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BACKGROUND

{09001] Field of Invention

10002] The present invention relates to methods of producing elastic materials from viscous

materials and the materials made by the methods.

[0003] Discussion of Related Art

[0004] Colloidal dispersions can behave in interesting and unusual ways when subjected to high
shear stresses that alter their structures away from thermal equitibriurn (W.B. Russel, D.A.
Saville, and W.R. Schowalter, Colloidal Dispersions (Cambridge University Press, Cambridge,
1989)). For instance, shearing a polymer entanglement solution can cause the polymers to
stretch and even disentangle, leading to non-Newtonian -shear—thinning_behavior; the solution’s
viscosity, 77, decreases at higher shear rates, y (R.G. Lérson, The Structure and Rheology of
Complex Fluids (Oxford University Press, New York, 1999)). Other dispersions, such as
concentrated hard spheres in a simple liquid, can exhibit a shear-thickening viscosity (J. Bender,
and N.J. Wagner, J. Rheol. 40, 899 (1996)), and the dispersion increasingly resists more
vigorous shear: 77 rises with y. Attractive hydrodynamic interactions between the hard spheres
can lead to the formation of clusters of spheres that jam and can even percolate, effectively
causiﬁg #7 to diverge (B.1. Maraﬁzano, and N.J. Wagner, J. Chem. Phys. 117, 10251 (2002)).
This increase in 7 is reversible; thermal forces redistribute the spheres and the equilibrium
particle structure returns. Clay-polymer “shake-gels” can become temporarily elastic due to

changes in the structure of interacting components after 7 is raised (B. Cabane, K. Wong, P.
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. emulsion’s composition, especially at lower droplet volume fractions below about ¢ < 0.5, has
not yet been found.
[0006] The elasticity of glassy microscale emuisions of repulsive uniform droplets arises from
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Rev. Lett. 75, 2051 (1995); and T.G. Mason, M -D. Lacasse, G.S. Grest, D. Levine, J. Bibette,

and D.A. Weitz, Phys. Rev. E 56, 3150 (1997)). At low &< furs, where the droplets are not
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inthis experinment is about 4 nm so the average
dropl et radius has not evolved over nore than three

and a half years within the



instrument's resolution. 100191 Figure 8 shows the
plateau linear elastic shear nmodulus; Cp (COr= 10
rad/s) as a function of volunme fraction O for a

woremedsssper se nanoemnul sion (<a> = 47 nm CSDsP{-:T,ég)z(m8,000800
rnM after being diluted with an aqueous surfactant
solution at Csps = 10 mMthat also 7 contains
di ssolved NaCl: CNac: = 0 mM (red circles), 10 nM
(bl ue upsi de-down triangles), 40 nM (di anonds) and 90
mM (right triangles). 100201 Figure 9 shows
phot ogr aphi ¢ i mages of the effect of elastic

Sregs (7 i 0T &RRtiphtranh Bet readvcoeitesses ievicesd vi the oeak stress exhibits a
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0
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guide the afem  channel width = 75 microns) for N= 2, 4, and
8 passes (fromleft to ri ght) through the honogeni zer
according to an enbodi ment of the current invention.
[00KF] Figarefoshyys m%mle#mieidﬁtr@sfracietebﬁnwecm thheheenrtsiseain data

of F(l%\d?é L ﬂe@[ﬁ@@ Qfier agrs&}ﬁ)s eﬂnlgiog p& b \Qﬂks t{qrougrp Sha%h ?re%l@re

hin the vial remains ve tlca
m’°f‘Wé”"é°o4‘F§i°ﬁé7|5é?B1:"é“ eliaael pidty TBE epHeonsisadmirised GRPMS silicone

oil {OV es&mutyﬁe ah BLEHS sgrffacgzﬁﬁ%'h%tlﬁtt] G%E{ﬂumgiohégylasumtg &‘HSB on
IR NN S W T
(to tha e d At ReROYPES 9NEH ;i tHOM 1 Mion composition remains fixed and does not
change as a function of N. Even after a single pass the yield stress has become measurable,
and after several passes, it has exceeded the value required for the material to withstand
typical gravitational stresses that would cause it to flow when a vessel containing it is tipped

sideways.

