNYkDfQ&url=https://en.wikipedia.org/wiki/Orange_juice&psig=AFQjCNFlEipsl7CketBwC1nT4OMxk3hmfA&ust=1447882256175992


What is Thixotropy?
 Thixotropy is a time-dependent shear thinning property, which is used to characterize 

structure change reversibility

 A thixotropic fluid takes a finite time to attain equilibrium viscosity when introduced to a 
step change in shear rate

 Thixotropy is a desired property for many applications such as: 

o Control sagging and levelling of paints

o Start up of pipleline flow after rest

Sagging Levelling

Presenter Notes
Presentation Notes
A thixotropic fluid takes a finite time to attain equilibrium viscosity when introduced to a step change in shear rate



How to Measure Thixotropy

 Thixotropy can be quantitatively measured on a rotational rheometer

 Common methods

o Stepped flow method

o Stepped dynamic method

o Stress ramp up and down method (Thixotropic loop)

oDynamic time sweep after pre-shear method

Note:
Thixotropic behavior is a time dependent characteristic.  Measured thixotropy 
will vary depending on experimental parameters.

https://www.tainstruments.com/practical-series-training-courses/

https://www.tainstruments.com/practical-series-training-courses/


Stepped Flow Method

Experimental:
Step 1: Low Shear (e.g. 0.1 1/s), state of rest
Step 2: High Shear (e.g. 10 1/s), structural destruction
Step 3: Low Shear (e.g. 0.1 1/s), structural regeneration
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Thixotropic Analysis of a Blue Paint

0.1 /s 10 /s 0.1 /s

Leveling problem

Sagging problem

Good Performance

Chen apps note: RH106

Presenter Notes
Presentation Notes
If structure builds up too fast, then you will see brush marks, and you will have levelling issuesToo slow of a structure rebuild and it will sag after application.



Stress/Rate Ramp Up and Down Method
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Time (min)

 Ramp shear stress linearly from zero up until sample flows, then ramp stress back down
to zero

 Thixotropic index is measured by taking the area between the up and down stress curves

 TA Tech Tip: 
https://www.youtube.com/watch?v=8lZangOp1SY

https://www.youtube.com/watch?v=8lZangOp1SY
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Mayonnaise, Yellow Mustard, and Ketchup
thixotropy: 63.0 Pa/s thixotropy: 714.4 Pa/s thixotropy: 1456.0 Pa/s

Thixotropic Loop Testing on Foods

40mm sand blasted plate
Gap: 1mm
Ramp stress from 0-100-0 Pa
Ramp up time: 60 sec
Ramp down time: 60 sec

Chen apps note: RH106 
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Caulk - Yield and Thixotropy
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Caulk-B

thixotropy: 140.849 Pa/s
normalised thixotropy: 1.04446e-3 1/s

thixotropy: 183.036 Pa/s
normalised thixotropy: 2.61492e-3 1/s

• Caulk exhibits a yield behavior.  Below the yield stress, caulk does not flow
• Caulk shows thixotropic property, which can be measured using a flow loop 

test 

http://www.tainstruments.com/a-practical-approach-to-rheology/

http://www.tainstruments.com/a-practical-approach-to-rheology/


TA Practical Series Training Course

 How to measure Yield stress

 How to measure Thixotropy

 How to avoid wall slip and edge fracture

 How to fit flow curves with models

https://www.tainstruments.com/a-practical-approach-to-rheology/

https://www.tainstruments.com/a-practical-approach-to-rheology/
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Water is not a Good Viscosity Standard

• Surface tension causes artifact shear thinning under low torque
• Secondary flow shows artifact shear thickening under high shear
• Use a large diameter geometry with a smaller gap 
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40mm PP 1mm Water

40mm 2 Deg Cone Water

DIN CC Water

40mm 2 Deg Cone N1 Oil

Surface tension at 
low torques

Secondary flows 
at high shear rates

Ewoldt R.H., Johnston M. T., Caretta L.M., “Experimental challenges of shear rheology: how to avoid bad data”, in: S. Spagnolie (Editor), 
Complex Fluids in Biological Systems, Springer (2015) 1-36

•TA Webinar - Professor Randy H. Ewoldt
http://www.tainstruments.com/randy-h-
ewoldt-experimental-challenges-of-
shear-rheology-how-to-avoid-bad-data-2/

Presenter Notes
Presentation Notes
Usually above 200 s-1, turbulence kicks in and it contributes more to the torque which causes increase in viscosity.

http://www.tainstruments.com/randy-h-ewoldt-experimental-challenges-of-shear-rheology-how-to-avoid-bad-data-2/
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What is wrong with viscosity under low shear rates?

Data not collected 
under equilibrium

• Stress ramp from 0 to 200 Pa within 60 seconds.

Presenter Notes
Presentation Notes
It is not a shear thickening behavior of body lotion at lower shear rates. The rise in viscosity is due to the data not being collected under equilibrium.
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Wall Slip Phenomena

No slip condition
Ideal, Assumed Velocity Profile

Wall Slip 
Incorrect Velocity Profile

• Wall slip is often observed in flow viscosity 
measurements

• It can manifest itself in many ways: 
oArtificially low yield stress
oEarly shear thinning
oLow viscosity

https://www.tainstruments.com/practical-series-training-courses/

Presenter Notes
Presentation Notes
When wall slip occurs, it can manifest in many ways.

https://www.tainstruments.com/practical-series-training-courses/
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Wall Slip – Artifact Yield

• Incidence of wall slip is often observed when testing structured fluids
• Wall slip shows artifact yield

crosshatched
plate

smooth
plate

T Chen, Apps note RH094
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Solutions To Minimize Wall Slip

• Diagnosis method
 Running the same experiment at different gaps. For samples that don’t slip, the 
results will be independent of the gap 

• Solutions
 Use a grooved cup with vane or helical shape rotor geometry
 Use a roughened surface geometry

Presenter Notes
Presentation Notes
There are many literatures reporting wall slip phenomenon in common rheological measurements. The suggested diagnosis method is 
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Edge Fracture

• Edge fracture is caused by the elasticity of the fluids
• When shearing a viscoelastic material, a large normal stress difference (created from its 
elasticity) can lead to a crack formation at the geometry edge. This is called edge fracture.

• Results: decrease in viscosity

• To minimize edge fracture

 Decrease measurement gap 

 Use partitioned plate

angular velocity, Ω

gap, H

effective diameter

torque, M

https://www.tainstruments.com/practical-series-training-courses/

Presenter Notes
Presentation Notes
There are several flow artifacts. One of them is the elastic edge fracture. Inertial instability (sample flinging out of the gap) is another instability that can occur. 

https://www.tainstruments.com/practical-series-training-courses/


Flow Viscosity Testing Limited due to Edge Fracture

 Cox-Merz transformation: convert dynamic complex 
viscosity vs. frequency to transient shear viscosity vs. shear 
rate

 The Cox-Merz transformation works primarily with 
polymer melts and polymer solutions

 Edge fracture occurs when testing the shear viscosity 
of molten polymers due to its viscoelastic nature

Edge fracture
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Challenges for High Shear Rate Testing

Geometry Diameter 
(mm)

Cone 
angle (°)

Gap 
(um)

Sample 
volume (mL)

Max shear rate 
(approx.) 1/s

Cone and 
parallel 
plate

8 0 1000 0.05 1,200

20 0 500 0.16 6,000
40 0 1000 1.26 6,000

0 100 0.13 60,000
0 10 0.013 600,000
1 25 0.29 17,200
2 52 0.59 8,600

Concentric 
cylinder

DIN rotor 22.0 3,656

Recessed 
end rotor

7.5 3,656

• Max velocity on rheometer (Ω) :  300 rad/s
• What is the max shear rate the instrument/geometry can reach?
• Can a sample be tested up to these shear rate?
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Challenges for High Shear Rate Testing

Sample spin out of the 
plate at high shear

Use a capillary rheometer

• The maximum measurable shear rate is often depending on the sample and not the 
instrument
o Turbulence affects the viscosity reading
o Sample spin out of the plate or splash out of the cup
o Shear heating

• Solutions
o Reduce test gap
o Use a capillary rheometer
o Use flow model fitting to predict high-shear viscosity
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Fit the Flow Curve to a Mathematical Model

• Fit viscosity curves with mathematical models

• Extrapolate to zero shear and infinite shear viscosity
•Calculate yield stress
• Calculate viscosity at a specific point  

o Newtonian model
o Power law model
o Bingham model
o Williamson model
o Sisko model
o Herschel-Bulkley model

o Cross model
o Carreau model
o Carreau-Yasuda model
o Casson model
o Ellis model
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Where to Find Model Equations
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Add
Yield

Add
Yield

Example Flow Models

Presenter Notes
Presentation Notes
Here, let’s talk avout some common viscosity models.  The Newtonian model describes the simplest flow behavior, in which the shear stress and shear rate  follows a straight-line relationship. The Bingham model shows the same flow behavior but added a yield stress term in its equation.The Power law model describes the typical shear thinning behavior of liquids.  Adding a yield term in this equation,  it becomes the H-B model.



