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IntroductionIntroduction
• Polyolefin processing

Film-blowing/fiber spinning
Thermoforming
Foaming

• Molecular structure  
Molecular weight (chain length)
MWD 
Long chain branching (LCB)

• Rheological Characterization
Linear properties: G’, G’’, H( ), 
Nonlinear: elongational viscosity
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Melt strength Strain hardening

Model validation

Molecular structure: LCB

RheologicallyProcessing

IntroductionIntroduction

Linear properties

GPC, NMR, etc.
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IntroductionIntroduction

• Melt strength
Constant speed
Draw ratio 
One-point extensional viscosity

• Strain hardening 
Exponential stretching
Planar elongations
Uniaxial elongations
Equibiaxial elongations
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ObjectivesObjectives

• Measure and calculate the linear rheological
properties

• Acquire uniaxial and equibiaxial elongational
viscosity

• Compare the results from linear vs nonlinear 
rheological properties 

• Evaluate difference in uniaxial vs equibiaxial
elongational flows

• Assess the different structures of PP melts
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R 20
09



The molecular weights of 
the three polypropylenes used.

4.85113500038490079300PP-P

4.9099150034220069800PP-S

6.9297110032600047100PP-K

dMzMwMn
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• Strain invariant I1, I2, I3

• Flow strength: 
Strong flow - exponential in material line
weak flow - linear

• Alignment strength: 
Strongly aligning: I1-I2 >0
neutrally I1-I2 =0
weakly I1-I2 <0
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Degree of strain hardening = µi(t)/ηo(t) (ηo(t): linear shear viscosity)

is the Hencky strain rate.

Viscosity:
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Experimental setExperimental set--up for up for equibiaxialequibiaxial elongationalelongational
rheometerrheometer

The instrument

specimen

An image
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The force curves of the three PP melts during The force curves of the three PP melts during equibiaxialequibiaxial (a, b, c) (a, b, c) 
and and uniaxialuniaxial (c) elongations.(c) elongations.
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Comparison of Comparison of elongationalelongational viscosities in viscosities in equibiaxialequibiaxial and and uniaxialuniaxial
elongationselongations
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Comparison of strain hardening in Comparison of strain hardening in equibiaxialequibiaxial and and uniaxialuniaxial
elongationselongations
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ConclusionsConclusions

• Linear rheological properties can distinguish large difference 
in the molecular structure, more details are revealed from 
the elongational viscosities.

• Relaxation spectra explain the strain hardening behavior. 
• The bimodal PP melt show strong strain hardening, whilst 

the other two exhibit only moderate and no strain 
hardening. 

• The three PP have similar trends in equibiaxial and uniaxial
elongations.

• The bimodal PP melt shows nonlinear strain hardening at a 
critical strain of 1 for all the strain rates in uniaxial and 
equibiaxial elongations. The same values differ on the I1
axis in uniaxial and equibiaxial elongations.IP

R 20
09



Questions ?

Thanks for your attention!
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