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1 5 METHOD OF MAKI NG M CROCAPSULES UTI LI ZI NG A FLUI D
EJECTOR 10 BACKGROUND Description of the Art [0001]
M cro-encapsul ati on techniques are increasingly being
utilized in such diverse argqas as drug delivery
systenms, cosnetics, agricultural, chemcal, and food
i ndustries to enhance the effectiveness of a
parti cul ar conponent at the 15 | owest possible cost.
General ly, mcrocapsul e drug delivery systens are
intended for oral, inhalation parenteral, ocular, or
topi cal use. The release of orally admnistered
medi cations may occur in the oral cavity such as for
buccal or sublingual adm nistration, or may occur in
the gastrointestinal tract after the oral dosage form
is swall owed. There are, for exanple, capsules and
{RETHOD AR MARING MISROCAPSWARS W AEIZIRG B M3SM EfECTOR
drug in the stomach, enterlc coat ed or mul at1ons at
rel ease the medication tinal tract of the
patient, and control %R ge capsul es that
and the

d
) i e e o £y e s
sudhoyipérserdreas 'a%ﬂirubro%‘ﬁﬁlery's{%iéiﬂé rkﬁbstn'i@tl&ohﬁﬂcwﬂ}SI chemical, and

profile and kinetic pattern governing the“release r
foodﬂn@ustggs tmehb@fmﬂ&effecélvenamobapafhonliaracomponent at the

BRSSPSR BB aBE o eSS LBDLo  henco

for arul, mﬁaraltfbhiﬁar@ﬁtelr@lg bealat Bropichhide t iI’fﬁe ‘?Sf'eﬁs Iy oFa{l?o "

shel|l materjal. Further, many i ndividuals su fer
adrpinisiered medicatiops saaecurimthe eeplicavity sech eg dorapuccal or

so L8 SIFAIL P oF i ROEPY T ARG esBRE i aer e ol
dosaigesprraris smﬂowedn Jeese mes) for exampig, eapbales dfidi tableYs tHat
corﬁ%iﬁ%f’ggoqﬁ%%i sotﬁ e%g gge dgélg fr‘:u {P@pgtyn%ncths eg{eenctgoated
formulations that release the medication in the intestinal tract of the patient, and
controlled release dosage capsules that release the drug in both the stomach and
the intestines. Some microcapsules release drug in the Iowér intestinal tract
including the colon. The profile and kinetic pattern governing the release rate of an
entrapped active component from a microcapsule depends on the nature and
morphology of the shell material encapsulating the active component, and
formulation ingredients within the core and the shell material. Further, many
individuals suffer from chronic health problems that require the regular
administration of medicaments. Diseases such as' diabetes, allergies, epilepsy,
heart problems, AIDS, and even cancers require the regular delivery of precise-
doses of medicaments if patients are to survive over long periods of time.
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[0002] Unfortunately, conventional oral dosage forns
suffer froma nunber of disadvantages. Typically, to
effectively handl e and di spense snmall doses a
consi der abl e anobunt of adjuvant material nust be added
in order that the final dosage formis of a
manageabl e size. Thus, typical nethods for 5

o HHAR2] o B pE e ranyenBonERL dests fospsisfiag from &
nulset Bf @iBhavaritagbs U Wb&a“ﬁfﬂ) é‘f%gglérg;r%%‘l’é 'hﬁg'g'i%qeiggsfs‘inau

and acceptabl e by rg%ul atory suc
dosasye cansipgetablaamaount of adjuvant Fagrial Mvastbe Added imorsler that the

S ) . . ¢ q

findl 808 HOFE ' mhaoBal 8" TGRS i Fasthads ror

madufaturing includenthil mixirepeithkeep e 2R ugRli@SvdrioudBtRed Substances
di fficult t‘g accurately di spense an optinmal dru

corygonbereferied dapsiaxsipignts or siiueats that aee féreramut?aguy ineyt and
i i | ddbi t .cont r ol
accepLEBIS 1y rebfotidiied Mich b e ARG ARITRERI, oA
Maay dfi natanostirisre-ensapsulation mmeseg%hérate @Qf‘éafjd)bistrhﬁmon of
. apsor pti rocess t. ust al n adequat e an
oS ek, thegv&ag_ds's{)gvﬁan it BiAgeRstle #izeyaakesit more
difficult[t0 @R3liratélg dersabad bptimaf d odadlf ug éﬁ)‘f‘]‘itio\(f)ﬁ? E)té’produces

systens that provide an " optinmal® drug dosage
gregigrivasiability i dispelution rates asid; thusy debeedsadthbrontrehsverfthe

J Gl rns, i s very. limted. The ability
ab Bttt P8 6 BARP R et oiElalion, herk HaaiifwSasing deed to
contrirtrendnig &lbsuTpHompPacEsaRs Wudtath baeyl) i

nodi f)(i lr}tg Og?qﬁe gPruct ure or normalk’I abfiégel\/rgd;?@g?hve drug levels
ovqf@nwﬂﬁld%t'mﬁé’eé@@ive conponent in the body after

adm ni stration and absorption is also extrenely

limted today. If these problens persist, many new
and0@08EntThel availability sbusefgl dmgledéliqu{rj sﬁit?@% théd provide an
' impractical or. have |imted effectiveness
optfirditilo $osauB0 Beeilaredlins porivaliriaiedn thagogy by means of
miclecEpdte d6sad@fdntf ik ivehemhitagd ili
o Tee O e TRl 13 oo extep the
relesgf @sy activiescarapenens fifm aghiorecapayle hitheat adversely modifying

the:ﬁgljiu ngla %2 rn?ﬁ@%k%io?@é%l ﬁtgr?qt@@lfgﬁ?ﬁ tEteeag?l?g &tgg{p%%eln? i the body after
adminigtiation dnel AEOrpAee isdls¥Riktremely limited today. If these problems
persist, many new and potentially life saving beneficial drugs will either be
impractical or have limited effectiveness in the dosage forms currently available.
As the demands for more efficient and lower cost drugs continues to grow, the
demand to develop systems or drug carriers capable of delivering the active
molecules specifically to the intended target organ,'while increasing the thefapeutic

efficacy will continue to increase as well.
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3 BRI EF DESCRI PTION OF THE DRAW NGS [0004] Fig. 1 a
is a cross-sectional view of a fluid ejection device
according to an enbodi ment of the present invention.
5 [0005] Fig. Ibis a graphié lustrating a nornalized
drop-vol une distribution of . conventional fluid
ejector. [0006] Fig. 1c is a graph illustrating a
normal i zed drop-volune distribution of a fluid

ej ection device according to an enbodinent of the

present 'theBtRIEF DEé@?Qﬁh@NQOF%ﬁ-l NINGS
cro c
o "UORE i P je'a RO sl fedren ﬁwa %‘351” deyjSe Scording
to arsembodusenis@‘dheqnnmentllmrwom m cr ocapsul e according
t tion.
oofBpst: ot & §5aah Mirkafasdoriafieathaeryolume distrbution
féfaﬂnhfélrﬁb%bl figid did@bpcapsul es according to an
? enbodi ment _ of tét!aé present invention. 15 DESCRI PTI ON

