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Dynamiemechanicathermal (DMTA) experiment
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P Principleof dynamiemechanicameasurements I N M‘
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P Dynamic mechanical thermal analysis (DMTA): principFN M'I

Maxwellmodel
o= Ec | =

Polymers =viscoc elastic materials
———l

.

a02N) 3S Y 2 Raficdodinpodehty

E'=tano+E tan d: dampingbehaviour

f 2344 Y2 Rdz distoudcerpwnents
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P Maxwellelementto describerelaxation | N M‘

A For time dependent changes in strain

de 10adsg, s at constant shear rates ade _ 06 the result is ds +E

CEE® T e~ 2 dt  h
If a Maxwell elementis subjectedto a fixe strainthen  s:stress
the stressdecrease®verthe time exponentially f: t?tra'”

: time
a tEd 0 E stiffnessof the springor elasticmodulus

S =Sp exp(.g;e h h: dampingconstantor viscosity
Atthe time

ahg  t.:relaxationtime

tr —ﬁo

the stressisreducedto 1/e of the initial value

A time scales long compared to t:
E approaches 0 + Maxwell element shows pure viscous reaction.

A short loading times: pure elastic reaction of the system
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P Thecomplexmodulus I N M‘

Theharmonicdeformationcanbe describedasa function of frequencyw and amplitudee,
in complexmanner.
. w=2p n
e =epexp (I\Nt) n: frequency
i2=-1

Therelation betweenchangingdeformation(strain)and stressis

s"=e E (w)

E (w) as the frequency dependent dynamic modulus: .
. tand = E—(W) |:>
E"(w) = E'(w) +iE"(w) E'(w)

9 Wi

Phase angle U

Oy
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> Thetypicaltransitionregionsdetectablein DMTA

méﬁasurements IN M‘
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> Timetemperatureanalogyalsovisiblein DMTAwhen ‘
performedasa stresgelaxationexperiment M

glassybehaviour

T,region

regionof starting of

rubbery viscoudlow

plateau

log stresgelaxationmodulusE (t)

time
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P Differenttypesof rheometer IN M@

oscillatingrheometer dynamiemechanicathermal analysis
e.g. RSA G2 TA Instruments e.g. Q800 TA Instruments

staticand dynamicviscosityof
A dispersionsemulsions A dynamiemechanicaknalysiof polymers

A molten polymers A stressrelaxationexperiments
A creepexperiments
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> Featuresof dynamiemechanicathermalanalysis

INMY

( ) RSA G2
controlledstrain
Sample Bifilir-Wound fiernace B fordce rerlzalance .
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P Broadmeasurementange

TA Instrument DMASpecifications

Dynamic Sample
Deformation Rangg

Strain Resolution 1nm

Modulus Range 10%to 3*102 Pa 10 to 3*10'2 Pa
Modulus Precision +/- 1% +/- 1%
Tandelta Sensitivit 0.0001 0.0001

Tan delta 0.00001 0.00001
Resolution

-150 to 600C -150 to 600C
0.1 to 20C/min 0.1 to 60C/min
0.1 to 10C/min 0.1 to 60C/min
+/-0.1°C +/-0.1°C
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Q800 RSA G2
Max Force 18 N
Min Force 0.0001 N 0.0005 N
Force Resolution 0.00001 N 0.00001 N
Frequency Range 0.01 to 200 Hz 2E5 10 100 Hz

+/-0.5t0 10,000 pm  +/-0.05 to 1,500 pm
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Adjustingto sampleswith different elasticmodulusand

stiffness

thick andthin samplesof
different materialscan
showthe samestiffness

| F=1N

\ l x= 10 mm

materialwith high modulus

F=I1N

\l ¥y= 10 mm

materialwith low modulus

thick andthin samplesof the
same materiashowthe same
elasticmodulus

| F=IN

\l r= 10 mm

samplewith low stiffness

| F=IN
———, x=2mm

samplewith highstiffness
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P PossiblaneasuremenmodesDMTA IN M‘

singlédual cantilever tensionfilm shearsandwich submersiblecompression

3-point bending tensionfibre compression submersiblegension
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p Different clampsavailable IN M‘

AAIl the necessary types of clamps for testing
A Solidbars
A Elastomers
A Softfoams
A Thinfilms
A Fibres

A DesignedisingFEApptimizing
A Lowmass
A HighstiffnesgLow compliance

A Automatic compliance calibration (and correctida) each
clamp
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P Choosehe correctclampsfor testing | N M‘

ASample Dimension
A Filmsandfibers tensionclamps
A Barsandcylinders bendingclamps
A O-rings and tablets: compression and/or shear

A DeformationMode

A E[tension, compression and bending]
A G[sheal

A SampleStiffness

A Machine range fixed: 10010, 000,000 N/m. Stiffness of sample
related to its dimensions,[lw, f. Stiffnessmaylimit samplesizeto
below clampmaximum
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P Mounting of different measurementeads I N M‘
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P Alignmentof the sample in e.gtensilemode

INM

: .l|“ ':" ".‘ 'l||T' ”‘ll
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ideal buckled inclined twisted
ideal inclined

sagging variablethickness
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P Samplepreparation Shapdsimportant I N M‘

Cantilever Bending Molded Three Point Bending
sample

ﬁfﬁ

Smooth surfaces for good contact

AEF

N
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P Samplepreparation Shapdsimportant

Three Point Bending

5

Force

Sample Twists

Rather than
Bending. Modulus
Is artificially low.

GV
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P Samplepreparation Shapdsimportant

A Foams, elastomers, and gels can
be difficult to cut flat and parallel.
Need to get good contact over
entire surface of plate.

sample contact with too much
normal force.
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P Special samplpreparationtubes

TR

Cork Borer
Parallel Razor
Blade Cutter

Good for Films and
Sheets of rubber. Good for stiff foams and
Sheets of rubber.
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P Measuremenfrequency IN M‘

A SingleFrequency
A Temperature ramp most popular for rapid evaluatidnBlz orl0 Hz
(6.28 or 63 rad/sec) for most experiments
AMultiple Frequencies
A Frequency sweeps at ambient for viscoelastic properties
A Frequency sweeps at multiple temperatures for Time
TemperatureSuperpositioningTTS)
A Run from high to low frequencies for faster initial datagusition

AData Collection Rate

A Lower frequencies take longer tim&ontrol experiment
A More frequencies=longerexperiment
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P Theeffect of M,,, and branchingof polymers IN M‘

HDPE and HDPE LLDPE
LDPE.

Structurally regular chain with few branch points. AN
>
#ly branched with much lower Polymer chains can pack efficiently resulting in a highly
crystalline content crystalline material with high density
m glassybehawour T rodion rubbery
|
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temperature/ °C
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