[0018] Figure 7 shows the average droplet radius, <a>, measured by dynamic light scattering
(DLS) after a viscous emulsion has been subjected to N =4 passes through a high-pressure
microfluidic device (75 micron channel size) and then has been aged at a temperature of 23°C
in a sealed vessel that inhibits evaporation over an aging time, fhge. The emulsion is
comprised of PDMS silicone oil (10 ¢St viscosity) in an aqueous surfactant solution of sodium
dedecy! sulfate (SDS): droplet volume fraction ¢ = 0.40, SDS concentration Cspg = 100 mM,
and input air pressure (to the microfluidic device) p = 120 psi. The bars represent the
effective width of the size distribution, corresponding to the polydispersity of the radial size
distribution to one standard deviation. The uncertainty of the mean of the radial size
distribution due to DLS instrumental resolution in this experiment is about + 4 nm, so the
avérage droplet radius has not evolved over more than three and a half years within the

instrument’s resclution.

[6019] Figure 8 shows the plateau linear elastic shear modulus, G', (@ = 10 rad/s) as a
function of volume fraction ¢ for a monodisperse nﬁnoemuision (<a>=47 nm, Cgps = 10

mM) after being diluted with an aqueous surfactant solution at Csps = 10 mM that also
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DETAI LED DESCRI PTI ON OF VARI OQUS EMBODI MENTS 100211
According to sone enbodi nents of the current
invention a liquid-like viscous material can be
wo rdsegsorged into a solid-like elastic materi
through a history of extrene shear or flow ﬁ%% L08/000800
altering its conposition. Thus, a physical process
t hat causes an irreversible breakdown of the
structures within the material can be used to
dramatically transformthe nmaterial's theol ogica
behavior fromthat of a liquid to that of a solid.:
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according to sone enbodi nents of the current
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el astic at droplet volune fractions (defined as the
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is caused by an applied extensional or shear stress.
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material. We anticipate that ion exchange resin can
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el astic again. 1-00261 W find that according to sone



phase. [0027] Potential applications of elastic

vitrification of enul sions by droplet breakdown into
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general concepts of this invention are not limted to
only these specific materials and are not limted to
such high flow rates. The extreme stresses created by
wosaodiosseisong fl ows or other nmeans of excit atimrr/us2008/000800
effectively rupture droplets down to nanoscal e si zes,
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phas asfaving a broad size distribution centered at
approximately <a> 5 pm The prenlxed emul si on
provides a feed to a high-pressure "hard"
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alter the viscosity of the surfactant solution or
cause the surfactant solution to becone el astic by
itself, thereby denpbnstrating that at |east sone

di spersed el ements of droplets are necessary to
achieve elastic vitrification. 100311 Because the
flowin nost mcrofluidic devices, including the



determ ne the frequency-dependent storage nodul us,

G (co) and |l oss nodulus, G'(0). Dynamc |ight
scattering (DLS) of highly diluted emnul sions provides
w( tves/esseisage radi us <a> and the standard devimitngo0s/000800

cb. Al neasurenents are conducted at room

tenperature, T 23 C. 100321 Al though fl ow i nduced
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saturatlon in Gp(N) corrésponds to the reduction and
saturation in <a(N)> [Figure 2(a)-(b)]. W
“enpirically fit <a(A)> <asal>[1 +fl expeN Nan where
the subscript "sat" refers to saturation at N>- 1, :
yielding ic-a",> =60 | nm fl =2.3 0.1, and Nu =
1.25 0.09. Here, N, refers to the 1/e value of the
exponential decrease, so saturation occurs when N
becones several tinmes N'. Likew se, noting an
exponential rise to a saturation, we fit G'p(N)= G
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J.N. WIking, K Mleson, CB. Chang, and S M
Graves, J. Phys.: Condens. Matter 18, R635 (2006)).
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for measuring U(h) for soft, glassy repul sive
col | oi dal suspensions of spheres. Through a repul sive
contact-di sorder (RCD) interpretation, which assunes
that z = 6, jammi ng occurs at Omj, and G'1,(0)
11(0) we obtain the nicroscopic U(h) In prior mork
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conti nuous phase alters the range of repul sive
i nteracti ons between the droplets and can be used to
control the elasticity of the resulting emrul sion.
W0kl gure 9 shows a vi scous m croscal e epit/842068/000800
(0 = 0.40, Csps = 116 mV) after being subjected to
extrenme nechanical flowwthin the mcrofluidic
honogeni zer (input air pressure p = 3.4 atn). The
enmul si on has been flowed through the mcrofluidic
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catlonlc surfactants. In Particular, we have used the
process of elastic vitrification to nake PDVS
silicone oil (10 cSt viscosity) in an aqueous
surfactant solution of the cationic surfactant cetyl
trirnethyl anmoni um brom de (CTAB): droplet vol unme
fraction 0= OA, CTAB concentration CcTAB = 200 mM
and input air pressure to the microfluidic device of
p = 90 psi, after N= 6 passes through the 111
icrofluidic device (75 mcron channel width). This



