16 MARCH 2004 WO 01/91832 PCT/ GBOI /02406 SUPER ABSORBENT DRI VEN DI SPENSER
The present invention relates to super-absorbent material s a@d,wglmlq 2698 in
providing a notive force on expansion during uptake of |iquid.

Super - absorbent materials are widely used due to their ability to absorb
many ti mesV@REIE3Zown weight in liquid. In particular thegI/gBEAaPed in
nappi es, meat pads, and packaging where liquid spills nust be avoi ded. 10
As the super-absorbent nmaterials take in liquid, they expand. Such is their
affinity with water, that they can exert a substantial force when

- expandi ng. W propose to HRERARSQRABNTIRRIVEN DIGRENSEBan be used for

di spl ace other objects, for exanple to nove a piston, or to displace a

vol ume of 1|1 qui d@%ﬁ&&?%ﬁ%@ﬁ%ﬁ&t& pef—%ﬁe%&r{)g&tlr&(i!ermﬁah@ﬁmﬁ%%ﬂfgs of wat er

added to the sup sor erial, expansi on o

super - absor Ipesitiding b etwtied foran bepansiedirimgaipteke ofilignilt er the rise in the

pi ston, qr the volune of liquid displaced. The object of the present
invention is to provi de an actuator for exerting a notive force using
super - absor bent SapeabsdrbentihatediAl e wAklyAseddwdi to thetrabilihetoiabsodntmign t here i s

provi ded a device.for causi t di.spl acement of a piston or. di aphragm
conpri si ng: “EH cq%%?éi%nﬁqué‘i?ﬁlp%mﬁ‘ﬁ?gﬁ%aﬁ %sggwgﬁga GBS S nateri al
and i ncl udizag packpgifg ehero liqeld apily mgdrbe avudded> a fluid inlet into the

encl osure adapted to allow fluid into the enclosure and restrain the
super - absorbent material formescaping fromthe encl osure; the arrangenent

bei ng sugh that a3 tid supe-absoriednt puedals Akeinyeidethey agund , Such isitseir absor bed by

t he super-absorbent material] which swells against the pi.st or di aphragm
causi ng dis é?:!’é’r?@mw tere fhatdhey ogp Sxait 4 St%‘mﬁg%f 1 E3P %?@ﬁ forns at
| east one Wakdposd toltamesy ik ey, ®hich Barfbe dsed fob ekplaceatsti oEjadts, idre di aphragmis
a menbrane of el astonerig materid?l vm'thinthtel. . .
example to move a piston, or to displace a volume of liquid. As the expansion is
controlled by the volume of water added to the super-absorbent material, the
15  expansion of the super-absorbent material can be used to dose or meter the rise in the

piston, or the volume of liquid displaced.

The object of the present invention is to provide an actuator for exerting a
motive force using super-absorbent material materials.
20
According to the invention there is provided a device for causing the
displacement of a piston or diaphragm comprising:
¢ an enclosure containing unsaturated super-absorbent material and
including a piston or diaphragm; and
25 o 2 fluid inlet into the enclosure adapted to allow fluid into the enclosure and
restrain the super-absorbent material form escaping from the enclosure;
the arrangement being such that as fluid is allowed into the enclosure, it is
absorbed by the super-absorbent material which swells against the piston or
diaphragm, causing displacement thereof. '
30
In one embodiment the piston forms at least one wall of the enclosure. Ina
further embodiment the diaphragm is a membrane of elastomeric material within the

enclosure, dividing the enclosure into two sections, one for holding the unsaturated
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encl osure, dividing the enclosure into two sections, one for holding the
unsat urat ed CONFI RVATI ON COPY 16 MARCH 2004 2 super - absor benjg mﬁﬁé' oo4#nd
the aother for holding liquid or the like to be displaced. 1In a further
enbodi ment the diaphragmis a bag or sack within the enclosure, sealed at
or near an outlet of the enclosure, the bag being fillable with a liquid to
be displaced. 5 Typically the volune of liquid will be controlled to
determ ne. the expansion of the super absorbent material and thus the
f.orce exer super-akgerbentanaittial, and thawther foahoMigliquitkorsthe tille taf be digplgoegansi on

can be contr gldl by.controlling,the rity of . the ter, The use of re
wat er will I%g %@%5?%&8%?1&@' m%n} ﬁgirﬁa&é’f é‘i‘Ckc“t‘S‘HPB;aFaﬁ %Ios‘éf@n%e;]‘?ﬂﬁént gu
Thus cont I of hedtnloletran érclostie, RbaE BLRARHIRbIW o GANNtOhe bifiaspeed of 10

