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This invention relates to vessels for transporting materials, and nore
parti cul avbyotioios®gsel s for transporting fluids. BACKGREONDS2011/02578anki nd
has filled, carried, and transported water and other liquids (as well as
solids, emulsions, slurries, foans, etc.) in vessels nmade of pottery,

gl ass, plastics and other materials since prehistoric tines. Wile the
nature of these vessels has evolved with advances in material manufacture
and desi gn, EINE b&XS ENEs iMA FilER A [2SVIN NA EOARA EcH RA NS PEIRA ner
conprising a surface that enclosesﬁggqjgmﬂgid, either partially or
conpletely, and fromwhich the |igoro——camr be renoved, enptying the vessel
which can be refilled, has essentially not varied. Users continue to fil
and enpty containers w th wat el EGHINOCA&FIEIJui ds for various practi cal

pur poses. SUMVARY . have devel oped a. new approach to tr.ansporting
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for trangpRktdd@r hflipolimetidflave an external surface of the vessel that is
intimately and uniquely associated with the liquid contained within the
vessel, in the sense that the skin of a grape cannot be enptied of the
grape contents, and filled back grcgg@rRoUND the skin of an orange peel ed

off the orange and filled up again. Oranges and grapes are two of nature's
ways of transhenkinddgantitled, shrredt adi tednsporiad wkderomdtotlatr diquidatasseclban nake
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t ranspor gther materials since prehistoric times. While the nature of these vessels has evolved

with advances in material manufacture and design, the basic principle of a vessel
comprised of a container comprising a surface that encloses the liquid, either partially or
completely, and from which the liquid can be removed, emptying the vessel, which can
be refilled, has essentially not varied. Users continue to fill and empty containers with

water and other liquids for various practical purposes.

SUMMARY

We have developed a new approach to transporting water and other materials that
draws inspiration from nature. Our vessels for transporting liquids can have an external
surface of the vessel that is intimately and uniquely associated with the liquid contained
within the vessel, in the sense that the skin of a grape cannot be emptied of the grape
contents, and filled back up again, or the skin of an orange peeled off the orange and
filled up again. Oranges and grapes are two of nature’s ways of transporting natural
materials. We demonstrate that we can make vessels to carry water and other materials
by human engineering and achieve many advantages over existing and historical human
approaches for liquid transport.

Our “natural transport systems” have the advantage that when the systems are
emptied of the liquid (or other material) contained within them, the system itself does not
present a disposal challenge in the sense of an empty bottle, bucket, or vial. The external

surface of our natural transport systems can be eaten and digested, or it can degrade in



Qur "natural transport systens" have the advantage that when the systens
are enptied of the liquid (or other material) contained within them the
syst em i twel2h1idoe®4not present a di sposal chall enge i n trhe/tsengm2irh4 an
enpty bottle, bucket, or vial. The external surface of our natural

transport systens can be eaten and digested, or it can degrade in nature to
bi oconpati bl e el enents, as do the skins of grapes and oranges. Qur natural
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externalgﬁmgh@nternal menbranes or shells can be inbued with particular
taste or icinal or other desired properties, e. to inprove
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research and for agricultural, food, cosnetic and nedical industries. Mcro
particles are generally nmenbrane (often polynmer) encapsul ated particles
less than a mlIlinmeter in size. Macro particles are generally nenbrane
(often pol ymer) encapsul ated particles up to 20 millinmeters in size.
Culinary encapsul ated objects are often larger than 20 mllineters in size
but w thout properties of long-termstability and strength. Previous
systens are not designed to transport relatively larger quantities of water
or other materials. Qur approach involves a new kind of encapsul ated vessel
that uses existing and new materials to provide nacroscopi c vessels for
naterial transport mnth the propertles of strength stablllty, and
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Certain nethods for creating a droplet coated with a nenbrane are generally
appropriate for droplets sufficiently small so that droplet formation can
be subst amDi2alllp3zant rol | ed by surface tension. For exampiras2anopizes s
formed at the end of a tube suspended in air, with a filmnmaterial (e.g.,
alginate in water) produced in an annulus around a cylindrical water/air
tube and opening. The al ginate solution may spread over the surface of a
spherical cap of the droplets forpmed at t orifice.o t ub oi nting
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i npl ementing these nmethods are al so. described. In sone enbodi t he
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liquid droplets or objects (e.g., edible bottles) include:
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c) introduction (e.g., extrusion) of the conbined |liquid and nenbrane
mat eri al OBIggtHats ggargﬁrtt ham 0 phlimeters 1n size but without properties of long-term

stability and strength. Previous systems are not designed to transport relatively larger
quantities of water or other materials. Our approach involves a new kind of encapsulated
vessel that uses existing and new materials to provide macroscopic vessels for material
transport with the properties of strength, stability, and biodegradability necessary to
transport water and other materials as we presently and historically transport water and
other materials in bottles, buckets, glasses and other classical vessels.

Certain methods for creating a droplet coated with a membrane are generally
appropriate for droplets sufficiently small so that droplet formation can be substantially
controlled by surface tension. For example, droplets formed at the end of a tube

suspended in air, with a film material (e.g., alginate in water) produced in an annulus



In certain enbodi nents, an extruded dropl et detaches fromthe extrusion
material (the conbined Iiquid and nenbrane material) to becone an isol at ed,
menbr ane-wochnoswsasvabj ect such as, for exanple, an edi bl ecrast@iinesis4 | n sone
enbodi nents, a residence tine of the droplet in the reaction nmediumis
sufficient to allow hardening of the nenbrane. Additionally or
alternatively, the edi ble container is rinsed/ washed (e.g., in pure water)
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menbr ane/ cont ai ner nmay be coated in a lipid (e.g., bee's wax) to enhance
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controller. The first housin fg at least partially defines a first fluid
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reservolr section, a t ransf er sect 1 on, and a renoval section. The reservoir
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oot on i mer ubBhosS ARt SRR Bl Bt OE i8R Rler g G ob L o Groriiade po
transfer0t§@&§ (08, edTH@bbﬁE@y@b dSRELEONThSa fa@fs@@bnd@stehﬁ foF ansfer section,
and the renoval section includes a second | ock between the transfer section

and t he ineneventingdbescorcthodiar plse descybed. i 1o sapgapbediseaniiedif racthpidst position

d |
o, onAURAARE L ot R RS AR AMCI A LA LAAMASSORERRANETT
posi t i onmamirancsaclonet Ipsd tioptetd mn@eahby ehrfdch eeﬂsianvmahodd WHod ckarppief he

transfer section to the renpoval secti i anot her aspect, a
fluid entdrgd methegsdessiibsshcteia sambs weéitto P@a@tra?mbr&m leaseéé1q.uwer y

appar at Ugrop ROl GeRdUln lﬁ}ﬁo Dbt $4e hEAGHBE SHRUACE aLAC! sfles 8
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Enbodi nents can include one or nore of the follow ng features.
a) creation of a membrane through reaction between two aqueous phases of
chemical constituents (e.g., calcium or magnesium in water and natural food particles
with alginate in water) prior to or simultancously with formation of the droplet;
b) injection of liquid into the membrane; and

¢) introduction (e.g., extrusion) of the combined liquid and membrane material

into a reactant medium.



In sonme enbodi nents, the second outlet portion is disposed along the first
fluid passage, between the first inlet and the first outlet. In certain
enbodi mrenwe,20at10B®ast a portion of the second housi ng i eCuivspagmeics
substantially within the first housing. The first fluid passage can incl ude
an annul us defined between the first housing and the second housi ng.
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el enent . PPREOK TGOS afﬁgga% P RE DR pEsIal Citeo R g G 1 anged
rel ati verkdidib easipBatoAMd AiblY cGhihedsar orifice of the stationary el enent
such that the kidney-shaped orifice and the circular orifice are alignable
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section includes a first lock between the reservoir section and the transfer section. The
removal section is adjacent to the transfer section, and the removal section includes a

second lock between the transfer section and the removal section. The first lock is

movable between a first position and a second position to control the flow of fluid from



I n sone enbodi nents, the first inlet portion is configured to receive fluid
froma first fluid source and the second inlet portion is configured to
recei ve fwoi2ditfwsesma second fl uid source separate from rhe/useegn2sbui d

sour ce. In certain enbodiments the first | ock and the second | ock are
each novable relative to one another. I n some enbodi nents, the
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lock is greater .than the diff rence b ween e first |t|on d the
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t hrough the first receiving orifice in a direction opp05|te to gravity.
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portion, the irs ortlo co%@}ed to the .renoval ect%hg b the outl et
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the outlet conduit coupled to the renpval section is disposed al ong a
subst ant petipy ol éetsteaid hamsleg 1SI dtstm@ﬁt stibstapndl bow iveinttks fitshkousing. ekhedostdui t
defi nes return orifi | et conduit
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outl et cradigt coupled to the reanaI section can be disposed at an angle
bet ween about 20 degrees and about 60 degrees relative to horizontal. The
second end polgestaingimbademeniis.|tee flewwanirelles apelystes @ orgviaglerabemens (eggage a

second F RRGHAE efé&%ﬂt)?novable to direct (e.g., at least partially interrupt) a flow of fluid
through the first outlet portion. In some embodiments, the movable element includes a
planar surface, the movable element movable to move the planar surface into a position
substantially perpendicular to a flow of fluid through the first outlet portion. The flow
controller can include a stationary element and the movable element is in slidable
engagement with the stationary element to shear the flow of fluid through the first outlet
portion. The movable element and the stationary element can each be a disk. The center
of the movable element can be substantially aligned with the center of the stationary
element. The movable element can be movable about an axis extending through the
center of the disk, substantially perpendicular to the planar surface of the disk. The
stationary element and the movable element can each be between about 1 cm to about 50
cm in diameter. The planar surface of the stationary element can define a substantially

circular orifice extending through the stationary element. The first outlet portion can



In certain enbodi nents, at |east a portion of the reservoir section has a
substantially rectangul ar cross section. At |east a portion of the transfer
section oa02bEvI@3®4 substantially rectangul ar cross secPrComnsS2i/obmast a
portion of the renoval section can have a substantially rectangul ar cross
section. I n sone enbodi nents, the reactor nodule has a substantially
uni form cross-section extending fromthe reservoir section to the renoval
secti on.

In certain enbodi ments, the first reactor. dul e further
i ncl Ldesdefinerag putlgror %;SPBW%_@Yg%ﬁb@%ﬂ&%m@&h@ Sl%%@nv?l%w section is
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| ock between the reservoir section and the transfer section. The renoval
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a second .l ock het t he ansfer section and.the renoval seciion. The
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be bet wegrcuddh@uitfic@ of hidsta@ioad9Wlendd® sedl that the kidh&y-Siiped eARedidERE S, the
first lock is novable between a first position and a second position to

control e¢iraldriosiicoprefaligheble Fomiavheaubsesuripoimobsieatedbiow sharelbraugh dyrieg
section, ata}@%%.t%Eg?i%%?“}%r%?&%ﬁéﬁPf@%ﬁ?@?@ﬁeﬁ%ﬁ%@- a first position and a

second posi 0 con romthe transfer section to

the renoval sSBcdon@embodiment$,rh i6tot &idduglet) aslingesiatblet ddemérit) the neyek portion of
the outlet conduit is coupled to the renoval section. In sone

: d :
enbodi mepRable fedryeharaiapbly stomeapplar adden il waganapeid- st housing and a
second housin -ce}'ﬂaﬁJnawo%ﬁglaﬁg{%hggfsggu%a;ﬁé&mﬂ%{eghgéAfﬁrs@'s&ﬂe@s ifige first fluid

passage extending froma frrst I on Irst outlet portion. The
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orifice and the second outlet orifice can be adjustable. The area of the first outlet orifice
can be between about 0.5 square cm and about 10 square cm. For example, the area of
the first outlet orifice can be greater than about 1 cm. The area of the second outlet
orifice can be between about 0.25 square cm and about 8 square cm. The surface tension
of the second fluid on the second outlet orifice can be less than the force of gravity when
the second outlet orifice is directed toward the ground.
In some embodiments, at least one of the first outlet portion and the second outlet
portion is substantially frustoconical.
In certain embodiments, at least one of the first housing and the second housing
includes an electrically polarizable material. In some embodiments, an electricity source
is in electrical communication with the electrically polarizable material.
In some embodiments, the first inlet portion is configured to receive fluid from a
first fluid source and the second inlet portion is configured to receive fluid from a second
fluid source separate from the first fluid source.

In certain embodiments the first lock and the second lock are each movable

relative to one another.,



nodul e can define a renoval orifice. The renoval orifice of the renoval
section can have an area greater than the area of the exit orifice of the
first outwetzoopomwsisen of the fluid delivery apparatus. PCT/USRO110237641 N
enbodi ments, the fluid delivery apparatus includes a flow controller
arranged along the first outlet portion and configured to direct (e.g., at
| east partially interrupt) the flow of fluid fromthe first outlet section
to the first yeactor nodule. T flow contrﬁ%lfterg can. i nclude a rotatable
r

he,
di sk rot at abl B so81efmiadipents. e &ifﬁegem%h?twsﬁn tapsisionapg the seeends | i g

passage. position offthc BRITRTPOLARERLS thd {ifelchéStetivbal Bl PREPBERoRREM ke second
flui d passage each extend substantially parallel to a vertical axis, with

t he firssccond pestitigpoofithosccabdloskt he first inlet portion and the second
outlet portiop above the.seco inlet. portion. In certajn

embod nent s, PHORGECHIPERGTHAPS oo B S Gu R mers EBpt ed to a
second r @aRksl appRehulseadfrent!th eheokdiliat fsr@Batdiding Auidn Thi YédreaidbidCahi on wi th
t he second reactor nodule. The second reactor nodul e can be di sposed bel ow
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| east pathkirédetwoidetiici @ dfivoh fi ré@ivie@otificd)wig the tiscrvairdedtiod second end
portion of the outlet conduit is cqupled to the reservoir sectjon of the
second reddeyredipdencre fluid throygh the HEst ESASMGRIHIGS In & dHGAYPT QPRSI POgur ed t o
nove flu%%vift om a fluid source to the reservoir section of the first
react or dule. Fluid fromthe fluid source can be introduced to the
reservoir secliomeaimtmdpoents, thbrsevoinsedtioniddfinkesl 4 sceond @pgamatoudice In

certain enpbodiments, th utlet.condujit s in fluid communication with a
return |Wétae%ﬂ§’. YR S%F%tr%ﬁﬁh“%% CG tTBﬁ??CHBd FERDVE CIEEE 9Bt o t he

fluid so@Rured to relcasably engage a conduit. Additionally or alternatively, the reservoir
section can define a third receiving orifice substantially perpendicular to the first
receiving orifice and the second receiving orifice.

In certain embodiments, the removal section defines an outlet orifice to allow
fluid to drain from the removal section under the force of gravity during use.

In some embodiments, an outlet conduit has a first end portion and a second end
portion, the first end portion coupled to the removal section at the outlet orifice. The
outlet conduit can include at least one substantially cylindrical section. Additionally or
alternatively, at least a portion of the outlet conduit coupled to the removal section is
disposed along a substantially vertical axis. In certain embodiments, the outlet conduit
defines a return orifice adjacent to the portion of the outlet conduit disposed along the
substantially vertical axis. At least a portion of the outlet conduit coupled to the removal
section can be disposed at an angle between about 20 degrees and about 60 degrees
relative to horizontal. The second end portion of the outlet conduit can be configured to
engage a second reactor module.

In certain embodiments, at least a portion of the reservoir section has a

substantially rectangular cross section. At least a portion of the transfer section can have a



In sonme enbodi nents, at |east a portion of the reservoir section has a

substantially rectangul ar cross-section. In certain enbodi nents, the
first reawbanimosishe has a substantially uniform cross- 2ETisen1abiTng at
| east one axis. I n anot her aspect, a method includes flowing a first

fluid toward a first outlet portion of a first passage at |east partially
defined by a first housing receiving a second fluid into the first fluid
rom a econd sage at

in the first t he second fl uj d receij.ved )
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the firsy gfystinfa@niclaiguiges8idettidgy d out of the first outlet portion, and
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of the reac uid contalner ransfer section

to a renmuédbn.SERS icatvvel scttién isadptait totdutadsicansttibRaRe wnitgyat Seetidh ui d
container and the first reaction liquid into an outlet conduit. Enbodi nents
can i ncl tigBdEe seonfplogk B?t“fteﬁ%mredra{néfﬁf bgtipe and hegemoval section. dBt ai n

enbodi megts,cd gwbdd &b ﬂ%r &&%@g@%ﬁ{hg aAd SRS hRDLI s@hkaﬁ 9%%%% h the

second passage. ments, flow n |rst urd toward
t he f|rstmmﬁsemipabmudﬁomncludes nDV|ng t he flrst fluid in a direction
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substantially opposite the direction of gravity.
section, and the second lock is movable between a first position and a second position to
control the flow of fluid from the transfer section to the removal section.

In certain embodiments, the first end portion of the outlet conduit is coupled to
the removal section.

In some embodiments, the fluid delivery apparatus includes a first housing and a
second housing. The first housing at least partially defines a first fluid passage extending
from a first inlet portion to a first outlet portion. The second housing at least partially
defines a second fluid passage extending from a second inlet portion to a second outlet
portion, the second outlet portion in fluid communication with the first fluid passage.

The first outlet portion can define an exit orifice. The removal section of the reactor
module can define a removal orifice. The removal orifice of the removal section can have
an area greater than the area of the exit orifice of the first outlet portion of the fluid
delivery apparatus.

In certain embodiments, the fluid delivery apparatus includes a flow controller

arranged along the first outlet portion and configured to direct (e.g., at least partially

interrupt) the flow of fluid from the first outlet section to the first reactor module. The



I n sone enbodi nents, the conbined flow of the first fluid and the second
fluid noves out of the first outlet portion in a direction substantially
opposi t e wbheodiwasti on of gravity. I n certain enbedrmsneis/,2zfes ecti ng
the flow of the combined first fluid and second fluid includes separating
at least a portion of the conbined flow of the first fluid and the second
fluid fromthe conbined flow of the first fluid and the second fl uid.

In some enbodi ctin conbi d flow of the first fluid and the
second fﬁaw%ﬁr@r%a%%ma L6 Pl VAL RR reff R thq i outlet portip ofertain
enbodinﬁﬂkqthhﬁ@?&ﬁﬁ& the conbined flow of the first fluid and the second
fluid includes rotating a rotatable elenent relative to the first outlet
portion. Rotak smgletdméoqdanattabh@ﬁlgt 8nmelmtassagt and the stondHbiid passageorach et

portion ¢ Iude t he .cqonbi ne ro of e first flui nd t he
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rel ativeinl@ bﬁﬁ)nfalnﬂf’eﬁe RUbAEEUtROPbItiBN above t!dél@@coﬁ@ﬁrﬂétlﬁwtlcﬂl pl anar surface of
a first dIS[I(J relative to a planar surface of a stationary disk. The first
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fluid to the flow of the second fluid is increased % based at least in
part on Pafelpaindithe @CP%F%WBPH phide oy Geaduit P%Weocfoup ét? AR PYTIRR d and
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of the flow of th f|rt fl toth(ﬁ tthOWOf t he secfnﬁflui i s increased
during i fARITipR Piothe PR ?jcon%aw.cavplfﬂ {ORHPF EESETVOH SCRUAM Oftht S5CPRBERERT of the
conbi nedybhgw of the first fluid and the second fl uid. In certain
enbodi nents, an electrically polarizing surface is in fluid conmunication
with the firsh ypawsumgwdamentan i seo rpditosages fluid from g fluglseeree to
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al gi nat ehtroddediditb aakiatvalr stibanabdivelove el seaendry hppathths wat er .

In certain embodiments, the outlet conduit is in fluid communication with a return
line configured to return fluid from the removal section to the fluid source.

In some embodiments, at least a portion of the reservoir section has a substantially
rectangular cross-section.

In certain embodiments, the first reactor module has a substantially uniform cross-
section along at least one axis.