TAINSTRUMENTS.COMTAINSTRUMENTS.COM

• Zero Shear Viscosity • Infinite Shear Viscosity

• Both Zero Shear and Infinite  Shear Viscosity

Example Flow Models– Continued

Presenter Notes
Presentation Notes
The Williamson model describes a flow behavior from low to medium shear rate range. If your data fits well with the Willison model, it can help to extrapolate and calculate the Zero shear viscosity.The Sisko model is more focused on medium to high shear range.  So if your data fits well with the Sisko model, it can help you to predict the infinite shear viscosity.There some other models such as  Cross, C-Y, and Ellis models, which describe the  flow behavior over a wide range of shear rate and stress.
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Caulk – Viscosity Measurements
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Caulk-A

 

Caulk-B zero-rate viscosity: 38601.2 Pa.s
infinite-rate viscosity: 454.633 Pa.s
consistency: 44.8799 s
rate index: 0.954147 
R²: 0.999414 

zero-rate viscosity: 26048.5 Pa.s
infinite-rate viscosity: 193.073 Pa.s
consistency: 45.2528 s
rate index: 1.09830 
R²: 0.999559 

• Slippage and edge fracture are observed before the shear rate reached 1 1/sec. 



Rheology Applications
Oscillation Analysis - Tips and Tricks
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Not Everything Flows

• Liquid - flows freely, remains at constant volume and takes the shape of its
container

• Solid - has a fixed shape and volume, no flow
• Semi-solid – shows both viscous and elastic behavior. May flow under certain

temperature or time scale
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• Apply a sinusoidal strain to the sample at a certain frequency
• Monitor sample response in stress
• The shift between the input strain and output stress is the 

phase angle

Phase angle δ
0° < δ < 90°

Strain, ε

Stress, σ*

Dynamic Oscillatory Tests

γ = γ0 � sin 𝜔𝜔𝑡𝑡
𝜎𝜎 = 𝜎𝜎0 � sin 𝜔𝜔𝑡𝑡 + 𝛿𝛿
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Viscoelastic Parameters

Complex Modulus: Measure of materials overall 
resistance to deformation

Elastic (Storage) Modulus:  Measure of elasticity of 
material and ability to store energy

Viscous (loss) Modulus: The ability of the material to 
dissipate energy

Tan Delta: Measure of material damping

Complex Viscosity: Viscosity measured in an 
oscillatory experiment (ω in rad/s)

G′ = Stress∗
Strain cos δ

G" = Stress∗
Strain sin δ

G∗ = Stress∗
Strain

tan δ = G"

G′

η∗ = G∗
ω

η∗ = η′ − iη"

Presenter Notes
Presentation Notes
An elastic stress in phase with the strain. G' is the degree to which material behaves like an elastic solid.A viscous stress in phase with the strain rate. G” is the degree to which material behaves like an ideal liquid.
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Storage and Loss of a Viscoelastic Material

Dynamic measurement 
represented as a vector
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Dynamic Oscillation Methods

• Stress, strain, or amplitude sweep
• Time sweep
• Frequency sweep
• Temperature ramp
• Temperature sweep (or step)

 Time temperature superposition (TTS)

HR
or

DHR

ARES
G2

https://www.tainstruments.com/a-practical-approach-to-rheology/
https://www.tainstruments.com/recorded-theory-applications-training/

https://www.tainstruments.com/a-practical-approach-to-rheology/
https://www.tainstruments.com/recorded-theory-applications-training/
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Dynamic Strain or Stress Sweep 

• The material response to 
increasing deformation amplitude 
(strain or stress) is monitored at 
a constant frequency and 
temperature

• In TRIOS: Amplitude
Time

St
re

ss
 o

r s
tra

in

USES

• Measure sample LVR

• Measure yield stress

• Measure non-linear viscoelastic 
properties （LAOS)
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Linear and Non-linear Viscoelasticity
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LDPE Frequency Sweep 180°C

LAOS
 Nonlinear region: Sinusoidal excitation 
 Non-sinusoidal response
 Represented in frequency domain by 

fundamental and additional harmonics

SAOS
 Linear region: Sinusoidal excitation 

Sinusoidal response
 Represented by fundamental in frequency 

domain

End of LVR
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Yield Stress of Mayonnaise
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Yield=53.8 Pa

• Dynamic stress/strain sweep test on Mayonnaise
• Yield stress is signified at the onset of G’ vs. stress curve
• Yield determined by this method indicates the critical stress at which irreversible plastic 

deformation occurs

Chen apps note: AAN-017 

Presenter Notes
Presentation Notes
Yield stress with oscillation tests are frequency dependent. 
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Creams/Lotions: Predict Stability
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Stability, phase separation of a cosmetic cream

Presenter Notes
Presentation Notes
High strain - modulus drops in one sample – more likely to phase separate than the sample where modulus does not change significantly with strain.Low strain – higher modulus – indication of storage stability under non-deformation conditions.
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LAOS Analysis of a soft cosmetic cream

• Geometry: Sandblasted parallel plates

• TA Webinar -
Professor Gareth H. 
Mckinley

https://www.tainstruments.com/rheo
logical-fingerprinting-of-complex-
fluids-ta-instruments-webinar/

https://www.tainstruments.com/rheological-fingerprinting-of-complex-fluids-ta-instruments-webinar/


TAINSTRUMENTS.COMTAINSTRUMENTS.COM

Dynamic Time Sweep

• The material response  is 
monitored at a constant 
frequency, amplitude and 
temperature. 

• In TRIOS: Time

USES
• Cure Studies

• Stability against thermal degradation

• Time dependent Thixotropy

Time
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Epoxy Curing
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Crossover modulus: 20087.2 Pa
Crossover x value: 87.6848 s

https://www.tainstruments.com/thermal-rheological-and-mechanical-characterizations-of-thermosets/
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Using Time Sweep to Evaluate Polymer Melt Stability

PP at 230°C ( degradation) PET at 280°C ( crosslinking)

Dynamic time sweep: Determine if melt properties are changing over time
‒ Decrease in viscosity  Degradation (chain scission, MW decreases) 
‒ Increase in viscosity  Crosslinking (MW increases)

https://register.gotowebinar.com/register/3909935239496367883?source=CW+webvision

https://register.gotowebinar.com/register/3909935239496367883?source=CW+webvision
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Stepped Time Sweep Method for Thixotropy Measurement

Experimental:
Step 1: Dynamic time sweep within LVR, structure at rest
Step 2: Dynamic time sweep outside LVR, structural destruction
Step 3: Dynamic time sweep within LVR, structural regeneration
Good for measuring high viscosity samples

St
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Blue Paint: Stepped Time Sweep
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Chen apps note: RH106 
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Frequency Sweep

• The material response to increasing 
frequency (rate of deformation) is 
monitored at a constant amplitude 
(strain or stress) and temperature. 

• In TRIOS: FrequencyA
m

pl
it

ud
e

Time

USES

• Measure polymer relaxation

• Measure polymer Mw/ MWD

• Scouting differences of viscoelastic 
properties between formulations
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AmpSwp

		

				w		t		cos(wt)		A		A*cos(wt)

				0.51025		0		1		0		0

				0.51025		1		0.8726224361		0.01		0.0087262244

				0.51025		2		0.5229398318		0.02		0.0104587966

				0.51025		3		0.0400356239		0.03		0.0012010687

				0.51025		4		-0.4530678646		0.04		-0.0181227146

				0.51025		5		-0.8307499912		0.05		-0.0415374996

				0.51025		6		-0.9967942976		0.06		-0.0598076579

				0.51025		7		-0.9089001453		0.07		-0.0636230102

				0.51025		8		-0.5894590202		0.08		-0.0471567216

				0.51025		9		-0.1198501871		0.09		-0.0107865168

				0.51025		10		0.3802910958		0.1		0.0380291096

				0.51025		11		0.783551272		0.11		0.0861906399

				0.51025		12		0.9871977436		0.12		0.1184637292

				0.51025		13		0.9393505279		0.13		0.1221155686

				0.51025		14		0.6521989482		0.14		0.0913078528

				0.51025		15		0.1988963422		0.15		0.0298344513

				0.51025		16		-0.305076127		0.16		-0.0488121803

				0.51025		17		-0.7313288884		0.17		-0.124325911

				0.51025		18		-0.9712718653		0.18		-0.1748289358

				0.51025		19		-0.963778354		0.19		-0.1831178873

				0.51025		20		-0.7107573649		0.2		-0.142151473

				0.51025		21		-0.2766672924		0.21		-0.0581001314

				0.51025		22		0.2279051916		0.22		0.0501391422

				0.51025		23		0.6744176593		0.23		0.1551160616

				0.51025		24		0.94911877		0.24		0.2277885048

				0.51025		25		0.9820270071		0.25		0.2455067518

				0.51025		26		0.7647588284		0.26		0.1988372954

				0.51025		27		0.3526644165		0.27		0.0952193925

				0.51025		28		-0.1492730638		0.28		-0.0417964579

				0.51025		29		-0.6131824657		0.29		-0.1778229151

				0.51025		30		-0.9208804901		0.3		-0.276264147

				0.51025		31		-0.9939794875		0.31		-0.3081336411

				0.51025		32		-0.8138571135		0.32		-0.2604342763

				0.51025		33		-0.4264004664		0.33		-0.1407121539

				0.51025		34		0.069683886		0.34		0.0236925212

				0.51025		35		0.5480159111		0.35		0.1918055689

				0.51025		36		0.8867380727		0.36		0.3192257062

				0.51025		37		0.9995591632		0.37		0.3698368904

				0.51025		38		0.8577374313		0.38		0.3259402239

				0.51025		39		0.4974026904		0.39		0.1939870492

				0.51025		40		0.0103520634		0.4		0.0041408254

				0.51025		41		-0.4793358047		0.41		-0.1965276799

				0.51025		42		-0.8469104187		0.42		-0.3557023758

				0.51025		43		-0.9987302606		0.43		-0.4294540121

				0.51025		44		-0.8961184473		0.44		-0.3942921168

				0.51025		45		-0.5652158643		0.45		-0.2543471389

				0.51025		46		-0.0903216416		0.46		-0.0415479551

				0.51025		47		0.4075824825		0.47		0.1915637668

				0.51025		48		0.8016528792		0.48		0.384793382

				0.51025		49		0.9914980941		0.49		0.4858340661

				0.51025		50		0.9287540852		0.5		0.4643770426

				0.51025		51		0.6294052106		0.51		0.3209966574
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				w		t		cos(wt)		A		A*cos(wt)

