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Desiccation cracks of colloidal suspension‘ ‘
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Desiccation crack patterns produced by memory effect

lattice
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@ CaCO;, powder Protocol of our drying experiments
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Cracks run perpendicular to initial vibration

Cracks
‘ perpendicular
to vibration
Pour
0 1 minut{ Memory
of

Shake horizontally = Le{ vibration |dry

Cracks

‘ perpendicular
to vibration

Top view


../../research_data/CaCO3/movies_CaCO3/lamellar.avi
../../research_data/CaCO3/movies_CaCO3/rad.avi

Memory of vibration

A. Nakahara and Y. Matsuo

J. Phys. Soc. Jpn. 74 (2005) 1362.
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Uncharged Pastes remember vibration anm

\/
Magnesium Carbonate Hydroxide, Carbon, Kaolin, etc.
A. Nakahara and Y. Matsuo
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Morphological Phase Diagram of uncharged paste

. Yield str
magnesium ‘ 13 | — — (!eds =55 L
carbonate urouience © ¢o momm m $ Plastic limit

. — cellular D flow lwbratio
hydroxide i k< B 5o m o ¢

= 3Cf-a;_C- : Iamellar;Iamellar------------ ------- g

. - 0o o B E BO'R w o P

Movies of @ L) |-feracks lcracks -

5 N O ;

~ : araTIeEF erpepdicular)

R 2 s o1 CE""E}-EE ----- EE--I-(E-)-" P e Qe )

1 | i i

£

Uncharged paste has memories |[F 4 £ 88 /
of vibration and flow. el Y S

oo goroto o ol
0 5 10 15 20
solid volume fraction o [%]

A no movement — no experience —s cellular cracks (no movement)

B vibration — remember —> Lamellar cracks (perpendicular)
C flow — remember  —> Lamellar cracks (parallel)

D turbulence —> forget —> Cellular cracks (no memory)




Morphological phase diagram of@CaCOQ paste
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Memory effect and jamming transition
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Memory effect and jamming transition
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Residual tension models for memory of vibration

M. Otsuki, . Model A (Otsuki)
PRE 72 (2005) 046114. compression Horizontal stretching
OoshidaT.,, ¢

JPSJ 78 (2009) 104801.

Model B (Ooshida) Shear deformation
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Where will cracks appear by Residual tension models?

l,g

M. Otsuki, . Model A (Otsuki)
PRE 72 (2005) 046114. compression Horizontal stretching

Ooshida T.,
JPSJ 78 (2009) 104801.
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Verification of two residual tension models

Model A (Otsuki)
Both models are needed! Horizontal stretching

Model B (Ooshida)
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Conclusion 1

@® Memory of vibration = residual tension Water-poor

compression
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® Memory of flow = elongation of dilute network under flow
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Can we control position of cracks?

By horizontal vibration... Contro

Direction: imprinted by memory effect

Position : stochastically formed
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Memories are formed
not by macroscopic hydrodynamic structure
like convection.

position = * =stochastic




Position control of cracks using Faraday waves
Experimental setup for vertical vibration

Paste: Water-poor CaCO, paste (only memory of vibration)
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e and ring cracks produced by vertical vibration
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Spatial correlation between Faraday waves and cracks

Where do cracks appear?

Faraday waves Desiccation crack pattern

At overlapping process, give attention to subharmonic oscillation!




Structure of Faraday waves of CaCO, paste
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Horizontal OSC|IIat|on in node reglons
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Superposition of successive Faraday waves and desiccation cracks
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Statistical analvsis Ratio of observing cracks at node regions
to that of anti-node regions
@Cil—nlqzleI regions >

L, : length of cracks at anti-node region

L. : length of cracks at node region

Check this crack




Statistical analvsis Ratio of observing cracks at node regions
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Square lattice cracks produced by vertical vibration

Vertical vibration @

> Faraday waves desiccation crack patterns
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Conclusion 2

@ Using vertical vibration, we can control
not only the direction but also the position of cracks.

@ Cracks with lattice structure can be created !

Square lattice

H. Nakayama, Y. Matsuo, Ooshida Takeshi and A. Nakahara
European Physical Journal E 36 (2013) 1.



Further applications

1. What will happeTechnoIogy)

- Control microstructure of materials,
anisotropy in conductivity and elastic moduli,
and macroscopic crack patterns

2. What happene (Geoscience)

- Know past by memories and cracks in rocks

Future plans
Flow === large deformation

@ Definition and quantification of Memories in pastes
including Memory of flow
@ Theoretical model which explains Memory of flow

@ Transition from Memory of vibration to Memory of flow



Future plans 2

to control crack patterns

Combine various external fields

A. Nakahara & Y. Matsuo
JPSJ (2005), PRE (2006)

Mechanical method (vibration, flow)

Electrical method
D. Mal et. al., Physica A (2007)

Magnetic method
L. Pauchard et. al., PRE, (2008)

A. T. Ngo et. el., Nano Letters (2008)

Desiccation cracks
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Desiccation cracks

%, + Crack pafterns in layers of mud in-dried river

beds or in the'glaze on old porcelain crockery
are familiar fo everyone. Desiccation crack
patternis share.some fypical characteristics,
which:make them an active. topic of research.
Delails such as the width distribution of cracks,
the'drea they cover, the angles at which they
deet, and the number of sides and the size
distribution of the polygonal pieces depend on
numerous factors, ine uding the materia

L substictte, drying rate, humidity, and

tdmperature. Realistic crack patterns can be
ienerored by computer simulation using models
that take into’ account the details of the physics
and ehemistry of the process. Numerous studies
are under way to better understand the
crccking process and, in some cases, how to
control it, since crack patterns are sometimes
intentionally produced as an artistic effect for
decorative objects. Shown above are the spiral
cfack patterns produced when a clay sample is
maved in a circular path before drying, and
radial crack patterns formed when a synthetic
clay is dried in a radially symmetric static
electric field. More about desiccation crack
patterns can be found in D. Mal et al., J. Phys
Soc. Jpn. 76, 014801 (2007); D. Mdl et al., J.
AppldClay Sci. doi; 10.1016/j.clay. 2007
05005 (in press); A Nakahara, Y. Matsuo,
Phys. Rev. E 74, 045102 (2006)
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