In another aspect, a method includes flowing a first fluid toward a first outlet
portion of a first passage at least partially defined by a first housing, receiving a second
fluid into the first fluid in the first passage, the second fluid received from a second
passage at least partially defined by a second housing, moving the combined flow of the
first fluid and the second fluid out of the first outlet portion, and directing (e.g., at least
partially interrupting) the flow of the combined flow of the first fluid and the second fluid
through the first outlet portion.
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In certain enbodi nents, the first fluid is punped into the first passage
froma first reservoir and the second fluid is punped into the second

passage fwormna/®asaend reservoir separate fromthe first PCEAS2MAI0R5764 In
sonme enbodi nents, the menbrane substantially surrounding the fluid includes
an al gi nate. In certain enbodi nents, noving the conbine flow of the

first fluid and the second fluid into the reservoir section of the first

react or nodul e i ncludes directi t he conbined flaow of .the first f|luid and
the second flB¥ft anothé: aSPWt’%HﬁtﬁgWE‘I%HW}H&%%’W “P%‘{ flow g ¢ ffigH fluidqui o
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fluid container is exposed to a second reaction liquidin a second reactor
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and the tenedsfiguidaesd wosutiktebnduiat the transfer section contains the fluid
container and _the first reaction liquid and renoving a second | ock between
the transfer E@OpdigEnifanitdudecqnspimaseet thefoliqQrang f¢34¢res-he f1 ui d cont ai ner

and the firstyyeagh Gfbddidid thOfifPEuddi ABRIoRs SHShARNRA&RI Withqnd he

renoval section
second passage.

In some embodiments, flowing the first fluid toward the first outlet portion
includes moving the first fluid in a direction substantially opposite the direction of
gravity.

In certain embodiments, receiving the second fluid into the first fluid from the
second passage includes moving the second fluid in a direction substantially opposite the
direction of gravity.

In some embodiments, the combined flow of the first fluid and the second fluid
moves out of the first outlet portion in a direction substantially opposite the direction of
gravity.

In certain embodiments, directing the flow of the combined first fluid and second
fluid includes separating at least a portion of the combined flow of the first fluid and the
second fluid from the combined flow of the first fluid and the second fluid.

In some embodiments, directing the combined flow of the first fluid and the
second fluid includes periodic interruption of the flow.

In certain embodiments, directing the combined flow of the first fluid and the
second fluid includes rotating a rotatable element relative to the first outlet portion.
Rotating the rotatable element relative to the first outlet portion can include shearing the
combined flow of the first fluid and the second fluid. Additionally or alternatively,

rotating the rotatable element relative to the first outlet portion includes rotating a planar
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In certain enbodi nents, receiving the fluid container and the first
reaction liquid into the outlet conduit includes separating the fluid

cont ai nerwbnronviobs4f i r st

reaction |iquid, noving the fi Pst/use@aatezyns | i quid

toareturnline in fluid conmmunication with the reservoir section of the

first reactor nodule, and directing the fluid container toward a second

react or
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fluid container is at |east partially coated wth polylactic acid. The

parti al

cont ai ner

nodul e under the force of gravity I n sonme enbodi nents,
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The details of one or nore embodi ments of the invention are set forth in
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descri pt FERREATERARGS! il Be) BERPRL o P BRRP o s B ooy nes

increasing the ratio of the flow of the first ﬂuld to the flow of the second fluid can include
increasing the flow rate of the first fluid. In some embodiments, the ratio of the flow of
the first fluid to the flow of the second fluid is increased during interruption (e.g., partial
interruption, full interruption) of the combined flow of the first fluid and the second fluid.

In certain embodiments, an electrically polarizing surface is in fluid
communication with the first passage and/or the second passage.

In some embodiments, at least one of the first fluid and the second fluid is a
liquid. For example, the first fluid can include an alginate (e.g., sodium alginate).
Additionally or alternatively, the second fluid is water.

In certain embodiments, the first fluid is pumped into the first passage from a first
reservoir and the second fluid is pumped into the second passage from a second reservoir
separate from the first reservoir.

In some embodiments, the membrane substantially surrounding the fluid includes
an alginate.

In certain embodiments, moving the combine flow of the first fluid and the second
fluid into the reservoir section of the first reactor module includes directing the combined
flow of the first fluid and the second fluid.

In some embodiments, the first reaction liquid includes a calcium chloride
solution.

In certain embodiment, the fluid container is exposed to a second reaction liquid
in a second reactor module. The second reaction liquid can be water and/or bee’s wax.

In some embodiments, moving the fluid container to a transfer section of a reactor

module includes pumping the first reaction liquid in the direction of the transfer section.
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Figure 1 shows the chem cal structure of an alginate polymer -(Mm (G n-
(M mannuronate; G guluronate). Figure 2 illustrates polynerization of
sodi um alwyonatiew3sv4a di val ent cations (e.g., ca2 '). PCT/US2@u/025784
illustrates a vessel in which liquid water is enbedded in a fine jelly
menbrane of alginates. Figure 4 illustrates a process to create the vessel
of Figure 3. Figure 5 is photograph with a PLA shell w thout an inner

cal cium al ginate nmenbrane on the.left and a PLA shell are separated from
water by a calc§HHATR @tﬁéﬂ%‘ﬁ%@eéﬁ“‘fﬁ%@mﬁﬁ? a transfer S%P@’EP@% 6 and 7

show SEMd,eB8s9dak itddeds Wit ReBinglail MBbLRS Mt ARl f*irsﬁﬂéﬁétﬁ)%eliﬁﬁ& er 30 days

exposed to 45 degrees Cin the presence of water, respectively, with and

wi t hout an i nhvesonadnghadmeritsyinneatieg therfhnd oentiinerdo thearsmowplt sectidneofRhe\,

Fi gures 8A-8D sh i s pof. the.spherjcal oranpge juigce container. inside
the sphelcPen BareuichRles nlgeink Adirtpek befiep oSk Detisin HegSreuqty rctien

Vi si bi | T §06) the r@878CIebtiEH Such Mat trerdnis R s@tioh REnteing @d Miid @bnthier Athspheri cal
juice containers, 20 hours after the creation of the spherical juice

cont ai nefitst repotiopolicd amd emayinga sespndlock hetwegh e twaster sectien eatthsi ners, and
184 hour Isen%f\’tdﬁ{ecﬁ&‘? alch ke ?ﬁe ﬁlrﬁg cggt}a‘{l%re{r gt?d thb #r & Fea2 804 ﬁhllﬁ i the transfer

section moves into the removal section.

In certain embodiments, receiving the fluid container and the first reaction liquid
into the outlet conduit includes separating the fluid container from the first reaction
liquid, moving the first reaction liquid to a return line in fluid communication with the
reservoir section of the first reactor module, and directing the fluid container toward a
second reactor module under the force of gravity.

In some embodiments, separating the fluid container from the first reaction liquid
includes returning at least a portion of the separated first reaction liquid to the reservoir
section of the first reaction module.

In certain embodiments, the fluid container is at least partially coated with
polylactic acid. The partial coating of the fluid container can include allowing the fluid
container to move (e.g., under the force of gravity) into a shell including polylactic acid.

In some embodiments, the fluid container is substantially spherical with a
diameter of about 0.25 cm to about 10 cm.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS
Figure 1 shows the chemical structure of an alginate polymer -(M)m-(G)n- (M:

mannuronate; G: guluronate).
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Fi gures 9A-9D show i nages of the spherical orange juice container wthout
the spherical polyneric shell, respectively, at the time of the creation of
the two swbepniicmBsdgui ce containers, 20 hours after the eceatsean/oef7ed he
spherical juice containers, 72 hours after creation of the spherical juice
contai ners, and 184 hours after creation of the spherical juice containers.
Figure 10 illustrates a process to create a robust shell using

O ot By By b W SR B BatE 0 Ui,
gum nmenbpgne. Figure 13A - 13C are photographs of orange juice contained in
a cal cium al gi nate nenbrane that includes chocol ate. Figure 14 is a
phot ogr aph of Figushkeillustodted veskéllin adhioki liduidnyater pl emnbieidded ib-acfomet jallni ng
menbr anersn.emlt:){racﬁxe o%glgiinsateas. schematic of an enbodi ment of a |iquid enclosing
system
Figure 4 illustrates a process to create the vessel of Figure 3.
Figure 5 is photograph with a PLA shell without an inner calcium alginate
membrane on the left and a PLA shell are separated from water by a calcium alginate
membrane on the right.
Figures 6 and 7 show SEM images of the surface of two PLA shell surface after
30 days exposed to 45 degrees C in the presence of water, respectively, with and without
an inner calcium alginate membrane in contact with the PLA.
Figures 8 A-8D show images of the spherical orange juice container inside the
spherical polymeric shell (entire shell not shown to facilitate visibility), respectively, at
the time of the creation of the two spherical juice containers, 20 hours after the creation
of the spherical juice containers, 72 hours after creation of the spherical juice containers,
and 184 hours after creation of the spherical juice containers.
Figures 9A-9D show images of the spherical orange juice container without the
spherical polymeric shell, respectively, at the time of the creation of the two spherical
juice containers, 20 hours after the creation of the spherical juice containers, 72 hours
after creation of the spherical juice containers, and 184 hours after creation of the
spherical juice containers.
Figure 10 illustrates a process to create a robust shell using chemically-modified
alginates.
Figure 11 illustrates vessels created using the process of Figure 10.
Figure 12 illustrates liquid embedded in a gellan gum membrane.
Figure 13A — 13C are photographs of orange juice contained in a calcium alginate
membrane that includes chocolate.
Figure 14 is a photograph of a shell of PLA filled with multiple liquid-containing

membranes.

FIG. 15 is a schematic of an embodiment of a liquid enclosing system.
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FIG 16 is a cross-sectional view of a fluid delivery apparatus of the

Il iquid enclosing systemof FIG 15. FIG 17 is a partial
cr oss- secwpanual10839ew of the enbodi nent of the fluid del Peers2appas7at us of
FIG 16. FIG 18 is a perspective view of a flow controller of the

fluid delivery apparatus of FIG 16. FIGS. 19A and 19B are top views of
di sks of the flow controller of FIG 18. FIG 20 is a perspective view of

the liquid en ing system.of FIG 15, . . FIG21 is r oss-secti onal
vi ow of reactﬁ‘fﬁreaﬁ%% @ZOS%?@CP%&MV?%?%Q Bpid dsbivery ag%ﬁ@waﬁleﬁaq@ds 15,
FI'GS. 224|188 sy3Rth #48Garg¢ a schematic representation of a method of

operating the Teactor npdul'es of FIG 15. FIG 23 is partial
cross-sect i onBIG 7 esa pértialrcressbodionahvicofofahd ¢rabatlichent ofehe/fladpishintrys .

apparatus of FIG. 16.

FIG. 18 is a perspective view of a flow controller of the fluid delivery apparatus of
FIG. 16.

FIGS. 19A and 19B are top views of disks of the flow controller of FIG. 18.

FIG. 20 is a perspective view of the liquid enclosing system of FIG. 15.

FIG. 21 is a cross-sectional view of reactor modules of the liquid enclosing system
of FIG. 15.

FIGS. 22A, 22B, and 22C are a schematic representation of a method of operating
the reactor modules of FIG. 15.

FIG. 23 is partial cross-sectional view of an embodiment of a fluid delivery
apparatus.

FIG. 24 is a partial cross-sectional view of an embodiment of a fluid delivery
apparatus.

FIG. 25 is a partial cross-sectional view of an embodiment of a fluid delivery
apparatus.

FIG. 26 is a schematic illustrating bonding between positive particles (e.g., Ca2+
or Mg2+) and negative particles (e.g., alginate or food particles).

FIG. 27 is a side view of a system for coating objects to form natural transport
Systems.

FIG. 28 is a perspective view of the movable car for use with the system of FOG.
27.

FIGS. 29A and 29B are, respectively, a schematic of a system for coating objects
to form natural transport systems and a series of schematics illustrating the loading
module of the system shown in FIG. 29A in operation.

Like reference symbols in the various drawings indicate like elements.
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FIG 24 is a partial cross-sectional view of an enbodinent of a fluid

del i very appar at us. FIG 25 is a partial cross-sectional view of an
enbodi mrenwoabi1ai083oui d del i very appar at us. FI G 26PC3/Us26Iaioe3Tat i C

il lustrating bondi ng between positive particles (e.g., Ca2+ or My2+) and
negative particles (e.g., alginate or food particles). FIG 27 is a

side view of a systemfor coating objects to formnatural transport
Svatemor Foo 27 o Po B SRS eRIETIBN e pect vel'y, a schemt i ¢
of a system fpr6@atdRG ARk BGLia tﬁaﬁsﬂowgﬂy”sﬂaﬁlt v & FeanSARSihe SN &TD and a
series of schematics illustrating the I'oadi ng nmodul e of t%e system shown in
FI G 29Anmmm0@@nmthﬁm&ChmhenweWewegoembwﬁbésbﬂhmrnﬁeﬂvaﬁﬁonshmkamﬁngs
I ndi cat elnltelrﬁaﬁ content rnaterlals various shapes, various shell/membrane properties including

taste and resistance. These and other embodiments of these vessels can be made at large

scale, including with injection, spray drying, fluidized bed and other technologies.

Referring to Figure 1, alginate (alginic acid) is an anionic polysaccharide, widely
present in the cell walls of brown algae. It is a copolymer -(M)n-(G),-, composed by
mannuronate M (manurronic acid) and guluronate G (guluronic acid) monomers
respectively (see Figure 1). The values of m and n, the ratio m/n, and the space
distribution between M and G (i.e. presence of consecutive G-blocks and M-blocks, or
randomly organized blocks) all play key roles in the chemical and physical properties of
the final copolymer.

Alginates are used in various applications, such as pharmaceutical preparations,
impression-making materials (e.g., in dentistry and in prosthetics manufacturing), and in
the food industry. Beyond their capability to easily form a gel, and their
biocompatibility, alginates are also used for cell immobilization and encapsulation.

Indeed, Na” can be removed and replaced by divalent cation (c.g., Ca®" or another multi-
valent cation such as Mg®"), inducing a more rapid gelation by electrostatic cross-linking
(see Figure 2).

Thus, in recent years, sodium alginates have found application in restaurants, e.g.,
to create spheres of liquid surrounded by a thin jelly membrane. Chefs such as Ferran
Adria use this technique today to create “melon caviar,” “false fish eggs” etc. by adding
sodium alginates into a liquid (e.g., melon juice), then dropping the preparation in a
calcium bath (calcium lactate or calcium chloride). Two parameters remain difficult to
optimize or control: (i) the size of the spheres; and (i1) the texture of the liquid embedded
in the membrane. The size of the spheres is problematic since, in known methods, the
liquid falls in the calcium bath from a syringe or a straw, limiting the size of the sphere.
Making a “giant” sphere is, so far, with current technology, a prohibitive challenge due to

gravity forces ultimately overwhelming surface tension forces. In terms of texture,
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DETAI LED DESCRI PTI ON Enbodi ments of our liquid transport system can
have, e.g., varying shell or nenbrane thickness, chem stry, varying nunbers
of shel | swonomnwbsvanes, nultiple internal content nmater ipalrdaiS2uaneives
shapes, various shell/menbrane properties including taste and resi stance.
These and ot her enbodi nents of these vessels can be nade at |arge scale,
including with injection, spray drying, fluidized bed and other

t echnol ogi es erring.t 1, .al ni c aci S an
ani oni ¢ %81%58%%1%@ ngfea §° E‘f%‘%%‘ﬂto o i B Redeind! BrednRbit gae.

is a CopRIMAES to-skdWi el 1o forRPRP RIEIn&YbARO MFOARIE MoGRPRUIHE ORdEastEi d) and
guluronate G (guluronic acid) nohorers respectively (see Figure 1). The

val ues ofisensgpad mt at\fmysrp&asmtmhmle tastidg héd/os gansemdigsthe lipuitli ©wl thet ween M and
G (i.e. pres eréke oftconsec ive Gfbtbofks and M bl ocks, or randomy

or gani zed B Véﬁcoéwcaﬁ]l%?s E9MP%P i{¥iflhe cheni cal and physi cal
properties of Qi prddtdlin CMRRI MRV kind of encaphditbal&Sclans/ ulsése&lstﬁg\aaﬂl ous
applications, such as pharnaceutical preparations, inpression-nmakin

mat er i al BV Baggrialsi ta DEBAES BaeTpSeORE YOSy 95 Mivariak ranspati et the PF@’Fﬁleéﬁg in the
food ind n i api | i f eir

bi ocorrpa%{?cb ?f]i ?tg;g L0 %nat} éiggrgnge’olg éflga%lsééerg tfﬁ%ﬁggx ft Vgatépa%gl%ﬂe%a |%lr?t1‘£nd
encapsul @st\kz@presém@%d,hld’t@map tlagsgoeromedaraingdhdramdtadadinbotdisyBhdkats, cat i on
(e.g., Ca2+ or another mujtivalent cation such as M2 .induci n% a nore rapid
gel atl onglpsreeprtetestiarical wweds.- Wiekwy ngerfaged migal @poyments to redyggur j n
recent y al gi nates have found application in restaurants, e.g.,
to creatgtﬁlgcé tetégg(icg?% |l iquid surrounded by a thin jelly nmenbrane. Chefs such
as Ferran Adrl a use this technl que today to create " el on caV| ar," "fal se
fish eggs" et ExampplealddPreg $tablezng

juice), q.n dro JIR %he preparation i n a cal ci um bat h (cal CI um Iact ate or
cal ci um IMB%ramaters remain difficult to optinize or control:
(i) the size @Af shdieh BAHLHRS, w_Btdinddant REg b?%ﬁ!é‘f’e(tv&hftertvﬁ usédlbl g enbedded in
the nenbrane. The size of the spheres is (Brobl ematic since, in known

met hods, refeﬁénqm leguidd bivgother liquidsiran alsb dicuss ab)thﬂlpwmﬁ&thgybmqqgsede@en@dst raw,

Ilmtlng ze of. the hepe. Making a "giant" sphere is, so far, with
current keeérﬁlrll Furmanzedmlzshé) 1rfit4| ve chal l enge due to gravity forces

ultimately oveny\ﬂ@mpmg peevebai@elutensicdslidwinge&ps: N terns of texture,

(a) The liquid is frozen in the desired form

(b) The solid form is then further cooled in liquid nitrogen.

(c) The solid from step (b) is placed in sodium alginate solution. As the solid is
very cold, alginates freeze on the surface. Thus, the thickness of the final jelly membrane
is readily tunable.

Moreover, nitrogen liquid induces a “dried and cold” surface after the step (b),
which is the reason alginates adhere easily on this surface. Through our experiments, we
have discovered that the step (b) provides particularly improved results: in the case of the
process of step (a) directly to step (c) (skipping step (b)), the solid in contact with the
alginate solution at room temperature (approximately 20°C) melts quickly on the solid
surface, thus creating a liquid film between the solid and the alginate solution.

Consequently, it is very difficult to stabilize a homogeneous membrane.
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al ginates can strongly increase the viscosity of the liquid. The increased
viscosity can be required to stabilize and to formthe jelly nmenbrane nore
easi ly. Hyoevario3idhe i ncreased viscosity is not always plceasant/o2dT64 e
tasting and/ or consumng the liquid, and the increased viscosity can mask
aromas of the liquid. Qur approach involves a new ki nd of

encapsul ated vessel that uses existing and new materials to provide

macr oscopi c v | s foy material transport with.the propertjes of strength,
stability, anft) %\?f@agﬁr%a%f fing 9_6#@9& syt i ﬁaﬁfnegmébe and ot her
mat eri al §cA$raie, ME aREMVrhne-@RerdAi Bl AR Yn bARRSPILHMAES, caRrelinet her

materials in bottles, buckets, glasses and other classical vessels. W have
per f or mechlpmda sodbtiomy,perdreraelntgont eccusduce our concept to practice.

Exanple 1 - Preparation.of a stable a hanj cal |l y robus |.2i nat e shel
Pl e enn RO i Rl ERi, T OB Pk SR Bt P0e
of wat eralg{nagb &indwaéh stede@s, @ plakenemerbldndltodere®uélidinhalcilmh M) can al so
be used), by follow ng the process described |later and sunmmari zed I n Figure

4. The eoeign @.\etpriRenssidng e praeass prasuees|d mughnigickee parder, and morq @gidThe
l'iquid iawprozen in the desired form(b) The solid formis then further
cooled in Tiquid nitrogen. (c) The solid fromstep (b) is placed in
sodi um al gi na{eg TaEhithibeihe cbseiclgrosal sdlidi is riisydyincaltet, Tat tioidtveishif EiReze on

the surface. Thus, the thickness of the final jelly nenbrane is readily
t unabl e. calcium-coated membrane is allowed to melt gradually.

Example 2 — Protective Effects of Inner Membrane

To demonstrate that a hard, external, biodegradable membrane can be protected
from the water that it contains by the soft internal membrane, ¢.g. produced by calcium
alginate, we produced outer shells of polylactic acid (PLA) and exposed them to either
water or to water with a membrane of calcium alginate between the water and the PLA.
We exposed the PLA shells, with and without the calcium alginate membranes, to 45
degrees C external temperatures for 30 days and then observed the PLA shells afterward.