				0.0785		0		1		1		1

				0.07866		1		0.996907897		1		0.996907897

				0.07882		2		0.9876005248		1		0.9876005248

				0.07898		3		0.9720607961		1		0.9720607961

				0.07914		4		0.9503119085		1		0.9503119085

				0.0793		5		0.9224183139		1		0.9224183139

				0.07946		6		0.888486429		1		0.888486429

				0.07962		7		0.8486650672		1		0.8486650672

				0.07978		8		0.803145579		1		0.803145579

				0.07994		9		0.7521616872		1		0.7521616872

				0.0801		10		0.695989005		1		0.695989005

				0.08026		11		0.6349442282		1		0.6349442282

				0.08042		12		0.5693839939		1		0.5693839939

				0.08058		13		0.4997034013		1		0.4997034013

				0.08074		14		0.4263341919		1		0.4263341919

				0.0809		15		0.3497425897		1		0.3497425897

				0.08106		16		0.2704268049		1		0.2704268049

				0.08122		17		0.1889142078		1		0.1889142078

				0.08138		18		0.1057581806		1		0.1057581806

				0.08154		19		0.021534662		1		0.021534662

				0.0817		20		-0.0631616016		1		-0.0631616016

				0.08186		21		-0.1477210784		1		-0.1477210784

				0.08202		22		-0.2315237245		1		-0.2315237245

				0.08218		23		-0.3139434843		1		-0.3139434843

				0.08234		24		-0.3943529872		1		-0.3943529872

				0.0825		25		-0.4721284113		1		-0.4721284113

				0.08266		26		-0.5466544775		1		-0.5466544775

				0.08282		27		-0.6173295385		1		-0.6173295385

				0.08298		28		-0.683570722		1		-0.683570722

				0.08314		29		-0.7448190861		1		-0.7448190861

				0.0833		30		-0.8005447429		1		-0.8005447429

				0.08346		31		-0.8502519047		1		-0.8502519047

				0.08362		32		-0.8934838054		1		-0.8934838054

				0.08378		33		-0.9298274493		1		-0.9298274493

				0.08394		34		-0.9589181377		1		-0.9589181377

				0.0841		35		-0.9804437261		1		-0.9804437261

				0.08426		36		-0.9941485618		1		-0.9941485618

				0.08442		37		-0.9998370553		1		-0.9998370553

				0.08458		38		-0.9973768386		1		-0.9973768386

				0.08474		39		-0.9867014669		1		-0.9867014669

				0.0849		40		-0.9678126199		1		-0.9678126199

				0.08506		41		-0.940781765		1		-0.940781765

				0.08522		42		-0.9057512464		1		-0.9057512464

				0.08538		43		-0.8629347678		1		-0.8629347678

				0.08554		44		-0.8126172416		1		-0.8126172416

				0.0857		45		-0.7551539833		1		-0.7551539833

				0.08586		46		-0.6909692325		1		-0.6909692325

				0.08602		47		-0.6205539917		1		-0.6205539917

				0.08618		48		-0.5444631767		1		-0.5444631767

				0.08634		49		-0.4633120814		1		-0.4633120814

				0.0865		50		-0.3777721662		1		-0.3777721662

				0.08666		51		-0.2885661858		1		-0.2885661858

				0.08682		52		-0.1964626802		1		-0.1964626802

				0.08698		53		-0.1022698605		1		-0.1022698605

				0.08714		54		-0.0068289273		1		-0.0068289273

				0.0873		55		0.0889931314		1		0.0889931314

				0.08746		56		0.1843112095		1		0.1843112095

				0.08762		57		0.2782301594		1		0.2782301594

				0.08778		58		0.3698532074		1		0.3698532074

				0.08794		59		0.4582906346		1		0.4582906346

				0.0881		60		0.5426686448		1		0.5426686448

				0.08826		61		0.6221383318		1		0.6221383318

				0.08842		62		0.6958846595		1		0.6958846595

				0.08858		63		0.7631353596		1		0.7631353596

				0.08874		64		0.8231696507		1		0.8231696507

				0.0889		65		0.8753266818		1		0.8753266818

				0.08906		66		0.9190135986		1		0.9190135986

				0.08922		67		0.9537131353		1		0.9537131353

				0.08938		68		0.9789906329		1		0.9789906329

				0.08954		69		0.9945003883		1		0.9945003883

				0.0897		70		0.9999912416		1		0.9999912416

				0.08986		71		0.9953113155		1		0.9953113155

				0.09002		72		0.980411824		1		0.980411824

				0.09018		73		0.9553498773		1		0.9553498773

				0.09034		74		0.9202902171		1		0.9202902171

				0.0905		75		0.8755058256		1		0.8755058256

				0.09066		76		0.8213773643		1		0.8213773643

				0.09082		77		0.758391408		1		0.758391408

				0.09098		78		0.6871374529		1		0.6871374529

				0.09114		79		0.6083036934		1		0.6083036934

				0.0913		80		0.5226715714		1		0.5226715714

				0.09146		81		0.4311091227		1		0.4311091227

				0.09162		82		0.3345631553		1		0.3345631553

				0.09178		83		0.2340503126		1		0.2340503126

				0.09194		84		0.1306470881		1		0.1306470881

				0.0921		85		0.0254788765		1		0.0254788765

				0.09226		86		-0.0802918441		1		-0.0802918441

				0.09242		87		-0.185478084		1		-0.185478084

				0.09258		88		-0.2888815437		1		-0.2888815437

				0.09274		89		-0.3893063071		1		-0.3893063071

				0.0929		90		-0.4855728761		1		-0.4855728761

				0.09306		91		-0.576532387		1		-0.576532387

				0.09322		92		-0.6610808415		1		-0.6610808415

				0.09338		93		-0.7381731763		1		-0.7381731763

				0.09354		94		-0.8068369929		1		-0.8068369929

				0.0937		95		-0.8661857666		1		-0.8661857666

				0.09386		96		-0.915431351		1		-0.915431351

				0.09402		97		-0.9538955993		1		-0.9538955993

				0.09418		98		-0.981020928		1		-0.981020928

				0.09434		99		-0.996379653		1		-0.996379653

				0.0945		100		-0.9996819412		1		-0.9996819412

				0.09466		101		-0.9907822318		1		-0.9907822318

				0.09482		102		-0.969683994		1		-0.969683994

				0.09498		103		-0.9365427088		1		-0.9365427088

				0.09514		104		-0.8916669785		1		-0.8916669785

				0.0953		105		-0.8355176914		1		-0.8355176914

				0.09546		106		-0.768705191		1		-0.768705191

				0.09562		107		-0.6919844242		1		-0.6919844242

				0.09578		108		-0.6062480714		1		-0.6062480714

				0.09594		109		-0.5125176866		1		-0.5125176866

				0.0961		110		-0.4119329039		1		-0.4119329039

				0.09626		111		-0.3057387986		1		-0.3057387986

				0.09642		112		-0.1952715155		1		-0.1952715155

				0.09658		113		-0.0819423085		1		-0.0819423085

				0.09674		114		0.0327798392		1		0.0327798392

				0.0969		115		0.1473868169		1		0.1473868169

				0.09706		116		0.2603509907		1		0.2603509907

				0.09722		117		0.3701455671		1		0.3701455671

				0.09738		118		0.4752654531		1		0.4752654531

				0.09754		119		0.5742483364		1		0.5742483364

				0.0977		120		0.6656956903		1		0.6656956903

				0.09786		121		0.7482934065		1		0.7482934065

				0.09802		122		0.8208317457		1		0.8208317457

				0.09818		123		0.8822243021		1		0.8822243021

				0.09834		124		0.9315256759		1		0.9315256759

				0.0985		125		0.9679475608		1		0.9679475608

				0.09866		126		0.9908729626		1		0.9908729626

				0.09882		127		0.9998682865		1		0.9998682865

				0.09898		128		0.9946930515		1		0.9946930515

				0.09914		129		0.9753070172		1		0.9753070172

				0.0993		130		0.9418745414		1		0.9418745414

				0.09946		131		0.8947660217		1		0.8947660217

				0.09962		132		0.8345563133		1		0.8345563133

				0.09978		133		0.7620200597		1		0.7620200597

				0.09994		134		0.6781239159		1		0.6781239159

				0.1001		135		0.5840156918		1		0.5840156918

				0.10026		136		0.4810104951		1		0.4810104951

				0.10042		137		0.3705739971		1		0.3705739971

				0.10058		138		0.2543029994		1		0.2543029994

				0.10074		139		0.1339035258		1		0.1339035258

				0.1009		140		0.0111667091		1		0.0111667091

				0.10106		141		-0.11205721		1		-0.11205721

				0.10122		142		-0.2338864164		1		-0.2338864164

				0.10138		143		-0.3524361932		1		-0.3524361932

				0.10154		144		-0.4658483102		1		-0.4658483102

				0.1017		145		-0.5723206757		1		-0.5723206757

				0.10186		146		-0.6701367845		1		-0.6701367845

				0.10202		147		-0.7576944785		1		-0.7576944785

				0.10218		148		-0.833533534		1		-0.833533534

				0.10234		149		-0.8963615929		1		-0.8963615929

				0.1025		150		-0.945077965		1		-0.945077965

