
Task 3:  viscoelasticity, nonlinear rheology and mechanical properties



Tasks (with specific DDNs from WP1):

LVE  (TTS, creep, creep, piezo)

NLVE shear (CPP, N1-N2, transients, creep-relaxation thixotropy, banding)



SAMPLE ”PE-460k”: 
HDPE: CP00416-021 from Chevron Philips

Tm = 138.0 oC

Mw = 460 kg/mol

PDI=2.7 

Example:  semi-crystalline high-MW polyethylene
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with S. Wingstrand, O. Hassager



C=1mg/ml

C=50mg/ml

Weak gel, akin to entangled polymer network, with:

Modulus Gp=13Pa

Relaxation time  tR=1.8x104 s

Correlation  length (mesh size of gel network)   =69 nm  
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Note: Very dilute DLS studies reveal 

wormlike chains with persistence length

of ~180 nm, contour L~4500 nm and

bending stiffness ~180 kTnm, ie, about

5 times larger and surfactant micelles 
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 Maxwell model

Example: hydrogels with E. W. Meijer
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BTA-PEG-BTA

(100%)

T=37°C

• Loop

• bridging

High-frequency modulus Gp1=8000Pa,  Gp2=1.7Pa

Long relaxation time tR=278 s

Short relaxation time te=0.06 s

Correlation  length () 1:  8 nm ;  2:  136 nm 

Very different response than 3OH-BTA

Correlated liquid – clusters?

No low-frequency (gel) plateau

G’’ slope ~ -1 (flow)
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Example: hydrogels with E. W. Meijer



Charge Amplifier

Signal Generator 
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Example: high-frequency (piezo)rheometry   [2 kHz]

with G. Petekidis
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T=25C

δ

Test Parameters Master-Curve :

ARES MELT γ=3%

Tref=25C

Example: 

compare TTS and piezorheometry with entangled polymers



Vary number of entanglements Z from 3 to 12
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Example: dynamically arrested system (colloidal glass)



(b)

Example: edge fracture instabilities  (N2 dominated) SUPOLEN



Example: cone-partitioned plate geometry (CPP) SUPOLEN
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Example: CPP measurements SUPOLEN

with G. Ianniruberto, G. Marrucci
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delay, 10 Pa creep

delay, 8 Pa creep
(arrow for longer delays)

delay, 1 Pa creep
(arrow for longer delays)
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delay, 5 Pa creep
(arrow for longer delays)

a.  pre-shear stress of 100 Pa applied for 50 s
b.  varied time delay with zero stress:  (0.1, 1), (2), 10, 100, 500, 1000, 2000 s
c.  stress applied for creep experiment:  1, 3, 5, 8, or 10 Pa

The yield stress appears to be between 8 and 10 Pa.

Example: nonlinear creep with M. Cloitre



Example: Rheo-optics   

Microscopy, LS, DLS-echo, imaging (shape of fractured surface)

Example: biaxial deformation  (bubble inflation) SUPOLEN



Envisaged collaborations (not finalized):

UCL  (systems, modeling)

ESPCI (systems, rheo-microscopy/velocimetry, fracture-”solid”)

CNRS (fracture-”liquid”)

DTU (elongational deformation)

UM (FCS, FRAP)

UN (modeling)

Start (~ first year)

Development (improve CPP N1/N2, piezorheometry, biaxial deformation for weak gels)

Test rheo-optical setups (back to polarimetry, echo, EWDLS-slip)

Slow dynamics

Polymeric systems (continue from Supolen) and hydrogels

‘Starting’ systems?

Unfinished collaborative projects from Supolen

NLVE of telechelics based on metal-ligand interactions  (UCL)

Spreading of viscoelastic sheets (CNRS)

Compare nonlinear shear and extension (DTU)

Modeling dynamics of telechelic stars (UCL)

Normal stresses (UN)

Unusual stress relaxation (KUL, ESPCI)