Figure 5 shows that in the presence of water, and no calcium alginate membrane,
the PLA shells (left side object) became opaque, reflecting a degradation of the PLA shell
through contact with water. In contrast, the PLA shells are separated from water by a
calcium alginate membrane (right side object), they remained transparent, indicating little
or no degradation.

Figures 6 and 7 show SEM images of the PLA surface after 30 days exposed to 45
degrees C in the presence of water with the calcium alginate membrane in contact with
the PLA. The PLA surface in the presence of the alginate membrane (Figure 6) is
relatively smooth. In contrast, the surface of the PLA shell exposed to water without the
intervening calcium alginate membrane is comparatively rough (see Figure 7). This is
understood to indicate that the calcium alginate membrane protects the PLA shell from

degradation due to the presence of the internal liquid.
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Moreover, nitrogen liquid induces a "dried and cold" surface after the step
(b), which is the reason al gi nates adhere easily on this surface. Through
our experwoentislo3sme have di scovered that the step (b) proviusesi 1p23764 cul arly
inproved results: in the case of the process of step (a) directly to step
(c) (skipping step (b)), the solid in contact with the al gi nate sol ution at
roomtenperature (approximtely 20C) nelts quickly on the solid surface,
thus creating_a liguid film bet en 8e SQ |d and the al gi nate sol ution.
Consequent |y, o0 ze a honogeneous nenbr ane.

(d) After thergesiv aft %He%t&er%@@&eﬁ@rﬁe %ﬁv&mb&epref%asrtﬁ@mh@ (Ielgness of the
menbr ane, the nenbrane-covered solid is placed in calciumsolution (e.g.

cal ci um cti¢iomi diginato) mtmbra)n;: fmheleekaﬁlaadmsmbddwws prepared alghdtebottlas s st ep,

it is poss bIe al.ter e aceth .cal chum.coat ed sol.id i

bl g nat cunh 2paee Rk BRELSere sPhRLiostifids RbUHE R SoamuiCabd o 1 o

cal ci um ngikaPat(-8¢ ok tstdeaPhar@ polytictic sREPRAMENOF PHAS IPESREHStaREQISEES a much
t hi cker, harder, and nore rigid shell. (e) The nenbrane covered

frozen soricgal @nrhervé@@tq fﬁl‘lm/étl‘é?Sheilfhe liquid within the cal ci um coat ed
membrane is a gure Atg)l:llnﬁderl’r%ng rat e c%ngha%'gdjul PR iV Ga Rk ect s of

| nner Menbr ane f%erha i 0 egradabl e

menbr anes;ﬁlaﬁcatl@o@mmrﬁcsheld (shelo puitin iy mﬁ@fedtfbta%mbﬂlty:)ofﬁspkdﬁﬁelb'}/attthetlﬁﬁf t
i nt er nal msrrbr produced by cal cium al gi nate, we produced outer
shell's of %@Pw%\@t P%thaéw SEIF’EA?l Jlalﬁﬁ C@%ﬁ’@%@dzq h@ﬁfﬁ%eréh% ﬁ@?”‘?ﬂ)a‘?féhe or to

water w{ %W‘%ﬁ?ﬁalﬁ&s Oﬁ'hl?du‘ﬂﬂf?ér% QBbE oﬁ éhctam‘c‘u bfifaiRAD ah n&ge PLA. Vé

exposed t and wt out t CI u nate frenbranes, to
45 degr eest lﬁbmmfmmadatlbﬂmﬁmea;phﬁreml Juaoe cBﬁtadwys Ripares BAFf)D)khmw ireapet b€ PLA
shell's afterward ure 5 s

no cal ci S hﬁ}Cﬁ%&rénngmfg'gﬂetathgltgewsEﬁtagn tegiC%p@&m g g@%ﬁ@%fet} Pt
opaque, fh%ftﬂn?ecéﬂtﬂgcﬁa@(ﬁ%ﬁgéwf@ébh@ﬁcél h&icEbéhisingk] 20 RS RUHr¢RNE RS oM T h
water. In contrast, the PLA shells are separated fromwater by a cal cium
al gi nat eofhtbcrbpmalomcg leontginges, Ebhw pitert drenpion exfrtlierspticttiah nsEragoatiners,
I ndi cati o J§4t1{olu?s atter Creafigwof t%e spherlcal juice containers.
The series of figures show that the spherical alginate bottles deform over time and

lose volume due to diffusion through the membrane and evaporation whereas the

spherical alginate bottles in the polymeric shells do not lose shape or volume. This, in

addition to the physical protection offered by the polymeric shells, reveals that, while the

alginate membranes protect the PLA biodegradable shells from water damage (Figures 1,

2 and 3), the polymeric shells protect, as well, the alginate membranes (Figures 4, 5 and

6), thus the ideal edible and/or biodegradable bottle is formed by both the inner soft

membrane (alginate in our example) and the outer strong biodegradable shell (PLA in our

example). Neither the inner nor the outer alone are sufficient for the creation of

ecologically safe bottles.

Example 4 - Formation of a Rigid External Alginate Shell

In an alternate approach, chemically modified alginates were used to produce a
rugged external membrane in place of the PLA outer shell. This approach provided the

key advantages of long-term strength and stability by chemically cross linking the
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Figures 6 and 7 show SEM i mages of the PLA surface after 30 days exposed to
45 degrees Cin the presence of water with the cal cium al gi nate nenbrane in
cont act wvohotihe3dPuA. The PLA surface in the presence ofcrhmsahgeitat e
menbrane (Figure 6) is relatively snooth. In contrast, the surface of the
PLA shell exposed to water w thout the intervening cal cium al ginate
menbrane is conparatively rough (see Figure 7). This is understood to
indicate that the cal cium al te me e protects the A shel |. rom
degr adat P8ffOH98% %eﬁwethﬁpﬁgagkeu BFCMRSTT RS APTERT @dmroveéhs%fﬂéangca
Protectiyepkhitects of Quter Shell To show that the outer rigid

menbr ane furthernnre protects the inner (e.g. calciumal ginate) nenbrane
from | eakage hhmhmmshabnmfa¥ynm% pr epar ed alginate bottles with orange
juice and pla t hese I‘lC cont ai ners_of i ther. on.a plate and
apkin at ©achaorRSTaLAE Rat SRR REr T 8l PRy et et HEnBhe

| nst ancegnd DhMeloctBl ﬁfetlﬁbry%’i@ ib@e ?ﬁc@éhde%ffl %tmlw@:dlaﬁqiymmnopmpyl)ﬁ gures

8A- 8D show i nages of the spherical orange juice container inside the

spher i catarpesdiipnde hﬁd@ﬁéplﬂdf{ @Wéﬂ’rhma}xwwm}mrd@rmved for visibility),
respectively, £

cont ai ners, 28%55?%“% er h%ﬁec?lgta? 3& erbfaqélﬁatg%aﬁ\gp? raenryur:égéetldggl Mt ai ners,

72 hour smefdcglar GEpht algﬁlafef(~t30@0(s(pg/@{dlpaith Bwnﬁﬁoélbﬂtrﬁétﬂzﬁifﬁlatea(n@l\l&4 hour s
after creation_ of the %P eri cal B%w ce cont ai ners. gures 9A-9D show i mages
f

of the sPigER): c eﬂ@ﬁ%@j lgingte ¥ é%ﬁaﬁ*foreﬁlqahwthaﬁwéat@ﬁwéPrqzléﬂ agid| ymeri ¢
shel |, rgsp %o\ﬁ s@%t g;?lﬁ% 128 b fdlﬁ&%lr%rlﬁ%fn%[bc %ht WisRARGh gl | uice

cont ai ners, e cr at| on e sp erical julce containers,
72 hour s(lag)tmela buffeeSGIanc(ﬂ 7t Wwev, piey)i afald mMi Zeogdotiaoctbaresuléonde d8d hour s

after cr Lon of the s r ners. he serj es of

1 gur es Obs tame) totineBads EoNal i aF SV aad vsdiniaids Sy & & S 1 0se
vol ume dugy {-ethdi- ﬁf(marﬁah§1faﬁﬁuq%§ymﬁCM{nﬁa@h cIA¥AROIENC, Oﬁg pheibeas t he
spherical alginate bottles in the polyneric shells do not |ose shape or

vol unme. (Fholsy, ratln oA b= d Divecrphgdriddalthqombtecte astivefefthe edboyyliche

pol yneric_.shel | rev whi | e nbr.angs protect the
A b oati Aunt o B EfTe Sl GahEsR (2 DB GIERESERS 57" the

pol ymer i KHSPEDCSA V-G €L 3:129 wik llided tB ehaprgtinatatd FRITBEAdASydsmhahthRed4, 5 and
6), thus the ideal edible and/or biodegradable bottle is formed by both the

i nner softtropmipppsiaturaiogitsaye The @wurémmr@}plw wilethegddition of gxegss
bi odegr adapl. é% d uﬁlﬁ @xﬁceﬁ‘c&es@ }h &Fbeél %/v'sBpl%oB r the outer
I Cl ent e fon o O

al one are su rea xcor 0gl ca y sa tles. Exanple
4 - For naltriapinre dtiodidet giattr EdlIHQIO)Eﬂ)r Arthemgirdicstiel. | The methacrl atanlghiter nat e
approach, chem cal I% nodi fied al g i nates were used t H_produce a rugged

ext er nal VARRHHIGdDY Halypia agaipyt di M&VQQIQ,OOH%ﬁMayq- leredd 82348 H pr ovi ded
t he key ﬁﬂé@rgnag%hg{mhpng termstrength and stability by chem cally cross
e

| i nking t

Preparation of a calcium alginate hydrogel shell

Spherical shaped frozen liquids were coated with a calcium alginate hydrogel
shell. Frozen liquids were first coated with an aqueous solution of CaCl, before being
exposed to 1% MA-alginate solution containing 0.1% photo initiator. Here again, this
process can be repeated several times until the desired thickness of shell is reached.
Immediately upon contact with CaCl,, the MA-alginate solution absorbs calcium ions,
which causes solidification of the entire shell suspension, resulting in a shape-retaining,

spherical liquid container. The spherical container can then be rinsed several times in

water to remove excess of MA-alginate and CaCls.
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macroscopi ¢ shell with internol ecul ar coval ent bonds in order to inprove

t he mechani cal properties. Methacrylation of alginate

Phot ocr oswbi2nkiziloBz®4al gi nat e nmacroners were prepared by PeaatS2oug/023764 um

al gi nate and 2-am noet hyl nmethacrylate in the presence of

1-et hyl- 3- (3-di net hyl am nopropyl)- carbodiim de hydrochl oride and

N- hydr oxysucci ni m de. Experinental Protocol: The nethacryl ated

al gi nate was Eéﬁfared by reacting high nol ecul ar wei ght al gi nate (-300, 000
g/mol) with 24 RB¥EERY| nethacryl ate (AEMA, Sigma). Methacryl ated al gi nate

Wi th 5096 t heopgiih Al ifRSARI Bib ok AL RTaIUFAB s Bhkifle ol RONHhARuATAUPS s

synt hesi zed by dissol ving high nol ecul ar wei ght Sodiumalginate (1 g) in a
buf f er sthkwh¢lbforineddyvthe, capdig afinasé¢ hidrogdl Mathagpilelel ntmndtadsch fsomé ¢ aci d

(MES, Signa) containi .5 M Nad. . The .N-hydroxysucci,ni m ) .3 0;
S'grm) iAoy IR b shelevymeicrmpreRy Iy e RPHEaH MBS RBCR 2 de
(EDC, 2. SifitesSITheRdsulttiy @bdiFisdtiod sefveNidSitlizdlthd sBoll MBfhoRfigedus 0 t he

m xture to activate the carboxylic acid groups of the alginate. After 5

m nut es, TSABRNRE ppelamingting defprmatioatar degfuckipiso e spivmally-shaped . 2) was added to
t he prodgﬁ&o%ggukhe reaction was mai ntained at roomtenperature for 4 days.
The m xture S precipitated with the addition of excess of acetone, dried

under reducedFiguesHchematihlly elysttas eteb froc’s. 1% w v sol ution in ultrapure
dei oni zed water . (di H20) for further purification. The nethacryl ated
al gi nate was B3 PrdaniByydessy Yased on gig meeesypupnifadcnFBne P redermediay s,

filtered,( - (). {1i Preparation of a cal cium
ug&%%-%ﬁ Id efrlg dl:plcf,%aqnsg eP@ll {nzxﬂﬂch. P

al gi nate rogel” she rical shaped frozen |iquids were coated
wi th a cal ci uhi(aj gionatvdAmginatgel polhehitiatoErphpentrtdtoantdsithvelt@violaet dighcoat ed
with an ngﬁous‘solution of CaCl2 before being exposed to 1% MA-al gi nate
sol uti on'€oHt™ i ng 0. 1% photo initiator. Here again, this process can be

repeat ed seveygh) {HoWRMMUOA iginakd1e pHSSIri @i daklinEasaPiqueb® olltRnlFached.
| medi atel y upon contact with CaCl2, the MA-al gi nate sol ution absorbs
cal ci um €Cefdks; whi ch causes solidification of the entire shell suspension,

ERONBIRIIONE S C e A AT TR A et R
MA- al gi nabel, amgke@akitd in water to remove excess CaCly; photo-treatment with ultraviolet
light for 20 min; and
11(d) : MA-Alginate + photoinitator; frozen in liquid nitrogen in cylindrical
shape; coated with an aqueous solution of CaCl,; rinsed twice in water to remove excess
CaCly; photo-treatment with ultraviolet light for 20 min.
After UV-treatment, we obtained a solid membrane in cases (a), (¢) and (d).
These results indicate that a photocrosslinked alginate membrane can be successfully
obtained through the described process described. A slight change of color of samples (a)
(¢) and (d) can be observed in comparison with the sample (b). This likely indicates that
a chemical reaction occurs. The addition of CaCl, does not alter the results of the U.V.
treatment. Freezing of MA-alginate and photoinitiator does not alter the results of the
U.V. treatment. Freezing of MA-alginate and photoinitiator allows the preservation of

specific shapes.
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Fi nal process Phot ocr ossl i nked and bi odegradabl e al gi nate was

engi neered to further stabilize the shell fornmed by the cal cium al gi nate
hydr ogel .wbkbhzims3phat ed al gi nate, which is the mai n compamaskoiof2izae shel |,
was photocrosslinked by exposure to ultraviolet light for 20 m nutes. The
resulting nodification serves to stabilize the shell norphol ogy, thus
reduci ng or elimnating defornation or destruction of the

spherically-s d. macrocapsul e. ur S mati ca | ystrates the
process. Lt OPIGIYAgRS kg afhy ot el 83%@@%5@8%'%?@ olids yrmar f zed i n
Figure SmBefahQhBEmBeine Jin\dniHa8bdal fh @a[)eang?lﬂb')CM%@hétﬁcdf bﬁ%ﬁi@alll i n whi ch:
11(a) shows MA-al ginate + photoinitiator; photo-treatnent with ultraviol et

| i ght fonwa@wmnmﬂsmeundmvm&@@ymﬁhnwwwwﬁmﬁlglnate + photoi nitator; coated

wi th an aqueous sol ution of CaCl2; 11(c) shows NA—AIglnate +
phot oi ni tatorg_coa 1h C | on_ of nsed-tw ce in
water to re o Exii I§§1¥M ber : ' dﬁd hanies Ot gnt for 20
m n; andﬁmlgquuiﬂﬂéﬂgumuMR Alglnate + phot0|n|tator frozen in liquid

nitrogen in cylindrical shape; coated with an aqueous sol ution of CaCl2;
rinsed twice Inrpngemdio tr@eme%p@p@rﬁéééglu@ampmﬁm Horage SOHBIRET With h

ul'travi Oéeqfanlgiu%o&i(ﬁed %9 aThfdium external shell. Gellan gum is also a polysaccharide,

consisting of two residues of D-glucose and one of each residues of L-rhamnose and D-

glucuronic acid. Gellan gum is produced by the bacterium Sphingomonas elodea. This
polysaccharide is also considered a promising candidate, since (i) it is also a water-
soluble polysaccharide and easy to use; (ii) the sol-gel transition occurs by
heating/cooling thermal treatment (physical gelation) without using a chemical agent
(such Ca®"). Consequently, the process to form the initial volume is simpler than the step
(d) in Figures 4-5; (iii) the gel is very stable, since it is able to withstand 120 °C heat (this
Tl 18 higher than the agar-agar, carrageen or alginate value), making it especially useful
in culturing thermophilic organisms for example; and (iv) contrary to alginates, the gel is
mechanically very stable and rigid, and it keeps the form perfectively.

We have realized a sphere (8 cm diameter) composed with gellan gum membrane
by two processes. The first process consists of placing the frozen liquid in a gellan gum
hot solution. As the surface of the solid is cold, the gelation occurs suddenly. We can
use liquid nitrogen to increase the thickness of the membrane. The solid volume is then
extracted from the gellan solution. The solid melts slowly into a liquid, which is then
embedded in a gellan membrane.

The second process produces a smoother external surface, as follows (see Figure
12):

(a) Gellan gum is dissolved in boiling water. A high concentration (> 4% in
mass) is required to get a robust membrane, which must compensate the weight of a high
volume of liquid.

(b) While the gellan gum solution is still hot (i.e. T > Tg), the liquid is

introduced into a mould. (In our example, the mold has the form of two half spheres,
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After UV-treatnment, we obtained a solid nenbrane in cases (a), (c) and (d).
These results indicate that a photocrosslinked al gi nate nenbrane can be
successf wwbyonobivasmmed t hrough the descri bed process desecirhsdo11M2zbd ght
change of color of sanples (a) (c) and (d) can be observed in conparison
with the sanple (b). This likely indicates that a chem cal reaction occurs.
The addition of CaCl2 does not alter the results of the U V. treatnent.

Freezing e .an hot oi.ni ti tor does n aIt r.the.resujts of
The® 0L Vo Bichttrahen Takans, ﬂlago?eclﬂmqw gl angiig ?ﬂﬁ’gff&‘is Piegt 8F cAPPSis t he
preserva%MQngﬁsgagglflc shapes. Initial observations indicate that

sanple (c) and (d) present the nore solid nmechanical nenbrane (in
conpari son wi tch Thaferaprdat(its)ip dedveaskedid belbwphysilbaimale asigmeneht 4t theendnder way

to confir thls anple 5 reparation of a Stable and
vocrant o i Sy S&icbhain ¢ sty T ey il P Ena s Lo o e
enbodi ment, \A@i) [Ahe Pig (R watdr ifeHdxdmipled 08P BE inj@mlﬁfo%ag@luﬁent ainer with
gel | an gun1nod|f|ed by a cal ciumexternal shell. CGellan gumis also a

pol ysacchari de) Tse h@lieit:auﬁgd by thevigringiisieleseddsy t@lr@l a4 € ~ahd) Berdllof  each
residues of Lprhamase 4 588%‘%%’1 tﬂ{l' c‘%ﬁé ) w%eé ?sn[ogyea ) co"c%%%‘tg&ﬂ by the

bacterlun1Sph|ngonDnas e hi's sacc 21 d so considered a

promi si ngr mmh&amehe giaﬂsc(eoﬁm)e ¢0tnta11$er§il:?ﬁﬂoeaco\ﬂqﬂﬁélyse@ihlé){&d[aﬁthtS@(@I: hari de
and easy to use; b t he sol - transition occurs by heating/cooling
t her mal P*%%ﬁ%ﬁ?d‘(‘%} ny@aPrS@é a@cni R tape IR fo W EaRY FeATAEaDs: aBént (such

Ca2+) . 'E__k:iIYbe éﬁ&ﬁg?&?ﬁ&r%n?ffe%gr ll;iﬁlchpg,ﬁsl al volume is sinpler than

t he step ures very stable, since it is able
to wthstand TB@ne’&t kteptis t(oto&nemlc'ﬁgeJmochfyhhggeltantgmntotp‘redlmgarrugm carrageen

or al |nate val u eC|alI usef u t her nophilic
o gant s et (BSATith ins MBS i P FEmitg hyele Wi el B o i
mechani caldn MBI ok )a%ilﬁan%uﬁl by ﬁbﬁac@wﬁoh {askpel vhﬂ?al%fhﬁf@) Ratfiephdel v.