				0.10266		151		-0.9787948506		1		-0.9787948506

				0.10282		152		-0.9968555589		1		-0.9968555589

				0.10298		153		-0.9988493373		1		-0.9988493373

				0.10314		154		-0.9846224677		1		-0.9846224677

				0.1033		155		-0.9542853406		1		-0.9542853406

				0.10346		156		-0.9082152778		1		-0.9082152778

				0.10362		157		-0.847054936		1		-0.847054936

				0.10378		158		-0.7717062002		1		-0.7717062002

				0.10394		159		-0.6833195441		1		-0.6833195441

				0.1041		160		-0.58327892		1		-0.58327892

				0.10426		161		-0.4731823139		1		-0.4731823139

				0.10442		162		-0.3548181875		1		-0.3548181875

				0.10458		163		-0.230138105		1		-0.230138105

				0.10474		164		-0.101225921		1		-0.101225921

				0.1049		165		0.0297360213		1		0.0297360213

				0.10506		166		0.1605031644		1		0.1605031644

				0.10522		167		0.2888069059		1		0.2888069059

				0.10538		168		0.4123940327		1		0.4123940327

				0.10554		169		0.5290667463		1		0.5290667463

				0.1057		170		0.6367225754		1		0.6367225754

				0.10586		171		0.73339345		1		0.73339345

				0.10602		172		0.8172832042		1		0.8172832042

				0.10618		173		0.8868027822		1		0.8868027822

				0.10634		174		0.9406024398		1		0.9406024398

				0.1065		175		0.9776002709		1		0.9776002709

				0.10666		176		0.9970064304		1		0.9970064304

				0.10682		177		0.998342495		1		0.998342495

				0.10698		178		0.9814554679		1		0.9814554679

				0.10714		179		0.9465260278		1		0.9465260278

				0.1073		180		0.8940707154		1		0.8940707154

				0.10746		181		0.8249378578		1		0.8249378578

				0.10762		182		0.740297146		1		0.740297146

				0.10778		183		0.6416229		1		0.6416229

				0.10794		184		0.5306711791		1		0.5306711791

				0.1081		185		0.4094510201		1		0.4094510201

				0.10826		186		0.2801902081		1		0.2801902081

				0.10842		187		0.1452961065		1		0.1452961065

				0.10858		188		0.0073121832		1		0.0073121832

				0.10874		189		-0.1311290238		1		-0.1311290238

				0.1089		190		-0.2673556649		1		-0.2673556649

				0.10906		191		-0.398708147		1		-0.398708147

				0.10922		192		-0.5225915312		1		-0.5225915312

				0.10938		193		-0.6365277357		1		-0.6365277357

				0.10954		194		-0.7382064915		1		-0.7382064915

				0.1097		195		-0.8255339933		1		-0.8255339933

				0.10986		196		-0.8966782042		1		-0.8966782042

				0.11002		197		-0.9501098076		1		-0.9501098076

				0.11018		198		-0.9846378645		1		-0.9846378645

				0.11034		199		-0.9994393101		1		-0.9994393101

				0.1105		200		-0.9940815309		1		-0.9940815309

				0.11066		201		-0.9685373827		1		-0.9685373827

				0.11082		202		-0.9231921489		1		-0.9231921489

				0.11098		203		-0.8588420965		1		-0.8588420965

				0.11114		204		-0.7766844504		1		-0.7766844504

				0.1113		205		-0.6782987854		1		-0.6782987854

				0.11146		206		-0.5656200185		1		-0.5656200185

				0.11162		207		-0.4409033681		1		-0.4409033681

				0.11178		208		-0.3066818276		1		-0.3066818276

				0.11194		209		-0.1657168839		1		-0.1657168839

				0.1121		210		-0.0209433706		1		-0.0209433706

				0.11226		211		0.1245904934		1		0.1245904934

				0.11242		212		0.2677867002		1		0.2677867002

				0.11258		213		0.4055633867		1		0.4055633867

				0.11274		214		0.534921723		1		0.534921723

				0.1129		215		0.6530123095		1		0.6530123095

				0.11306		216		0.7571996085		1		0.7571996085

				0.11322		217		0.845122937		1		0.845122937

				0.11338		218		0.9147525826		1		0.9147525826

				0.11354		219		0.964439674		1		0.964439674

				0.1137		220		0.9929585395		1		0.9929585395

				0.11386		221		0.9995404213		1		0.9995404213

				0.11402		222		0.983897577		1		0.983897577

				0.11418		223		0.9462369965		1		0.9462369965

				0.11434		224		0.8872631723		1		0.8872631723

				0.1145		225		0.8081696034		1		0.8081696034

				0.11466		226		0.7106189625		1		0.7106189625

				0.11482		227		0.5967121149		1		0.5967121149

				0.11498		228		0.4689464482		1		0.4689464482

				0.11514		229		0.3301642291		1		0.3301642291

				0.1153		230		0.1834919604		1		0.1834919604

				0.11546		231		0.0322719511		1		0.0322719511

				0.11562		232		-0.1200124713		1		-0.1200124713

				0.11578		233		-0.2698164865		1		-0.2698164865

				0.11594		234		-0.4136162662		1		-0.4136162662

				0.1161		235		-0.5479925226		1		-0.5479925226

				0.11626		236		-0.669713144		1		-0.669713144

				0.11642		237		-0.7758129126		1		-0.7758129126

				0.11658		238		-0.8636683137		1		-0.8636683137

				0.11674		239		-0.9310655131		1		-0.9310655131

				0.1169		240		-0.9762596909		1		-0.9762596909

				0.11706		241		-0.9980240885		1		-0.9980240885

				0.11722		242		-0.9956873301		1		-0.9956873301

				0.11738		243		-0.9691578335		1		-0.9691578335

				0.11754		244		-0.9189344154		1		-0.9189344154

				0.1177		245		-0.8461025124		1		-0.8461025124

				0.11786		246		-0.7523157901		1		-0.7523157901

				0.11802		247		-0.6397632667		1		-0.6397632667

				0.11818		248		-0.511122453		1		-0.511122453

				0.11834		249		-0.3694993732		1		-0.3694993732

				0.1185		250		-0.218356692		1		-0.218356692

				0.11866		251		-0.0614315047		1		-0.0614315047

				0.11882		252		0.0973553412		1		0.0973553412

				0.11898		253		0.2539962628		1		0.2539962628

				0.11914		254		0.4044979428		1		0.4044979428

				0.1193		255		0.5449837981		1		0.5449837981

				0.11946		256		0.6717952935		1		0.6717952935

				0.11962		257		0.7815894409		1		0.7815894409

				0.11978		258		0.871429854		1		0.871429854

				0.11994		259		0.9388688309		1		0.9388688309

				0.1201		260		0.9820181068		1		0.9820181068

				0.12026		261		0.9996061606		1		0.9996061606

				0.12042		262		0.9910202609		1		0.9910202609

				0.12058		263		0.9563317988		1		0.9563317988

				0.12074		264		0.8963038663		1		0.8963038663

				0.1209		265		0.8123804901		1		0.8123804901

				0.12106		266		0.7066574131		1		0.7066574131

				0.12122		267		0.5818348105		1		0.5818348105

				0.12138		268		0.441152836		1		0.441152836

				0.12154		269		0.2883113786		1		0.2883113786

				0.1217		270		0.1273758859		1		0.1273758859

				0.12186		271		-0.0373284629		1		-0.0373284629

				0.12202		272		-0.2013315696		1		-0.2013315696

				0.12218		273		-0.3601392334		1		-0.3601392334

				0.12234		274		-0.5093567456		1		-0.5093567456

				0.1225		275		-0.64481188		1		-0.64481188

				0.12266		276		-0.7626738268		1		-0.7626738268

				0.12282		277		-0.8595646439		1		-0.8595646439

				0.12298		278		-0.9326599296		1		-0.9326599296

				0.12314		279		-0.9797756383		1		-0.9797756383

				0.1233		280		-0.9994382846		1		-0.9994382846

				0.12346		281		-0.9909361823		1		-0.9909361823

				0.12362		282		-0.9543498567		1		-0.9543498567

				0.12378		283		-0.8905603158		1		-0.8905603158

				0.12394		284		-0.8012344802		1		-0.8012344802

				0.1241		285		-0.6887877129		1		-0.6887877129

				0.12426		286		-0.556324059		1		-0.556324059

				0.12442		287		-0.4075554692		1		-0.4075554692

				0.12458		288		-0.2467019331		1		-0.2467019331

				0.12474		289		-0.0783750553		1		-0.0783750553

				0.1249		290		0.092551841		1		0.092551841

				0.12506		291		0.2610835201		1		0.2610835201

				0.12522		292		0.4222486078		1		0.4222486078

				0.12538		293		0.5712471153		1		0.5712471153

				0.12554		294		0.7035953392		1		0.7035953392

				0.1257		295		0.8152637376		1		0.8152637376

				0.12586		296		0.9028034874		1		0.9028034874

				0.12602		297		0.9634576673		1		0.9634576673

				0.12618		298		0.9952533797		1		0.9952533797