OF WEGPR@ERREB FPEEH Wesirating 9 owohallzes grapsesiume distribution
of & AR ALrAGACE BEERMTIG 1o b elrfiifont of tBe dreséntiyeriion.
t hal0 00T | LRzlgszaus:@ crosseéadtionlal ¢ieWRsTMEmMicrobabsule a%esmi’g to an
n enerates a mcrocapsule in the second
emgpaﬁ"bent q(%aﬂg%pf%"ém@’wﬁﬂerl al conponent encapsul at ed
h
Ut 110008} 1 16 26 R BRSsectifial HERASH midhsEate g o88Srding to an
alternaiemrnbgdbmm ofctlwprersmuhm\mmiodrop ongtehrrand |t|ypes of
j ' y . devi . F er na
BB 500 5T o S3HBh i bbbl
mloi\@éétﬁsldlé‘s asddrdmg! t@%rﬁémb\ﬁ@lrﬁeﬁ%f%g FSs i nEhtidh! | 1 zed

in the present invention prese I nventi on
provi des both for smaller drop volunes as well as
greater control over repeatability of drop volune
with its correspondi ng narrower distribution of drop

vol unes DESCRIPTIONaDF MTHE RRESERAEP EMBODIMENTSIUES.
[0010] The present invention advantageously utilizes a fluid ejection
device to eject drops of a precise volume of a fluid, that includes a core material
component, into a second fluid and generates a microcapsule in the second fluid,
with the core material component encapsulated within the microcapsule. The
present invention may utilize a wide variety of fluid ejection devices including both
continuous and drop on demand types of fluid ejection devices. For example,
thermally activated fluid ejection devices, piezoelectric, and acoustic activation as
well as others may be utilized in the present invention. The present invention
provides both for smaller drop volumes as well as greater control over repeatability
of drop volume with its corresponding narrower distribution of drop volumes than

typical microcapsule forming techniques.
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30 4 [0011] For purposes of this description and the

present invention, the termcore material conponent

may include, semconductor, netal, bioactive, _

i norganic, organic, and poI )a ric materials having an

advant ageous property or utility encapsul ated as

nanoneter or mcroneter sized capsules or

partlcul ates. The 5 term "bioactive" as used with

f1 ul09? lormesthrp@ws olihis deseription angkthe, presgntiavention, the term
cor‘é%fé?i‘af SR Bn@ﬁt rﬂfa&?@ﬁlﬁdé‘ %)ézgﬁlf:g%ﬁaﬂ(ff un@ﬁylrbg{g%%tlvgv inorganic,

v ng orga Isminc

orgaach ahdqiod’gandna: eﬁtéualemmgialﬁ a8vantagboas PrOEEIS) bluliity
modi fication associated with the organi sm or

enqq@mﬁ%eg ﬁ§|ant85%mcromtevé§|§% capsulgs [ pagticulates. The
terinl "BichclRy" 49 Gbé’@' Wlﬁnﬁ’w@ h@cgﬂa{i&%ﬁ &bsf t %P Ggent lﬁ%&l be a

as a drug, given to al
corpRysition agat@éﬁectm @lqlbglnabmnahorm pHarivim organhsnamdudmg plants,

mESBASEs or (AR Afod bl e 4 RIS, GRdca
modlftcatlbm ee%c@wdphlﬂﬁr&ié orgb"nl&hfdﬁﬁtswméll&ﬂmbhﬁ{edts For example,
designed to affect a biological function of

'¥%?themaﬂﬁ’é° lude @nyirhacmiageutical éubatamealnsuctl'oas a drug, which
t
ma>'nse gén ?6‘¥Itersé*gﬁ§/§|5fo§lé£%wg tidf: of%%g%@gﬁgnlaer%{c r?e°da pgease

I ci des erb|

A badéoiwe flamdalschegnt:lml intludetanyrtypé 00 §rlg, Aedithish MBdicament,
ui d téftleCt on device 102 that may be utilized to

V'taﬁP'QpHF PBY osAthRIRaTEPRUNG that js designed to affect a
blo}q}chgﬂggﬁl{ﬂlgbﬁf'nd \Hﬁéﬁrg%dﬁé 'ﬂerfn Bf]p% %egl%{)\?rg%nt\lﬂi@\\’%lude any

IS res

subsrtamebimyuding tiub noR imitéd ftd Lindeetjoidds, pesticides corliistbicides
i ncl udes a core materi al

deﬁqg&{ﬁ@ ° fﬁ%%%lséj'?’iﬁ“ Ifﬂnctat%z‘écond fluid. Fluid reservoir

118 is fluidically coupled to a substrate 120 via

fluid inlet passage 124. Depending on the particul ar
f 1 ui0912] eAn emboginerteofifiuid eiastionsiericsl 162 thab stayabe utilized to

preéﬁﬁa gﬁ %ﬁeﬁn Skgr 5 ed %%B?ﬁ%s%ﬁ%pm%@nqﬂ%ﬁ@é&aggd in a cross-

seationaLviewy irafid. fay |b¢hisembietimant, tfiidveeriSir Q@BTTWH Mody portion
eferred to as chip. carrier not shown), which is
i’d’ ﬁen dsvicge1h% coptrins afvst fitnd thatraeludes acaye material to be

en&%&ﬁfa%di th §RBEGHERUR BIORS @SeRRIET f s Whidically coupled to a
substrate 120 via fluid inlet passage 124. Depending on the particular fluid ejection
device utilized generally substrate 120 is attached to device body 122. In alternate

embodiments, substrate 120 may include integrated circuitry and may be mounted

to what is commonly referred to as a chip carrier (not shown), which is attached to
device body 122. The substrate 120 generally contains an energy-generating
element or fluid ejector 126 that generates the force utilized to eject essentially a
drop of fluid held in chamber 132. Fluid or drop ejector 126 creates a discrete
number of drops of a substantially fixed size or volume. Two widely used energy

generating elements are thermal resistors and piezoelectric elements. The former
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elenent or fluid ejector 126 that generates the force
utilized to-eject essentially a drop of fluid held in
chanber 132. Fluid or drop ejector 126 creates a
discrete nunber of drops of ga substantially fixed
size or volune. Two wi dely used energy 30 generating
el ements are thermal resistors and piezoelectric
el.epents. The for heats a component in
fap{ch%ﬁg? i YCARHERENt tBsufluwﬁSB%%/H?%@H@@mnmn&mwﬂatlon
f mhpbAefORBARRG! !
o o oo RSB ool o1 bbb ol Purfe théater
utllqaas waf@ggmmtatcegan@atﬁpa eosnwessive fercerori the ﬂdldur@bultmg in

it B 108 23 P el e o iz

dto rdarmrm@dé floslcagtidlgss §aé gtk FSPBna! Ninkj
;r_‘ F. p@gﬁ%\e Ph I IjﬁEl %t Telcgno | ogy aﬁ%ﬁ;roguné pﬁlmé Inkjet

o et Atrategiess ghpt GeyrayeBines dResearch,
208(@0% Ofﬁ’d}g See&ﬂgﬁgdrctﬂéﬁﬁél Aafg%{ g%og%@éwgg yegeéJI S.Véf:ephen

Adamet gk (Emeﬂ'hird{ﬁemdﬁaﬁ'ble HRThenkdelhkPst Piifteadd, I;lﬁwldcreét-Packard
ett - Packa no. 1, pg. - 45,
Jo“ff@ﬁrﬁglrﬁgl@@ﬁ 9)‘{)1065%3%}85( F%S@ 120, chamber | ayer
130, nozzle layer 140, nozzles 142, and a flexible
circuit (not shown) formwhat is generally referred to

as [9048] orSuhsirate 129, clemberiayenyas, mnémyesmnenezm 142,

a4 Jlg?(lb%.t B?Q\gfﬁﬁfo[t ﬁég d suﬁé {sgéquﬁlrgﬁy] 5%% Q gggs ejector head
104.eSpaibey &yer wmerbﬁnéshé BRIeSWAR 6%&rh§ef>%??ﬁ8 S80strdté 120

bottom of the chamber. In this enbodi nent
and:pezale layeg ddOdermdbe hatiom and fopofichamber Eb?r2b Bﬁdnpectlvely, where
t odi, nment
eSS B riiog Bt dflne RS B S BAAER v i

ejeo'ucm devicé 00Q e a noztle demsitgl dif B00MoziziRstgBrSnch; however, in
nozzl e | ayer 140 contai ns one nozzl e per