We have realizéd a sphere (8 cmdianeter) conposed w I an gum menbr ane
by two pptdy@ss&themﬁraneswemhosﬁdme toorifecs thefmghbrehaly talhel $itozen | i qU| d

in a gellan gum hot . As the. surface of .the.solid is

ol at P ortsReliAaOh BT 1o BRe RE RSP B SRR oPe e

t hi cknesgarbdnatd i IRMINANCO ;) biG c6@dctbd\(BU MBatk®) thé Sululekt pREthedphdrom t he
gellan solution. The solid nelts slowy into a |I8UId which 1s then

enbeddedThen, avegemeassedteneellnspherp e gaé@@mcwbﬁ@eégg bt sl oagegedgot her
external so%ﬁ'tfcfnaa(\g%m. i} t1I1 éél,ocﬂ@ cr(yiﬁﬁlf tidHbFcalcium carbonate occurs quickly: Ca”*" +

CO;* = CaCOs (K = 4x10%). This process allows us to build up a solid membrane of
calcium carbonate as with an egg shell (i.e. particles of calcium carbonate particles are
embedded in the gellan gel matrix). The external membrane becomes hard and resistive
and can be made particularly thick with long convection (heating) exposure time of the
calcium carbonate solution. The concentration of CO;> and Ca*" in solutions and time of
immersion in batches are parameters to be controlled to obtain a rigid and inert

membrane as in an egg shell.

Example 6 — Food Particle-Containing Alginate Shells

The membrane can be designed to be stronger, thinner/thicker, or taste in a
particular way, by adding suspended particles of food, ¢.g. chocolate, nuts, caramel,
orange rind, or other particles at least partially insoluble in water. The particles can be

sized (e.g., chosen or formed) such that the maximum dimension of the container formed
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12): (a) Cellan gumis dissolved in boiling water. A high
concentration (> 4%in mass) is required to get a robust nenbrane, which
nmust conpeoatielosive wei ght of a high volume of |iquid. PCT/US2011l0257%%i | e t he
gellan gumsolution is still hot (i.e. T > Tgel), the liquid is introduced
into a nould. (In our exanple, the nold has the formof two half spheres,
which are then linked). This technique allows angles, and thus design of
conpl ex vol unetrijc shapes. . (c) The te rature is.decreased to bel ow
Tgel . THEY SR apabad SORr 1OASSdrefT (OhmeTg¢ s thiesuT AT g

vol une, @mqg?a&ilaggj ow) i nside. (d) The liquid (water for exanple)
can be injected into the vol une. (e) The hole (caused by the
syringe) is cOfsethebypausilagwal hothargediTgebst paeett sirfaces have some charge

or zeta potential). This charge can be modified by the way each particle is created, its
size, and the nature of the particle surface. Surfactants can be added to enhance the
charged nature and the ionic atmosphere of the water can also be modified beneficially.
When in alginate, or aqueous medium, these particles (assuming they are zwitter ionic or
oppositely charged to the membrane forming material, such as the alginate) will undergo
strong or weak associations with alginate but not so strong as to cause gel formation.
When in contact with calcium, for example, particles will form with alginate a gelled
membrane through interaction of the calcium and food particles trapped within the
membrane, possibly strengthening it, improving flavor, etc. Figure 26 schematically
illustrates the interaction between positively charged particles (e.g., Ca*" or Mg®") with
negatively charged alginate or food particles. The maximum weight of the added material
(e.g., chocolate particles) relative to the alginate, might be quite large, i.e. far larger than
1:1 ratio of particles to alginate by mass. This will depend on the desired membrane
nature as well as the nature of the particles and the interactions they may have with
calcium and alginate.

These same methods can be extended to any kinds of small particles with a
charge, thus creating a new class of membrane, formed by a charged polymer, such as
alginate, and charged particles, with or without the addition of a multivalent cation such
as calcium.

Chocolate-Containing Alginate Shells

We demonstrated this concept by lowering the alginate concentration in water to
1.8% by weight and formed orange juice containers with membranes made with high,
medium, and low concentrations of chocolate particles between about 0.1 and 5 %
chocolate particles by weight. The resulting membranes are shown in Figures 13A-13C,

respectively.
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Froma culinary point of view, this process allows chefs to create a
cocktail (cold or hot) wherein the glass (volune container) can be

conpl et elwoediiblogasogand an i ntegral part of the cocktail pCcT@S2€i002564 it can
be extrapol ated towards many preparations, and this process can be extended
to different fields of applications. The next step is to

chem cal | y- m)dify the gellan gumto produce a rugged external surface (as
done with the es .in the exagpl e above). Wile it is possible to
chemical ly rmﬁﬁt‘g ‘8211 %nwﬁsw%gﬁﬂkr ylation (as we did with al ginate),
and to photo PRlYR{h#Rstied BIRIRER by “F@rn%ﬂ%%@ntﬁl%% With fehBERESRalibe
menbrane by an in-situ crystalllzatlon in the gel this case, we

i mrer sedwah tal@tmtd: miutyptsewlél 0.A%afood patiates af kel faodrmttmlﬂsen@odiftd alman Na2COB)

and convect é& g o rt’e % t he s ution a the S herﬁ. Tgen re

i mer sed?The" A IEBFH? Brh VEREi E}’rﬁ%oat Yo }’O‘é{ d "eBRILABd t he
sol uti ono@Riodderlof tdnl@n@Bhndrédeorahiéfoingbhd %@t p@ﬂdh@%d ¢ahiC iliNisCRAGRAL € occur s
qui ckly: Ca2+ + COB2- CaCOB (K = 4x109). This process allows us to build up
a sol i d teshinddoest caranasy i eaaee ONafemed captemesnvislygreatheanes plade withar t i cl es
of cal ci r rt jo¢l rix). The
ext er nal Mn}n%%rsgﬁlé%égg%ﬁgg%afg%i I%Ir@dgw ]??%\?\ghg/ngXﬁg%e%eg% eél?png? ?I cularly

thick W pdwdedmgod00yetin ﬂgméﬁesatumg)(l extpﬂgmae) tTheealgihatt Beluded &itim car bonat e
sol ution. The concentration of - and " in solutions and tine of
i mer si o#MoRd Bﬂ’fvéﬁfe%mﬁlﬂcé?dﬁé?léﬂﬁliépﬁa‘t% fB’éd EB%W@W@H cplgrlo BRAMAINEIRS gi d and

i nert me ﬂ%FtF;fat?fth h1 8 tirh 15 L,enCafitai ni ng
Al gi nate Sh @O@Hﬁ%gdﬁﬁﬁrgﬁg@ég%e Oggrsil Qg% {g{%gg ?Si-)ongér
t hi nner / $lhionk eomboratid@asdeensito calopamd maki ﬂmdvmyrpumyn@ﬂnﬁm@wd; abperdded
particles of food, e. col ate, nut car anel (?}g a}1%lnd or .ot her

parti cl eRATHEICH WQLs ongyg t%ttcfwt freBiussMe 1 gORESbn the g0 P& selafione si zed

(e.g. clafaﬁ@dm& pmm@dﬁleﬁu%efdtt%ssw@bd%mmlf@sﬁécmg%s@ﬁAt hec geat ai ner
forrred by the nenbrane is about 50 or 100 tinmes |largér (or nore) than the

maxi mum diogelati putidés, chesppahen ebsssving an indivdivag nhqdoéaé@pqa’aclteld@te@ wWpl | be

char ged article surfaces have, sone r zet otential).
ThisehabaPas o broRBt § Pofe SRS agRteRens, AN afS RS 5 e,
and the gahutealPplay e alrlblegluet@gglme&gme&yrfact ants can be added to enhance
t he charged nature and the ionic atnosphere of the water can al so be

modi fi ed beneecilsn foymedppritainers avidi memeranes meadpuwisi gleimadn solytionhedd particl es

(assum ng 4b 1% 85 R (RO €40 L ARROSIG L dort RS T0b 0t iEDRERY ane

form ng na such”’as 0 strong of “weak
associ at sodusonnil t&%o alggriangt 'Ehd)(tﬁcomtﬁttplﬁﬁs ﬁtd gﬂgl @snetrﬁ)ll;catesc&ngake §apesat i on.
When in contact wi.th calcium for _exanp particles will formwth

al gi nat eVih @Etrﬁ@aﬂ%r%eﬁeth@ thﬁﬁafthlinrﬁif@ﬁ&éﬁlﬁfﬁ%f’r Rerabe-¢ PUFCEAd f ood
particl eﬁuﬁlﬁl%tb?@@thw ‘%{&ﬁ%t BIR tfﬂsml‘fﬂuséé Bl Brale! $AGL gﬁtaterk%mtton | mprovi ng

flavor, etc. Flgure trates the intferaction between
posi ti veWyth «:bemgenowpdmtmmhtems tlee @uldltf:aﬂthﬁ rong@zl sodiwm algimegstlituel gvec har ged

al gi nate_.or fqod The f th dded material (e.qg.,
chocol at WTBAHTReT Eadaveh T artist Tahryiiaiee B s sEmitieBeiargl, | o
far larg acIt?@B’by@)nél-hﬁ@-Bf Af opeity bEI8obdhud 8%1@1%& Brch¥cVB%is sddniif thd | |
depend on the désired men‘grane nature as we as the nature of the

parti cl esmond mikwré. nBe phcingerdgh proporian dﬁav@nwt péwdsalintp tim 2lgidatgl gi nat e.

solution, opacity could be increased. Beyond a certain proportion of coconut particles in
the mixture, however, the membrane ultimately was found to be more permeable when in
container form, and at higher risk of leaking. Particle size and shape may play an
important role in the transparency, in particular as compared to the almond powder

example noted above, since the coconut particles used were generally larger. There was
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These sane net hods can be extended to any kinds of small particles with a
charge, thus creating a new class of nmenbrane, forned by a charged pol yner,
such as awvgiznat®3svand charged particles, with or w thourcrhs2addeizeon of a
mul tival ent cation such as cal cium Chocol ate-Containing Al ginate Shells
We denonstrated this concept by |owering the alginate concentration in
water to 1.8% by wei ght and forrred orange juice containers wth menbranes

made with hi and W concen at.i Qns col a par.tj cI es
bet ween %laﬁ?nmﬂ@ﬁﬂlsgol ‘E?P%IPE pAg e dp g ﬁlt\% Rfas a Hé‘oTﬁéé %ting
menbr aneghaf I%ftStB@i’M‘thb Hnﬁ*u%fec%céiﬁﬁ 13& aﬂdea?t?ﬁ%'s&%hbfn didNdreadr GPRt ai ni ng
Al gi nat e Shel W al so dem)nstrat ed This concept by form ng

cont ai nembswltuﬂ prepvivi@meScoranie pricehsdailige hathe botbut Soetssciling was fsxnfldod

particle.Thefod art'clsincldda d, powder. and,, i 0

Phot ancets hapieotd FiRay plagh RadraiickiduR ST BRI AR o Bofilhon ¢« he

or der ofcd@ﬁ&ﬁaﬁbﬂaﬁ@d,ﬁgﬁﬁm@fmfmg{@gsst@ﬂg was purchased retail in this form
fromthe Vahi ne food conmpany in France. W fornmed containers with nmenbranes

made with al gMeatlso foamed pasviangss twnthenem@lfaa@ﬁdnwwﬂ@ plegnagysaitins Mithng/ mi xi ng
6.4g gr O?‘.ﬂ%.f%egg &cpegtﬁg 1ssi)lv§ng041 O%Ld? g%or\}&%Fafcpi H%éce 1 8%

al gi nate)". I'na arelatively

opaque flyaphili¢ed ﬂnklygocpcﬁradw itel100g of a&ﬁdgmaﬂersbambﬁ (I B% aflgluatd) tphief the
original sodium al ginate solution over tine -5 days). The al nond

conbi nat {¥wieseined eyl B agpdaipdiees, PPhW%In%tﬁﬁg thad Fm. %dlrmﬁmeawedm mond
particl eg, Ity ﬂﬁ%rBﬁ%ﬁ% 50 GRS, WsaS] YeeRid difh %a%h 2l Ihﬂg? ‘sodi um

al gi nate sol uti + cho te parti cI es’ merrbrane scusse e wth

respect p@wd»‘argmmseaiame faddlavohevidtvac wisaigeo@aruth duslsty. ‘Eis epktuvdhéid nobser vi ng
an indivjdu ocol.ate art| cI directl do, not appear to_pr.oduce a nore
gener al | VBS{%?FE CéBIB Bg O¥Hé B?Ctlﬁycqség% ipdhe almond mixfge. qﬁFEHqFtS’;%eall pl ay

i nt egr al yfIh8Fe M Eh@sa% 191&36&9&‘{‘%81% in the transpiBeRySR fPtidRY 8Bk !11@@'%& with
menbr anes made WI%I inate solutions with 6.4%food partic

di ssol vi ﬂng anagl Igrwﬂmdxmwemted@bmas thmrmangomrtwiesalﬁe Wg]feri@nger sol ution
1. 8% t Th h | 1 LS
Shapes wiR e bY B G B KRS R PR MRS s SO TIPS or

several ¢php&k.or nore) mllineters. The powder was purchased from Vahine in
France. The al gi nate solution with coconut powder maintains the fluidity of
the ori gi nal spnioameyd erntaness Mith raembipaes mpdrewithelginaiastolgions wahs) . Thi s

m xture gdig, f%8§1 prn%L?'bg’ dlI's%X ggl*fo?% ot af?ﬁo %Rxfi@ o 8Y %Fo%'nh opaci ty

(beyond T'i ne-'of ~si'ght "opac e coconut ensel ves) as seen

in the alyophitized vabplicery Iﬁyvdpfﬁm n(g)gmﬂalngaitglpzttep@intwmnl & abgraautThowder into
the alginate solution, opacity cou be i.ncreased. Beyond a certain

propor t i enRypat w&&ﬁéﬂceéarﬂmw@ksql#ﬁhfiq@éem&%lﬁ Mélck}yoﬁﬁfe%rt ary the NREEDr ane
ul timat ely, {eggﬁnﬁgfa#(m ﬁo&?rmgé&emﬁﬁté)gc ﬁ@h@ﬁtrthggrgm and at

hi gher ris I ng Partlc e slize an hape may play an | rtant role
inthe t cdms]zfah@msybermsppadtthmugMut #de fhodpaaledg ttoranklecalt.myad whowdetidexanpl e
not ed aboveb si nce the coconut par ticles used were generally larger. There
was pberry particles were not presen
We also formed containers with membranes made with alginate solutions with
6.4% food particles by dissolving 6.0g ground almond powder and 0.4g ground
lyophilized blackcurrant powder into 100g of an alginate solution (1.8% alginate). This
combination produced a fluid that solidified into a relatively hard gel fastest: 10 minutes
to an hour. The fruit also somewhat colored the overall fluid to make it translucent.
Mixing dried fruit powders with the alginate solution, in particular raspberry and

blackcurrant powders, produced relatively rapid “gelification”, or a hardening of the fluid
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little or no visible dissolution of coconut particles in the solution. It

was al so noted that when left to sit, the m xture of coconut pieces and

al gi nat e wol2oti/oasodi d not result in a substantial proporCirars2af/oezreonut

pi eces settling to the bottom Such settling was found to be the case with
many other food particles tested with alginate solution. The taste of the

coconut nmenbrane was found to relatively strong. Ve al so forned

containers with ranes .made with al gi nate u i ons. th 6 4% food
particl et %@H@r%gw"b\& ﬂgtﬁh@ao PeHRAdD %Harﬁfﬂlaertyo@ﬁé? yfgirisd, Rg2gHoA ¥

| yophi I i gcﬁﬁialﬂ&pgﬁhﬂﬁqmrsubﬂﬁé)aé&%ga&&s ?ﬁy@h%l@% ﬂllssglfffcht%h frbe&0 al gi nate).
This solution remained fluid for "a certfain tine we noted that the
f1 uidi typ@h@Sdacffecasada@wmecb@n@tsl providedbyy fooerghipye, Salchoueldorids such, we

could still, . add dd|t|o to | the fruit flavo
o thout TRl stRPEr oitE SRR o et RS e A i et o
i ncreasi %umgedg@hﬂ” t@m@sﬁaén@sp&rﬁ@a dwing ReorahtBPRadif]. Xtiblpessiffattat i si ze and
shape may gnay an inportant role in the transparency, in particular as
conpar edselbng precess PBHE dhescd dxotherecHitagmioprsy/ siaRs $Usb arifiigealsaimi cl es
used “Br8ﬂ$@ﬁ£hr¢m&ﬂﬂﬁ'#%mf%om hundreds of mcrons to several mllineters,

and had various non-uni rn1shapes We al so forned containers with
menbr anes nmad€hswk obsal glonatergeel thiitl dadam tb hate dfchbachepatt subk@stidly
di ssol ving. 6. 0g ground al nond powder and 0.4g ground |yophilized raspberry
powder i i (QL@GQSRB’PHXHT lagkwwat)%m&, iltdﬁsqr&etg%sa}%ﬁlh&twmam s@adlonbi nat i on
pr oduce dy gy ot chialy- 5p1-dith sﬁ"o%cﬂsu'itﬁdo%&dey%e&ﬁa&lshg bLARbE mbliR Jhe_mango
exanpl e), 1 .€e. ina ours. It was note at to a certain
ext ent thgn@&ﬁﬂhnmohndﬁmﬁ;mh@erasphemnymsmmebﬁbmhhbMQMQmﬁﬂﬁhﬁlﬁMnsd maki ng
it translu solid raspperr rticles re no resent.
W al oo TORRIRS EBROoTS (e E AR OPARe Yo aﬁl‘c%/&?lge%a%a‘i%’?ﬁﬁfOBﬁs wi th
6. 496fOogegéf&h&hﬁ%fgﬁngb5@@&&%89e§d@91HH&ﬂﬁﬁxﬁhﬁ@ﬂﬁﬂﬁ%ﬁ%ﬁﬁmﬁ&ﬁmg 49 ground
I yophi | i zed bl ackcurran owder into 100g of an alglnate solution (1.8%
al gi nat eboss dhiledidpnithicrrho¢adate pa@mﬁs aidechinfdthar ¢xahplies swhitai fiaddssistroogly

f ast est nytes.t.o an hour. The.fruit also sonmewhat

gi
Lol or oo TS Sy pREbERE hehna Rt S i e RS dt0Sivg Bt 2ur P ed frut s

powders wi th ThercddtBeRatigh sRlcky ipRdiucedbp iclall BbhBPow @S PRSFITINGBAU the
bl ackcurrant powders, produced relatlvely rapid "gelification', or a

har deni n@a@iucm@/srenmoaamtmr@d@peﬁ@m eth%wu)l@membratnes,s:ahpp@tseffé%foz ed that a
property, of, E&'E@/&F&Jﬁa& O¢u¢§‘os‘8£t he%l?es ﬂ%ﬁg{&ﬂh%&%e%ﬁ ﬁl'e%ﬁ&%“ such as

aC|d|ty/ac I's gell I'on process, perhaps in effect
repl aci ngowdues ﬁ@tillﬂmgz ;pa;zsvandﬁqbohym rﬁmrm axeamabley/trmaeﬂweum sfithesdlagors ol ut i on

i n ot her_exanples noted separately pears that_ blackcurrant is a nore
rapi d " g&hs Hawpnd pewder, tf%ﬁ?fama@pw ﬁper tb@} mﬁ@uawuwl thocelatetosrdere s ty. 1t
IS possi elling
component sy Bt par el B RRoRKRECER ARAHaT GOPyRERF heN ) TP

These obmde inghe Ssiengthgged/or perateability off te evantudhav@aimaenenbr ane wit h

subst anti al err r.bla cur ant) flavor, it is sometines
useful to useﬁﬂﬂ%ysgﬂg $£§§é$ ﬁ%@ﬂgsgﬂﬁ % "chi ps" of fruit powder,
rather than anBEPRISHELHECIR S Bveha@kdinBRR c SO @BrROdThEUEdibROWIEr , tO
create individual, point-like flavorful fruit pieces within the menbrane.