				0.12634		299		0.9970716202		1		0.9970716202

				0.1265		300		0.9686923061		1		0.9686923061

				0.12666		301		0.9108125796		1		0.9108125796

				0.12682		302		0.82503728		1		0.82503728

				0.12698		303		0.7138413144		1		0.7138413144

				0.12714		304		0.5805045266		1		0.5805045266

				0.1273		305		0.4290205327		1		0.4290205327

				0.12746		306		0.2639818449		1		0.2639818449

				0.12762		307		0.090444405		1		0.090444405

				0.12778		308		-0.0862246289		1		-0.0862246289

				0.12794		309		-0.2605113761		1		-0.2605113761

				0.1281		310		-0.4269270461		1		-0.4269270461

				0.12826		311		-0.5801817586		1		-0.5801817586

				0.12842		312		-0.7153548698		1		-0.7153548698

				0.12858		313		-0.8280562858		1		-0.8280562858

				0.12874		314		-0.914573406		1		-0.914573406

				0.1289		315		-0.971998677		1		-0.971998677

				0.12906		316		-0.9983332498		1		-0.9983332498

				0.12922		317		-0.9925629047		1		-0.9925629047

				0.12938		318		-0.9547032269		1		-0.9547032269

				0.12954		319		-0.8858119495		1		-0.8858119495

				0.1297		320		-0.7879674167		1		-0.7879674167

				0.12986		321		-0.6642132095		1		-0.6642132095

				0.13002		322		-0.5184701013		1		-0.5184701013

				0.13018		323		-0.3554176219		1		-0.3554176219

				0.13034		324		-0.1803485728		1		-0.1803485728

				0.1305		325		0.0009991764		1		0.0009991764

				0.13066		326		0.1826284246		1		0.1826284246

				0.13082		327		0.358480008		1		0.358480008

				0.13098		328		0.5226353745		1		0.5226353745

				0.13114		329		0.6695176128		1		0.6695176128

				0.1313		330		0.7940840845		1		0.7940840845

				0.13146		331		0.8920039363		1		0.8920039363

				0.13162		332		0.9598141375		1		0.9598141375

				0.13178		333		0.9950482789		1		0.9950482789

				0.13194		334		0.9963331812		1		0.9963331812

				0.1321		335		0.9634493614		1		0.9634493614

				0.13226		336		0.8973525729		1		0.8973525729

				0.13242		337		0.8001549287		1		0.8001549287

				0.13258		338		0.675065497		1		0.675065497

				0.13274		339		0.5262916773		1		0.5262916773

				0.1329		340		0.3589040775		1		0.3589040775

				0.13306		341		0.1786689601		1		0.1786689601

				0.13322		342		-0.0081464328		1		-0.0081464328

				0.13338		343		-0.1949892825		1		-0.1949892825

				0.13354		344		-0.3752500499		1		-0.3752500499

				0.1337		345		-0.5424968671		1		-0.5424968671

				0.13386		346		-0.6907071723		1		-0.6907071723

				0.13402		347		-0.8144882086		1		-0.8144882086

				0.13418		348		-0.9092782287		1		-0.9092782287

				0.13434		349		-0.9715207644		1		-0.9715207644

				0.1345		350		-0.9988051316		1		-0.9988051316

				0.13466		351		-0.9899674262		1		-0.9899674262

				0.13482		352		-0.945147585		1		-0.945147585

				0.13498		353		-0.8657996053		1		-0.8657996053

				0.13514		354		-0.7546536794		1		-0.7546536794

				0.1353		355		-0.6156307542		1		-0.6156307542

				0.13546		356		-0.4537117997		1		-0.4537117997

				0.13562		357		-0.2747658112		1		-0.2747658112

				0.13578		358		-0.0853421943		1		-0.0853421943

				0.13594		359		0.1075653545		1		0.1075653545

				0.1361		360		0.2967751386		1		0.2967751386

				0.13626		361		0.4751846437		1		0.4751846437

				0.13642		362		0.6360387237		1		0.6360387237

				0.13658		363		0.7731886465		1		0.7731886465

				0.13674		364		0.8813319886		1		0.8813319886

				0.1369		365		0.9562238831		1		0.9562238831

				0.13706		366		0.9948510201		1		0.9948510201

				0.13722		367		0.9955610458		1		0.9955610458

				0.13738		368		0.9581415742		1		0.9581415742

				0.13754		369		0.8838448467		1		0.8838448467

				0.1377		370		0.7753561066		1		0.7753561066

				0.13786		371		0.6367059035		1		0.6367059035

				0.13802		372		0.4731287411		1		0.4731287411

				0.13818		373		0.2908726364		1		0.2908726364

				0.13834		374		0.0969661845		1		0.0969661845

				0.1385		375		-0.1010484567		1		-0.1010484567

				0.13866		376		-0.2954067257		1		-0.2954067257

				0.13882		377		-0.4784258508		1		-0.4784258508

				0.13898		378		-0.6428102192		1		-0.6428102192

				0.13914		379		-0.7819457642		1		-0.7819457642

				0.1393		380		-0.8901713993		1		-0.8901713993

				0.13946		381		-0.9630161999		1		-0.9630161999

				0.13962		382		-0.9973921786		1		-0.9973921786

				0.13978		383		-0.9917340859		1		-0.9917340859

				0.13994		384		-0.9460796382		1		-0.9460796382

				0.1401		385		-0.862085866		1		-0.862085866

				0.14026		386		-0.7429797932		1		-0.7429797932

				0.14042		387		-0.593444313		1		-0.593444313

				0.14058		388		-0.419442808		1		-0.419442808

				0.14074		389		-0.2279886601		1		-0.2279886601

				0.1409		390		-0.0268682041		1		-0.0268682041

				0.14106		391		0.1756722166		1		0.1756722166

				0.14122		392		0.3712627149		1		0.3712627149

				0.14138		393		0.5517562382		1		0.5517562382

				0.14154		394		0.7095705535		1		0.7095705535

				0.1417		395		0.8380114258		1		0.8380114258

				0.14186		396		0.9315630749		1		0.9315630749

				0.14202		397		0.9861330938		1		0.9861330938

				0.14218		398		0.9992406785		1		0.9992406785

				0.14234		399		0.9701392083		1		0.9701392083

				0.1425		400		0.899866827		1		0.899866827

				0.14266		401		0.7912216327		1		0.7912216327

				0.14282		402		0.648661247		1		0.648661247

				0.14298		403		0.4781297853		1		0.4781297853

				0.14314		404		0.2868184482		1		0.2868184482

				0.1433		405		0.08286895		1		0.08286895

				0.14346		406		-0.1249683277		1		-0.1249683277

				0.14362		407		-0.3277073589		1		-0.3277073589

				0.14378		408		-0.5165149286		1		-0.5165149286

				0.14394		409		-0.6830977854		1		-0.6830977854

				0.1441		410		-0.820071476		1		-0.820071476

				0.14426		411		-0.9212943166		1		-0.9212943166

				0.14442		412		-0.9821511677		1		-0.9821511677

				0.14458		413		-0.9997735982		1		-0.9997735982

				0.14474		414		-0.9731855918		1		-0.9731855918

				0.1449		415		-0.9033670523		1		-0.9033670523

				0.14506		416		-0.7932308948		1		-0.7932308948

				0.14522		417		-0.6475133034		1		-0.6475133034

				0.14538		418		-0.4725806372		1		-0.4725806372

				0.14554		419		-0.2761603035		1		-0.2761603035

				0.1457		420		-0.0670065017		1		-0.0670065017

				0.14586		421		0.1454850836		1		0.1454850836

				0.14602		422		0.3516969566		1		0.3516969566

				0.14618		423		0.542225275		1		0.542225275

				0.14634		424		0.7083114345		1		0.7083114345

				0.1465		425		0.8422499022		1		0.8422499022

				0.14666		426		0.9377531299		1		0.9377531299

				0.14682		427		0.9902559943		1		0.9902559943

				0.14698		428		0.997144668		1		0.997144668

				0.14714		429		0.9578980539		1		0.9578980539

				0.1473		430		0.8741337584		1		0.8741337584

				0.14746		431		0.7495548941		1		0.7495548941

				0.14762		432		0.5897985812		1		0.5897985812

				0.14778		433		0.4021916637		1		0.4021916637

				0.14794		434		0.1954236382		1		0.1954236382

				0.1481		435		-0.0208490906		1		-0.0208490906

				0.14826		436		-0.2364499874		1		-0.2364499874

				0.14842		437		-0.441159781		1		-0.441159781

				0.14858		438		-0.6252022143		1		-0.6252022143

				0.14874		439		-0.7797150545		1		-0.7797150545

				0.1489		440		-0.8971835386		1		-0.8971835386

				0.14906		441		-0.9718148024		1		-0.9718148024

				0.14922		442		-0.9998342804		1		-0.9998342804

				0.14938		443		-0.9796884854		1		-0.9796884854

				0.14954		444		-0.9121428263		1		-0.9121428263

				0.1497		445		-0.8002680206		1		-0.8002680206

				0.14986		446		-0.6493139826		1		-0.6493139826