[00461 The invention has been described in detai
with respect to various enbodinents, and it will now
be apparent fromthe foregoing to those skilled in
wa tes/esspist hat changes and nodifications may be-#Bé8osmoosoo
wi.t hout departing fromthe invention in its broader
aspects, and the invention, therefore, as defined in
the clains is intended to cover all such changes and
nmodi fications as fall within the true spirit of the
invention. CLAIMS W claim |.A nethod of producing
an elastic material, conprising: provi di ng a
canhie gprbiad tormtay V@) when B arndwn for aly comt@rated) soﬁ glassy

repglgwaﬁfbﬁhlgpsténhgf Qc.I,res C(JmYalstS St‘RHﬁec’ﬂ? ueers Isnl?clh as O%Fg] trapping

nul ti phase” di spersi on ¢conpri$ing
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el e to-a seéond%glupgflfakof 5|sc?ete efeﬁgﬁpns

th"ﬂ“ﬁ‘é\\/“wa g %fa‘?j EEEIRURLBOYS 2pPeierdirgedaiobimen s 2 vilieienic
surfs@dnth, by Sdhiblsthfiad Gty 58 whit SeMeeh&l BN Shic SDS surfactant,

whereas nonionic- and uncharged-polymer-stabilized nanoemulsions could exhibit different

G '5(@) due to repulsions related to molecular compressibility.

[0038] We have demonstrated the effect of elastic vitrification by breaking down microscale
droplets into nanoscale droplets using extreme flows, the effect is more general than just for
emulsions subjected to extreme flows in a microfluidic device. Other types of devices that can
create extreme stresses on dispersed elements in a multiphase dispersion can be used to break
down microscale and larger dispersed elements into a greater number of smaller elements that
are typically below 100 nm in maximal linear dimension, thereby increasing the ratio of the
total surface area of the dispersed elements divided by the total volume of the dispersed
elements in the muitiphase dispersion. Other types of devices that can apply stresses capable
of breaking up dispersed elements include focused acoustic wave generators, ultrasonic .
devices, focused ultrasonic devices, homogenizers, mixers, colloid mills, and extruders. In
addition, if there is at least a short-range repulsion in the interaction potential between the
surfaces of the dispersed elements that has a range that is also between about one and one
hundred nanometers, then the effect of elastic vitrification by breakup of the dispersed
elements can oceur. it is advantageous for the structure of the resuiting elastic vitreous multi-
phase dispersion to be disordered, since the effective volume fraction corresponding to
Jjamming is lower than would be the case if the structure of the resulting multi-phase

dispersion would be ordered or crystalline,

[0039] In summary, flow-induced elastic vitrification thraugh irreversible structural
breakdown of dispersed elements in a multiphase dispersion provides an exciting route for
making nanoemulsions that are highly elastic at surprisingly fow ¢. These unusual and
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wherein said discrete elenments of said second

plurality of discrete elenents have at | east one of a

‘conposition or a surface | ayer on each el ement that
WORPB(8YEE at | east a repul sive interaction b&CRAEA08/000860

adj acent discrete elenents to prevent said discrete

el ements fromirreversibly coal escing or irreversibly

re-uniting after said stress has been renoved, said

viscous material thus irreversibly becom ng an

elastic material having a same materi al conposition
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[0041] Figure 7 demonstrates that the reduction of the droptet sizes achieved by applied stress
is irreversible over very long times scales. This means that long-time aging of the elastic
material does not result in any change in the size distribution over many years, to v;fithin the
measurement uncertainty of the dynaméc light scattering (DLS) instrument we use to
determine the droplet size. Since the elasticity of the emulsion has been correlated to the
average droplet size, this data also implies that the elastic shear modulus of the elastic
material does not change appreciably over time, even over the scale of years. This can be

important for shelf life of a product.

[0042] Figure 8 shows the plateau linear elastic shear modulus, G'p (@ = 10 rad/s) as a
function of volume fraction ¢ for a monodisperse nancemuision (<a> =47 nm, Csps = 10
mM) after being diluted with an aqueous surfactant solution that also contains dissolved
NaCl: Cnac) = 0 mM (red circles), 10 mM (blue upside-down triangles), 40 mM (green

diamonds) and 90 mM (black right triangles). Thus, the concentration of salt in the
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6. A nmethod of producing an elastic materi al

according to claim5, wherein said stabilizing agent

is selected fromat |east one of a surfactant, an
WOZMSIR%Md8 sur f act ant, a cationic surfactant, QCTnmmmwmmmm