In the nbottjes enadwphasie of nowelratvarcdemiisgl pehirtly odniorel &ddoweidclés whichgr eat er
anount OI:an enrglxeﬁ) Wit algl}la(ljte lgo uft grgse alsotn%ga 1'1\7%%1 c(ilargeaftﬁ’b \émmtorr}s attecﬁlﬁls meedl ate

making edible bottles with the following membrane compositions:
1) 15 g sodium alginate/60 g chocolate particles (formed by grating Lindt and
other fine chocolate bars into small particles)/1 L water

2) 15 g sodium alginate/60 g coconut particles/1 L water
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| oss of fluidity. The chocol ate particles used in other exanples resulted
in aless strongly flavored sol ution/ menbrane than nmany of the fruit
conbi nat iwo0de®sswbed here. The rel atively hi gh epaaistgi1pezrduced by
t he al nond powder nenbrane, and the translucence/sem -opacity produced in
ot her sanpl e nenbranes, can be useful for aesthetic and/or culinary
pur poses. The size and shape of the particles in the various powders used

l'i kely plays an jnportant .role in t opaci ty/transl ucence . qf e sol ution.
The al nond. postikte SHim éleirgr 0 gvéé@g%uﬁe(?er%%ﬂraﬁgw Rﬁ‘%@%?é{ hocol at e
powders; whfdk s may hel p explain the increased opacity. The properties of the

particles also likely play a role in the "strength" and/or perneability of
the eventual Werilsei mate siRdatnéabianed witiShmhlle qantitéds oif partiSlemés. Allgi hat e

Nat ur al d particles often hav ral negative surface charges. Thus,
edi bl e b%@&%@%ﬁ%erb@aﬁﬁtﬁ Ogﬁ’aﬁé’ﬁeﬁggﬁdje%)a@gnpri sed primarily of natural food
particles, whixehHrdz8ordige fii¥@shdbthél jalced Mds Resabdst(-Qibs” dafika inagat i vel y

charged). W dermonstrated this by nmaking edible bottles with the follow ng
menbr aneSAEHb 6gise pb Ry form reminisopntief ag “seediuben eezgidiess ef atua] skinse andt e

par 11 Bl AR, 00,0l G530 et el Gyl 0 !

parti cl eBquid hitwsteand placdbthg icaudibeyninaingiofi deaobiiods Ustb®abdvieot 11-B@non,

orange. scerggrrlc{sya)fte? evrhgcihcvlvee Eelrnlovléd the alginate/particle-coated ice cubes and placed them in
solutions of 1.5% calcium chloride or magnesium chloride for 20 seconds - 1 minute.
After removing the ice cubes from the calcium or magnesium chloride solutions, we
dropped them in a bath of water to rinse and then removed to allow the "edible bottles" to
thaw completely. The results were orange juice (and other juices) contained within
membranes of chocolate, coconut, and fruit particles integrated into the calcium-alginate
membrane. These membranes proved relatively tasty and capable of preventing liquid
from leaking from the bottle even when handled.

The high concentration of particles in the membranes reflects a charge-charge

interaction between the calcium and magnesium divalent cations and the food particles
(as between the divalent cations and the alginates). The food particles became an integral
part of the cross-linked membrane. In contrast to previous work in which food particles
coat calcium alginate membranes, this approach actually integrated the food particles

within the membrane and reduced the mass of alginate in the membranes while

increasing natural-particle mass.

Example 7 — System for Enclosing Fluids in a Natural Transport System

Referring now to FIG. 15, a fluid enclosing system 10 includes a fluid delivery
apparatus 100, at least one reactor module 200, and at least one outlet conduit 300. The
reactor module 200 is supported by a frame 500. As described in further detail below, the
fluid delivery apparatus 100 is coupled to one end of the reactor module 200, and the
outlet conduit 300 is coupled to another end of the reactor module 200. The reactor

module 200 and the outlet conduit 300 are modular such that the fluid enclosing system
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wat er W al so nade simlar nenbranes with smaller quantities of
particles (5, 10, 15, 30 g) and greater quantities of particles (120 g)

t 0o. woWwsiifaewe orange juice and other juices into iPce/usaie®2376cube”
defined in the general sense of any formrem niscent of an "ice cube"
regardl ess of actual shape) and dropped these into liquid nitrogen for

15- 30 seconds. W renoved the ice cubes fromthe liquid nitrogen and pl aced
the ice bes.in one of the solutio l.i st ed above for 15-30 seconds after
whi ch we 0 BRIl rﬁ%ﬁﬁ@/%ﬁql?ﬁo&-%?ﬂﬁ@@%ﬂl&%}@é}w%ampw&&a themin
sol uti Onﬁlr&fgh]a-é%e@ﬁiz&ﬁﬁﬁ%&!&k@ﬁﬂ&%oﬁdluiﬁ%@@%§!eHHi'ng M QEBBRedOTAARcgECONdS - 1
m nute. After renoving the ice cubes fromthe calciumor nagnesium chl oride
sol ut i onksremerediropysetinteha POD mefarsiathcastorwaadaite angl the pddstiamdf thhenettemmved t o

allow the "edible bottles"” to thaw conpletel The results were orange
Tui oo ( alia OEarS TR aS BRI R TR TS e TEeh 3R o coconut,
and frui gorRasitidrCik @Sed fof &@roakI8Ccdndhii@ 30MEeF&dxamipe, 8l Gk RAbBdIRMPEIR¥Wh inThese
menbranes proved relatively tasty and capabl e of preventing liquid from

| eaki ng Flobithe flyist anctosngeis ineldeseteyo reactor mqiidesHyn 2gdALENIY at i on of

parti ! eg, oL, TR NG ehbAS! B AIATARLCRALGE shAl Slghdon_between the
cal ci um and Tmagnesi um di val'entocat i ong an Re'00d par?l cled (as between
the di valherdbe®ath oAs oatlck dohduiaB@inadtasis frohhthefrantbrpasdul 2@ tbatlawra an
integral part of the cross-|inked r . I.n contrast to_previous work in

f . ked menb . r
whi ch f oBridsaptainer Bsbectisticves| éri@.lﬁpgﬁ@ %g?ﬁ]fgm%ﬁﬁy,mgxonﬁlﬁvgd%ﬁ%z@w

actual | y;d : i it.Ni : anIFg duced the
mass of Eﬁ glaﬁg?@h%ghﬁlﬁgn‘%%%}sﬂ mﬁ%%ﬁ?pgg%ﬁhﬁgﬂ?%ré %g'rlsjsl):bgl e nass.
Exanpl e iaterc@ysttary thonddnehad snadglek200 dathi aaclaofiat vyiad addigmmpouttet Syst em
Referri ng now %é) FIG 15, a fluid enclosing system 10 includes a fluid

del i very %‘Bﬁﬁ? Us 100, at least one reactor nodule 200, and at |east one
outlet condui hs3R0O destBed RAGHAEr J@Q%&o@,ﬁﬁﬂn@ @?{RH@ﬂﬁiﬁ(ﬁeHVe@ abp@IRs 500. As

described in further detail below, the fluid delivery apparatus 100 is
coupl ed 1@ waecserepndfingdidow efe fioyt st ahda 3¢Ond At inkethe uedcestr neasiwtbui t 300 i s

| ed th f, th t dul 200. .Th t dul 200
ond the e BRcEIhe Gt nlgtalfoas FRGH e Rat SpRariy NotrPiraneihe BEeG svst em

10 may i Agidue eorfid flbidl @®nfa@Ret Phe ARIdWoRGinPhovBs fel diithdePiataice 8fi on Wi t h one
anot her through a respective nunber of outlet conduits 300 extending

t her ebet SHEEHY) th@uﬁ_hé@ Hleesanduit 8PRg aciatonibaegagior powluleel®pswheye dhe eact or
modul e agghthe, %gisttjirﬁgﬁi.oi“hé D83 f{u% ESiliaih@ hde rtl%joﬁél??lﬁ?et NSTREgogfers to a
ul'e. An ana nti1on

particul ar reactor no ogous nam ngesconv I's used for the
outl et canrbuay bSO6llectedrfoedistiiplton aml/dtw@wnamysttinent shown in FIG 15, the
fluid enclosi ng system 10 includes two reactor podul es 200a and 200b in

t

fluid communi €t fishidand shrescanrn Heid i GahCaicoUiqued: acshdanta 300a
ext endi ng, g&gg&gﬁkm&a ybrg"étel.efn EAMMbod RS ERLB L QI iRFonk €act or

nodul e 205 low a urd container to be retrieved. Additionally or
al t er nat frumlthe s@dold fluwindor rpatuplesth (st fmyd drp inddédart dginhte (Elgyisadiemc| osi ng

e ot A R R E T By BRI erconnect g the
300. Referring now to FIGS. 16 and 17, the fluid delivery apparatus 100 includes a

first housing 102 substantially surrounding a second housing 104 and a flow controller

114 disposed at one end of the first housing 102. During use, a first fluid (e.g., an

alginate) flows through the first housing 102 and a second fluid (e.g., water) flows

through the second housing 104. The second fluid exits the second housing 104 into the

first fluid in the first housing and both fluids move toward the outlet of the first housing

102, where the combined flow of the first and second fluid may be partially interrupted
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As al so described in further detail below, during use, the fluid delivery
apparatus 100 noves a conbined flow of a first fluid and a second fluid

i nto the weaotionw3svdul e 200a, where the first fluid har @emascortio2z64renbr ane
substantially surrounding the second fluid to forma fluid container. The
fluid container noves (e.g., under the force of gravity) through the outl et
conduit 300a and into the reactor nodule 200b, where the fluid container is

e RS AR TE S ISR S 700, 1S,
and the gegonduit Hﬂe%%&’tn%%’é‘t Hd¥Singd®2 and HiWeEond@hot@nBl109M 2 BirSHRRENSI ON, a

colloid, and/or a gel. In certain enbodinents, the first fluid is dlfferent
f r om t hesubsieotiallyf dpposite ©dhe dixeotohef gtavgyfirst fluid can include an al gi nate

e &1 ruit 101 Be) PO R TIER0E 7 ?tﬁﬁl‘c‘ﬂ%%v@%‘?}:é@ B A b eRus, R G

del i ver yfigpRdimt U9 @@@mgé@ |a s’ﬁra tﬁé fn$ét BaibH NG ah2n Sufadoatthirdddtisn
surroundlnﬂﬂa second ousmg1 04 and om1contro||er 114 di sposed at one

end of twehtha st kensiiend2 soch thekihe rﬁgstdhled isgniredused frte thg firat, fg)usmarl 03l gi nat e)
flows t h{hﬁéé{%ﬂ tfl@ﬁlg‘ t] b%ﬁ %uigg&n%gl%bgggneﬁtésﬁ% houyl{lg 1@% isSubst i ) f1ows

through econ e secon eXxil e secon ousi ng

104 i nt ocyifdritilrast hbd wdﬂmen:rbhebéut[szhmhousd)mgoamﬂ (bgt, Abdlt 20 dsmN® Weot owar d
the outl et of the fi.rst housing 102, where the conmbined flow of the first

and secoIMMuily cerain g B‘é}ﬂ’c@iﬂ%ﬂ 1h§i ﬁrﬁtl@ﬂﬁlagtl%ha%aysqbﬁ@nm B s ser 114,
In some eRRGSRBRIHE fird Aledidiin [1etbdndfl bk pBERAG 14 Ui d F1 ow through the

respective ousi ng 102 an t he secon using 104 in a direction
subst anti al | yTpgosnd kousmgt Hd trdslaeectandnnleifpcgnmvili(yand a secondrbatldti r st housi ng
102 has a fir é%lnlet ortlon

d fi t tl t. 118. A fi t
Loni nes Rostipt Tha- B seiond 2t T Paemtiriedid GR! peinecloZRog mbaid ;0 4’ "
conmmuni C@éﬂlﬁﬁnﬂéﬁﬁ&h \Tvﬁ'ﬁ’ tHel sEe%ndhf?M&h?g 04 ngchstﬁé:th[hé E@Bna Agidfik 'Irﬁf‘odtlbéﬂ ﬁ;ltd S

introduced into the first housin hrough the first tubing In sone
enmbodi rrethte§600trlldé10f1$mgﬂ%ﬁm&ughqhw@on@tvémgtla?ntlnaomy em}»bdlmmtscﬁie and has a

d f 50. . 20 b 30
i cor ¢ aRoRbRon eiPes TP Tkt oS oo Aok SRRSO PR G ot m

Cross seghoufs ki (8.4 hebdut 15 B foupP2s hindn Illé@eédﬁdtdaﬁetfpdrﬁén ot ferthe por ti on
118. The second housi ng 104 has a second inlet portion 120 and a

second othePed hoysing 6K inglpdespy fsestenonicelisichien 1xpangha érhes! 20ntlde dpereased st
h t t h
that 1 ne 08 BBl hida o eSS FRITRALERN b2 e oLy SRGRNE AMIIRARE ST e

second t inibdt ngrtibth 20lten tlmaeorelrﬂmldt poatids 122 b, fc&ce@aﬁpl‘eoumdage th@4pdcsl of
substantial]y cylindrical. and has a di ameter. of about 10 mmto about 45 nm

(e.g., absdom Hﬁf%@n%gﬁﬁvﬂ25“ﬁﬁ?”n¢ﬁéeg@%@ﬁw'outlet portion 122 of the
second housi Neh shAk driMld @rﬁs réssﬁ%g ﬁﬁ@l’ﬂg i t\xz%et‘fﬁlhé)&n]b%‘]in@ébgn@tﬁltt ybe 126. The

decreased cross sectiona cond housi ng 104 e"direction
ext endi neprftrodind, tfhieexsiepda) do cafdtmi upiependtenthlﬂﬁ speeddfehs;ﬁrsoﬂdldauwleg portion

122 can, for exapple, increas he s ow of cond fluid as
o rovestiies TRBRY Fowynty | GRS o2l B e Sheond it MiheahbBeR B0 o5 ari vi ng
the two {dchdBosaty 12, iFddeRaRdlEnht Yres Qe ARV hEthe t%rﬂlﬁ&@éHN% tO control

i ndependent|y the speed of the first fluid mBving through the first housing

102 and mhax@péébf@mmpﬂedbﬁcmﬂﬁﬂﬂﬁh¢dmﬁdvfmgﬂphﬁni@hmmheﬂg&bond housi ng
104. For exa r re driwhn fluid an be independently
cont ro | €07 DY Rerongt iy BeE S oDl gP> 3% et R HhRiofn o o
conmuni cat i oanettamtéicﬂod‘dmsﬁts hedisdcoad dtket odlioh e siefinthnhRifeng7 184,

a substantially circular orifice). In some embodiments, the surface tension forces on the

second fluid at the orifice 127 are less than the gravitational forces on the second fluid

when the second outlet portion 122 is pointed toward the ground.
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In certain enbodi nents, the second outlet portion 122 defines an orifice
127 (e.qg., a substantially circular orifice). In sone enbodi nents, the
surface twoomodmces on the second fluid at the orifi eeTARZo1anes7bess t han
the gravitational forces on the second fluid when the second outlet portion
122 is pointed toward the ground. The second housing 104 is

di sposed w thi n the first housing 102 such that the space (e.g., annulus)

betvveenthel i on of th fir heote portion of
t he second ho gli‘{)ﬁ OLETS Wélsls p?séaﬂlﬂ@ﬁﬁr}&?téwuﬁpggo%?@tt ?‘tlt fd passage
106 ext egfiog § réﬁiﬂuﬁﬁ?bét%@ﬁ th'e'?ﬁrf‘etr pBRIchi?thlfRt fRisiae obiahd khdtidt portion
118. The 'second housi hg 104 al so defines at | east a portion of a second
fluid papstgeolld8 sesandrdiusige fl Dbdefires aslevndoitines! pfoist flod pa2ege 0G he second
out | et portl e second.ou t portjo 22 termnates within the
First oo 68Gand o BiERor Tt isl ShebPonah The b8t out o
portion AgRingSl 04nilRCdeBided dttigast B Borftioh BF afsédbnd flukd ?d@@ag‘el 108 texfchbind fR@s$ sage
106. For exanple, the tube 126 of the second outlet portion 122 can

t er m nat Gieapnd nwletquﬁm &2Qtodhe serondravilet pgrtiongifdutTh seqpnd gpdetneaiarof t he
first | t t
et oal e Rap PR TR PSRt At PR A atbice™ o

descri bed,ltlelﬂpf)llﬂll’ohheﬂ iddjeatdd il thwvirst Aeidfih ohve ﬁl@ﬂﬂﬁl@|ﬂa§§ag&1@6 i P&l udes at
| east one novabl e el enent that can nove to interrup ., at | east

parti al | *aBIRbekhGiEP 6£0 ehidgpscopAubemsrtaTl 42 @wtﬁrm@% almvft 9> FAHOsecond
fluird nmo Ry tm]ﬁ'jll% gﬁ(ﬂt tog t tor nodul e
200. é{Botﬂlgl(?er r |én %tf)dullE:?GS. ﬂg% %ﬂ tj&%le elbft?llggw 2%}1'[ ler 114

i ncl udescantodtat ldhk dispbedmdjacdiB4o dredirat cmﬂat patan Y1 &hehgntredB61 thes posed

wi thin a housi hayi t [ 29 and bottom p ion 130. In
certain ’@Pr%ﬁ{“ﬁah‘?é%o%h% o5t B@fwﬁﬁﬁ SR i%ﬁ%f‘s o a7 f4o the

react or pRAMLEA8QRonARMIIAEREnIBA X RS0 hﬂ&%ﬂt heghaughdgardid

t hrough the t Ef portion 129 and/or through the bottom portion 130 and |nto

mechani chlocle ihea ithsrcombied: fhaev pbthatlusiland et eomd dluid @avinpdrannthedsst, t he
conblnedf f fipst fludan second uid fromthe first outlet portion
118 ent ef¥ e?ﬁ(ég 8&&% ﬁd%hteﬁ% Ogrﬁn?(ﬁ‘ée%é)dtom portion 130, and the actuator
132 noves t hereRidigablFeGS! esTEON, 45#1IBIRE fly® coftrdlNg 134 aldh@iRak YotelaBeENt 136
in the housing 128. As described in further detail below, the novement of
the rot atlawret lSHend aistationayalenqny ¢3¢ dispersd seithin ahavyne| Wnkavings obeast

parti al | tiial 0, ned first
Pt d ankprsShd26 R EoqeabBSAER o8 o c Rl ARl e Rp o BPLCLSi ng
128. dispokbé adjtednit méyeaetcﬁemﬁﬂelﬁﬁ)adeﬁu aeamtad 162 rei¢hdy inay tht ihoesidgd0 and i s
dlsposed toward the bottom portion 130 of the housing 128 such that the

ci r cul ar 19y (erg-Brough thestoaapra@érh”taad/phélrwghsthe B%‘P@P%’@Ptngha@l@t%f t he
first h%%;ﬂag cllpgom&ﬂﬁicﬁlicﬁ'it\!vfﬂ?ﬁfe% aka%ﬁ@a&m&%ﬁsqawﬁg% Qhéﬁnﬁ'&} N9 @
di aneter o b cmto about gcm e.g., about n% e planar
surface ﬂd)wtotﬁ ﬁrsﬂ |ﬂ$1kd aralyscbendofluie fitoedths dhsttoauﬂbu @rtign ph& peerditetioasingd28 he

directlo flo f th first fluid and sec | ui d V|ng out
o tre s MeStenghd P 0Tl TR Ind adiidieq (34 Go al by G r el T et P o a
SUbStantfeiPdtiV}é tdﬂlfé%@a)(roﬁé@rl%%i’n&ﬂ’t'lﬁé Gethd BBudnd128 Al §RES8Y thquekd deha upper
portion 129 of the housing 128 such that e rotatable elenent 138 is

adj acent belowt the mogamenirof Hcigtasatio olsmgot liﬂgeh@@e torthe st‘a@t)mftrableme@t @tmant 138
and the eI ene 1€ .arran reI ve.to r such
That . PRl ot BB g S Y hERES Ao SF R Bt S ARESRFT o

| east a MBﬁdﬂﬂldQﬁoxtlﬂ@oﬁld’thHt@[)p@’r’tldcnll@@0¥41€b1&ﬁJsin|gQ280t atabl e el enent 138
noves through 360 degrees of rotation. Such alignnment of the kidney-shaped
orifice and thee #ptiengnaelement j3oalciings %@m%rl%wcg%%@%mdasppyed}ﬁw ded fl ow

fromthe,fi t t td he

ki dney- s%a&gga%l?q%woglewﬁcg%ango‘fs#% lt:zigrsﬁzlgfglra ﬁ%‘%l ?r F%lgp %&aﬁ;@%‘% ali gned t he
conbi nedthtifirsttoutibtpodtian t Sseftba frst hosin g b2 MiHcata®nany ddmeerdti1B6 taroby 4 et
portion 118. Additionally or alternatively, the relative novenment of the

ki dney-shaped orifice past the circular orifice 40 can create a shear force
sufficient to separate (e.qg., slice) a portion of the conbined flow of the
first fluid and the second fluid fronmthe remai nder of the conbined flow
novi ng through the first outlet portion 118.