				0.15002		447		-0.4664755562		1		-0.4664755562

				0.15018		448		-0.2605598637		1		-0.2605598637

				0.15034		449		-0.0415700702		1		-0.0415700702

				0.1505		450		0.1797752241		1		0.1797752241

				0.15066		451		0.3925641999		1		0.3925641999

				0.15082		452		0.586230385		1		0.586230385

				0.15098		453		0.7510810215		1		0.7510810215

				0.15114		454		0.8787887		1		0.8787887

				0.1513		455		0.9628210682		1		0.9628210682

				0.15146		456		0.9987860664		1		0.9987860664

				0.15162		457		0.9846739794		1		0.9846739794

				0.15178		458		0.9209824604		1		0.9209824604

				0.15194		459		0.8107163581		1		0.8107163581

				0.1521		460		0.6592603938		1		0.6592603938

				0.15226		461		0.4741291749		1		0.4741291749

				0.15242		462		0.2646053914		1		0.2646053914

				0.15258		463		0.0412829705		1		0.0412829705

				0.15274		464		-0.1844628389		1		-0.1844628389

				0.1529		465		-0.4010523061		1		-0.4010523061

				0.15306		466		-0.5972959346		1		-0.5972959346

				0.15322		467		-0.7629765393		1		-0.7629765393

				0.15338		468		-0.889388271		1		-0.889388271

				0.15354		469		-0.9698038607		1		-0.9698038607

				0.1537		470		-0.9998445774		1		-0.9998445774

				0.15386		471		-0.9777320339		1		-0.9777320339

				0.15402		472		-0.9044067961		1		-0.9044067961

				0.15418		473		-0.7835055027		1		-0.7835055027

				0.15434		474		-0.6211955269		1		-0.6211955269

				0.1545		475		-0.4258737422		1		-0.4258737422

				0.15466		476		-0.2077432988		1		-0.2077432988

				0.15482		477		0.0217109346		1		0.0217109346

				0.15498		478		0.2503218171		1		0.2503218171

				0.15514		479		0.4658833344		1		0.4658833344

				0.1553		480		0.6568040958		1		0.6568040958

				0.15546		481		0.8127359175		1		0.8127359175

				0.15562		482		0.9251431996		1		0.9251431996

				0.15578		483		0.9877813918		1		0.9877813918

				0.15594		484		0.9970572135		1		0.9970572135

				0.1561		485		0.9522492416		1		0.9522492416

				0.15626		486		0.8555747223		1		0.8555747223

				0.15642		487		0.7120966316		1		0.7120966316

				0.15658		488		0.529473671		1		0.529473671

				0.15674		489		0.3175645813		1		0.3175645813

				0.1569		490		0.0879064008		1		0.0879064008

				0.15706		491		-0.1469063788		1		-0.1469063788

				0.15722		492		-0.3739088294		1		-0.3739088294

				0.15738		493		-0.5804815783		1		-0.5804815783

				0.15754		494		-0.7550563027		1		-0.7550563027

				0.1577		495		-0.8877711445		1		-0.8877711445

				0.15786		496		-0.9710385731		1		-0.9710385731

				0.15802		497		-0.999992487		1		-0.999992487

				0.15818		498		-0.9727875709		1		-0.9727875709

				0.15834		499		-0.890731805		1		-0.890731805

				0.1585		500		-0.7582421472		1		-0.7582421472

				0.15866		501		-0.582623285		1		-0.582623285

				0.15882		502		-0.3736794368		1		-0.3736794368

				0.15898		503		-0.1431788985		1		-0.1431788985

				0.15914		504		0.0958001878		1		0.0958001878

				0.1593		505		0.3296070472		1		0.3296070472

				0.15946		506		0.5447972659		1		0.5447972659

				0.15962		507		0.7289092358		1		0.7289092358

				0.15978		508		0.8711930975		1		0.8711930975

				0.15994		509		0.9632492084		1		0.9632492084

				0.1601		510		0.9995376822		1		0.9995376822

				0.16026		511		0.9777274085		1		0.9777274085

				0.16042		512		0.8988618072		1		0.8988618072

				0.16058		513		0.7673289305		1		0.7673289305

				0.16074		514		0.5906348234		1		0.5906348234

				0.1609		515		0.3789906357		1		0.3789906357

				0.16106		516		0.1447351711		1		0.1447351711
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Differences in Viscoelasticity using Frequency Sweep
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Frequency Sweep – Lotions
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40 mm parallel plates
0.1% strain and  25˚ C

• Quantitative comparison on different formulations
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Contact Lens Visco-elasticity
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• Compare frequency dependency of contact lens’ elasticity

T Chen, TA apps note RH124
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Melt Rheology Testing – ASTM D4440

 ASTM 4440 – “Dynamic Mechanical Properties, Melt Rheology”

PP frequency sweep at 200°C

 Dynamic frequency sweep at the molten temperature

 Sample moduli (G’, G” and G*) and 
complex viscosity is measured 
isothermally as a function of 
frequency (shear rate)

 The measured complex viscosity vs. 
frequency can be converted to shear 
viscosity vs. shear rates using the 
Cox-Merz Rule

https://register.gotowebinar.com/register/3909935239496367883?sour
ce=CW+webvision

https://register.gotowebinar.com/register/3909935239496367883?source=CW+webvision
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Influence of MW/MWD on G’/G” Crossover Point

TA apps note: AAN013

Lower MWHigher MW

Narrow MWD

Wide MWD

The shape of G’,G” curves in 
frequency sweep tests are sensitive 
to molecular chain entanglement

The G crossover point  sensitive 
indicator for probing molecular 
architecture (MW, MWD)

‒ Higher G crossover frequency
 lower MW

‒ Lower G crossover Modulus 
 Wider MWD

‒ Quickly screen and compare differences 
between polymer batches
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Influence of MW on G‘ and G“

• The G‘ and G‘‘ curves are shifted to lower frequency with increasing 
molecular weight.

10-4 10-3 10-2 10-1 100 101 102 103 104 105
101

102

103

104

105

106

Mo
du

lus
 G

', G
'' [

Pa
]

  

SBR  Mw [g/mol]
 G' 130 000
 G'' 130 000
 G' 430 000
 G'' 430 000
 G' 230 000
 G'' 230 000

Freq ω [rad/s]

TA Instruments Webinar

https://www.tainstruments.com/analyzing-
molecular-weight-distribution-w-rheology/

Presenter Notes
Presentation Notes
With higher Mw, the sample will be more solid like at a much lower frequency.
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Zero Shear Viscosity (η0)

• Low MW  ηo is proportional to MW
• MW > Critical MWc ηo is proportional to MW^ 3.4 (i.e. 𝜂𝜂0 ∝ 𝑀𝑀𝑤𝑤

3.4)
 Critical MWc: polymer chain is long enough to interact with itself 

entanglement starts to happen
• Higher Mw Higher ηo

MWc

log MW

lo
g 

η o

Ref. Graessley, Physical Properties of Polymers, ACS, c 1984.

Increasing MW

Decreasing MW

Log Shear Rate (1/s)

Narrow 
MWD

Broad MWD

Log Shear Rate (1/s)

3.4

η0 = K⋅Mw η0 = K⋅Mw 3.4

TA apps note: AAN013
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Fingerprinting Polymer Architecture

• Problem: Feedstock processing could cause 
significant MW reduction

• Solution: Viscosity measurement provides 
comparison to the MW and MWD information

PET @ 280°C
Recycled PET from different sources can 
largely differ with respect to:
• Molecular weight (MW)
• Molecular weight distribution(MWD)

Zero Shear 
Viscosity 

(Pa.s)

Molecular 
Weight

Sample 1 983

Sample 2 430

Sample 3 176

Sample 4 186

MWD

T Chen, TA apps note RH122
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Guide Processing of Recycled PP from Different Sources

Extrusion shear rate

PP @190°C
TGA analysis at 10°C/min

 Rheology: Directly measure melt viscosity at 
processing temperature

 TGA: Supporting information (impurity/ filler content)

PP-1: Highest 
filler content
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Frequency Sweep Test Challenges

• Why data look so bad at high frequencies?