alteg} eoe'gse@mﬁ"t%hfﬂ%m dgRsites may @noe fegrac singlermmaieup to over
a 1000 %? ﬁ{crhat I8, a"cf?ilt?dﬁ’c?ﬁ'tm? E‘rﬁbroo‘?ﬁ%“t frldiz%f I?k&cﬁ% cBRtins one

utilize nozzl es ough wh
no@l_egpeneﬂmd mﬂoaﬁtrouglu mdvichofiuid i$ Ie;eoﬂedzj reowever) |asaﬂeh$aten

he. ej ti inth
embfaiS i i RIGPEF el ies Gplnblermasriesdhopity whicaduid s

ejected. Each activation of a fluid ejector results in the ejection of a precise

quantity of fluid in the form of essentially a fluid drop with the drop ejected
substantially along fluid ejection axis 148. Each fluid drop may include primary
drop 146 as well as possible secondary drops 144. Both the generation and size of
the secondary drops depends on various parameters such as the firing frequency
of fluid ejector 126, the surface tension of the fluid being ejected, the size and
shape of nozzle 142, and the size, shape, and location of fluid ejector 126 to nozzle
142. The number of times the fluid ejector is activated, in this embodiment,
controls the number of drops ejected. In this embodiment, fluid ejection device 102

operates at a frequency of greater than about 10 kilohertz for each fluid ejector or
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substantially along fluid ejection axis 148. Each
fluid drop may include primary drop 146 as well as
possi bl e secondary drops 144. Both the generation and
size of 25 the secondary droQ§ depends on various
parameters such as the firing frequency of fluid
ejector 126, the surface tension of the fluid being

f le 142, and the
enb§ SeREraind oot o Bl oot eMhgimeniss g eigslomaevics 102

havieg atéve &ifcuitry 'ch@ HITE§ bg@zubts'tr%?é 158 ‘?’néo)* éb?rhagé ﬁﬁf{%gyeqﬁles

activated, in thiS enbodi nent contr

gfeéiQiﬁba@JZQdﬂIQbeFth Fiuid sjectionddexsos 102 Iprécisely eohtrols in a
of greater than

disgiERH S13P By BTSN ng cightiantets Rt Moshambendagy For
mogeinoratatiugh &h arepformafionseer W&aﬂﬁﬁ@%:ﬂﬁ@ Isl BbhYidliez et al.,

e ection device 102 having active circult
Lpeawble Nkietkext Mrinti ol-lmsletbﬁ’@charei Jaaurﬁalc;qobmsl ee. 1, pg.

d 102
919:5@%56@“92‘;%& UGS Bgnl'ech” Olatingiras i

mmThbema lekjei ﬂnlnﬂiead ﬂ-ldeWIétt]EF%Gkalr@JébﬂﬁPeJol 13% no. 5, pg.
r ormati on on drop formation see or
555 og)o e1§8ﬁe H. Bohorquez et al. Laser - Conpar abl e
Inkl et Text Prl nting, Hew ett-Packard Journal, vol.
9-17, February 1994; or W1liam A

Busmpﬂﬂl etFlla'ﬂ ejewmdmﬁmdesanble@m thegsrekehi iawention can
RN R P AT
1 picbuitersedepsndaty 6RVhE Qaﬂé?ﬁ’et@% of tHeeml i bﬂéd?i%nmé?ﬁégé‘guch as the

. invention can reproducibly and relia e] ect
sizg and geomatryeofdhefahambes@round the ﬂulldletjea:tot dhelsmat andgeometry

ar a S he fl uid
or 8 00 0B, SR9E108 280 G B, BFEL Sl o e
emb,(bmmmrt utrlamgjwhbelsfgemedalm Ieféoed té BS aS'drBcPdive" fluid ejection
onget r e HB jector, and the size and
de"gﬁé* qEoRS i %etrﬁggﬁ P 8! °P"n1 @ﬁtoa‘|t@reli0r1%h%ltéﬁﬁduc¢nbt&r$ also may
e
Do e I addn, A Oer ehibddinghist rodd {0 rafibe R pout 5
femigrditers to about 1 imiero-liter alsouha;t(b@ lIIIIIIZGdJ Fled %j@dém d‘?ﬂce 102
diff r@ gt&sﬁ :Cﬁﬁﬁg'gt"#’%@gﬂ ?JSﬁ{éé‘ﬁéHFﬁ gs hydrau I%r al(?ggglsltgc? norsul’trasonlc
nozzles in that rather than forming a spray of fluid having varying drop sizes, this

embodiment, utilizes a drop generator that creates fixed-sized drops that are
discretely ejected. Fig. 1b is a graph describing the normalized distribution of drop
volume for conventional fluid ejectors utilizing hydraulic, air assisted, or ultrasonic
nozzles. The particular drop volume distribution depends on the nozzle type and
generally varies from one type to another. In addition, other factors such as the
fluid properties, nozzle capacity, and spraying pressure also effect the drop
volume. As is illustrated in Fig. 1b conventional fluid ejectors generally have a
broad distribution of drop volumes. Fluid ejection device 102 differs from

conventional fluid ejectors in that rather than forming a spray of fluid having varying
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fento-liters to about 1 mcro-liter also nmay be
utilized. Fluid ejection device 102 20 differs from
conventional fluid ejectors such as hydraulic, air
assisted, or ultrasonic nozzjes in that rather than
formng a spray of fluid having varying drop sizes,
this enbodi nent, utlllzes a drop generator that
creates fixed- drops that are discretely

dropsiurges afor 5 afdp I oseenasaies qutestafairm&|fnxgdcsnze
dropsthat dreétdisctefily @Iéb‘?ed VP.L{&?‘?jédﬂbn %W:%n‘i A2 th | the ' &thér hand

ejectors utilizing hydrau alr assis
utilizes eamethad ofscrasting dﬁcremesm@d drapsl that dlreomdepéud@ntly ejected

t neral l'y
ol A BRI R AR 5 SR & o
drobagiiome disteibutien bb%hoWnUhd:lQW@eHécﬁﬁtl r?‘otﬁél rrow, drop volume
ca ac:|ty and spraying pressure also eff'ect t

d'SVEHUdﬁE is maintained euarmayltigle nozles eacl'bhawngamepmate fluid ejector

R N T T e
an@0c d:lwp&rﬁelno iradentibn Ihésea esityaigrow dishatutiont 61gdrob%ﬂ.|mes and

may JafrEhywkEre Fom 82 Xipbpven %tqug[nya'ﬂ%mez;améggme distribution
thaﬁ%ﬁ%ﬁﬁéﬁél'fm dcf &j6ethrs] ?ﬁ il lePit fb@@ﬁ%%ﬁ?ﬁgﬁgﬁ[ﬁ#r Jume is

ejected. Fluid €jection eV| ce
gengrally withinal Oreemmlt of ther targeted atispecified \&ilzednd Mi’ﬂ%r steady

el i BV SERLAR oA BT s of e
nariew (i@aminitrd) %tn@m.é}] 8f GBS BB Homh Rl b%\;%%wce 102, the

shown in Fig. 1c. In addition, the narrow dro
distaibytion pfithesize of the ml@mensdeeﬁormbduprm tmmjaoead deapls, have a

corr&yoﬂgh eﬁ%?@\&@ﬁg{)%#r?%%gé ﬁ{r/\uszlgecpd'ﬁsgrét ipugption has the

ablhiynOaccugtélygﬁspérise afldidliaclubimhgrd @é@%atéﬂ&%hﬁbn@ﬁ?wﬁh a
p_vol umes and rmay have

rrow distribution of dro
pa"}z; &H@ fo 8hast pe bilirn@ccuiagy. nbrie isparticwlarly ¢idvantageous

Pl et

mategialysuetr as cgrtaint plmotemg m&ptldeegh@rfmc?r’f}ﬁ fa@uhb?tltég and Plgactlve
t state conditions

o BB o 4 R TS g Lo e honbin

disFénddtCand\frfRY ihRER; crHEé;Bé(}fl@l uflf rﬁé‘s@{:’fﬁq bqpuaxﬁ’@{e%tlgﬁta%%ce In

drops fromfluid ejector devi ce utron

~addifjon, e acewracy aﬂda:mcmamamdnaaﬁage‘omlsmmbri dispenbiag

con%bﬁfrgﬁa% &fb%?ance%a\éuch as pharmaceuticals with hlgh potency.