The novenent of the kidney-shaped orifice 138 relative to the circular
orifice 140 can be used to control the nunber of fluid containers created
by the flwoadoamoBssi ng system 10. For exanpl e, the actuaCorusi@2/0ez6a4 be a
handl e such that the novenent of the kidney-shaped orifice 138 relative to
the circular orifice 140 can be manually controlled. Additionally or
alternatively, the actuator 132 can be a notor coupled to the rotatable

el ement 134 such that th e rlflce 38 nove p t the orifice
T4 ot Bk Beahe S e I PRl 1€ SR foABor SORE TR PRt ai ner o
created Qyrber flowig rﬁé’&%@éﬁé’iﬁecﬁ%%&t@ﬂﬁal@ ﬁé?ﬁbn@f%ul%??ﬁ heldiedido e s0! | i ng

t he notor speed. In certain enbodinents, the rotatable elenent 138 is

t he sanethewemaireddirgtdluas andsecendafliidmaownebdwd the fi3Gotlyt patttlpmlﬂ &te, for

T30 1n some: bbb s e e Giinf §pENE L RSl iahf 8o, LR Fonary.

el ement  di3fose@oved acdippkr pavibng2RoihamBlShg 018 @A Uhat ShCidtdisbl@Blestntl8 cm
(e.g., about 9 cn). The planar surface of each disk may be oriented

subst ant 1 #l sypdjapet peHgireagtermedyle HOagluriagmisonllof rotqt@iw pemepel Fomdithed fir st
f1uid f th
L, BRSPS TR LS Bl Bl biihesSHiA B BOEHS 2BoRbfr,

r eser voi thekédiely @hapddrifide 1B @BBEBIwisleatleana geﬁmnaiﬁdleaclfoarmmﬁﬁcé; et ason 206.
As described in further detail below the conmbined flow of the first fluid

and t he $&ceiatbla dlgracntd 38 mavesdhroysghr 360 geetees at rofatignt Suclhylignment phife
|1 :
conbi neatPnheppd fiicchaARE el M8 kaRo il CHRLALHE Ui Bled S

appar at uforhQbe firshbotla poeant ldBtto AIreaatort hedule 23@0ay GV hersthe tkiidey302pcdo form a

fluid cont r 2 ond fluid . enclos ne at | east
partial | 1 %ﬁé&ﬂg qﬁ@%@é&%ﬁgﬁ? B, mfrﬁlégnrefiuﬁ'ﬂa Ce@ﬁtnaﬂﬁé%tf%gb moved t o
the trangfgnd ﬁ@fatalceama%s if BEFYaGuiEQIBriSE] FeasdBfiodmg vk §1:dARR i ERUgh the

removal section 206, noved through the outlet conduit  300a and i'nto the
reactor rebdiveeneoisnt atibe bldnhsesfidpnd driGonpast therciizglor omijcarHbeanguease second

process (e. rinsi.ng, dryin i nd/ pla e
b1 deor attint B gt s S e L ofica] PposfiP bt tele SBdve, tne
react or fipiduhe tl?@&c@{tﬂﬂﬁlbQ’rdﬂutﬂe%mﬁﬁﬂ@hbftth@&ﬁnlﬁh&i IO whinSthedughhaé t he

fluid enclosing system 10 may be arranged to include additional processes
t hr ough fisseowtrdpeition 148. a correspondi ng nunber of reactor nodul es 200

and/ or outl et

conmuni cat i onTg\né) v rhgntﬁ)ggieerk\}%?e A}é{f%ﬁﬁ(%glg Szglg{?g? tﬁ%ﬁgflhéﬂérre%éﬂcgr%g 0201

f rom t hecandmaisahto Gmtot the 2Qehbensr fived r&ﬁM&ﬁheﬁ}Cr@t@hﬂimthB@Rud ectosidpe reservoir
section 202. The reactant source 208 can i communi_cati on

with t heSystbikl Fagsempls. Ssgcanias Ighgan E% é%rsdl? %@tt%tthﬁ(@oﬁemel}téég’ceant t hat
does not kiR &% ]E' aWeJl Brififer 3d fehkive kd‘f gcﬁr:ulléuhﬁl devig ? GRBk %aﬂﬁﬁll;’z&gﬁroﬁé@ be
returned to the reactant source to uce, for exanple,” the anmpbunt of

r eact ant Adélctmnalgdoﬂarbtemaamlg, the antdatoolﬁ?a@améxesa RO cAupded-tedind @tttald®1l can be,

for exa al ci hl ori de Cl ution t facili e hardeni ng of
the 111 oRerpu e Fesah TR T ke 96 irenptlisarige 1R Sbeond f1gi o
The fl ui g,id@hiMe %e@BPRERTAS ThO Quin® it ITRAS SchthiAVR etattdYyde Bfidt he reservoir
section 202 substantl ally opposite the transfer section'204 to facilitate

exposureeltﬁllosnltms}’ﬂﬁest}(b‘ta@ beglontrellest bycamiioHang the m@torfsp@ﬂdd and second fluid to
t he react ant l201 Qver .a %ﬁffl flrst fluid forma

o]
ostoattall yidrarmfdniis b etk AN Gl SR S S b1 o
t herei n §etidraryelbment 136it6 fadithRi foeexdlfle, dlignsRAE AP aditaBBfomdnb €28 | Me

and the stationary element 136. In some embodiments, the rotatable element 134 and/or
the stationary element 136 can be a disk having a diameter of about 3 cm to about 18 cm

(e.g., about 9 cm). The planar surface of each disk may be oriented substantially
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fromthe introduction of the of the discrete volunme of conbined first fluid
and second fluid to the tine of transfer of the formed fluid container 209
i s about wo2o0timoatveut 300 s, e.g., about 60 s. Thecfrlusea 1023764 ner
209 noves through the reactant 201 in a direction fromthe fluid delivery
system 100 toward the transfer section 204. In sone enbodi nents, this
novenment of the fluid container 209 due at least in part to the

i ntroducti on r ant i.nto.th rvoi r .sectian 202,
near t hep?rpindgc%%ﬁ? t‘ﬁercﬁpeata%%?ﬁ% Cogﬂi’&‘ﬁdtfﬁattfﬁa sesRd flutdmeniRgd | n
the react@anr teldrsi &tkhﬁoﬁ@ﬁqqgm r section 202. Additionally or

alternatively, the fluid contai ner 209 can be buoyant with respect to the
reactant 201 Befhringrw ti FIGHuBHled 2 tahe tracionmodulgddba invluwics hecscemar voi r

section 20 the.flui.d ry a ratus 0,, and the.ajr  bubbles
ooty T o POE ek isttiSn a0 oV e PREA SRME AP kb3 ffrnd!

Referri NGetHPVEILR, thk OmbAAfloR2d, th@figbt A3fd and thé §ebnd A6H i2d0caLpatialigs t he
reservoir section 202 fromthe transfer section 204, and a second | ock 212

separ at eBitarA@tadrtarbe @PWSC@@tfPBW HAAFEGD Hotand 18 bshshahat aeiscresn volome ofhe f i r st
}OCk 210th%%9m§th%d?‘?§ L&Pi%cg ddzﬂ%h‘?no‘%%g B, h{‘%%%”ﬁéh I%P'sﬁh etween a
I rst (e OSI I On an a Sseco P e’ novenent

of the finltcsﬁ rda@l(aht ﬂﬂl&natmiretséiemsemnd 20D ek forha ﬂmhabnmmet @om@eg ahet her can,
for exanple, Limit |oss of the reactant 201 as ui.d contai ner 209

advancesSeand iy @tlﬁlewdela@tratmh@aaP@e%@@aﬂa&héﬂmeﬁ@efth%fétét Haig).chbe be tall er
t han the cont ai ner
209 fromﬂ]'?ﬁce\cgfr}%glgt? gép 12s]‘-lguleg té%(;elt\%\a}nt%%%)gt&lggr%ggﬁﬁ%ﬁ%%@ﬁ?lltn&ﬁ%;éggﬂrot?al ner 2009.
The novemedile @004 theodghrtbt rdnookl KtGom b mmovtetiehrsegomd outetkcord@it 8@ be

controlled to ve the f] 2Q9 throu the reservoir section
202 (e. gind iglp thy R atfet%&méiuﬁf&%ﬂﬁ ﬁ?rﬁnt%%ulaéa@@aﬁt 9(52%%9 &g gt he 1 uid
del i ver y,@BRaN&kUsindiRe &&\ﬁ%rét)atlﬂg At ARPIREMSRGH b Bbd@Bhdable (c.g., fSlyt he fluid
cont ai ner 209 nobves fromthe resérvoir section 202 toward the’ ansfer

secti on [odg aCtldil)ECOfntarl@tr Aedkscibed a@meﬂmwwtdrmdulmﬁ)mdnd\ﬁhqmmtlﬁt ofbnctunte fluid

cont ai ne 09 suc t ont ai 09 e reactant
501 and 19T 8C emuay gt Be bt sneBO R Nileh 1By e RS 06 and t he
r eact ant adifdtloraNpiolessty t@ftﬁﬂ‘gﬁ&h@@ﬁﬁﬂuﬁfhf atdb@reﬁpdn‘éﬁn Rk e2 $PrdastoRivadlct 0
substantial ly separate the reservoir section 202 fromthe transfer section
204. The2@busiar quiekeopdpitc¥. be noved to all ow the reactant 201 and the
fluid contain t The
reactant 201 %a%&?ae %@ég%%dg 1fsglrrl ggg‘%gﬁpdé@ew Qﬁwlﬁ%ggsf gron?alnzn%)? 209 as it
noves fraichtie the @bsher20$ éein 0@ réddant sotrbe20Scmvtal meedttiyonpuz620Foko

exanpl e, the reactant 201 can act as a cushion as the.fluid container 209
moves f r BATESCRiogHSFOEY The reardant sawss 408 cmcalsadbe indlid eQmmynisatiiner | evel
inther i I e f drain
214 towat%gP 5@ rg%?&lps%ﬁ%@6 Su.c b that g-%% %%tg?[ %I?tn s% ? édcgﬁt %%pcti%g nlroggeg%tgr nodul e
200. | n witk theefmst/Ghid of did fbind Zﬂlﬁalnbhﬁ)%mmhemtuméd tobe reacnasttur@XDSttowar d
the drain . 214 .al so Ves id contai.n 209 t rd t.he i n, such that
ot h 1§ R ads fo ol el o1 sr SR i Soms g enhPaa no: Radur ai n
214. Therd@ht20d 4n b, BF &&enf1e a%tdlamﬁronheg@a@;r)esotlﬁfoa%tfacqtttafensI on of the
fluid container 209 to reduce the likelihood that the fluid container 209
coul d bebadening atthe ifinsttflved wtai memnelsnbﬁmllﬁmmm téle scmdrﬂelatt ant 201

and the fluid.coptainer 209 no the force of
ravi ty ands ol Eha? pap BRSO Rlihobil o5 R AR tHEaGlortotPsceltod

Ref er ri ngoagadbtantiflyFdpposite?Ble aakfédscctitie2 ol @ificilhd dxposaepf 8d dieerdibie out | et
condui t 300a During use, the fluid container 209 and reactant 201 exit the

drai n 21%olumg ofeobingd G Hutdwndggeonst Tud frithcremoma 20t ovesedinsaifieget or
nodul e 2 I 201
fl ow ng hrgl\jétﬁgﬁsg@ltghﬂ %H}égg %ﬂggg%@ggﬂg%rﬁt{g&% Erﬁﬁa{fne and is
r et ur nedtheseg@nd fhiidrhectin toofotrheher Baid tcanting0ROL eln0the chibogdonente mthmtdhere nts,
the return line 215 transfers substantially all of the reactant 201 from
the outlet conduit 300a to limt the anmount of reactant 201 that noves into

t he reactor nodul e 200b. 33



The outl et conduit 300a includes a first connecting section 302 and a
second connecting section 304 disposed at either end of a main section 306.
The out| ewocondwsi94300a can facilitate separation of thecfiuscaioestsai ner
209 fromthe reactant 201 with mnimal transfer of fluid fromthe reactor
nodul e 200a to a downstream process (e.g., a process in reactor nodul e
300b). Additionally or alternatively, the outlet conduit 300a can
facilitate delivery of the fluid. container 209 intp_.a pe diumw th

ot ol a0l tisr Rt g of combing® i HEel TEOREY ends

al ong t hgyQub LiRttikOBEA s f3 0 thof oM d fgidcbhdneE SMNRGLLNG $RHHHLAMEYAZ to the
second connecting section 304. The channel 308 can define one or nore
orificesegeabput6ber fluid communication with the return line 215) sized to

allow the re apt..201. to in fromt out | et ndui,t 300a. before
Fbnoni noCt he: FheBbigeOhstitr S phst Ao R et T e e R 200 i 1
t he out | ghideRNdkty tsys&AA00 toward thNRihsFR 8cidh! 20k, ¢OBSHE EmB&HRCchS, tRunt ed
bet ween the reactor nodul e 200a and the reactor nodul e 200b, the first

connect i AgveBeitiod thedbrd semfainpie Wedusrid laadirindextith gredeleedusion(4g.ar e each
bstantjal . i cal.l i ent Thi tical ~OFi i
Pt | v ap Ehbife Sbaicisto Hd RRKFS sl bR AHEMERe (RILEINAY G5 FJ0py

react or gmtuhs a20Bantanthdubal ihaRetcattaniodiulie tROQkervéiddictionneat| y or
alternatively, the return linpe 215 can be in fluid communication with the

outl et cofdiiPralbouligmativeydhailsid CREnELP €31 bgbuprRnY ByTePFio BSnnect i ng
section g02,sumh sh&?ﬂla% %‘Fbﬁﬁﬁ% &t %Qtilodﬁgé(d ﬁ%ih'ér BRIt REHAEIE heONUI T
e n'Tine 215 under the f

300a can nove Into t ral orce of gravity. In sone
enbodi nmethe Sluidddliviept @paetwsr 10| andethe AikHubbles carryf thaifldidcoamaindrdditewandi t h t he
out | et c&gduit 300a tgﬁ%acilitate renoval of the reactant 201 prior to the
react or ModEPeowOHon Atitional Iy or alternatively, the drain capacity of

the outlet copgiiin3RRRtANYOR2ANSE ehynaC! i ARyt ZkR 218 s@pRALEMet han or equal
to the flow of reactant 201 passing through |ocks 210 and 212 and into the

renoval weovPinnc2oe 20Edroneshariahsfer sdgtioni2@d, and apeesindyod 2 i2rssparateb dte condui t

of roact SEas iR Wl I CoRsTRR Bh H6CS ot dk o AR OB 21 ™

during npvedreRhchohdéfradédtli o @O WitRedn 288t td. Odein)tasitioe asd @kccdada.
The second connecting section 304 can be coupled to a top portion of the

reactor (el pegoRn.slichmerementiof tha fifsdoelo At (upnvethe semnadeckad 2trpledyyh t he
out! et ¢ qul‘é'a}qo%&(’@an,c?& eQ%xﬂ@Ee' iR 1%%%%1%%%5&9&620?%ﬁﬂe‘}ﬂl@%t&‘heﬁtﬁ reactor
: odiments,

nodul e 2 n sone’ enb € reservolr section contarns a
vol unme oddvahesehioligh the(reacgor, movdile2()0at dhedirmieckeXidasia beadlesritadn the om t he
fluid contai ner e fluid container 209 can npve through the reactor

209. The Q9
modul e 286874 lock 2hafmirilsHatsgene vl e thealuid eeriringed bherdhai o espect to
the r eacﬁl%ﬂ%lgggy k&gﬁggp@amaginsg tge FAld @Gﬁ] 1209 Mihé FolvBficht Jrhe AQPRIRY 102 has
ed as u ally

been descri avi ng stanti uni form cross-section along its
| engt h, dttherd/@rthosticorhiosk a1 2 cpobsedite]leRef mpvé thg fluad EnBin&209ftmouek anpl e,

oot DRURLIR 0% el e bl anti sl L PR 8 i B 30
fluid delivery apparatus 100 toward the transfer section 204.
As the fluid container 209 moves from the reservoir section 202 toward the
transfer section 204, the first lock 210 is removed from the flow path of the fluid
container 209 such that the fluid container 209 may float on the reactant 201 and into the
transfer section 204. With the fluid container 209 and the reactant 201 in the transfer
section, the first lock 210 is moved to substantially separate the reservoir section 202

from the transfer section 204. The second lock 212 can be moved to allow the reactant
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can, for exanple, increase the speed of the conbined first fluid and second
fluid exiting the first outlet portion 119. As anot her exanpl e,
referri ngvoeoAl@3s924, a fluid delivery system 150 can i mrciruseoia/otizest

housi ng 152 and a second housi ng 154 di sposed substantially within the
first housing 152. The second housing 154 can include an electrically

pol ari zed surface. The cross-sectional area of the second housing 154 can

be larger,. (e. V\nder red to ousi ng that .do t include an
ol ectric2f} @pdﬁe@ JridLon W@ﬁ@@o flow tnto ap f@éﬁ% eéf?Pd&E%%% 206.¢Bee char ge on an
el ectri crRbbtn Q)1 a%h 28Rc8 tHcl BARs ﬁﬁ‘ﬁbs@@oﬁ HRNSIi8 CHRFnEL2 NS iPhobQifoRf the
first fluid and the second fluid. In certain enbodi nents, an alternating

current thanrabgfeusstion 30togbe rdnagalal §ecpolll 206.ZBorzexempteathe rodctad01 casacthousi ng
152 and/or th us n

£ ot R g 20 Pt TR bl RS SR B Pl S, otse

di f f usi opoDlowaNS loMdr vl inhBe s@sAdsdctibh doé.nto the first fluid. Such
i ncreased diffusion can, for exanple, result in faster hardening/curing of

a menbrane t hle renmvales@ahw 2;06 deftnge p depin B4 fossirdiafnvecrorion eguithed to form
the flui Qot ?111 gurf ce)oc?f th?rc[ac ?ﬁ{e%’oomﬁgﬂle rer%ggﬁ s¢ ﬁ%l I6°ﬁ’1%'n!13(7e ent of,

alternatlve he “f requency 0sCi on can so be

vari ed. fhy @&acvm pat toaward theaﬁmh 2t 4 dBo @@ves ﬂ&rfh&d{ adimhlﬁer m tosed the dednt r ol
the thickness of the nenbrane of the fluid container As still

anot her @waﬁ%ﬂtéomﬁ reacatINerdhe flnyg cpsipines 0% awne éhg%gh hedraig 2{hc| udi ng
an el ect4 Callyo ROL fzbéﬁodbéluf AG8n tﬁehllgf%?'str(ﬁ HAYBH g1 ??d éH%Yalﬁé?%b't&na' ' y

or alternatively include an €electric pol ari ze ace.
anot her e:)dacqﬁhe hkm‘vlthdoé tieet tler it i |cngamar 2@&ntoutdibedoaersticbi st thdudraindd 4b ém n g

applied to at st one of the first usi ng, 152 d the second, housin
154, ot i WSWPstE%Ff‘é‘CfﬁB Ipind th?:ﬁPldé‘?gWB}eé 209 foxp maﬁ@meﬁaa@ur rent

can be app iR ’EH% férck %@g%a%n? aﬁ'dl/%Pfﬂ%fé@ tHe Yot rRatd Wing TRdthe2@00a. As
yet another exanpl e, hysi cal and/or chem cal properties that

will define aRefaiig egain m Fﬂ&rS r%ﬁded le the flrain dlencboslcdtp by stdeharaguitiepend
o0 e L B U e 50 L B B AR ™ o
di mensi ofouph th&16utldt UbkHudel 00Y bYW aRPBAFALLS nodalcurbdb, Jubstahi@dllyunder thee
menbrane thickness to the interior volume of the fluid container;

force of gravity. The reactant 201 flowing through the outlet conduit 300a drains into

return line 215 and is returned (e.g., pumped) to the reactant source 208. In some

embodiments, the return line 215 transfers substantially all of the reactant 201 from the

outlet conduit 300a to limit the amount of reactant 201 that moves into the reactor

module 200b.

The outlet conduit 300a includes a first connecting section 302 and a second

connecting section 304 disposed at either end of a main section 306. The outlet conduit

300a can facilitate separation of the fluid container 209 from the reactant 201 with

minimal transfer of fluid from the reactor module 200a to a downstream process (e.g., a

process in reactor module 300b). Additionally or alternatively, the outlet conduit 300a

can facilitate delivery of the fluid container 209 into a new medium with minimal damage

to the fluid container 209.

