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Amorphous Solid Composites = non-Brownian stiff (micron-sized) grains (randomly) embedded in a soft gel matrix
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Modelling composites in the and limits is challenging.

Dilute Composites Dense Composites
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Key Question

What governs the mechanics of
soft composites in the dense limit?

Does granular jamming matter at all?



Model soft composite : athermal stiff PS micro-spheres in soft PDMS matrix
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Experiment: measuring shear modulus (G) under axial pre-strain (€)
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[1] Axial compressive strain € applied step-by-step and quasi-statically (which may change particle network)

[2] After each compression step, measuring the small-amplitude shear modulus G (hopefully do not change network)
[ = storage modulus G’ under w = 0.1 rad/sand §y = 0.01% ]



Experiment: measuring shear modulus (G) under axial pre-strain (€)
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The axial strain € induces a pure shear deformation that preserves the volume of the sample
(and thus preserves the volume fraction ¢ of the particles).

This point will be important later when we consider shear jamming ...



Experiment: measuring shear modulus (G) under axial pre-strain (€)
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What governs the mechanics of

soft composites in the dense limit?

Composite Elasticity

Particle Volume Fraction Matrix Elasticity = Shear Deformation



The ¢ dependence of the limiting states deviates from classical composite model predictions
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0 Classical composite models do not capture the stiffening regime.



The ¢ dependence of the limiting states appear similar to the jamming-controlled rheology in suspensions

Shear-Thickening Suspensions

(Particles in viscous liquid)

0.6

Guy, Hermes, and Poon, Phys. Rev. Lett. 115, 088304 (2015)

Does the jamming points also control the composite mechanics?

Shear-Stiffening Composites (Our work)

(Particles in elastic solid)
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Signatures of jamming transition in the “precursor” suspension

Experiments: PS-in-oil suspension rheology (NO elastic matrix here, particles are dispersing in a liquid)

same polymer molecules as composite matrix, just not crosslinked
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Signatures of jamming transition in the “precursor” suspension

Experiments: PS-in-oil suspension rheology (NO elastic matrix here, particles are dispersing in a liquid)

same polymer molecule as composite matrix, just not crosslinked
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How does this ¢p; may affect composites?
O the maximally-stiffened states r

Q they are sheared states and presumably share similar packing structures Liquid-air interface tension
Q thus may be controlled by the same ¢, . Confining pressure up to ~ g ~ 1kPa



How does ¢, affect composite elasticity?

This work: Composites (MSS) with non-zero matrix modulus G, Motivation: Elastic network with non-zero bending rigidity
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Scaling collapse for the maximally stiffened states of composites

Scaling ansatz
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O The exponents are assumed to obey the Rescaled matrix modulus

rules expected for ordinary critical points ] ) ] .
O Jamming point controls composite elasticity in a way that

B=7/(6-1)=3 A=68=5 resembles critical phenomenon.



Scaling collapse for the maximally stiffened states of composites

Scaling ansatz
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The qualitative picture: how do composites “feel’ the jamming point
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The qualitative picture: how do composites “feel’ the jamming point
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For a quantitative model: a form of the scaling functions

An empirical fit would give a useful quantitative model.
... and we can choose one that is consistent with a scale-
invariant phenomenological free energy.

[1] Hypothesis: The system sits at the minimum of a
Landau-type phenomenological free energy
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[2] 0L/0G a0, = 0 = inverse function of fi (x):

g+ (z) = c122/P F A~ V/F 4 ¢

-> a useful quantitative model.
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What controls the states in the stiffening regime (under different applied strain)?
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Collapsing G(g) using strain-dependent jamming point ¢; = ¢;(&)

Maximally stiffened states
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How to understand the ¢;(¢) relation that collapse composite data

Frictionless isotropic This line was assumed to be a jamming transition line in the Gm=0 plane from the scaling ansatz.
jamming point (random But is it really controls the jamming transition of our suspensions?
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Does a granular suspension shear jam under strain?

O In the suspension literature, shear jamming is usually studied in shear-thickening systems, and is stress-controlled.
O PS-in-oil suspension does not shear thicken, and we did not observe stress-controlled shear jamming.

[ Can they shear jam under quasi-static strain like dry granular materials? -> How to prepare the initial state?
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Does a granular suspension shear jam under stra
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Does a granular suspension shear jam under stra
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t=0.017 min

Does a granular suspension shear jam under strain?
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How to understand the ¢, () relation that collapse composite data

Frictionless isotropic This line was assumed to be a jamming transition line in the Gm=0 plane from the scaling ansatz.

jamming point (random But is it really controls the jamming transition of our suspensions? YES.
close packing) (0.676 from
simulation) v

0.7 Gm =0 plane | ) ) _
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— Jammed (large shear strain)
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What governs the mechanics of

soft composites in the dense limit?

Composite Elasticity

Particle Volume Fraction Matrix Elasticity = Shear Deformation



Quantitative model for composite strain-stiffening in the dense and soft limits

G = G(E' b, Gp)
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Strain-stiffening in the dense limit as cross-over phenomenon

Gm = 0 Shear Jamming Transition

Gm > 0 Solid Composites
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Conclusion: Jamming in (Dense and Soft) Amorphous Solid Composites

v’ Granular shear jamming affects composite

mechanics in a way resembling critical phenomenon L /
v New design ideas for functional soft materials 7
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