[0015] In the present invention microcapsules may have a variety of
structures. For example, some may have a substantially spherical shape with a
substantially continuous core region or core material 250 surrounded by
substantially continuous shell material 252 as illustrated, in a cross-sectional view,
in Fig. 2a. Although Fig. 2a depicts microcapsule 210 having a substantially
spherical shape, microcapsule 210, in alternate embodiments, also may be formed
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15 correspondi ng narrow di stribution in size. Thus,

the present invention has the ability to accurately

di spense a fluid including a core material conponent

with a part per mllion to part per billion

accuracy. This is particularly advantageous when

di spensi ng substances that have a high preparation
nateri als such as certain

e figrm ObIaTE of Pdlate REGHutRRLas el i SeAEoN. sApfinuous shell 252

as BépiaRid iMFigRd hié dsusiRrimBitkheesn %V@v(f??h“élfgragfeoﬁﬂ%éiments,
in scarce sug}gligq)nay be effectively I spensed an

contiguausl shell 85 a@yhavesbathid variatipnsioshed thickiness within a

sindo L A6 S5l e PARR T O BRSH A Sheirocapsuie o
anatheceidrocdpxlie.ubsbisresaniple bf amiheddpaufiihat Aay b tdimed
utili%n%h pot ency. 25 [0015] In the present invention

rHE AFTRHINYRALIONAS ONe Raingap iegulst ga@mtrwl.ontagning a

i . i ape
e e R T T R T
matesiiab250) digpersedrwithin dbe |l nyatesiahZS Aty forl mictOCHpsSUUOR2$2 as

. hel |, .material 252 as.il]Justrated, in a
'"uéfaggg-'%@&(‘?%ﬁ?&{ﬂ’@i}“ewW Eg.%b-Za. Al though Fig. 2a
depi cts m crocapsul e 210 having a substantially 30
spheri cal shape, mcrocapsule 210, in alternate

entl0811 6k nAsflowdirgrany oba geoerat ingthotl af manufactering | at e

. t ! r Ll..ln.addition, continuous .
micodsli, BoSardii 4 B s uodingnt oftrReseShiny RN, ¥ Shown in
Figt 8i Eluie efactdroastivating iplocddse3gMiscutizbadb BraVide the desired

conti nuous shel |l 252 also may have both a variation in

amauy of anergy Hiad dnitiatesithe gro fergieg mmes@@wdepml v ghe

i at - i ak. ] sule 1o 5.
parfiCudPiypRIATIRG oftcldl RKAESS Fof SRR, IhGPg i eRoldls triize
pulsesgenaply bs théardernyf dfew oricredsecondsiiz dogatidheprpuigir®a high to

mogSHEa Piat Witk ARt oI Whe Samoelegro piecoslertis i
cedls SRLITABE! S ppSSsBhoVinG yely bl AU maite o
highercvaliegpnulises? 1Blegtrostaticudsop anetemand typeofiuid sfedtorsnid contrast,

utiligéﬁmv%gq%hﬁ?%ri[%le@, w'%xefrtl-:‘ggv agél?sq{cafmic? feje{%:tc(iyr(se, rb%liigtla radio
frequency pulse bursts. Continuous fluid ejectors generally utilize three different
sets of pulses, a low-power pulse for charging each nozzle through which drops
are ejected, a periodic pulse of moderate power to synchronize drop break up, and
a low power higher voltage pulse to deflect the fiuid drops. The deflection of fluid
drops is utilized to select which drops are recirculated and which drops are ejected
from the device.

[0017] Fluid drop ejection process 392 is utilized to generate the force to
eject a drop of fluid from a nozzle. Fluid drop ejection process 392 also depends
on the particular type of fluid ejector utilized. For example, a thermal fluid ejector
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m crocapsul es, according to an enbodi nent of the
present invention, is shown in Fig. 3. Fluid ejector
activating process 390 is utilized to provide the
desired anount of energy th@t'initiates the drop
form ng process and depends on the 15 particul ar type
of fluid ejector utilized. For exanple, thernal fLuid'
ejectors utilize ses generally on the order of a
rap fAtSHCATPoRgEt gflrjf EJW!&F? ABAVe ity Podingpainttaysingvaporization
of tHRafRESM Hﬁé%eﬁ’ér&fﬁmﬁﬁ%b%‘i@ﬁﬁ%é%& albiBh EQIRAaHe ejection
to piezoelectric flul ejectors utilfzing | onger
of a diepdofghe fleid. pAiezhietecttie transducen, onghe dbher hentk utitizes a

hi r _volt ul ses.. El.ectrostatic,drop.on. . .
voilie AU fadRraRes SEMT B gvE oceist fadid 5o iing neiection of a
dropidithey fllidaafoudpdme ! IR Woheast #ehfAsoRCMUE tdidctbt Hiiltkes a

ejectors utilize radio frequency pul se bursts:

fluicheld wdripressiirg ivjacehaspkereavinala nozzie pr b@reﬂ?rfegn a fluid jet
: " , |
eGSR LSS 8 ol @M pal P HRBLES KP4\, e cragoer o

gererpter thedbertybhtien tifat tadsesitiee jeove brdakup)ifhdrops Z Ardl sfhese
.an ower higher voltage pulse to

: Kk \ d a low. . :

fluid fation SavEES g ek e I 1ae BEsdent favsTon to eiscl axtrop of a
_ . i . .

P IRPALS ot Pl P oM EEIRGY g e
device. [0017] Fluid drop ejection process 392 is

i t.0. the force to | ect dr of .

71 BogHB] o i sl oenialiapipt eeid ritfieed By an the
secdnddIuE ReAfirocdPs 8 thatanBiaHES §hé 8brd Materpdl of !cgl'éjcom{)onent.

ejector utilized. For exanple, a thermal fluid ejector

Thepartigplatipfoerss depensismppitenparditulan chemistey utilized totferm the

. hoi | i ' i i ol | iLO f the fluid
i B8 P e SRR EROKA A el B8 ek o were
catiomid ared epionic waterafolabldpolyrnérst ihterbttindvatér to form a liquid,

i ezoe ric nsducer, on the other hand, utilizes

t ) >
polffmer S Bhess PRUES P afaRleK SOBCRNGA F 65 eXaiBplen Ackaieh meoluble

cor%rbaoirﬁdéﬂe?\é b ghik élﬁ:q ags., 8o 0B Ribstareeds %%ﬁ%frséé‘ﬁ?iap K

a nozz I'n contrast a conti nuous
dispg¢rsintgagenti f_b'rm'mg afirst fluidd e frst fidi inplueirguthe dispased
T T D AT W S
formtdrPEMersidr of c¥f matdrid) iethesepid 4 e&%‘ﬁs@ﬁestotéﬁf‘on utilizing

perturbation that causes the jet to breakup I n
fluid o ejestipn girocerssd92. In this example the second fluid is an aqueous
gelatin solution held at a temperature of 35-65 °C that contains a buffer solution
maintaining the pH of the solution between 4.0 and 5.0. While maintaining the
temperature above the melting point of the gelatin a polyanion polymer (e.g. natural

or synthetic) may be added to the emulsion containing the core material and gelatin