A channel 308 extends along the outlet conduit 300a from the first connecting

section 302 to the second connecting section 304. The channel 308 can define one or
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uniformty of hardening and/or curing of the nmenbrane; thickness of the

har dened and/ or cured portions of the nenbrane versus unhardened and/ or
uncured peot2nom®3dk t he menbrane; density or ot her physipcaiuspoiopes7ss es t hat
m ght facilitate shearing the conbined flow of the first fluid and the
second fluid through a flow controller; and diffusion of a reactant (e.g.,
cal cium which may inpact the quality of the nenbrane of the fluid

cont ai ner and/ r the of the.liquid cont in t nbr ane.
For exanfPE orf fiesfre. ng’r'?'lc‘f m%lcataonrwgﬁl? ﬂwd@m i’@ﬁ‘a %fm%lp%%e %i ncl udes
a first houshin®1i6drAndom BESRNE BRUSI Ilﬂ)ajo@forgke%léﬁ’iﬁg%esﬂéﬁ’été%&&lﬁk' y within

the first housing 162. The first housing 162 and the second housing 164
each defBMEHmEsgeonwvbeﬂuﬂkenmuﬁxﬂD%eSmieﬁﬂamun@883mk@r|atlon of the ratlo

of the first tl et to the. s nd outl et orifj ,
Varying a ai ndifendie Siel il oBol B sttty e rol o T kbR st %
vari at i ofhe@actdiendnysS200m| tl@ﬂﬁét%nﬁé&ﬂ%@é’dtmﬁ@@@%ﬁ& HRSednd dd@nédtiaid

cont ai ner. The second orifice 168 is set upstream of the first
orifice %eors deharergaeh slbgt@@eﬁty qumaélymﬁnﬁ@évéfhtsmeeu@horﬂwtwnd orifice
168 int Ofa%l 1t tg Sf%r é altlﬂ (11 ? ? Pind. oulclg £C Iiulrﬁéi()aﬁg§ﬁea Gt é] 19108‘%16 #liliry t
partially I"'ned %y]%% iTs Rou5|n 162 n-somne e a di stance

"c" bet V\aerthé heaclor hsduter 200be edaﬁﬁ)nalmydoﬁ ernseieolydtho iétiinClénclBB das bvai i ed to
change the phyS|caI and/.qor chem cal erties of the fluid contai.ner.

The secofuidspimycatign with the P&%éﬂn%{lt Oauaéthﬁﬁeé of fhe veptisilly Recited §¢sthousi ng
162. In SEERYS %Q&ﬁ V, hysi cal
and/or c enlca p?%pertl%gﬁo tﬂﬁ§g l'u éoggﬁkggﬁgﬁh%gﬂk(HR%E&QEUHgggfher

exanpl e, cashinde intvetht doain bon? Foldder thtifdroead gheép. ﬂesnmaénﬂbdmnmaﬁ | east
partiall erru subst al tiaII .conti nyous nggw of .1 conbi ned
Pt et 1 s EhaBunte B 4 i hev &P ent e gt tort 81t he

housi ng ﬂa@&tat@?é?ﬁdva@@ﬂh@'ré%{h%z@lr ﬁrlcﬁ% %ﬂ@ﬂe@ctoﬁ%dﬁé@ﬁ@d eaddigbealing still
to FIG 25, one or nore dinensions of first housing 162 and/or the

second h@imaigelmﬂle edin gapagey péthetontletr cmtielt a0 Grcangl{ar the rgitwin éleg ﬁéﬁt% f or

introduction jnto re o 0 dd|t| aII t he
1 ow rar &g (b Or PART e MG 6P paf bibebisdPRpel 1o 1A G TAPAEN  ne
respect i g fhicr&hoMW&dtidY 2062 Fanekastd itk Mathsda Qc@@fftlﬁ@b‘utfé@c&rﬁfuht%%e g,
pul sed) to create discrete fluid segnents for introduction into reactor

nodul e 208k thescawp|limeg 15 caybe aiepte ragge Pawil ythraeleng of reactgayt dP hheltr anspor t
System betw eq# f‘?&@&éﬁ oAk, ad é”‘se%ﬁ]f%gté??z ﬁﬁﬁlgg‘gl §QJRI Sfuifor producing

t he edlb es base on t ogy he previ ous
exanplesanﬁanahmmnmmngEﬂguean@iﬂMhhe pr ot ot ype systen1600 i ncl uded novabl e
cars 610 nounted on a guide rails) . The novable cars 610

wer e confi gur 88 15084 seesefne S&ﬁtl%ﬁl“c%é?es%@ad b @@rpogmwh%aaem al ong
the gui dg,BakR06d duch tha thE AHAIVRGINRS0S FRL A tﬂl%hgﬁxﬂero%%ﬂcdnuﬂ V\Bgéa such as

wat er, orange juice, ponegranate julce, cranberry juice, strawberry juice,
pear j ui ca,dropirto errasarvgiusecgon Zohef the rozen niqdqlﬂ 200b. dm st i ds, coul d be

coat ed u5| t he prototype system 600 .1n $Q stance ui ces had to be
P R i e A AR

st r awber fatdviic@Ecs¥amicdial HHRARWMILT WRtSlcr £O9 eTROTIBIdIBARIHE 29 caifRobaibes”  of
strawberry juice to be readily prepared in (and, w thout breakage, renoved

from) nothdeughlthewdctionmadfile@dfe in a manner analogous to ‘that described above with

respect to the reactor module 200a.

For example, while the first housing 102 has been described as having a
substantially uniform cross-section along its length, other embodiments are possible.
Referring to FIG. 23, for example, a first housing 103 can include a substantially frusto-

conical first outlet portion 119. This substantially frusto-conical first outlet portion 119
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The guide path 612 extended through two reservoirs 614, 616. The first
reservoir 614 contained an al ginate solution and the second reservoir 616
cont ai nedwe 20al1w839m chl ori de sol uti on as described in tReTAISRMI1 0264
exanples. It is anticipated that sone enbodi nents of the systemw ||
include nore reservoirs and/or the reservoirs can be used to hold other
sol utions. For exanple, sone systenms can include a reservoir containing
liquid nitr d. a reservoir containin n mnth f ood
part i cl e&n: ol CRumBIey B rﬂém?ﬁﬁéﬂeaqom%rﬁ%éﬁr‘gﬁr@@n%% é G or i de,
a reservgkqthﬂﬂakmdwhfmyoat|ng wax, and/or a reservoir containing water
for rinsing the coated cube. The prot otype system 600 al so included
two conveyor Aehmyhﬁemam@hnkﬂ&mMgmnEH)26m8ﬂuﬂmﬁhvﬁa@hﬁme§éﬂvanrndude

associ ate ith.a arate c It toJimt cross-co nation
botween 1 Ayttt PEEFUL SeSH iR 3 dasb PR AT IR M or ent

sol uti ongousitipi G2l hlhe@é&@dlhaﬁélﬂgl%m&n@l@ﬂé/ gy @léct%hll}spolailﬂz%d%@ﬂy&y Orhebel t's
618, 620 in the prototype system 600 were operated by electric nmotors 622,
624 Elowe@re@ls pptianal yrag o theyseeend housing lﬁlﬂ Cfuhge et 6¢- git@ﬁnﬁ)s%s?qﬂne?md tp Pe .
novabl e e first section
connecte%ﬁ@%ngﬁggg%ﬁgnégg]ﬁgg&igg&bcggl 3%b fn ﬁ@%% The first and second

sections 626, Inbdheamtivdimedtsidiee alal@esom aoﬂédtgwllecbotlmzeﬂgag&etchebui de path
612. The first section 626 includes a resilient nenber (e.g., a fixed netal

bar, sprittyferiagipanc ogbeth pf é@ﬁrﬁﬁ Td and hraeerndihid sBcHANGTRBadIRCESS. The
second S&FLIL %g%uh@&'ddﬂ%é &ﬂd%l&ﬁ?&ﬁ?ﬁ%ﬁ%ﬁ gﬂféc%%ftﬂ% ﬁrgpﬁduﬁ the cube

bei ng coate The cup shape nber of e second section i nes drain
hol es (nbf2 ahi@wmhle tdoatd héusow B utlicomting tiesaaat ativerangqoofsﬂrmmenblmaher and

drai n back, | e to t prqpriate r rvoir ving a
t wo- pi eck¥C r?aiﬁa FE%Q%F na&fJ t %S%ﬂriﬂwﬁ&rl&%@rwg SW&sOfé‘Ei?éYlHim&H’vant ages.
For exanple§nd Hﬂi%ﬁﬁtor’fﬁé/ﬁﬂ‘@ ASREkh Qnd?&is&l élfﬁkl@ﬁgaﬂ hr Saintife, Pl if ERtapher e a

conveyor belt cannot be in contact wth a base conponent of novable car
610. Havhargemnﬁcmetgofmeremneﬁwsrame}gﬁempie trsdupieg thectsidsmee bmeaenuiitede to be

cont act A" e R RTBG BT Tt bl b Al sfdRp BT o ¢

section £aflith@e oPMS ireqs@el iofdll S daaranard vasied hSudMaiatien fadnsplfdde rmve up
and out of reservoir % since in one enbodi nent of system 600 tested,

conveyor cdjefar e@@lepbah%e@dm%@mtr% the thigkness ob theancrabrgng ot the durd eonéaiesti t of
gui de pa% 612 fromreservoir 614, and at this specific point contact

bet ween both novabl e cars of 610 sinultaneously is not possible. This
particul ar feat uiileandthérhgampleodiite sécond h&yﬁﬁ@hﬂ&&@ bhasd@dnbécsats requires
that the coupling 630 be of a rigid mte eration of the

pr ot ot yp#ckidineem eémrwailbr@t)i%ize% ﬁu%‘%tée Elé%il@i%ﬁ%?mﬁn ariCF igonally®d in the
novabl e systens are di scussed below in
t he desc%?%??%%bg8%?%%#ggaggAggﬁggggg%g%%SEQenent of the novable car 610
by the conveyas ybtenbthel 8xatndevsvliilvenltemasibg eurcart héd Beanplesdribedmb beiak rise in

the guid h 612. As s_.occurs, e object to, be.co d drops into the
Cup Shapti bt op e L Eh Goksts | SEaBohS Sieof A0 810, As the
novabl e &ﬁsocﬁﬂq@neeﬁecdﬁds%w Ho? e&zhﬁpife'arxﬁatiteﬁﬁaﬁﬁgwrém%lbe aﬂﬁlea% gct to be

coated falls forward to engage t resilient member 632 on the front
section ﬁaﬁamﬂHHNEﬂWmv@bK@C@&HMGM©200@ the specific graV|ty of the obj ect

to be coated i,s_less..than t ecr i ray of ,the utiong in.the
Feservorrs.  thSYEETREET RIS FHEE S pRGRHLAY Grenpie RSl E Rl Ml 0° s
the nmov a@éfﬁlecaaﬂim@w&eﬁlelt Ra@IGNa DRI dneRBINEGY§tem nldy gepedbh gidrratio 6N | ncr eases
| i kel i hood that the entire exterior surface of the object being coated is
exposed Ya#ioqupdingisigns ofa Eloit dalivery dpnatatis. Expples o8 ehxﬁeﬂai and/or demicatases,

the cup qurd
The oup TRORDS® habady NEAR ohtaRC MR REREhE R FIRLSTob BBl 16Ty
cooper at getraticcoithanibhencahickedss beihe gntedadt vwduran df the €inid ¢onftaingr f | oat i ng
away, while also permtting it to be covered to a
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| arge extent on all sides by the fluid of the reservoir. The shape, size,
rigidity, etc. of coupling 630 plays a role in the relative notions and
posi ti onswof20sem8i9ens 626 and 628, to hel p enabl e this ecopse@tioesTss The

| ength of the guide path 612 and the speed of the car 610 can be adjusted
to control the amount of tinme the object being coated spends in a specific
reservoir. For exanple, notor 622 can be programmed to halt novenent of
conveyor helt 61 en. novaple car 610 is in reservoir 614, thys t endi ng
the ti me giam ?@hr wgg&B?@&eurf% Hé %@a@@wnﬁeﬁeﬁiﬁessm_t%%wgmf@t he
fluid i nch@@?&M@hi offthé membrane RPsuk hBhAARRI8d62Un&H hbrtibSs §tRe OPj ect Dbei ng
coated out of the first reservoir 614, excess solution drains off of the
obj ect amdmbanabdansicraer @her physisalghropdrgedthal mighbfasditdefhaaeidgithe t he cup shape
of the second cti 628 of. .t he novabl e, car. 610. Vi n ong t he guide
path, tnempUab e e ety Bid e ugaeeeE oSty PO AR Bl ¢ 635 anc
engages &iﬁ'ﬁsi%ﬁfé@@‘ﬂedé&ﬂvgé\/g?!cab@ﬁﬁl) 6Bh nlhieinfReUABGRalItS of BReARSM bh t he
second reservoir 616. After |eaving the second reservoir 616, the guide
pat h andthedhidcontdiacrpdaphe qatitysGheliguif sortpined witdin e axpsebrone coat ed
object fromt I I I i hpgat 4 th i de path
012 al 1 ove ¢ HEOHOOLB e efang bR 16 2 IR R D S P B st M

di sengaghd@idr @M adaweysid Hoakihg 680 dispbied susstdraially wtithirethe Birstthoasingt ur al
notion of the object to be coated fromsection 628 to 626 due to the sl ant
of the glfdellisdimt ppsing 4o @Rd therserrnd howising 164 sashadnfive sespeeing lewar d by
MOMeNt UMrifices 166 hhd $EOUidBn 3t ei@liy ullalort i 16¥% BRGEAAS 628 and
626 of g%%é(?e6gard6?gu¥avegggeg% 8@?8ne§,1¥€ tﬁ%gfggn%pg)eﬁ%%£lgent, to
facilit abvwlet pafispdsd (candycaayingg dofersien ‘@bjo€ dte sacdrhl cutlst ogofie WW&$cgn and no

nmechani zed parts. .In her enhodi ts,. si ngl.e-car stem coul d be used
with a n@éwgm %}&tl%gﬁsﬁle Phssed g or E&?ﬂl AroReEsof i RO EBAES wi t h
reservoir fl uirgh sdchd bﬁﬂé"é 16%fis Eé’c%p@t?éa%%f tﬁl@&‘lrwo?iﬁ%@ﬁéé st th1& sREstld

reservoir, etc. Thi s prototype denonstrated the possibility of

i ndust r i Bhidgeodwotitonugf thesecaadiapifisc 68 irtes finsidkad Bawingan adirkidied descri bed
previously. Placed.in a contyall teril.e environpent, the nmechani zed

syst em c%%ss%@ l?gr#j }eﬁgrpél&laﬁllé' ‘%ﬁB?fﬁ‘g’éﬁ‘Bﬁr\%\%}@Hsﬁ}%d%‘gn X6 < htfoéjlngerg%tat | es per
hour. Pr gidid6éd @m beBieeh s BaSErifidy MG dtthesdésed eifidail 48l iph&rigddol changd¥dt Or S,

and ice {)r oduci ng machi nes. ~ Figure 29A is a schematic of a system 633
for coatiheghpyfdend/or ehangeshprencticslof theafeideprtasyst ens that is substantially
simlar to th : » ¢ NCl SQLVOIirs
and a1 oadi g FodapETREA L0 R Eedat BTy R AR bR (R TR P
636 and srhoaderdibd@s, tht istapacles™ i038ri¢d 1ol dhdeg thaghwlicat andgiar ¢herti¢ad whi ch
rotate about an axis 640 and is di sposed above the guide path 612. The ice
machi ne E@Bﬂﬁf%ﬁU@§§uﬂ¥%¥@%n@bubes" (e.g., ice cubes or cubes of frozen
juice) that, hoSEEABHRE clahdit,WhildthonBl doRbERAA41ES Bl QickeiRalas af YPI COI Of
i ce production chines, are guided to slide out along a c%ute that brings
t he fr ozeastpabedytiaetriygingoacibstab@8ly(@atnkhuy flosv @IB¢ t9mbindd fius Edidverdei n,

cube is used,jn the .sense that ice. ines are. u rstood to.make ice
Cubes T atRend Mdmets Raar o pE i D SR e T8 he oS

enbodi ”Ezﬂ%%osstilﬁ_@. Fépéﬁﬁlp'l@fr@f%ﬁﬁﬂg $a8iH P1G OB 8fc blSmeér &ﬁ@niiéhsfﬁfhﬁé fisshapes.
The | oader 638 is able to accept one cube at a tinme, in one conpartnent

(see Fi gheusin2olC2nyl/or therrsoauiicaisingrl 66 htrydsnitasicd & emaele disceteBuidhe | oader 638
such that_ the ice. cube fal.ls out of the dial,.caonpartnent and into the
roveabl o e rbd s oy St ordu iR Bl RO R BB R

si mul t anfiestsht¥ of eRAirbEluill 8d/6re sécnd fRadimoning thidaghhreebspettivedfigpar at i on

for a future passage of another noveable car. O her enbodi nents
housing 162 and second housing 164 may be varied (e.g., pulsed) to create discrete fluid

segments for introduction into reactor module 200a.
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A nunmber of enbodi ments have been described. Nevertheless, it wll be
under st ood that various nodifications may be nade w thout departing from
t he spiriwoand/ms®pe of the invention. For exanpl ecTfused 1oezmaspor t
systens can also be forned by spraying droplets of food liquid froma tube
with an annulus around the tube that sprays an envel opi ng nenbrane
material. In one enbodi ment, the tube sprays water containing cal cium and
t he annul us sprays. chepmi A d above. Wen
the dropl ets SXHBRIGH - ¥ste L LML S B droplets
are exposed tWe%doh&Péte@@ﬂro@&?ﬁé Rk%a%&%@%ﬂ%?s fof‘pltolaﬁcﬁ% 'Ehef&l'iblé%i?le@e” od
of tinme to be allowed to hard I n"anot her exanple, the droplets nmay
be spraybachon thg msth0®lsg5ddetmmbﬂdgnmlaﬂ memmﬁmlw d\s shownhie Fedurg 260at ed

with the che cal i s _as .descri bed abaye. Tedro ets
woul d ¢ rish PERCERpTAR PO0 15Ty Ry T b b DR Gt Raee pu e 5B F o
some DGVGDIIT‘BE rﬂdvﬁ?letc@rsbﬁO%ér@&&ﬂigﬁ@edﬁ@&ﬁﬁ@or‘c an ice-cubd dizAnsYdrer exanpl e,
the droplets may be sprayed with a sodi um al gi nate nmenbrane and, in the

air, har @imﬁ@an@tﬂbedom th@ aideatating ks The peatetypel waptosisd using frozpmligwide
enbodi me UcRas %%Peradr %Je Ju cEgA reﬁaal% DiQuL ek e?i}g asnl%w"déﬁg Jug$§ [erbr anes

rangi ng Trom the ’so rahes ‘B “Waxe Ke ki nds

used on fuiddemuhbaaltaiies (ﬁﬁaascbz@ﬁalhhws orfselidtdeld bhawediusingtﬂenct advant age
repellin q%Ywat er. Sonme enbodi ments, may cont al n one or nmre. conbinations

of such PRRFRYReaIYstersO00s fesqnae ingfanecyeitisica hebto, berdfuteshegry te fackitals dhaim
I t r
Gl o wivtd ARFa ARALOIRNTE: Elile Urhbify Bl Wb OfRENAIS T Ml B0

mul ti pl esphnrieerl “conubedTar strewberbyejupredd (belrmdilmor@amdngl(mdowhthoms hel | . For

exanpl e, ure 14 s filled wth 'grapes' of quuid and
cl osed u]E)reP 48 rﬁmﬁéf?"?ﬁ@m)"l’}?igstﬂf“‘é’ﬁlgﬁ I*2dan be opened and the 'grapes'
consumed Wi t hTﬁehgulhé ﬁ&th‘él?'@?ﬁén@é?l%ﬁiu@h t\;/-@?es@%ﬁrﬁ 631k TR HisPAgENaFabl e and
the advantage of "the inner menbranes is to reduce direct contact of water

bottle aht# maenemlgm@tﬁ@bbltlen andihg sdemdadseryaon6 f cantrendsiot ¢dla@uint sel f
'gf ;iormgl nahgfldeostorl]u 10n an%ggclrlbn%(ri] Ens thd Ii)?ev%l}shelxgm%){%s g Qneuc?gatetcp t%at]c s%lnleow ng
embodiments of the system will include more reservoirs and/or the reservoirs can be used

to hold other solutions. For example, some systems can include a reservoir containing
liquid nitrogen, and a reservoir containing alginate (possibly with food particles), a
reservoir containing calcium chloride or magnesium chloride, a reservoir containing a
coating wax, and/or a reservoir containing water for rinsing the coated cube.

The prototype system 600 also included two conveyor belts (or track “chains”)
618, 620. Each reservoir is associated with a separate conveyor belt to limit cross-
contamination between reservoirs. Systems with more reservoirs containing different
solutions typically also include more conveyor belts. The conveyor belts 618, 620 in the
prototype system 600 were operated by electric motors 622, 624 powered by 12 V
batteries.