Soft gel
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System Inertia

• What is Inertia?:
Inertia is a property of matter, which manifests itself as a resistance to any
change in momentum of a body

 Instrument has inertia (motor + geometry)
 Sample has inertia

Note: ARES G2 has separator motor and transducer design, so motor inertia has no impact to the measurement results!
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Understand and Avoid Inertia Influence

• How do we know when inertia is dominating my results?
 In general, consider delete data when “Raw Phase” is greater than 170°

• How to reduce inertia influence?
 Use a lighter geometry (e.g., Al)
 Increase sample stiffness (e.g., reduce gap)
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Dynamic Temperature Ramp

Time

Am
pl

itu
de

Te
m

pe
ra

tu
re

Denotes oscillatory 
measurement

• Linear heating rate is applied, and the 
material response is monitored at a 
constant frequency and constant 
amplitude 

• In TRIOS: Temp Ramp

USES

• Measure material’s viscoelastic 
properties vs. temperature

• Measure glass transition and sub-
ambient transition temperatures

1-5°C/min
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Rheometers and DMAs are more sensitive to weak amorphous 
transitions than DSC

Monitor Tg using DMA to study:
• Blend Miscibility
• Crystallinity
• Crosslinking density

Glass Transition (Tg): Cooperative motion among a 
large number of chain segments

Secondary Transitions (Tβ, Tγ): Local or side group 
motion

Rheology/DMA is 100-1000× more sensitive than 
DSC for identifying weak amorphous transitions

or
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PET film: Tested in tension

https://www.tainstruments.com/recorded-theory-applications-training/

https://www.tainstruments.com/recorded-theory-applications-training/
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What do We Learn from a Temp Ramp Test?
• Most popular test for PSA evaluations
• Results correlate to the PSA performance with temperature

Applications temperature 
window – Between Tg (or 
Td) and Tx
Tg: Glass transition
Td: Dahlquist temperature
Tx: G crossover temperature

Cohesion strength: 
Gp: Plateau modulus 

https://www.tainstruments.com/strategies-for-rheological-evaluation-of-adhesives/

https://www.tainstruments.com/strategies-for-rheological-evaluation-of-adhesives/
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How to Design a Good Temp Ramp Test?

• Sample loading and trimming
 High temp (easy to trim)

• Geometry
 8mm or 25mm parallel plate

• Temperature range
 From below Tg into the molten state

• Heating or cooling rate
 2-5 degrees/min

• Frequency
 Commonly at 1Hz or 10 rad/s

• Oscillation strain %
 Within the linear viscoelastic region (LVR) of the sample

• Axial force control
 Ensure good contact and no slipping
 Compensate for geometry and sample thermal expansion

or shrinkage

https://www.tainstruments.com/strategies-for-rheological-evaluation-of-adhesives/

https://www.tainstruments.com/strategies-for-rheological-evaluation-of-adhesives/
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Rheology for Thermoset Characterization

Isothermal Curing Temperature Ramp Curing

• Measure viscosity change before crosslinking
• Monitor gelation and measure the gel point
• Monitor sample viscoelastic property change (G’ and G”) during curing
• Evaluate the mechanical properties of the end-use product

https://www.tainstruments.com/thermal-rheological-and-mechanical-characterizations-of-thermosets/

https://www.tainstruments.com/thermal-rheological-and-mechanical-characterizations-of-thermosets/
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Challenge in Experimental Designs

• Significant change in viscoelastic properties (6-8 decades) through curing
• Appropriate geometry size (8mm, 25mm) and test gap (1-2mm)
• Challenge in setup appropriate test parameters

Viscosity too low Sample too stiff
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How to Adjust Strain During a Test?

• Setup a torque range in a procedure. During the test, when applied 
torque is outside of the torque window, strain will be adjusted. 
(Example: ARES G2 or DHR)

• Setup a minimum operating torque in a procedure. Use a 
reasonably small strain to start the test. When torque is below the 
minimum set value, strain will be increased. (Example: DHR or AR)

T Chen, 2019 SAMPE TP19-1595
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Approaches for Optimum Test Parameters

• The key to ensure a good measurement result
 Change the measurement strain

Low viscosity liquid
Large strain

High modulus solid
Small strain
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Strain Adjustment Method-1

• An Isothermal curing example

5.0 µNm

0.05%

• Good for all controlled-stress 
rheometer (AR, DHR, HR)

• Setup an instrument lower torque 
limit

• When sample has low viscosity, 
auto-switch to use stress/torque 
control for the test.

T Chen, 2019 SAMPE TP19-1595
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Approaches for Optimum Test Parameters

Low viscosity liquid
Large strain

High modulus solid
Small strainMid viscosity paste

Medium strain

• The key to ensure a good measurement result
 Change the measurement strain
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Strain Adjustment Method-2

• A temp ramp curing example • Good for both controlled-stress and 
controlled-strain rheometers

• Setup a smart torque window
• When measurement torque goes 

outside of the window, strain will be 
adjusted

T Chen, 2019 SAMPE TP19-1595
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Monitoring Shrinkage

(1) Set Gap Constant
monitor shrinking force

(2) Set Axial Force = 0
monitor dimension(gap) change

• Thermoset material shrinks during curing
• The amount of shrinkage could cause cracking or failure to 

the end products

Shrinking 
force

Gap 
change
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Temperature Sweep (or Step)

Time

Step Size

Soak time

• Step and hold temperature then 
monitor material response. No 
thermal lag

• In TRIOS:  Temp Sweep

USES

• Measure material’s viscoelastic 
properties vs. temperature

• Time-Temperature Superposition 
test (TTS)
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Time-Temperature Superposition (TTS)
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• The viscoelastic properties of an amorphous polymer as a function of temperature is mirror 
imaged as its properties as a function of time (frequency)

TTS master curve generated at 20°C Dynamic temperature ramp

Time Temperature
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Benefit of Time-Temperature Superposition

• Frequency sweep data 
collected under different 
temperature steps can be 
shifted along the x-axis.

• Access to a wide range of 
frequency or time scales

• Predict properties outside of 
instrument capability

• TTS can be applied to both 
dynamic and transient 
measurements

• Perform frequency sweeps at different temperature 
• Extrapolates properties to time scales outside the instrumental range
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TTS Benefit on Adhesive Analysis

• Dynamic TTS results for a non-crosslinked and a crosslinked
pressure sensitive adhesive materials



Introduction to rheology accessories 
and hyphenated techniques
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Popular Accessories on Rheometers

Powder accessory Humidity chamber Extensional Viscosity UV accessory

OSP accessory Rheo-Microscopy Rheo-Raman Rheo-Dielectric
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HR x0 Powder Rheology Accessory

• Available on HR 10, HR20 and HR30 rheometer. 
Powder solution offers comprehensive powder flow 
analysis

 Flowability 
 Shear
 Wall friction (2023)
 Compressibility (2023)

• Excellent repeatability (within 5%)
• Easy sample preparation: loading and trimming
• Integrated Smart Swap design. Accessory change in 

less than 10 seconds
• One click data analysis package in Trios 
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Flow Cell

Shear Cell
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Powder Shear Cell sample preparation 

Load Sample
>15 mL 

Sample 
Consolidation 

Trim Sample 
User prompt from 
the touchscreen

Start the Test
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TRIOS simplifies Powder Flowability test

Confined Flow

Unconfined Flow

• Repeat steps – Stability Index 
• Vary Tip Speed – Flow Rate Index
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Total flow energy: 15.54326 mJ
Step type: Unconfined 
Y variable: Torque

Total flow energy: 46.82995 mJ
Step type: Confined 
Y variable: Torque

Total flow energy: 15.47630 mJ
Step type: Unconfined 
Y variable: Torque

Total flow energy: 51.51414 mJ
Step type: Confined 
Y variable: Torque

Total flow energy: 15.37475 mJ
Step type: Unconfined 
Y variable: Torque

Total flow energy: 47.29257 mJ
Step type: Confined 
Y variable: Torque

Total flow energy: 15.41820 mJ
Step type: Unconfined 
Y variable: Torque

Total flow energy: 52.71253 mJ
Step type: Confined 
Y variable: Torque

Powder Analysis Key automates Flowability calculation 
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Confined Flow Energy

Unconfined Flow Energy

Stability index: 1.13 

Stability index: 0.99 

TRIOS Powder Analysis Software key (optional)
 Powder Key Performance Indicators are One Click away
 Automated process saves user from complicated mathematical analysis  
 Quantitative, relevant, repeatable results

Flow Energy =                 + 
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TRIOS simplifies Powder Shear Test 

TRIOS Unlimited: 
complete customizability 

TRIOS Powder-Shear test form performs  
ASTM D7891 measurement
 “Pre-Shear”: Apply consolidating normal stress (9 kPa), 

pre-shear until steady state
 “Shear” Reduce normal stress, shear until yield
 Repeat consolidating pre-shear
 Repeat shear with decreasing normal stress
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TRIOS simplifies Powder Shear Test 
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Graphite 9 kPa

TRIOS Powder – Shear test form performs 
measurement per ASTM D7891
 “Pre-Shear”: Apply consolidating normal stress (9 kPa), 

pre-shear until steady state
 “Shear” Reduce normal stress, shear until yield
 Repeat consolidating pre-shear
 Repeat shear with decreasing normal stress

Powder-Shear 
raw data
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Powder Analysis Key automates Shear calculations  
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Graphite 9 kPa Shear Analysis

Cohesion: 0.63 kPa
Unconfined Yield Strength: 2.60 kPa
Major Principal Stress: 20.30 kPa
Flow Function: 7.80 
Angle of Internal Friction: 38.65 °