~ to form a complex coacervate. In this example a negatively charged 'polymer like

gum arabic may be added to the heated emulsion. Cooling the solution to room
temperature allows the gelatin in the coacervate to gel forming microcapsules of

the bioactive core material surrounded by the rubbery gelatin shell. Although such
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fluid ejector devices may be utilized in the present
invention to eject a drop of a 10 fluid that includes
a core conponent or core nmaterial into a second fluid.
[0018] M crocapsul e generatigg process 394 is utilized
to form in the second fluid, a mcrocapsul e that

i ncludes the core nmaterial or core conponent. The

.particular process depends on the particular chemstry
micipearsilks have 8raentinuous; griatinghelidarmaed prouskthe core materials,

gerfsFARdtHEMell R ﬂ%g@ﬁn GR RS Pe ) rﬁﬁuﬁé%gﬁﬁ% %?técular

where cationic and anioni ¢ water-s :
applisatienin whichithegnicrecapsutesaate wtilized it aled ymay be ideBirable to

mofYHE8 inf sl T o Rl B 8RB o dn Uy furtfer eating
o on i 7Bt TSt gt S0 SRS, ffgoin,
poqtrgx@aémgﬂépfsfé@ MEreeRRFUIAs With direa endrformealtehyde under asidic

coRFE e e U RERSE B W 6Bt ek L bt

swallihgiin amoisture Znegonient.dirdakgrnaieceibedinié e et pSganion

[ I h d fluid.i
ol My EA3BL 15 1 REEIOH b s he Shcaas saiele cor
Co P et el e T s rBol e R S HiphteS ahe step
of adding tha polyanioote the emesionrfgrmed by ejéctingethealigbdérsed core

| i | . g. t I t heti may b
corhintéMig B8 g B CRraIns raadenslch Bante fiectiadom
midietaddules bpn{a@,zmqgid‘sorrpl ex coacervate. In this exanple

a negatively charged polyner |ike gum arabic may be

added to the heated emnul sion. Cooling the solution to
roo e I : gelatin in e coacervate
to g TofCeerblé oo fitichfidEs 3o draleiaR AT Amed Bpymers.

i.e.rentatiorad andrancanionid specidsewheleissty spekiisi areShédrporated into the
. Al t hough ch 10 . m crocagsul es have a conti nuous

MicsRFaRI e s Flaweves: iran alfesinte emboginentniyeincampatible polymers
als@#R&Y B ¥ilizdie tﬁ h&irh n#iéro%?gﬁHfégga%{\%lI.nFBI‘é%?II&%IS, for care

Dependi ng on the particu rcation1n
materiais et sue degeadedméitherdy temperaturespf Pe-80e*C nebby theuse of

o SHFBESEG B SRIS E oESuB E HeebSensan

ap%ﬂggrlta?éoﬁi?,ﬂér%ﬂd BEEMYirPd ePIoRBL AN EtHYcHIAbSL d6INER-arld ejected
into @ second solution of cyclohexane including a non-polar polymer such as
polyethylene to form a two phase system with a common solvent. When the
system is cooled the ethyl cellulose solidifies and the microcapsules may be
separated. Aspirin and potassium chloride are two examples of core materials that
may be formed into microcapsules utilizing polymer incompatibility as a micro-
encapsulation techanue. A biodegradable shell utilizing poly(d,1-lactide-glycolide)
also may be prepared using this technique.
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post treatment of the mcrocapsules with urea and

f or mal dehyde under acidic conditions nay be utilized
to increase the resistance of the mcrocapsules to
swelling in a noisture envirppment. In alternate
enbodi nents, the polyanion polyner may be added to
the first fluid that includes the dispersed insol uble

ongnt and ejected into the second fluid.
Tri B02Hbodh RBrAesR S erabadimia. 2k yieriosiabieaciign rwey be induced
o VRS G018 o PPYELED T DHRE ! i, o warr
imnaisableesoreccarapanantdiquithinchelesta monethearaigsoived in the core

' . i qui ds. 0019] Conpl .
corfu Gl JRBI, g e an gt uiiza Wlidengdd o7 theneargcutar
applicatiomircwhichithe rakfocipsaisORillbeSiesd, Sarivlis Mortthbrs such as

.__species are incorporated into the mcrocapsule.
'so%n@m aciqchiprides asyelbas ppodinations orwoixtures op mdrivneers all

maggleadgfﬁkéd .prégb)gaf‘@néogrfp%;nlt Liéﬁig’is #E%CE% mtén af sir,??ﬁco% fag{ueesous

. soltigr thaé ihohedeishee colrpatiamp & ticumenonter &dd8a t&the toly céponent

iaulth T 56-TRas L A W Gahe TSt amenAt Mheyplestadcedodom a
micfbSEpRLE SIRTERE pah%@ar%ﬁi}éaﬁ?éﬁriﬁig%%ﬁ%?%ﬁé gfﬁhe particular

solution and ejected into a secon
moggimes Hissalvediin thedorgycompnoenpliduid. paolyereasshai igformed

betBel S amice fractel Ard AR 13 aBRE RoREMar nyhéreas & polyamide
shetia FothRsiEb SN 4h BRI @olreacﬁhﬁéﬁﬁ I%H%Ei&%hmteagoﬁéner, A

separated. Aspirin and potassiumchloride are t\ o
polyyrathanesshsil roay berfarmet diesweenthe reactiba df ar mpedtokyitontaining

co- AT Roblon s Hendfiel H iR GhED herp e Ehed

‘coroponertinmaterial ig (ah aqliemis sutidry ¢ Mﬂbmeﬁl'@?eﬁ@t\éllp%n amine or

d [ this technique. 11 [0020] I'n an o
oth {?e l?éeitsegih@%dnﬁ'@ﬂmer éﬁditﬂ? Epfrgactant jsedissolyad ima water

immiBEBReSbIFéntods Bk dd@ndiifigce of a drop ejected from a
fluid ejector. For exanple, a water inmscible core

conmponent |iquid includes a monomer dissolved in the

C P2 P Rt btner inodimeatd 3he sepa filia, IS which the ejected
drops are dispensed, may be stirred or flowed across the face of the fluid ejector
device in a direction perpendicular to the fluid ejection axis (see fluid ejection axis
148 in Fig. 1) with the nozzle or nozzles of the fluid ejector device disposed either a
pre-selected distance above the second fiuid or inserted into the second fluid a pre-
selected amount. For example, a fluid ejection device may eject drops onto a thin
fluid sheet that may be flowing past the fluid ejector device. In still other
embodiments, the second fluid may remain stationary while the fluid ejector device
is scanned or moved laterally over or within the second liquid utilizing mechanisms
similar to those used in ink jet printing devices. In an alternative embodiment, the

second fluid into which the ejected drops are dispensed may be provided as a mist
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5 application in which the mcrocapsules will be used,

vari ous nononers such as isocyanates, acid chlorides

as well as conbinations or m xtures of nononers al

may be utilized. The core copponent liquid is ejected

into a second aqueous solution that includes a

co-reactant to the nononer added to the core conponent
uid. The, co-reactant reacts with the nononer at the

