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Industry trend in consumer products: 
reconfiguration and compaction

Move from mostly-water 
products or low bulk 
density powders to solid 
“tiles”. Reduces 
shipping costs and 
packaging volume.
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Industry trend in consumer products: 
reconfiguration and compaction

Reduction in packaging, less 
need for containment in solid 
form, avoiding plastic bottles 
and content. Sustainability 
claims for consumer.
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Phase behavior as a hydration trajectory

C12E6 capillay image

Paste droplet
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Rheology of hydrated phases complex and 
counterintuitive

Even when a powder is soluble, the structures it forms can be a limiting factor in kinetics

Worms < Sponge < Lamellar < Hexagonal < Cubic 

10 Pa-s 50 Pa-s 100 Pa-s 10,000 Pa-s 100,000 Pa-s

Order upon 
dilution is 
counterintuitive
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Characterization of dissolution
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Measurement of characteristic rates

Poulos et al., Soft Matter, 13, 5332-5340 (2017).

Velocity of 
interfaces can be 
used to measure 
the effective 
diffusivity in the 
phases. Rate of 
dissolution varies 
with initial 
surfactant 
concentration.

7



Measurement of characteristic rates

Poulos et al., Soft Matter, 13, 5332-5340 (2017).

Velocity of 
interfaces can be 
used to measure 
the effective 
diffusivity in the 
phases. Rate of 
dissolution varies 
with initial 
surfactant 
concentration.

8



Quantifying via water level

Kelkar et al., Rev. Sci. Instrum. 95, 035102 (2024) 
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Quantifying via water level

Kelkar et al., Rev. Sci. Instrum. 95, 035102 (2024) 
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Worms

Spheres

Lamellar

Hexagonal

Morphological variations

Lamellar

Hexagonal

Micellar

Adding colloidal tracers to the 
system reveals another 
barrier to dissolution: a very 
viscous concentrated micelle 
layer.

Thermodynamically this is 
treated as one phase: 
micellar, but has a sharp 
transition within that region 
like a separate phase.
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Colloidal tracers map invisible structural boundaries

Buchanan et al., Langmuir, 16, 3718-3726 (2000).

Here the rate of 
tracer flow in 
provides a rough 
mass balance. Water 
flux and interface 
velocity used to 
argue cylindrical 
micelle packing is 
rate-limiter.
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Particle tracking maps structure
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Microrheology quantifies capillary swelling

Surfactant

Water
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Midpoint message

o Small, simple, but quantitative measures of reconstitution 
flows and compositions provide the mechanistic insights 
needed for a mental model of performance.

o As products and materials increase in complexity and 
concentration, there is more need for structural adaptations of 
materials and their response.
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Solomon & Spicer. Soft Matter, 
6(7) 1391 (2010)..

Emady et al., J. Rheo., 57, 1761 (2013).

1960-1970

10-30%

1-3%

0.1-0.5%

1970-2000

2000-now
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Amyloid nanofibrils as structural and functional 
inclusion in spray dried “supraparticles”

Fibril particles added 
to the mixture 
improve cohesion, 
making stronger dried 
films at the surface.

Buckling is desired 
here to improve hydr. 
Diameter aerosol 
performance and S/V 
ratio, as well as 
ensure buckling.Kämäräinen et al., Small, .2309645 (2024).
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Bacterial nanocellulose
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Science advances, 6(19), p.eaaz7328.

Inorganic compacts via strength of structural 
adhesion

Strength of attractive 
interactions between 
fibers produces 
compacts with 
strengths comparable 
to sintered materials
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▪ Microstructure of the biofilms formed in different media are imaged using SEM, 
Lightsheet and confocal microscopy. 

▪ Biofilms are immersed in different solutions of polystyrene particles with 
diameter of D = 0.2, 0.5 and 1 μm.

 

Captured frame rate: 2 fph
Playback frame rate: 10 fps
www.zeiss.com

Cellulose biofilm/pellicles formed by Acetobacter xylinum

100 µm

20 µm

20x objective 
NA=1

63x 
objective 
NA=1.4

6 mm
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Pore sizes between 0.5 μm -1 μm

Cellulose microcapsules

Low elastic modulus around 100 Pa
Wall density less than 1% solid, so overall 

capsule has minimal mass

Song et al. Biomacromolecules 2019, 20, 4437−4446

Two weeks

Acetobacter xylinum bacterial 

culture is dispersed into droplets 

in a gelled oil phase

150 µm
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0 s 2 min 4 min 8 min6 min

(a)

(b)

200 µm 

Isotropic shrinkage Buckling and crumpling

(d)

Height
Width

Microcapillary

300 600

Time (s)

(c)

Height
Width

Flat surface

300 600

Time (s)

0 s 2 min 4 min 8 min6 min

Cellulose aerogel capsule drying

500 µm 5 µm

Freeze-dried

(a) (b)

Air-dried

500 µm 10 µm

200 nm

(d)(c)

M. Hosseini, Ph.D. Thesis UNSW 2022

Millimeter-scale capsule dries to nanometer 
dimensions purely by capillary forces. Transition is 
irreversible unless surface interactions are reduced.
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Cellulose aerogel capsule swelling

1 s 50 s 100 s 150 s 200 s

200 
µm 

200 µm 

M. Hosseini, Ph.D. Thesis UNSW 2022

Recovery of shape is complete from a fully flattened 
film. Same recovery in a powder matrix with active 
materials encapsulated would speed mixing and ease 
reconstitution.
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Insights

▪ New, as well as traditional, material and product forms require 
understanding of complex phenomena and their rates for 
formulation, scale-up, and use specs.

▪ Simple measurements, coupled with knowledge of structure 
and formulation designs, provide rapid assessment of even 
complex mixtures.

▪ Response of powder particles during reconstitution may add 
function and resilience for new formulations and design.
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