In the prototype system 600, the movable cars 610 were two-piece articulated cars
with the first section 626 connected to a second section 628 by a coupling 630. The first
and second sections 626, 628 cach include a base configured to engage the guide path

612. The first section 626 includes a resilient member (e.g., a fixed metal bar, spring
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VWHAT IS CLAI MED | S: 1. A systemof an edible or potable substance
within a nodule for storage and delivery of the edi ble or potable

subst anceyotha/®y®uem conpri si ng: an edi bl e or pot abl e subatsanams?257and

a first nenbrane at | east partially inperneable to the edible or potable
substance, the first nenbrane defining an interior volunme of between about
0. 001 and 10,000 cubic centineters (e.qg., between about 0.1 and 10, 000

cubi c centi neter n about 0.3 and 10, Q00 _cubic enti ers or
bet ween HHBGET 3@&&9%@56‘8 tile é@%‘?flaﬁ’é‘i“@iﬂ??gcg}ﬁsﬁ?ﬂ CHoR: %%i bl e or
pot abl e ﬁl'di?l%l%@é‘&?p sh‘élﬁé‘d ﬁbﬁb&ﬁk@zé‘d‘ th$EcelRTRE 8NR He%lgbdo‘afiﬁg fI%Q %QIB %a%@&” or

edi bl e . The systemof claim1, further conprising a second
nenbranenmh@trw@h¢e&gn@emmBabR&dahdmkbmnQpb@ﬂg@smmwanhuW@OﬁManmneWbrane

he scooBNaeFahe el BeaREG aHbIn Shd b T P ARapBRrUE B R The -
second nmenbr apgviae ARWb PEE eI aBRal A ikaHis PRUYITBE system has se¥eralNe syst em of
claim2, wherein the first nenbrane conprises a pol yner

advantages. For example, there may be specific points along the guide path 612 where a

conveyor belt cannot be in contact with a base component of movable car 610. Having

two sections 626 and 628 permits one section to continue to be in contact with the

conveyor belt even if the other is over a section where contact with the conveyor belt is

impossible. This allows, for example, section 628 to “push” section 626 forward as the

movable cars 610 move up and out of reservoir 614, since in one embodiment of system

600 tested, conveyor belt 618 passes under a guiding rod at a point near the exit of guide

path 612 from reservoir 614, and at this specific point contact between both movable cars

of 610 simultancously is not possible. This particular feature of the embodiment of

system 600 tested also requires that the coupling 630 be of a rigid material.

In operation of the prototype system 600, the object to be coated was manually
placed in the movable car 610. Possible automated loading systems are discussed below
in the description of Figures 29A and 29B. Engagement of the movable car 610 by the
conveyor belt 618 draws the movable car 610 up the initial rise in the guide path 612. As
this occurs, the object to be coated drops into the cup shaped member of the second
section 628 of the movable car 610. As the movable car 610 descends into the first
reservoir 614, the object to be coated falls forward to engage the resilient member 632 on
the front section 626 of the movable car 610. If the specific gravity of the object to be
coated is less than the specific gravity of the solutions in the reservoirs, the object floats
free of the base of the movable car 610 as the movable car passes through the reservoirs.
This configuration increases likelihood that the entire exterior surface of the object being
coated is exposed to the solution contained in the first reservoir. In some cases, the cup
shape of 628 helps force the object to be coated into the liquid. The cup shaped member
and the resilient member 632 of the movable car 610 cooperate to contain the object

being coated and keep it from floating away, while also permitting it to be covered to a
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4. The systemof claim2, wherein the first nmenbrane conprises an al gi nate.
5. The systemof claim2, wherein the first nenbrane conprises gellan gum
6. The sywsoenmiof3zkai m 2, wherein the second nenbrane ceOPrISI®EI/025764
cross-1linked nethacryl ated al gi nate. 7. The systemof claim2
wherein the edi ble or potable substance conprises a |iquid. 8. The
systemof claim7, wherein the edible or potable subst ance conpri ses at

| east one of water, alcohol, juic and a nat ed bever age. 9.
The syst BFCHQL gp All ﬁlde%E?éﬂ@i fiyng ﬁgfh@a?%r@lro?%@}agsa W5 Rt onpri ses at
| east On@o fin 69@}2@ an e ﬁb?&atl@é‘ﬁoﬁor{s%mposﬂﬁ@ls of sections 626 and 628, to

2011/ 10359 P / US20 Xl/ 02576

help enable this cooperation. The length of the guide path 612 and the speed of the car
610 can be adjusted to control the amount of time the object being coated spends in a
specific reservoir. For example, motor 622 can be programmed to halt movement of
conveyor belt 618 when movable car 610 is in reservoir 614, thus extending the time over
which the object to be coated remains in contact with the fluid in reservoir 614.

As the movable car 610 lifts the object being coated out of the first reservoir 614,
excess solution drains off of the object and movable car 610 through the drain holes
defined in the cup shape of the second section 628 of the movable car 610. Moving along
the guide path, the movable car 610 disengages from the first conveyor belt 618 and
engages the second conveyor belt 620. The sequence is repeated with the second
reservoir 616. After leaving the second reservoir 616, the guide path and, thus, the
movable car 610 was inverted to release the coated object from the movable car 610. In
this sample embodiment, the guide path 612 allows the movable car 610 to advance by
gravity alone after disengaging from conveyor belt 620. This is facilitated by the natural
motion of the object to be coated from section 628 to 626 due to the slant of the guide
path 612, which further propels movable car 610 forward by momentum.

It should be noted generally that the two sections 628 and 626 of movable car 610
have been designed, in this sample embodiment, to facilitate transport and coating of the
object with a simple design and no mechanized parts. In other embodiments, a single-car
system could be used with a mechanized open/close door function, to allow for contact
with reservoir fluid, retrieval of the object for transport to the next reservoir, etc.

This prototype demonstrated the possibility of industrial production of the edible
bottles based on the methods described previously. Placed in a controlled sterile
environment, the mechanized system can be configured to produce between 100 and 300
edible bottles per hour. Production can increase through the use of multiple rails, motors,
and ice producing machines.

Figure 29A is a schematic of a system 633 for coating objects to form natural

transport systems that is substantially similar to the system 600. However, system 633
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10. The systemof claim2, wherein the first nenbrane defines an interior
vol une of between about 1 and 10,000 cubic centineters. 11. The
syst em ofwol2aimoi®4 wherein the first nmenbrane defines a&oTiust@nioes7evol une
of between about 10 and 1, 250 cubic centineters. 12. The system of
claim2, wherein the first nenbrane is edible. 13. The system of
claim 12, wherein the second nenbrane is edible. 14. The system of

claiml,. rein the first nbr.ane conpri ses bi odegradabl e .particl es and
char ged wamf‘@ﬁ%’@hr%@rr%@l@ra&égﬁp? %aw@g}le_rﬁ%r‘t Redpadips 3&%}@@ lﬁﬂa%gjﬂpng
cross- | i pKinR@hin@i86 akd h MRADCIVVERE |RAAEL 63 iﬁ%luééﬂa@ih%d?ﬁﬂa@t%e\ﬁ't@w}%h dges

formed by the nultival ent cations. 15. The system of claim 14,
wher ei n tdtac bbad ey raid #80 en ardispobekatave teopudgpath b ¢2.eEhoice prchingl686 of a

phar etk sel, ORI B3 EHB bR RS SRR RIS R o2
conpri semt@hPinfah® reservoir as id fpiddl 8Vt ProdaeiaH inséHiflesC MIRuidRH RGslide out

along a chute that brings the frozen cubes to the loader 638 (see Figure 29B(1)). As used

herein, cube is used in the sense that ice machines are understood to make ice cubes

rather than to indicate a specific geometric shape. In some embodiments, the frozen

material being coated is formed in other shapes. The loader 638 is able to accept one

cube at a time, in one compartment (see Figure 29B(2)). A moveable car 610 contacts

and rotates the loader 638 such that the ice cube falls out of the radial compartment and

into the moveable car below (see Figures 29B(4) and 29B(4)). Approximately

simultaneously, another ice cube can load into the wheel, in preparation for a future

passage of another moveable car.

Other embodiments

A number of embodiments have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and
scope of the invention.

For example, food transport systems can also be formed by spraying droplets of
food liquid from a tube with an annulus around the tube that sprays an enveloping
membrane material. In one embodiment, the tube sprays water containing calcium and
the annulus sprays chemically-modified alginates as described above. When the droplets
come out of the tube covered with the membrane, the droplets are exposed to UV light
and possibly suspended in the air for some period of time to be allowed to harden.

In another example, the droplets may be sprayed with just a sodium alginate
membrane and, in the air, coated with the chemically modified alginates as described
above. The droplets would then be exposed to UV light and possibly suspended in the air

for some period of time to be allowed to harden.
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a first nmenbrane including biodegradable particles and charged pol yner
charge cross-linked by nultival ent cations, including cross-1linking

i nt er act iwoohets#®aen particles and al gi nates vi a bri dgegcrarsewd/oksréd he

mul tival ent cations. 18. The systemof claim 17, wherein the

bi odegradabl e particles are food particles or particles of a pharmaceuti cal
conpound, particularly a sustained rel ease pharnaceutical conmpound.

19. The systemof claim in the charged. ri ses al gi nate.
20. The systemaélloﬂl?rﬁ%‘arﬂlﬂ? ARG min 6o Frak Wb gt mlaiglggtgposed ar ound
an edi bl gcRbrRRLAY) iR 1RLAS mﬂféﬁed/cm ¢th Lo Qe JARGT bR 14 025764 21.

The system of claim 17, further conprising a second nembrane that is |ess
per neabl e andhvan%mMMM@@mnshanmﬂha1hdmé¢aﬁéﬁhmaﬁewﬁﬂhedssnomd menbr ane

di sposed ut the fi nbr,ane tlcu f th cond menbr ane
s bF oaenrRRtbes aedrrpa A B e bRy RS ELE MR E BT ERE compr 1 ses
a cross-deakadire@hy&ites occasionalB2Thd Th@teﬁﬂﬁe@lﬂ@fnc@h@aﬁia%g of Wipeligkn the
edi bl e or potable substance conprises a liquid, particula wherein the

edi bl e oWaisbtS@pIcCcIBhadEmeNe may sARRiNsE ofndre sam Bl@h@o@fof\ﬁmfemateaﬂlé @hol ,
j uice, aJ]s%eﬁls”Cq'n‘Bl %&gn%s’g%gre gx%gl%ie, a sodium alginate membrane, hardened/cured

with calcium, may be covered with an edible wax and then placed within a PLA shell.

In some embodiments, multiple inner containers can be protected by a single
outer shell. For example, Figure 14 shows a shell of PLA filled with 'grapes' of liquid
and closed up like a bottle. The outer shell can be opened and the ‘grapes’ consumed
with the liquid they contain. The outer shell is biodegradable and the advantage of the
inner membranes is to reduce direct contact of water bottle and water and therefore avoid
degradation of the bottle itself.

Accordingly, other embodiments are within the scope of the following claims.
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23. A nethod conpri sing: cooling an edi ble or potable substance to a
t enperature bel ow about 0 degress centi grade; coating the cool ed
edi bl e orwpabablosssgubst ances in a first nmenbrane that i #C3aissaiantizad |y
i nperneable to the edi ble or potable substance at roomtenperature; and
coating the cool ed edible or potable substances in the first nenbrane in a
second nenbrane that is structurally stable at roomtenperature. 24.

The neth | ai erein cooling the edible or potabl e substance
conpri se%giééiwgag;l e liquid in a nold. 25. The net hod of
claim 23, wherein cooling the edible or potable substance conprises

applying I'iquid ni Arogem dran Bdlesh fotDlOsubR@hadhRhiBURASANE for storage  26. The
met hod of claim 25, wherein cooling the edible or potable substance

conpr i seand dedizreiyry the ¢diblgiod ppiabl spbdtendsethe ssterpsbmprigingi qui d nitrogen to
the frozen liﬁykﬁl,or mbb27 t;ﬁp,gﬁfhod of claim 23, wherein coating the
cool ed edible o %StaBPe séﬂgﬁanges in the first nmenbrane conprises placing

the cool ed edi kit nintRaicalli@ssppsd Bapsrhebditoah@ediblc®r petablel s@Bstance,
the first membrane defining an interior volume of between about 0.001 and 10,000 cubic
centimeters (e.g., between about 0.1 and 10,000 cubic centimeters, between about 0.3 and
10,000 cubic centimeters or between about 3 and 10,000 cubic centimeters) containing
the edible or potable substance;

wherein the first membrane is biodegradable and/or edible.

2. The system of claim 1, further comprising a second membrane that is less
permeable and /or stronger than the first membrane, the second membrane disposed
about the first membrane, particularly wherein the second membrane is biodegradable

and/or edible and/or wherein the second membrane comprises a cross-linked polymer.

3. The system of claim 2, wherein the first membrane comprises a polymer.
4. The system of claim 2, wherein the first membrane comprises an alginate.
5. The system of claim 2, wherein the first membrane comprises gellan gum.
6. The system of claim 2, wherein the second membrane comprises a cross-

linked methacrylated alginate.

7. The system of claim 2, wherein the edible or potable substance comprises

a liquid.

8. The system of claim 7, wherein the edible or potable substance comprises

at least one of water, alcohol, juice, and a carbonated beverage.

9. The system of claim 2, wherein the edible or potable substance comprises

at least one of a gel, an emulsion, and a foam.
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28. The nethod of claim 23, wherein coating the cool ed edible or potable
substances in the first nenbrane conprises placing the cool ed edible or

pot abl e swbgbamee®4in a gell an gum WO 2011/ 103594PCT/ BEZ0K1¢10025764}

29. The nmethod of claim 23, wherein coating the cool ed edible or potable
substances in the first nmenbrane in the second nenbrane conprises formng a
cross-1linked polyner |ayer around the first nenbrane. 30. The net hod

of claim 23, erei.n coating . the cool ed edible or potaple substances in the
first nemprane’in JPE%SE@%ﬂg“I%h%r"él?‘FémEéﬁleﬁ%%mi’&nﬁidﬁ8?%% LM | ayer
around t{iQuink b betTREPEBRR 1 and 10,000 3dbicAed¥Ad®M of an edible or potable
substance within a nodule for storage and delivery of the edible or potable

substance, the system conprising: an edible or potable substance; a
first menbrankl.at Teasstopaet ¢laim 10,ivwhseqintullitst membiage defiiis@ngnteport abl e

subst ance,, t he first rane f.hning an.interior volune of between about
0. 0005 a%%“%,oégﬁwéﬁ%gﬁon@éﬁta}l q?ép@‘(lg.ca&m%%‘?ween about 0.03 and 10, 000
cubic centineters, between about 0.3 and 10, 000 cubic centineters, or

bet ween about 1D. 8 ahdsyk@n060clgiub? ovleesihithefist sipmbaintad ediblg. t he edi bl e or
pot abl e substance; and

13.  The system of claim 12, wherein the second membrane is edible.

14.  The system of claim 1, wherein the first membrane comprises
biodegradable particles and charged polymer charge cross-linked by multivalent cations,
including cross-linking interactions between particles and alginates via bridges formed by

the multivalent cations.

15.  The system of claim 14, wherein the biodegradable particles are food
particles or particles of a pharmaceutical compound, particularly a sustained release

pharmaceutical compound.
16.  The system of claim 14, wherein the charged polymer comprises alginate.

17. A system comprising comprising:
a first membrane including biodegradable particles and charged polymer charge
cross-linked by multivalent cations, including cross-linking interactions between particles

and alginates via bridges formed by the multivalent cations.

18.  The system of claim 17, wherein the biodegradable particles are food
particles or particles of a pharmaceutical compound, particularly a sustained release

pharmaceutical compound.
19.  The system of claim 17, wherein the charged polymer comprises alginate.

20.  The system of claim 17, wherein the first membrane is disposed around an

edible or potable substance.
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a second nenbrane di sposed about the first nenbrane, wherein the first and
second nenbranes are bi odegradabl e and/ or edi bl e. 32. The system of
cl ai m 22, woherigiosssthe second nmenbrane conpri ses a cr ossPCirnised 1ped7gaer .

33. The system of claim 22, wherein the first nenbrane conprises a pol yner.
34. The systemof claim 22, wherein the first nmenbrane conprises an

al gi nat e. 35. The systemof claim 22, wherein the first nenbrane

conprises gel)an g 36. e system.of claimz22, wherein the second
menbr ane como#f-sesjfgg ool s bl 5&@%@9%&%& a5Pndpgnbranc thatis Iess
permeable and /or stronger than the first membrane, the second membrane disposed
about the first membrane, particularly wherein the second membrane is biodegradable

and/or edible and/or wherein the second membrane comprises a cross-linked polymer.

22.  The system of claim 17, wherein the edible or potable substance comprises
a liquid, particularly wherein the edible or potable substance comprises at least one of

water, alcohol, juice, and a carbonated beverage.

23. A method comprising:

cooling an edible or potable substance to a temperature below about 0 degress
centigrade;

coating the cooled edible or potable substances in a first membrane that is
substantially impermeable to the edible or potable substance at room temperature; and

coating the cooled edible or potable substances in the first membrane in a second

membrane that is structurally stable at room temperature.

24.  The method of claim 23, wherein cooling the edible or potable substance

comprises freezing a potable liquid in a mold.

25.  The method of claim 23, wherein cooling the edible or potable substance

comprises applying liquid nitrogen to the edible or potable substance.

26.  The method of claim 25, wherein cooling the edible or potable substance

comprises freezing a liquid in a mold before applying liquid nitrogen to the frozen liquid.

27.  The method of claim 23, wherein coating the cooled edible or potable
substances in the first membrane comprises placing the cooled edible or potable

substances in an alginate solution.

28.  The method of claim 23, wherein coating the cooled edible or potable
substances in the first membrane comprises placing the cooled edible or potable

substances in a gellan gum.
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the edi bl e or potable substance conprises a |iquid. 38. The system
of clai maB,2mwes®iun the edi bl e or potabl e substance comrpritsesi1ats7be€ast one
of water, alcohol, and a carbonated beverage. 39. The system of
claim 22, wherein the edible or potable substance conprises at |east one of
a gel, an enulsion, and a foam 40. The system of claim 22, wherein

the first me ane efine n in r vol ume of bet about _4 and 10, 000
cubi ¢ centine T emethoﬁ@?cla*még ?f@%%ﬂﬂ%&@ﬁﬁ?@lﬁ Rl nebtRe £ i1 st

mermbr a”es%“s‘ﬂ(ahéb%%n @r{é f‘ir@tt 18 Bfan¥ & ﬂh@%e&)fnd%‘érﬂﬁ%b éﬁ?l%iseg-?brﬁl'ﬂgg derd2Q cubic
centineters. . The systemof claim22, wherein the first nenbrane

i s edi bl knked polymer48yer7ﬁmnéylmﬁetﬁ”imﬁmbtamm 33, wherein the second menbrane
i s edible.

30.  The method of claim 23, wherein coating the cooled edible or potable
substances in the first membrane in the second membrane comprises forming a calcium

layer around the first membrane.

31.  Asystem of an edible or potable substance within a module for storage
and delivery of the edible or potable substance, the system comprising;:

an edible or potable substance;

a first membrane at least partially impermeable to the edible or potable substance,
the first membrane defining an interior volume of between about 0.0005 and 10,000
cubic centimeters (e.g., , between about 0.03 and 10,000 cubic centimeters, between
about 0.3 and 10,000 cubic centimeters, or between about 0.8 and 10,000 cubic
centimeters) containing the edible or potable substance; and

a second membrane disposed about the first membrane,

wherein the first and second membranes are biodegradable and/or edible.

32.  The system of claim 22, wherein the second membrane comprises a cross-
linked polymer.

33.  The system of claim 22, wherein the first membrane comprises a polymer.

34.  The system of claim 22, wherein the first membrane comprises an
alginate.

35.  The system of claim 22, wherein the first membrane comprises gellan
gum.

36.  The system of claim 22, wherein the second membrane comprises a cross-

linked methacrylated alginate.
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37.  The system of claim 22, wherein the edible or potable substance comprises

a liquid.

38.  The system of claim 28, wherein the edible or potable substance comprises

at least one of water, alcohol, and a carbonated beverage.

39.  The system of claim 22, wherein the edible or potable substance comprises

at least one of a gel, an emulsion, and a foam.

40. The system of claim 22, wherein the first membrane defines an interior

volume of between about 4 and 10,000 cubic centimeters.

41. The system of claim 31, wherein the first membrane defines an interior

volume of between about 10 and 1,250 cubic centimeters.
42.  The system of claim 22, wherein the first membrane is edible.

43.  The system of claim 33, wherein the second membrane is edible.
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