SuGH 5 SRTPTRIS B R VP Ok e eb huifer e device or
corﬁéfés'sﬁiﬂ dectich bEBfHeR Phedtd i 'n'evgﬁeh‘ii %ﬁﬂgtsls%ek% into or across the

articular nononer dissolv e core co
iafirep 146 {eeq figal a) hdn Istili anbmeMbdimmera aﬂstmmsecond

w40 ot TSR S LR A e

Figc@a verere ainé régistvein caftdihs tHedsddbndmingner - .
pol yur et hane shell may be forned between the reaction

of a hydroxyl contai ning 15 co-reactant and an

Oﬁ‘lgong t materi a? |a!'&geg1%8§gﬂé@f§§g§%%$%ﬁhl§@%9§rmi%qcapsule

generatieg pratidsy 394 atiizes ohitosan balcian laﬁagiuétmidﬂbdzébsules to
is dissolved in a wate

enq%ﬁé Band q'ﬁ?e)en?e' e%?‘tﬁg‘qéz%c%‘athﬁr Riqlogical rpgtw_zm]eswnder mild
corﬁ.ﬁt'ldr{s tﬂbf‘ﬁ‘fwrﬂ%’ﬁ%@h@%ﬁ@/ bf‘ﬁwesﬁgﬂﬁ‘?ceﬁ 'rHéc% oflect aé@b ! e this

he ejected drops are spense be s
embpdwtawdmm algmataasedle‘solveé ihlar dqagscms soluticteeostairing

e e BT S 2 b eSS,
obtapza hﬁaleorf(b@ﬁﬁJaﬁén oF sbaint higitht8ictabelt 499, GRei %‘Tﬁl‘%élﬂg.lm

either a pre-selected distance above t he seco .
alginate ixoluae @fthm@Q@bme%@uﬁbrﬂ | The particwaramsahtst lemoglobin

. . id,.ejectio Vi ce ma j ec
o588 8ben B on Ry Al 5 0, SR ool e
utllqzedt Thbesd’llhtwrdlsethentaHdedQM ithi€ reddivéir iof b fRiidEfector device and

the second fluid may remai n stationar

t
: them?gegﬁg CﬁPB? a“tejae%@%ndomu%ls ud seatairiag ehitasareth the range

frorh %&fu@b' @fa%‘éeﬁerQ[ter‘"f 5Bcﬂht1 BEgraffo lttélq U fle #Bhlc'uﬂr%ount of

mechani snms s m € used rnk j e
chitgsan ediized wilhdepéndonaarives patmdetmabuch e tRE strage dme of the

car s 0 5L Bt bt el B whcihe e
micketapYuS BediuManebesl drslibsbhétty tYested Wit &I8Um chioride.

In addition, the chitosan solution inclu'des 0.1% hydrochloric acid. In this
embodiment, the chitosan solution also contains a 0.005 M CaCl, solution and the
pH of the entire chitosan, hemoglobin, CaCl, solution is adjusted to have a value in
the range from about 4.0 to 6.0 with 1M NaOH. In an altefnate embodiment, other
salts having divalent or trivalent cations such as magnesium chloride, barium
chloride, and aluminum sulfate also may be utilized. The chitosan alginate
microcapsules are allowed to gel and harden for approximately 30 mins in the
presence of the CaCl, before being isolated. In an alternate embodiment, the

chitosan alginate microcapsules are formed in the chitosan 0.1% HCI solution and
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conpression ejection or other nmeans in which the m st
is directed into or across the path of drop 146 (see
Fig. 1 a). In still another enbodinment, a m st of the

second fluid nmay be generat ut|I|2|ng a fluid
ej ection device simlar to tﬁgt described in 5 Fig. 1
a where the reservoir contains the second fl uid.

nbodi nent of the present

sl T s ARt B otk A MaMigepledouitha 93005 M CaCl,
solutibh lhé@hg@bl-pé@ﬁﬁﬂhﬁhﬁrﬂ BI' nﬁ'i@(/)ﬁ?t%[:%?%gﬁ%@fat ohs and the

encapsul at e henogl obi n,
paficylasgitt at Wthdbalmtchna;beulem are: fofmea i tepasd bhake particular
| cal

sttt e
of ihe chitdsah\eeflitionhve BERIERIH SR lHﬁu&{bg‘:mEtl%l%Q?bm Remeability

enogl obin in the range from about rans
JOCroeRPsyies sl o1 exampleothenselation ausboala} pH, and molecular

weib?ff g{é ahit nlofﬁg %%'tcﬂ @\1/‘%' g%aégr @ trl';Lg gfﬁr\égggwles. In
stllrrtbtbepambodlrhantsatrmjabma‘te m&nﬂiapburés]rﬁaVbb|fbﬁﬁé'r ﬁjeated with
ends o ar application in which

p°'¥ﬁ§ %E%p‘gﬁ'lcbé”% afde: euwt?maa" ofrthe @mrmanﬂules;ammpmvent

arle I a fluid ejector device and
algt hen@g}ég‘glgg lﬁ%Scﬂru‘(()éggblluﬁi{)g a second aqueous fluid

cont ai ni ng chltosan in the range from about 6 grans

b rol02sE; thiPethate ebp b ont %ivﬁa%ﬁﬁ&v%%%%géan
calpiaragjireite rﬁldﬁﬁta@%ub@%rétfaﬁﬁé % Iét@ raf?-:*m and psptide

capsul es, the anmbunt of henpg ca su
drugﬁdh%pmyscep@bleﬁpmwmolaﬂac&raﬂdsamuilbtrqdﬁmyféltYn tHe

oSSR i B b8 oD ekSaen ' 2 oo
solbtjair ot dbdiuimcalgitiate ahd & h%S(w/ﬂgEBFﬂthﬁer ’boV[h%té‘é?hﬁpélgﬂmm are

ol ution aI SQ contains a Cl2 so 1 on .
m"ieﬁeandp eopH ok &he pelutien imadivstad tqw@ﬁognamsremtmmmant bovine

' 25 th
serﬁﬁoﬂbgggu'lssﬂﬂ%eﬁséseg é&??gﬁre%ﬁﬁgéaﬁ of &agﬂu%pﬁgrpa t?repeptlde
drugaitioati meybe erndapsulated t Ethplwoﬂpr‘o@énﬁﬁthalrmé*] béfﬂtlﬁféd are

tions such, as nesi ym chl ori de, barium lorid

intef ons, [nferlenkins HH poetins.eihapercept. apasens Tagtivases, and
o ERa LS o S P BEEFY 5P B0 Y b W ahfaffh v,
calgjtonimoaraaiige, b@lﬂmpbdexeflntggIusagansatbmllwpepmdﬁst eTHEARinate,
bovﬂg’ggﬂdﬁ? g‘buntun Solution is then added to the reservoir of a fluid ejector
device and ejected as drops into a second aqueous fluid. The second aqueous
fluid includes a 1% (w/v) chitosan solution dissolved in a 1% (v/v) acetic acid
solution at room temperature. The second aqueous fluid is then diluted with an
aqueous 3% CaCl, solution and the pH adjusted to 4.5 to obtain a second aqueous
fluid having chitosan in the range from about 0.2% (w/v) to about 0.8% (w/v). The
microcapsules are obtained by filtering, washing with distilled water, and then

allowed to air dry. In still other embodiments, multilayer microcapsules may be
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30 chitosan al ginate mcrocapsul es are fornmed in the
chitosan 0.1% HCl solution and 13 isolated. The

i sol ated microcapsules are then treated with a 0.005 M

CaCl2 solution having a pH}%f 5.4 utilizing NaOH The
particul ar concentrations and the .particular pH at

whi ch the mcrocapsules are formed will depend on the
particul ar CEpl ication in which the m crocapsules
formeidl by fitering and-washiagahe initially tammeddnisrocansiieswith distiled

watq{g osanpi%@&%@u rﬂl"ﬁ’ s?&qp%ﬁgw%d%glgggé%@g?ecﬁlf&an in the
ﬁmlaombmmlwtamut 0i08eHSsITh ,cmtblsamamgmaieemultdayer |
i ght of the chitaosan may ch effect the
mlcrpéan‘éldas fare $hesy trangferred FB@a@gf C&Cla Aaueqiy solyfigpfor about 10
mmﬁfrgg f@é@@trﬁﬁltlé&% i _o% SulBL GePerRR U BRYndteased WBRIY in the

