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A Collmdal Model for Nanocomposite Dispersion.*
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“A pseudo-thermodynamic description of dispersion for nanocomposites Y. Jin, et al. Polymer 129 (2017) 32-43.

Structural emergence in particle dispersions A. Mulderig, et al. Langmuir 33 (2017) 14029-37.
Thermodynamic stability of worm-like micelle solutions K. Vogtt, et al. Soft Matter 13 (2017) 6068-6078.



Worm-Like Micelles Display a Mesh
Reminiscent of Polymers

Fig. 13, Cryo-TEM images showing mesh size around tens of nanometers from sample with 3.72
wt.% MS 4.5 wt.% NaCl prepared at room temperature,



Worm-Like Micelles Display a Mesh
Reminiscent of Polymers
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Structural Screening to Quantify Dispersion

Compatibility

Model Particles
SMNPs and

Microgels Monodisperse

Unaggregated
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Among aggregated nanoparticles

Pigment + Surfactant Carbon Black

PY 14 with Triton® X-100

A colloidal approach for a compatible colloid:
e.g. inkjet ink: dispersed as pigment with surfactant

on drying emergent structure can be a dual hierarchy

Incompatible complex system:
e.g. tires: carbon/silica with elastomer

similar emergent dual hierarchical networks
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Structural Screening and Emergent Mesh Size

5
10 F — 4 : . : , . . . . _
i °?O Global Aggregate Dispersion
M3 . - 3
screening of larger Z‘,
o structural features W 2| Iargest par‘;ucle s'ze
E > for stable dispersion
e} d,= 68nm
2t £ 1 . P
10 E ™ /
; repulsive regime
. |[Sample Series A g 0 ........... p ..... seeenares g ..........................................
10"t & PY141% ey attractive regime
c| O PY145% o
C | O PY1410% -1 — a4
T At mir 1 T e o o 0 20 40 60 80 100
0.0001 0.001 0.01 0.1
q A" d, =6 x VIS (nm)
d,= 8 nm d, = 36 nm d, =52 nm d, = 58 nm d,> 68 nm
. .
@ B o 5
. . i ik : . X ey

increasing primary particle size

Structural emergence in particle dispersions A. Mulderig, et al. Langmuir 33 14029-37 (2017).
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Dual Hierarchical Networks Emerge on Drying

Screening of
large-scale
structure

PY14 RSb 20°C
® 0.7% aqueous ink
A 4.0% aquoeus ink
20% aqueous ink
B 1.4 mm dried ink plaque
¢ 16 um printed ink on mylar
== Unified fit to 0.7% ink data

= =Unified fit to dried ink plaque data -
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0.001

Structural emergence in particle dispersions A. Mulderig, et al. Langmuir 33 14029-37 (2017).
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Can this approach be applied to
incompatible polymer nanocomposites?

Thermally driven Mechanically dispersed
colloidal dispersion nano-fillers

Energy « Temperature Energy o Mixing Time

a(r)= 2o 2) i)



Nanoscale Dispersion (within clusters)

Compatible
Organic Pigment with Triton X100
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Thermally driven nano-dispersion/Stokes drag coefficient
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Incompatible
Carbon Black and Silica in Elastomer
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Mechanically driven nano-dispersion/Lever arm

Mulderig A, et al. (2017) Structural emergence in particle dispersions Langmuir 33 14029-37.

JinyY, et al. (2017) A Pseudo-Thermodynamic Description of Dispersion for Nanocomposites. Polymer 129 32—43.
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