zwitterionic surfactant, a nonionic surfactant -a

detergent, an emulsifier, an anphiphilic nnlecule, a

lipid, a di-block polyner, a copolyner, a graft

copol yrmer, an anphiphilic graft copol yner, a

bi opol yner, a co polypeptlde a polysaccharide a
contanz'oysrPéa %eéﬁ%rggg range g rF?ulsyxg 1Bt8ra§/t',ﬂg? ﬁééw%egltl?e (F%}l%%ﬁrvl%%l} be
useddo couel ik elagtEitg sf tharesldingrenbiimc| ei ¢ aci d, a

ri bonucleic acid, a functionalized nDIecuIe a

derivati zed nDIecuIe a nanoparticl e,
’°°4§hF‘SH63SFQ}YF&W‘%H'&IW'E’@ﬁcaﬁé%Bé’f‘M TP4o, Csrrs N%&’lhef&r Bging

subjpdr@dty Si.t%eﬁmacﬁdna:%l fldv Wil @ hk a xcr@ﬂlﬁtﬁé ﬂdrﬁl@erﬁl&r @Jng:';lr\%)t/ Rir Pressure
_ sal st a ent is. at_|east 0
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passpy, aehb_@aunge &rer edch piss & mt:ceirniuﬂhgl—agmmblsn gnd ihagdsatremakan

sevcé %grgl:tea aﬁ&g’ltge s‘?’apnaelvlall \%flasnt?me (Sn ijis R:usé ?%{t e%?\tura'r % }psydownward

vi'scous " et
(from thegbragdithecpagatoahd tmktomk A dialsgirs appokimiately, | o ercéamst@aandl

the AR dpBdatha R0 Hlo1dcR redfon 575 bockBith BY aifTPR eRlisRAlbbkomes
moré/éfgs?lggi%ermtasegeen subjecred to a history of strong flow, as evidence by the inability
of the earth’s gravitational field to cause the boundary between the air and the emuision. Ata
tow pass number (& = 2) the emulsion material is viscous and flows so that the normal to the
surface is along the direction of gravity; at high pass number (¥ = 8) the multiphase material
is elastic and does not flow so that the normal to the surface remains perpendicular to gravity,

even over long times (i.e. days, weeks, and months).

[0044] We have validated that the elastic vitrification is irreversible not only by showing that
the droplet size distribution has not appreciably changed, but also through linear viscoelastic
rheometry measurements. For this experiment, the emulsion composition is PDMS silicone
oil (10 ¢St viscosity) in an aqueous surfactant solution of sodium dodecyl suifate (SDS):
droplet volume fraction ¢ = 0.4, SDS concentration Csps = 116 mM, and input air pressure to
the microfluidic device of p = 50 psi, after N = 6 passes through the microfluidic device (75
micron channel width). The plateau elastic shear modulus G’p was measured tobe Gp=(3 +
1) x 10 dyn/em® initially right after the process was completed. After an aging time of 461
days, we re-measured G, for the same sample that had been kept in a glass jar with a teflon-
coated screw cap at a temperature of 23 °C,and we found G, = (5% 1 ) x {in dyn/cmz.
Within the experimental uncertainty due 1o loading conditions of the mechanical rheometer,
these values are essentially the same, so we conclude that the process of elastic vitrification of
the emulsion is irreversible and the large elastic shear modulus that was created through the

process remains unchanged over more than a year.



10. A nmethod of producing an elastic materi al
according to claiml, wherein said applying stress to
said plurality of discrete elenents of said first

w@erssossers conprises at | east one energetic exgsii@b&hosoo
selected fromthe group of energetic excitations
consisting of a shear flow, an extensional flow, a
viscous flow, a plastic flow, a visco-elastic flow, a
yielding flow, a nechanical extrusion, an extrusion
through a solid porous nenbrane, an extrusion through

a solid channel, an extrusion through a m crochannel,
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invention, therefore, as defined in the claims is intended to cover all such changes and

modifications as fafl within the truge spirit of the invention.
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13. A nethod of producing an elastic_naferial
according to claim1, wherein said first conponent of
said viscous material conprises an oil and said

werosngkosonponent of said viscous materi al Co@ffﬁ%&?ﬂ%ﬂ%ﬂﬁ
an aqueous solution of a surfactant. 14. A net

producing an elastic material according to claiml,
wherein said second conponent of said viscous

material conprises.at |least one of an oil or a
solution of oil-soluble nolecules dissolved in an

oi l; ~and said first conponent of said viscous .
material conprises at |east one of water and a

sol ution of water-sol ubl eLaphiecul es dissolved in
water. 15. A nmethod of producing an elastic nmateri al
accordlng to claim13, wherein said applying stress
WeeGiBaid plurality of discrete el enents of said first

