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= Diols/PVA

= Boronic acid

Supramolecular networks from building blocks interacting through 
complementary reversible covalent bonds

Objective of the project
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Repulsive microgels Associative microgels

EA (%mol) MMA (%mol) TPMTA (%mol)

59.5 39.7 0.8

EA (%mol) MMA 
(%mol)

TPMTA
(%mol)

Sticker 
formula

59 40.1 0.8 −𝐶22𝐻45

Objective of the project: microgels as building blocks

Sticker

Alkyl chain
(associative part)

Poly(ethilene
oxide) (spacer)

Microgels synthetized by COATEX



Methods

R

α

Cone-plate
R=25 mm
α= 2°

❖Stress-imposed rheometer

❖Solvent trap to avoid vaporitation

Linear rheology

Sinusoidal imposed oscillation:

𝛾 =𝛾0 sin (ωt)

𝛾0 constant and small (1%) 

ω change logarithmically [0.001-100] Τ𝑟𝑎𝑑
𝑠

Non-linear rheology

Start-up shear test:

ሶ𝛾 applied constant 

Rheometer

Geometry



Viscous Solid

0.45%wt

Repulsive microgels: linear viscoelastic properties

C 

G0

Transition

0.5%wt 1.5%wt



0.2 m0.2 m

Elasticity
Repulsive
interaction 
forces

Particles are trapped in 
’’cages’’

C

Jamming transition

Cj

Elasticity of suspensions

Repulsive microgels: linear viscoelastic properties



Specificity: flow curve at high shear rate

❖ Asymptotic behavior at 

high shear rates

❖ Rilevant to applications 

D

Couette cell
D=28.7 mm

Gap=0.099 mm

Flow properties

Power law

Yield stress 
(solid)

Fitted to Herschel Bulkley
equation:

𝜎 = 𝜎𝑦 + 𝑘 ሶ𝛾𝑛 n < 0.5



Flow properties: Master curve

Low shear rate:
Stress plateau

High shear rate:
Power law

ൗ𝜎 𝜎𝑦 = 1 + 185( ൗ
ሶ𝛾η
𝐺0
)0.51

Collapse of flow curve in 

a master curve:



Shear start-up flow

How do repulsive microgels fail?

Time (s)60 tw

ሶγ= 0

ሶγ ≠ 0

ሶγ= 100

ሶγ(𝑠−1) 

Preparation Measurement



Shear start-up flow

Stress overshoots

which increase with

shear rate 

Row data: effect of shear rate



Shear start-up flow

Stress overshoots

which increase with

shear rate 

Row data: effect of shear rate

Two regimes:

➢ Low ሶ𝜸 : no overshoot

Ductile material

➢ High ሶ𝜸 : overshoot

Fragile 



Shear start-up flow

Scaling and interpretation

C=2% wt



Scaling and interpretation

Elastic
response

C=2% wt

𝛾𝑀𝐴𝑋=0.10 – 0.12

𝜎𝑀𝐴𝑋 increase with ሶ𝛾

σ= 𝑮𝟎𝛄

Yield
point

Steady state 
flow

Shear start-up flow



Modelling

Three-dimensional particle-dynamics simulation

Roger T. Bonnecaze, Fardin Khabaz

Low shear rate

Intermediate shear rate 

High shear rate



tw stiffness

Shear rate =1

Ageing: waiting time-dependence



III) Build-up of a structural 

rearrangement:

steady-state value as a function of the 

shear strain

II

III

I

Interpretation

I) Elastic response: 

The cage deforms elastically reversible

II) Failure
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