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Structure-property relationship:
Why do we care?

Progress in Polymer Science 36 (2011) 1697-1753
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A review of nonlinear oscillatory shear tests: Analysis and application
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“...the use of complementary in situ microstructural probes...will help to more

deeply connect the measured macroscopic response with the microstructural origin
of nonlinear viscoelastic behavior.” (March 2011)
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Structure-property relationship: STV
Complex fluids WE‘)’I‘ZRWARE

* Colloidal suspensions (coatings, paints, STFs)
* Gels

* Proteins (drug delivery)

* Biofilms

* Foams

* Personal hygiene (shampoos, soaps)

* Polymers (wormlike micelles)

* Emulsions

* Cosmetics (face wash, mascara, nail polish)

* Food processing (ketchup, cheese, butter, ice cream)



Colloidal suspension: Shear Thickening Fluid

STF = SiO, particles + PEG-600/EG (30/70v)

Particle Properties:
radius = 67.5 nm
Pparticles = 1.89 £0.02 g/IIlL
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Z. Cheng et al. Phys Rev E. 65 (2002), 041405.
J. C. van der Werff and C. G. de Kruif. J. Rheol. 33:3 (1989), 421-454.
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Solvent Properties:
1n1=0.043 Pas

¢effective hard-sphere — 048

{=——n,, = (1-4/6, )" where ¢__ = 0.58

preesee ' = (1-0/0.71)% van der Werff et al. (1989)
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Shear thickening fluids (STFs) applications: SITY o
hometown hazards and out-of-this world peril " FIAWARE.
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Shear thickening fluids (STFs) applications: SITY o
hometown hazards and out-of-this world peril " FIAWARE.
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Shear Thickening Fluids SITYor
and their response to steady shear FIAWARE.
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Complex fluids and shear flow: SITYor
a 3D problem EIAWARE.

Flow- gradient N
(1-2 plane) 7o
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Rheo-SANS & Flow-SANS SITYor
EIAWARE.
. b flow

Aaron P.R. Eberle & Lionel Porcar . Flow-SANS and Rheo-SANS.Applied to Soft Matter. Curr. Opin. Coll. Int. Sci. 17 33-43 (2012).
A. K. Gurnon et al. Measuring material microstructure under flow using 1-2 plane flow-Small Angle Neutron Scattering. Journal of Visuall0
Experiments (accepted, 2013).



Small Angle Neutron Scattering Experiment SITYor
GHRNS FIAWARE.
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What does Small Angle Neutron Scattering SITYor

(SANS) measu re’? EIAWARE.
=PV, Ap
Adapted from slide by
Yun Liu at NIST oo
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Measured 3-D microstructure
in three planes of shear
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Measured 3-D microstructure
in three planes of shear

Anisotropy in pattern
reflects a propensity for
particles to align along the
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Microstructural evidence of hydroclusters SITYor
Pyt
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Defining the Stress-SANS rule:

Thermodynamic and hydrodynamic stresses

'N. J. Wagner and B. J. Ackerson, J. Chem. Phys. 97, 1473 (1992).
2B. J. Maranzano and N. J. Wagner (2002) J. Chem. Phys. 117, 10291 16
3D. Kalman and N. J. Wagner, Rheol Acta (2009) 48: 897-908.



Defining the Stress-SANS rule:

Thermodynamic and hydrodynamic stresses

Different symmetries of
the structure contribute
differently to each of the
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Thermodynamic and hydrodynamic SITY or
contributions to the total viscosity EIAWARE.
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Nonlinear dynamic applications require SITY o
nonlinear experiments: FIAWARE.
Large Amplitude Oscillatory Shear (LAOS)
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Nonlinear dynamic applications require SITYor
nonlinear experiments: [ﬁl%iﬂARWARE

Large Amplitude Oscillatory Shear (LAOS)

1) During LAOS what are the thermodynamic and
hydrodynamic contributions to the stress?

2) What is the microstructure?
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Time-resolved neutron scattering SITY or
EIAWARE.
@ ——
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"Relaxation of a shear-induced lamellar phase measured with time resolved small angle neutron scattering”, L. Porcar, W.A. Hamilton, P.D.
Butler and G.G. Warr, Physica B 350, €963 (2004)

Once upon a time: “Fast Relaxation of a Hexagonal Poiseuille Shear-induced Near-Surface Phase in a Threadlike Micellar Solution”, W.A.
Hamilton, P.D. Butler, L.J. Magid, Z. Han and T.M. Slawecki, Physical Review E (Rapid Communications) 60, 1146 (1999)

C. Lopez-Barron et al. Physical Review Letters, 108, 258301 (2012).



Deformation strain and strain rate [ﬁwmsrryop
E
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1-2 plane flow-SANS LAOS IAWARE.

Evidence of a changing microstructure: ST o
B
Pe =12.5, LAOS - 10 rad/s and 3139%
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Two conditions, two different responses, SITYor
one common viscosity [ﬁgﬁWARE

| e steady shear
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Implementing LAOS and the Stress-SANS rule
Pe = 2.5, LAOS — 10 rad/s and 627%
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LAOS during shear thickening - _ SITY or
Pe = 25, LAOS — 10 rad/s and 6278% W EIAWARE.
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Equivalent complex viscosities, SITYor
different structure, different stress @E?KWARE

Shear Thinning, Pe = 2.5

® steady shear
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Equivalent complex viscosities, SITYor
different stress, different structure @E?KWARE

Shear Thinning, Pe = 2.5

In LAOS we observe a new structure-
state with four-fold symmetry.

28

E. Nazockdast, J.F. Morris. Journal of Fluid Mechanics 713, 420-452. (2012).



Conclusions SITY or

1. Rheo-SANS and flow-SANS are instrumental measurements in decoupling the
hydrodynamic and thermodynamic stress contributions during steady shear and LAOS

2.  For the first time, under steady shear the three dimensional microstructure of a hard-sphere
suspension has been measured

3. InLAOS, the hydrodynamic and thermodynamic stresses are successfully separated and
defined for the dynamic response.

4. Only by utilizing time-resolved SANS is a new four-fold symmetry structure-state observed
in the shear thickened state.

Future work

1. Understand how the new four-fold structure-state contributes to the total stress

2. Use the stress-SANS law to reconcile the discrepancy observed for the microstructure
observed in the thickened state.

**The new LAOS-SANS experiment and shear cell instrumentation is now available
for use at the ILL in Grenoble, France and at NCNR in Gaithersburg, MD.
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