1. compmﬂemof@ﬂﬂmthgsﬁ&laatm heRsii, &Hﬁngﬁo appl y| ng a
rOv%rnssure n1croTLu1d|c rom;an ap

gzal VﬁSéDLfSl n&;\?na YEg aertéa( HBE}”@‘FOBP%'@% %q@oféﬁa;d
wsc@hsa»sarﬁrmt heter rma]ltlpl&G@mmﬁrsﬁtgr compedigd ApldralitVBedi Rkt d1&iRents of
roEIRRIRhEAELEOSH, TR, B SARL o, Sl gt dysenond
1 ﬁpﬁ!gp@stqegsgg sqihplnralityofitlis@€@ elements of said first component to break

up said plurality of discrete elements into a second plurality of discrete elemeénts having a
greater number of discrete elements than saijd first plurality of discrete elements,

wherein said discrete elements of said second plurality of discrete elements have at
least one of a composition or a surface layer on each element that provides at least a repulsive
Interaction between adjacent discrete elements to prevent said discrete elemerits from
irreversibly coalescing or irreversibly re-uniting after said stress has been removed, said

viscous material thus irreversibly becoming an elastic material having a same material

composition as said initial material composition.

2. A method of producing an elastic-material according to claim 1, wheréin said second
component of said viscous material is at least one of a liquid material, a liquid solution, and a
liquid-based dispersion.

3. A method of producing an elastic material according to claim 1, wherein said first
cormponent of said viscous material is at least one of a liquid material, a liquid solution and a

liquid-based dispersion, said first component being immiscible with said second component.
4, A method of producing an elastic material according to claim 2, wherein said first

component of said viscous material is at least one of a liquid material, a liquid solution and a

liquid-based dispersion, said first component being immiscible with said second component.
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17. A nmethod of producing an elastic materi al
according to claiml, wherein said elastic materi al
has a linear elastic shear storage nodulus that is at

wo emsbssdisdyne/ cn2 for at | east one frequency Wiﬂﬂk%oﬁoaosoo
range of frequencies greater than about le s
| ess than about 105 s-1. WO
2008/ 088918PCT/ US2008/ 000800 18. A net hod of
produci ng an elastic material according to claim1,
wherein said elastic material is at |east one of a
cosnetic, a personal care product, a pharnmaceutical,

5. and® Betherbel prdoefog en e!asmgmatArmmcdwﬂng:xﬁ cpmod,uﬂiefa:@ AR viscous

maﬁhﬂﬁ"ﬁr‘tfﬁr {Gﬂ;pﬁgés%lstagggﬂé g%fagv]hgrgmc%x% ns;.amblhmnglagegu%rg alﬂ% Afleast

ri sing luting sai eri

4 P‘EVBn;E isgfd &?ﬂﬁ‘syF Hﬁe"@ﬁ“lﬂégg“’f@ afieennt desrege dervamead eaiil second
pluaoiyeEpktrat keRef. sai d second plurality of discrete
el enents of said elastic material. 20. A nethod of

produci ng an elastic material according to claim1,
6. furt thehodwmmﬂucsmm mmm&mhmg{.@a{b &laigl AShE®in said

stamgn\e%ra Qllt i5°s¢ .ec & (%rl]tat Igaot T g ﬁﬁg \%/ A P
de an i ncrease TH WSRERAY PR Boni arGowpie ppionic
surfpdtant.al Zwtineriofic girBcaet enceulice:maatf&mi, aslatke@et] AStluGifier, an
ampﬂﬁﬁj@i% 'nf'iljllecu]e, a lipid, a di-block polymer, a copolymer, a graft copolymer, an
amphiphilic graft copolymer, a biopolymer, a co-polypeptide, a polysaccharide, 2 protein, an
acid, a polymeric acid, a base, a polymeric base, a salt, a polymeric salt, a polymer of nucleic
acids, a deoxribonucleic acid, a ribonucleic acid, a functionalized molecule, a derivatized

molecule, a nanoparticle, and a surface-functionalized nanoparticle.

7. A method of producing an elastic material according to claim 5, wherein said

stabilizing agent is at least 0.1% by mass of said viscous material.

8. A method of producing an elastic material according to claim 5, wherein said

stabilizing agent is at least 1% by mass of said viscous material,

9. A method of producing an elastic material according to claim 5, wherein said

stabilizing agent is at least 10% by mass of said viscous material.