TRIOS Powder Analysis Software key (optional) 
 Powder Key Performance Indicators are One Click away
 Automated process saves user from complicated mathematical analysis  
 Quantitative, relevant, repeatable results
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DHR-RH Accessory
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Example of Humidity Controlled Measurements

T Chen, TA apps note RH112T Chen, TA apps note RH101T Chen, TA apps note RH024

• Paint drying • Adhesive curing • Polymer CHE
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Extensional Viscosity Measurements on Polymer Melts

• Nonlinear elongation flow is more sensitive for some structure elements (e.g. branching ) 
than shear flows

• Many processing flows are elongation flows. Extensional viscosity measurements can be 
used to help predict processability

ARES G2 - EVF ARES G2 - EVA DHR/HR - EVA

Presenter Notes
Presentation Notes
Extensional viscosity also very sensitive to polymer chain entanglement
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Example of Extensional Rheology

• Many processing flows are elongational flows
• Nonlinear elongation flow is more sensitive for some structure elements 

(e.g. branching ) than shear flows

• Polymer melt extension – SER or EVF

TA apps note APN002 

Presenter Notes
Presentation Notes
If the sample is a molten polymer, then most of the rotational rheometers equipped with this SER geometry can perform the extensional testing. As you can see from this video, the polymer sample is vertically placed between the 2 drums. Then the drums will rotate in an opposite direction at a certain rate. Using this test method,  we can directly measure the extensional viscosity of molten polymers.  
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UV Light Guide Curing Accessory

• Collimated light and mirror assembly insure 
uniform irradiance across plate diameter

• Maximum UV intensity at plate:  300 mW/cm2

• Broad range spectrum with main peak at 365 
nm with wavelength filtering options

• Cover with nitrogen purge ports

• Optional disposable acrylic plates available

• LED UV for HR rheometer: choice of two 
standard wavelengths at 365nm and 455nm.
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UV Curing Applications

Sample: Pressure Sensitive 
Adhesive (PSA) at 25 °C Sample: 3D Printing resins

T Chen, TA apps notes AAN021, RH032 K Coasey, TA apps note RH118 
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Tribo-rheometry Accessory

Tribology is the study of interacting surfaces in relative motion, it 
includes: 
 Solid and liquid lubrication, lubricating oils and greases
 Friction, wear, surface damage 
 Surface modifications and coatings

Requires: 
 Small gaps  Alignment  Beam/Disc Coupling
 Normal Force Control  Compliance  Beam/Disc 

Coupling

stressnormal
stressshear

==
N

R

F
Fµ
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Peltier Tribo-rheometry Accessory

Ring on Plate Ball on 3 Plates Ball on 3 Balls 3 Balls on Plate

• Available on both Discovery HR rheometers and the ARES G2
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Examples of Food tribology

TA Webinars:
https://www.tainstruments.com/an-introduction-to-tribo-rheometry-quantifying-friction/
https://www.tainstruments.com/applications-of-tribo-rheometry-in-material-characterization/

https://www.tainstruments.com/an-introduction-to-tribo-rheometry-quantifying-friction/
https://www.tainstruments.com/an-introduction-to-tribo-rheometry-quantifying-friction/
https://www.tainstruments.com/applications-of-tribo-rheometry-in-material-characterization/
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Orthogonal Superposition Accessory

OSP Features and Benefits

• Available on both Discovery HR rheometer and 
ARES G2

• Ensure accuracy in both rotational and axial 
measurements, avoiding artifacts from pumping 
effects and surface tension with the specially 
designed OSP double-gap cup and rotor 

• OSP and 2D-SAOS experiments fully programmable 
from TRIOS Software. Simultaneous measurements 
in two directions

• Monitor temperature-dependent changes and 
replicate real-world processing conditions with 
optional temperature control through the 
Environmental Test Chamber (-10 °C to 150 °C)

HRx0 RheometerARES G2 Rheometer
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Example of Orthogonal Superposition analysis on Lotion



TAINSTRUMENTS.COMTAINSTRUMENTS.COM

Rheo-Raman
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Simultaneous Rheology-Ramen Analysis
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Modular Microscope Accessory (MMA)

• Available on Discovery HR rheoemters.
• Compact, modular design, that mounts on instrument frame 

for easy alignment and minimum vibration
• Uses standard Nikon microscopy objectives. Tested with 

20× to 100×. 
• Fast speed camera for image capture up to 90 fps
• X-Y-Z micrometer stage controls to select observation 

position
• Brightfield microscopy with cross-polarization
• Modular Options:

 Counter-rotating plate for zero-velocity stagnation plane
 Piezo-scanning stage for 100 µm depth profiling
 Dichroic splitter for fluorescence microscopy
 UHP for temperature control up to 100°C
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MMA Application: Crude Oil Outwaxing

20.0 °C17.5 °C

15.0 °C

10.0 °C

5.0 °C

Test Sample: Pennsylvania Crude Oil
 Sample cooled from 25 °C to 0 °C at 1 °C/min, and 

imaged in cross-polarization microscopy mode
 Outwaxing is the point at which at which the 

viscosity increases rapidly on cooling 
 Marked by the appearance of crystalline domains 

(wax precipitates) in the sample

https://www.tainstruments.com/use-of-thermal-analysis-and-rheometry-to-study-waxation-in-crude-oil/

https://www.tainstruments.com/use-of-thermal-analysis-and-rheometry-to-study-waxation-in-crude-oil/
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Agilent E4980A LCR meter
Grounded Geometries with Ceramic 
Insulator (standard or disposable)

Dielectric Accessory
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Simultaneous Rheology-Dielectric Analysis on Thermoset

1.0Hz

• Rheology:
Modulus (G’; G”; G*)
Tan delta
Complex viscosity
Stress and strain

• Dielectric:
Permittivity (ε’; ε”; ε*) 
Loss tangent
Capacitance
Conductance

T Chen, TA apps note RH104
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Other Accessories

Building material cell



Thank You!



Where to Find Help
On your desktop In TRIOS

Search by keywords



Web Based e-Training Courses

https://www.tainstruments.com/training/e-training-courses/

ARES G2 Discovery HR TRIOS Software

https://www.tainstruments.com/training/e-training-courses/


Practical Series Training Course

https://www.tainstruments.com/practical-series-training-courses/

https://www.tainstruments.com/practical-series-training-courses/


TA Webinars - Rheology

https://www.tainstruments.com/support/webinars/

https://www.tainstruments.com/support/webinars/


TA Website – Other Resources

Tech Tips
Seminar Series: Instant Insights

Applications Notes Library
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Electro-Rheology (ER) Accessory

Grounded Geometries with 
Ceramic Insulator
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DHR Interfacial Accessories

Qualitative Viscoelastic
measurements at air/liquid  
and liquid/liquid interface.

Steady Shear Viscosity at 
air/liquid  and liquid/liquid 

interface.

 Interfacial shear rheology of thin layers at liquid-liquid or liquid-gas 
interfaces

 Effect of particles, surfactants or proteins at the interface 
 Applications: food, biomedical, enhanced oil recovery

Quantitative Viscoelastic
measurements at air/liquid  
and liquid/liquid interface.

Bicone DuNouy Ring Double Wall Ring
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Oscillation Experiments at 0.1 Hz

Patented DWR Interfacial System
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Interfacial Exchange Cell
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Surface Concentration Effects on Interfacial Viscosity
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Electro-Rheology (ER) Accessory

• Plates and DIN concentric cylinders
• Fully programmable from TRIOS
• Wide range of voltage profiles

 Constant voltage
 Step voltage, ramp voltage
 Sine wave voltage function
 Triangle wave voltage function
 Wave functions with DC offsets

Applications:
• Hydraulic valves and clutches
• Shock absorbers
• Bulletproof vests
• Polishing slurries
• Flexible electronics
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Magneto-Rheology (MR) Accessory

• MR fluids are “smart materials” that
respond to an applied magnetic field

• Rheological properties of these materials
can be easily tuned by controlling the
strength of the field

• Can apply magnetic field up to 1T, over
temperature range of -10 to 170 °C

• Exclusive closed loop control of magnetic
field strength for increased accuracy

• Complete control of magnetic field profile
in all standard rheological test modes:

 Constant field
 Step, ramp field
 Sine wave
 Triangle wave
 Wave functions with field offsets
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Magneto-Rheology (MR) Accessory
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Small Angle Light Scattering (SALS)

• Provides the capability to
simultaneously collect rheological
and structural information

• SALS can reveal information about
particle size, shape, orientation,
and spatial distribution

• Patented Peltier plate temperature
control from 5 to 95 °C

• Laser light (635 nm wavelength)
passes through a 50 mm quartz
geometry

• CCD Camera collects images that
are stored with rheology data

• q vector range: 1.38 µm-1 to 6.11
µm-1 (length scale range: 1.0 µm to
~ 4.6 µm)
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SALS Application: Shear Induced Phase Separation

10 s-1

20 s-1

30 s-1 50 s-1 100 s-1 200 s-1

Test Sample: EHAC solution (micelle) at 25 °C
 Scattering images captured with rheometry data
 Low shear rates  No measurable scattering 

No large scale structuring
 Higher shear rates  “Butterfly” scattering pattern 

Shear induced phase separation
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Amorphous, Crystalline and Crosslinked Polymers 
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