I'ne, "which"wi || harden the
relegsé ef eaina;b;bed)brdtem aumparedrteuh@mtmﬁ)@utﬁs‘éfoe’ned in@ single step.
al ginate untangling in a dilute solution. [0023] In an
aI ternate enmbodi ment of the present i nvention chitosan

'! alrgéﬁlpér?otﬁéﬁé%éﬂﬁﬁéﬁﬂlmgicélw $mspended in sodium
| ate protein and peptide drugs that

alglnamcsmmldm aret dispensahfrom atheimeal indetdd 1\5@?‘4‘@%&‘6‘[’ peater
conlgiping ety e fi€teblHratiehg ictardh3liet containing

enc%sél@ﬂédimlﬁé geat eactbbaéillds %c(dwaU$ahdlLaotobablllu9\bLﬂgancus
serum al bum n areﬁ m xed and t he
X

are dsfjlateddromd-astigex|, @ eommesaiBly ?M@%lb‘e B%R)%fgr @@i e &f°
|nte\§gpéjqu]€oﬂlg§§‘tdr4d' %r?%git%t?gf@ﬂégérll St B8 8P5af 1 %el ®in a suitable

el n ugs that nay
liquRNdRFatont Ratrichkmedien txmbthmealllvsaulélaell naynihng cell chains and

utilized are 20 interf P |nt
IR AP BERK ST USIBg ARSI, DIENKS JufTs a8 FAVEg lends, Sodium
algi@é&ngfﬁa do%}ﬁ@%'t&ftaﬁtd Qﬁcﬂ’ihé’rﬁd&&@tm@ﬁmol}ﬁl oftthbirdatdre bacterial

ropil ns S1 nop rol, cal citonin, OCTEOtI de,

grthl meﬂ|U|dla4vh|dmsllogdlyjsmg|ogsThar’nacger@peil peeparatien is dispensed
gi na

fromoa ﬂqaél ) Ebje‘? o\ég? Frggg o ﬂllﬁ'ﬁe&iu gﬁ!}tg%o[s lslgll.étgc{/}\ %(Zntén dﬂg 8AdSHbolar
cal@:‘uﬁ‘? E@I@n@é A @rlﬂ§ ehmdalr%eﬁ?ﬁ@%muefm of Petie;d)tor'lmﬂd is a

econd aqueous luid includes a 1 % (wv) chit
cor&iMuwlsdhlndlqmd)flmwherﬁ githenthethip filgisiflawing Ipgrpendo cular to the

fluﬁgéjéjcf#@%n@ﬁ% of ﬂbenﬂhl ﬁﬁ%ﬁ%%uéee\llcg BEtRSAAG SjidRULvidd i8istanned

or moved laterally over the receptor thin film. The microcapsules containing living
cells are collected or removed from the receptor fluid by centrifuging or by filtration
with the calcium chloride receptor solution recycled and utilized to form additional
microcapsules. Inalternate embodiments, the calcium chioride receptor fluid is
rapidly mixed with "top to bottom" mixing or stirring. Generally, over 80% of the
cells in the growth medium/alginate mixture, are entrapped and viable in the
microcapsule slurry collected by centrifugation. The microcapsules containing
living cells may be used in the "wet" form as collected or may be dried, generally

under vacuum and controlled temperature to minimize cell damage. In alternate
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aqueous 3% Cad 2 solution and the pH adjusted to 4.5
to obtain a second aqueous fluid having chitosan in
the range from about 0.2% (wv) to about 0.8% (wW V).
The m crocapsul es are obtaijged by filtering, washing
with distilled water, and then 30 allowed to air dry.
In still other enbodinents, nmultilayer m crocapsul es

may be 14 fornmed by filtering an ma%hi g11he .
emhqﬁfmpaﬁ, 9”1"9(5&%'6‘9&?%%83%% aisgsmay Wi cigul d$ m\&%?ﬁéﬁps“'es
confdiihg ¥fislofifapbies fGes 0 Dledlift @It E4FElISOt afdlenteric

g chitosan in range from~abou
coatesband adddusterdt otdliyttosnamanals matintestihali tragtenicrobial

m crocapsul.es.are then transferred to . 5% CaCl
repGEBiEBE GRS eb( Pt il fete fBodinelS oIR entrapped
in nﬂé\"obhb_ém% afé GfiRfPRLindsuldfd /iR ltd brédlmé é’ﬁbéé@‘? fS@é@t@ccccus

delay in the release of entrapped protein conpared to

thermanhiiisp Bifidebactianmancreaticseallgl and regbloquoeslisjargjust a few

' 2 [ L 1 Vi gy I d,.
exagrsaf Obl R SBP LS oot o aRisEnehs S PSS viaP gy ve
encbﬁkmletec(lﬁui&)ngim\eimeséntinymm 10 contai ni ng cal ci um

chl oride, thereby produci ng m crocapsul es contai ni ng
encapsul ated living cells. Lactobacillus acidophilus
and Lactobacillus bulgaricus are isolated from
Lactinex(r), a conmercially available tablet for
treatnment of intestinal disorders, and grown to a
total cell count of about 1 x 1010 in a suitable
liquid | aboratory nutrient nmedium broth. For al

vi abl e cell counting, cell chains and 15 clunps are

br oken using a suitable bl ender such as a Waring

bl ender. Sodium alginate (2 grans) is autoclaved and
then added into 100 m of the mature bacterial growth
mediumwhile slowy stirring. The bacterial cel
preparation is dispensed froma sterile TIJ device
into a sterilized agqueous sol ution contai ni ng
one-nolar calciumchloride. In this enbodi nent the
second fluid or receptor fluid is a .20 continuous
thin liquid filmwhere either the thin filmis flow ng
perpendi cular to the fluid ejection axis of the fluid
ej ection device or the fluid ejection device is
scanned or noved laterally over the receptor thin
film The mcrocapsules containing lLiving cells are
coll ected or renoved fromthe receptor fluid by
centrifuging or by filtration
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with the calciumchloride receptor solution recycled

and utilized to form additional 25 m crocapsules. In LLOYDWISE

al ternate enbodi nents, the cal cium chloride receptor
fluidis rapidly mxed with "top to bottonmt m xing or
stirring. Cenerally, over 80%of the <cells in the
grow h nedi un al gi nate m xtdbe, are entrapped and
viable in the mcrocapsule slurry collected by
centrifugation. The m crocapsules containing |iving
cells may be used in the "wet" formas collected or
may be dried, generally 30 under vacuum and controll ed
Whatdsptaimedriss to mi nim ze cell danage. In alternate 15
enbodi ments, other drying techniquées al so may be

util i zeg mmmbpm#@s@hﬁérocaegmél(znogzmecsmprr@mged

living cells are placed in gelatin capsules that are

engéhvating:c90s @ dien arudemasd duistejectar|(§26)batmfreaueneisgreater
30 K3009%, et Pt 80% Ahion T RERF A Bbmane. i gfectr

generﬁtesppwhtﬁallyra diop, saibdrobesh dermanid ifluidz ejéctor fluidicallya¢supled
kf rocfluce cheese. Streptococcus thernophilius,
to ag]fﬂ %‘85@%’%’ Ing ARRTEOFRAEE| | s, and red bl ood cells
ar %édﬁﬁ% Qgﬁ?éésé‘riﬁ% k&R @@ggﬁf@%i]d hl‘s‘('ﬂ[lﬁiblﬁfd LSechhd Ruid, said

|so oni € ‘adj ust nent s nee
droghavipg @ wlaoheyiandi zi ng t he present | nvention 10 15

RS 6 Bt ISE hEEL B2 e of
firstfeld gjektet wha?eh shid hﬂ@rdéﬁpé’@l@ﬁﬁ&u&éé’ sHidee et Impdrht.

at a frequency greater 10 kil ohertz, wherein
each activation of said drop on demand £1 ui d ej ector

71 61 - of ECPIIPtcbaadrBBunt e el BroRERY fyper

complmslngcbcrtg/aang Qe desprpa eniandefled tejeok éﬂaktméteaﬂréduency
- &l OD f said first fluid into a second fluid
greggﬁr an 20 kilohertz producing a distribution of drop volumes within 6 percent

of a specified volume.