10, A method of producing an elastic material according to claim 71, wherein said applying
stress to said plurality of discrete elements of said first componet comprises at least one
energetic excitation selected from the group of energetic excitations consisting of a shear
flow, an extensional flow, a viscous flow, a plastic flow, a visco-elastic flow, a yielding flow,
a mechanical extrusion, an extrusion through a solid porous membrane, an extrusion through a
solid channel, an extrusion through a microchannel, an extrusion through a nanochannel, a
mechanical milling, 2 mechanical mixing, a microfluidic flow, a high-pressure microfluidic
flow, a homogenization flow, a cavitation flow, a turbulent flow, a transient flow, a pulsed
flow, an acoustic wave, a focused acoustic wave, an ultrasonic excitation, a focused ultrasonic
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21. A nethod of producing an elastic materi al
according to claiml, wherein said discrete elenents
of said second plurality of discrete el enments have at
WQ 208%e88018e of a conposition or a surface | ayercttiabos/o00s00
provi des |ong range attracti on between adj acent
di screte elenents. 22. A nethod of producing an
el astic material according to claiml1l, wherein said
first conponent of said viscous material is at |east
about 10% by vol une of a total volune of said
e“py ﬁgaae dIS ersjon of said _viscous materjal.
A' et hod 8129 ‘ﬂ%‘&i“ﬁ‘g“’aﬁﬁ elerigs field: piaeerel apltafeaaiaqahﬁd
 thetn@l edcadtion 1 thevher @hdiers,andla EHemsdal @ampanent of said
viscous material is at |east about 20% and | ess than
about 80% by volume of a total volunme of said
1 ulAt gshrsisod PrbdBqEy Bi chastiohaterddl ebcuidig ougainal, eherain said 2gplying
Streﬁ tH?atig'ngrang O@EQQ' glefgglel?rpotes %%Irgt gon’%ﬁwg{t 8%'\/{(1% d s(?refs %ajd

toclaim1 er conprising a
- Pluralyy gf ?jﬁqﬁtaripwt%qf sgif Siest eanepoaing thetis greasfr i abowd 6 bdyde/cm’.

conmponent after the first mentioned applying stress

- to said plurallty of discrete elenments of said first
cotpBTET O Padiingak sl omse it apcordipe iF clgimle pberein said applying
Streslt@iimi’]]ilfirahlﬂbﬁdlﬁ:r&th blegledqdd sisali ifitsy czﬁfpoﬂérﬁ BloBlRs SLERNBHEST at
]e%pﬁ%bqgea;greater nunber of discrete elenments than
P4 'Setond plurality of discrete elenents. WO

2008/088918PCT/US2008/000800 25 A nethod of

13. Pr Q%‘Hoﬁgf @rgdnﬁkr%%% Ief‘ast%ama ena mo {(%I]Eﬂ herem sangi }‘fst

wher ei n sail conmponen
compeiERirdf s3id vip¢pas mmsnducsrpmssw qnhanth sand satrd commnemwcﬁ brsd

v:scifnls WatbriRhRsSriek a8 Qdugoﬁé's§199&hsbf DR eklfl . s selected
fromthe group of materials consisting of a viscous
liquid, a liquid solution containing |iquid-soluble

t4. oA @etho@sf praducingWh G]aﬁﬂ'n\h‘iéri@l’bc@&ﬂlﬁéb{b‘ld"rgll%h&em said second
non- pol ar I q

com P S DRt it POt 130 Bt S Bt
lnm¢mbu¢$pwaiphamﬂ extract, a nut extract, a plant |
pﬁx%dsgfﬁtf]r?tgﬁs%]%g&?)a zﬁ& ?ﬁgc%ﬁg matenzll cwn%ses aé?e%% %g{l v?atﬁeg Fnd a
Smuﬁmﬂfagkaﬁﬁ@ﬂe@ﬁEQM$dmaﬂpﬂhwymhoxane a polymer, a
pol ymer solution, a polynmer gel, a biopolyner
solution, a nanoenuIS|on a du@fer5|on of
5- nahBEwPe PiArecing ayelpgtiy flagsrialzacqosdingplolsin 13, avheieiuind

applﬁﬁg/ﬁrfeﬁl to sad blhﬁﬁf}ﬂ:ﬁ"ﬂ RPLE elehmati Qfsﬁfd)fﬁ§t @me&e$t¥%5ﬂ9§ &t least
solid material, an elastic:

one qfafhlifly £ R biFbureait e e Tt vop ety s pragprins fovs

material, a glassy material, an aggregate of

16. NANQRALL (51‘%' ed%c;fi%fm t[ggs%r ?n%l%nz% acc:é)f; élbgat)é Brf ,’w}g?ﬁi tae ensemble- |

agre ate’'o ets, an a
average @iui"allm da'rﬁnagrgpfésgatsecoo«ﬂ plarahyl of diverbte ek is@keateAthan

abouOS e9at 8 106 .88RB& tgncs, an aggregate of crystals, a
supercritical flurd, and a conplex fluid.

17. A method of producing an elastic material according to claim 1, wherein said elastic
material has a linear elastic shear storage modulus that is at least 1 dyne/em” for at least one
frequency within a range of frequencies greater than about 107 5™ and less than about 10° s

23



26. A nethod of producing an elastic materi al
according to claiml, wherein said second conponent
of said viscous nmaterial is selected fromthe group
WORPUSAE8HEBi al s consisting of a viscous |iquidPCA/US2N§i00)800
sol ution containing |iquid-soluble nolecules, a:
liquid solution containing drug nol ecul es, a polar
liquid, a non-polar liquid, an aliphatic liquid, a
wax, a lipid, a fat, a petroleumliquid, a plant
extract, a nut extract, a plant product, an ani nal
product, a juice, a concentrate, an enollient, a
tackifier, a pignment, a noisturizer, a fragrance, an
18. 0i A, mahcm)lrymszizdir@@ar&ea,sticanmalaynmw,dingtcpﬂduiyznemsah wdidl el|stic
matenapls a}/Irérg"‘st or% of a osmetlopo eXsonaF casre ;!Jro uct ’pharmz? %Qtlcapundsa 1%0(1
persfon of “Hanepartt ¢t €s° iR s FPaul e
momsrrofIU|d aliquid crystal, a thennotroplc liquid
crystal, a lyotropic liquid crystal, a solid
material, an elastic material, a viscoelastic
19- matiendthg of prodicineap lestic reateriat @epraing tociggnd sBrytheraepmprisie,
dilu@R; BOAHEEA Rerd .me dafel a%ﬁlym@@[re@ggrp%gfﬂ!e% dRfrease in
nol ecul es, an ag ate of atelets, an ?%nﬁate of

conggniggiion gf ﬁﬁﬁ‘tsé?qnglp el ﬁggsﬁrégéfe@eaff obsag s

naterlal an aggregate of asphaltenes an aggregate

of ACT a a. su critica nd a
20,01 HARA S SRSl R sral JindraEbrRoTssne
concnfaﬂrze:mg adld dastiomaieng stiseqleat tnsdid apphyérgsstrass tdygrovidd amniBerease in
con%jf%@a%'i)h gf‘sa%' s¥&6d Emratx g/r?f\éf%l .g{l%;e feaégts%f Wt ma@iponent

sal d VI scous I VI tot al vol ume
of sai d viscous naterlal is |ess than about a

rm?('n@loh ¥ ;5réJlQ91mah @mqna\(é?iamorth%@ﬁ)tdla@rﬂ !o\txhe@gﬁ) Wid discrete
AﬁEtﬁO I‘O ucmg aneastlc mat eri al
=\l

eleﬂﬁefé 6? %fdr§g°°i!16 P&'raélﬁyrﬁﬂd'scxméﬂeaews tiedt sat ol preprasitieyora

surfQRE 1GbSRdt ploeided IBRRRALG: kR (6 ENgRN 8djalehl dikRe MitknRave
an average maxi mum di nension that is smaller than
about twenty-five tine the Debye screening | ength for
- 22. sakh theelod st preduamiz@f eladiic material according to claim 1, wherein said first

compoenent of said viscous material is at least about 10% by volume of a total volume of said

multiphase dispersion of said viscous material.

23. A method of producing an elastic material according to claim 1, wherein said first
component of said viscous material is at least about 20% and less than about 80% by volume

of a total volume of said multiphase dispersion of said viscous material.

24, A method of producing an elastic material according to claim 1, further comprising
applying stress to said plurality of discrete e]ements of said second component after the first
mentioned applying stress to said plurality of discrete elements of said first component to
break said plurality of discrete elements into a third plurality of discrete elements having a

greater number of discrete elements than said second plurality of discrete elements.