3. The method in accordance with the method of claim 1, wherein
ejecting said drop further comprises ejecting said drop'a pre-selected distance
above the surface of a flowing thin quuid film of said second fluid, wherein said
flowing thin liquid film flows in a direction perpendicular to a fluid ejection axis of a
fluid ejector head.

4, The method ih accordance with the method of claim 1, further
comprising immersing said at least one nozzle wherein at least a portion of said
nozzle layer is below the surface of said second fluid.

5. The method in accordance with the method of claim 1, wherein
ejecting said drop further comprises ejecting essentially said drop of said first fluid

into a mist of said second fluid.
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drop having a volune; and 10 generating (394) the
m crocapsul e 'in said second fluid for each drop of LLOYD WISE
said first fluid ejected, wherein said mcrocapsul e
i ncl udes said core conponent. 2. The nmethod in
accordance with the nethod of claim1, further
conprising activating the drqgp on demand fluid ejector
at a steady state frequency 15 greater than 20
kil ohertz producing a distribution of drop vol unes
within 6 percent of a specified volunme. 3. The nethod
i n accordance with the nethod of claim1, wherein
ej gCti nqm@ HY LR dédgb?&bﬂce%wpfﬂéﬁﬁeﬂ%c%f tBfin Suherein
drop a pre- se ecte stance 20 above the surface of
ejedlinglsad depp firtinelr mqmpjusteslamtmgmldi dearz ohshidlfuistdluid having a
rein said f.low ng thin fLOWs. [N, a
polAALE st EsCsait Bl pipopent S disparsef bt sllrside o
fluid ejector head. 4. The nmethod in accordance with
the method of claim11, further 25 conprising. inmersing

saild at Thessethagkinascordangeswith theymetiaed of alagprt wheren

ejec?ﬁgidsglé‘gﬁ_gﬁ %ﬂer dc?: 5%\(%/0‘%]@&'@% E?&;ﬁof-’% firdY fﬂhé gﬁtg{%lble
witMaidrséﬂ:oﬁdvﬂa'rcbl n ejecting said drop further conprises

ej ecting essentially said drop of said first fluid 30
into a mst of said second fluid. LLOYD WSE 17 6.

Theg et e sl ?@aﬂ&et\lvltﬁ Tﬁ‘e Fithed oPElafth®, Whrein

wherein ejecting sald drop further conprises ejecting
eje@mlcsam! dpomfurﬁwrd:omprsesfajentmrmdrq;gofaa fipsd Iflpichinehuding said
core co ent | din,said firs
cord einpongREatd AThRadREn T Asecord AL it ndi g hbortsfttant to
saidPmohbfiePwheraliesSid 'Fnor‘?cbrﬁé? an@ sé@' ¢b- féécﬁénﬁb@@t t‘dJiToh'h&d polymer
conprises ejecting a op o first fluid immscib

shewetnﬁaewlatl@@é@@dcqrpmomp®enthe met hod in accordance
with the nethod of claim 1, wherein

9. The method in accordance with the method of claim 1, wherein
generating a microcapsule further comprises generating a chitosan alkali metal

alginate microcapsule.

10. The method in accordance with the method of claim 1, wherein

generating said microcapsule further comprises forming a coacervate.

11. A method of using a drop on demand fluid ejection device,
comprising: |

energizing the drop on demand fluid ejection device;

on each activation of the drop on demand fluid ejection device, ejecting
essentially a drop of a first fluid including a microcapsule forming core component
into a second fluid; and

generating a microcapsule (210, 212) in said second fluid, wherein said

microcapsule includes said microcapsule forming core component.
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10 ejecting said drop further conprises ejecting a
drop of a first fluid including said core conponent
and a nononer into a second fluid that includes a LLOYD WISE
co-reactant to said nononer wherein said nononer and
said co-reactant react to forma polynmer shel
encapsul ati ng said core conpgnent. 15 9. The nethod in
accordance with the nethod 38 claim 1, wherein
generating a mcrocapsule further conprises generating
a chitosan al kali netal alginate m crocapsule. 10.
The nmethod in accordance with the nethod of claiml,
wherein_ 20 generating said nicrocapsule further

coft@r i sdbefroethodgnaccoedanceawith theimethakohelaingfl 1uiringr

cobe g S e s T8 AR YeEena AP 4 B eecton
axisZ¥ the flarccéjeatidn devicen of the drop on demand fl uid

ej ection device, ejecting essentially a drop of a
first fluid including a mcrocapsule formng core

COMBONERhe maﬁr@fgn%gc%gwialﬁdetw.% tr?b"ﬁmeﬂ%tfbﬁ&l'aﬁﬁ 12, further .

- m crocapsul e n said second wher ei n
comgdiisthg: mi cr ocapsul e i ncludes said m crocapsul e form ng

3 YD MVS 18 1
o TR it ieicthion S8 Vieg gt teAS) e 1t FlFkgfoh: dho
CORIctifg ﬁﬂdfdp@%f%léﬂhl@ iGRCSHI skbohd fluid &t ¥preséleeted lateral
perpendicular to a fluid ejection axis of the fluid

locagipg8t i on device. 5 13. The nethod in accordance with
the nmethod of claim 12, further . conprising: noving
the fluid ejection device in at |east one |ateral

di nect i qive raBthodeinedcordantediigp thedfnetitod! of tlaird 1i1nherein
. said second fluid at n pre-selected |ateral ) .
ejecting said drop further comprises ejecting said drop of said first fluid having a

polyanion, wherein said core component is dispersed in said first fluid.
15.  The method in accordance with the method of claim 11, wherein
ejecting said first drop further comprises ejecting a drop of a first fluid immiscible

with said second fluid.

16. The method in accordance with the method of claim 1'1, wherein said

" core component includes a bioactive agent.

17.  The method in accordance with the method of claim 11, wherein
ejecting said drop further comprises ejecting a drop of a first fluid including said
core component and a monomer into a second fluid that includes a co-reactant to

said monomer.

18. The method in accordance with the method of claim 17, further
comprising reacting said monomer and said co-reactant to form a polymer shell

encapsulating said core component.



| ocations. 10 14. The nethod in accordance with the
met hod of claim 11, wherein. ejecting said drop
further conprises ejecting said drop of said first |LOYDWISE
fluid having a polyanion, wherein said core conponent
is dispersed in said first fluid. 15 15. The nethod in
accordance with the nethod q§ claim1l, wherein
ejecting said first drop further conprises ejecting a.
drop of a first fluid inmscible wth said second
fluid. 16. The nethod in accordance with the method of
cIain111 wherein said 20 core conponent includes a
o edfiEHod,ih BochREEE IR He mRARE Sﬁagﬁn Wirt (hgin-
od 0 n e ecting sal
genétathgesr rmmpapswle fajtieert comgprased ggnerhting @i cmitosfah 1alicali metal
i ncl udi n \ core conponent and a nononer ‘into a
alginaleJnigre %s&qha i ncludes a co-reactant to 25 said
nmononer. 18. The nmethod in accordance with the nethod
of claim 17, further conprising reacting said nononer
an@0s ai J heomnethast inraccordanperwith e method peelaim 11, Whereln

aps ti.ng said
gen R B P oBRsle e  SPRRISR iR R Sckrat 1
“wherein generating a mcrocapsule further conprises
generating a chitosan, alkali netal alginate
m crocapsule. 5 20. The nmethod in accordance with the
met hod of claim 11, wherein generating said
m crocapsul e further conprises formng a coacervate.