24



29. A nethod of producing-an elastic materia

according to claiml, wherein said discrete elenents

of said second plurality of discrete el enents have a
woanesasges ed positional structure that is PCT/US2008/000800

characteristic of a glass. 30. A nethod of producing

an elastic material according to claim1, wherein

said discrete elenents of said second plurality of

di screte el enents have a greater ratio of '

total-surface area to volune than said discrete

| ur

25. nliog 09pr§ L%%n/d& aﬂe{a e aé?rla acco mvfto (géii%clr Ber in éa:d first

ucrng an el
commteer dfakid aGGOs trmgalt thatdd asm:rsled withe s«’eql anatmObeﬁtsﬂ plase of

saidg/%(':&jsgr&te% I EQ%E&%@ Mﬂe ﬁ'[al)tuér ! a M%hﬁ&aggﬁe\é&okﬁiquid a

astic produce
liquidsphiien whtapiradigeidnglubln melegsles. @ lindd arition cotdoinging t o

mo[é‘duﬁk rzrilp|olar W%l@({ @'n@n ﬁol@llzﬁlddérﬁélfphﬁiéth'qgﬂ aQ;taxSQilggd q|f§tcar ete
el enents of said second plurality of discrete

petrelpamlifitid aPEfEEXHACtUBE P 4RES PPY p&siﬁgtt Aims prpduct, guice, a
conc@fu‘i@é’, a® &hghé\@,m 3ok [F@r, Stpﬂﬁ%ﬁt, a moisturizer, a fragrance, an oil, a poly-

siloxane, a polymer, a polymer solution, a polymer gel, a biopolymer selution, a
nanoemulsion, a dispersion of nanoparticles in a liquid, a ferrofluid, a liquid crystal, a
thermotropic liquid crystal, a Iyotropic liquid crysfal, a solid material, an elastic material, a
viscoelastic material, a viscoplastic material, a glassy material, an aggregate of nanoparticies,
an aggregate of molecules, an aggregate of platelets, an aggregate of a solid material, an
aggregate of a polymeric material, an aggregate of aspha]tencs an aggregate of crystals, a

supercritical fluid, and a complex fluid.

26. A method of producing an elastic material according to claim 1, wherein said second
compenent of said viscous material is selected from the group of materials consisting of a
viscous liquid, a liquid solution containing liquid-soluble molecules, a liquid sotution
containing drilg molecules, a polar liquid, a non-polar liquid, an aliphatic liguid, a wax, a
lipid, a fat, a petroleum liquid, a plant extract, a nut extract, a plant product, an animal
product, a juice, a concentrate, an emollient, a tackifier, a pigment, a moisturizer, a fragrance,
an oil, a poly-siloxane, a polymer, a polymer solution, a polymer gel, a biopolymer solution, a
nanoemulsion, a dispersion of nanoparticles in a liquid, a ferrofluid, a liquid crystal, a
thermotropic liquid crystal, a lyotropic liquid crystal, a solid material, an elastic material, a
viscoelastic material, a viscoplastic material, a glassy material, an aggregate of nanoparticles,
an aggregate of molecules, an aggregate of platelets, an aggregate of a solid material, an
aggregate of a polymeric material, an aggregate of asphaltenes, an aggregate of crystals, a

supercritical fluid, and a complex fluid. .

27. A method of producing an elastic material according to claim 1, wherein the volume

fraction given by the volume of said first component of said viscous material divided by the
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33. A nethod of producing an elastic material _
according to claiml, wherein said elastic nateri al
exhibits a linear elastic shear storage nodul us that

w0 mostbggsissubst antial |y constant over tinme aftger 8806000800
appl yi ng stress. 34. A nmethod of producing an
elastic material according to claiml, wherein said
el astic material exhibits a yield shear stress that

exceeds 10 dyn/cnR after said applying stress. 35.An
el astic material produced according to the nethod of

any one_ of clains 1-34. .
total volume of said viscous material is less than about a maximally random jammed volume

fraction of about 0.64.

28. A method of producing an elastic material according to claim 1, wherein said second
plurality of discrete elements are charge stabilized and have an average maximum dimension
that is smaller than about twenty-five times the Debye screening iength for said elastic

material.

29. A method of producing an elastic material according to claim 1, wherein said
discrete elements of said second plurality of discrete elements have a disordered positional

structure that is characteristic of a glass.

30. A method of producing an elastic material according to claim 1, wherein said discrete
elements of said second plurality of discrete elements have a greater ratio of total-surface-area

to volume than said discrete elements of said first plurality of discrete elements.

51. A method of producing an elastic material according to claim 1, wherein at least a

portion of energy used in said applying stress is stored in said elastic material produced.
32. A method of producing an elastic material according to claim 1, wherein a size
distribution of said discrete elements of said second plurality of discrete elements remains

substantially constant over time after said applying stress.

33. A method of producing an elastic material according to claim 1, whergin said elastic
material exhibits a linear elastic shear storage modulus that remains substantially constant

over time after said applying stress.

34. A method of producing an elastic material according to claim 1, wherein said elastic

material exhibits a yield shear stress that exceeds 10 dyn/cm? after said applying stress.
35. Anelastic material produced according to the method of any one of claims 1-34.
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