absorption of the water and hence the forCe exerted. e super-absor bent
material may be in granular or fibrous formdepending upon the

application. 15 I re can b ext ensi f a.cap into a body, the
body be|g ng adag}ggaﬁg&ﬁﬁm%?gﬁmcgﬁPP%%OI&%?@E&% ‘?ﬂtwl%eeﬁ%ﬁﬁx??élﬁ%en t he
extensi on afitheaupasdsabentnierbdayd tivs tief fotRGxited NEdBHSRNG 0PN

Al ternati vgh%/gat he_encl osure can be a section of a container, with the

movabl e 28l VebEths speedf Msrexparsion cancherrgnirpedlaneantnoliing theurity of

enbodi nent t ' ' i ing the enclosure to a bow for
moasur i ng. enrntS e dsPbEbut afer il b ABRARET R St fiRn O3 Eorilaee

super - abs octréaminantse Thas canttoliatecthe quantieoN@ntantihiards, WillGon?Sl Beljeve by
system1 I n_.thi Si erzﬁ%?i nment the diagphragmis an el astic nenbrane and the

obj ect "1s ‘?Sat}i m;0f the watgy apd; hepe Prep gxeried. hel p under st andi ng of the
present invention three enbodi nents thereof will now be described with
reference to the acconpanying drawings in which: 30 Figure 1 is a front

vi ew of a pouchThasupsgabsothenhmatesiat inay be ongrainuiangy fitirous fdrma ddpendirgack

section co i Al -absorbent material material; Figure 2 is a cross
section ofﬁﬁiﬁfeﬂ%gﬂé@g{g&ﬁ gure 1 according to the present invention; 16
MARCH 2004
15 The enclosure can be an extension of a cap into a body, the body being
adapted to hold water, and the water inlet being between the extension and a base of

the body on lifting of the extension.

Alternatively the enclosure can be a section of a container, with the movable
20 wall being a diaphragm dividing the container. In this embodiment the water inlet is a

wick connecting the enclosure to a bowl for measuring a predetermined volume of

water,

In a further alternative super-absorbent material actuator may be part of a drug
25 delivery system. In this embodiment the diaphragm is an elastic membrane and the

object is liquid in the elastic membrane.

To help understanding of the present invention three embodiments thereof will
now be described with reference to the accompanying drawings in which:~
30 Figure 1 is a front view of a pouch having a front section containing liquid and
a back section containing super-absorbent material material;

Figure 2 is a cross section of the pouch of Figure 1 according to the present

invention;



3 Figure 3 is a cross section of the pouch of Figure 1 after it has been
exposed to water; Figure 4 is a cross section of an air fres{gpprefcHIgH NI
to the present i nvention prior to use; 5 Figure 5 is a cross section of
the air freshener of Figure 4 in use; Figure 6 is a cross section of a

di spenser according to a further aspect of3d the present invention; Figure 7
is a cross section of the dispenser of Figure 6 during use; Figure 8 is a
cross section of a disposable drug infusion punp according to a 10 third
aspect of the prhémeaf is avemns setion REthepoictgof Figste I afteriiidias 8senlexpbskddo t he
pouch 1 thereshown is designed to discharge a |iquid, when exposed to a
wat er . The“ﬁ%ﬁch has three layers, 2, 4, 6 bonded together at edges 7

thereof. The fi Fsdur@Uties cPoBY &lctién bBan'iit BEsHeHBEI%D H?gnt@riﬂe ;%118&#5 second

central layer 4, Ts also water inpervious. Between ese ayers, 2, 4,
there 1is: ¢Ia@ut1erenn@rtqula¢st|ty of |IC]UId 8. The third outer layer, 6 is

wat er perneabl e..and. .bet t,Ln Cl_.%ﬁ and Z[he central layer 4 is
capturedl some sgb%FegtﬂsS%%’éﬁec 1%’9% Pl nPFlB W56y bent materi al
may be in any fﬁ%’ﬁr% B%a@ﬁé@é@cﬁoxﬂé?@&%ﬁémer@%oﬁh@’%a fﬁ&héﬂ@é;%&léfrﬁaefm

Bef ore use a snal ole 12, for exanple a pin prick, is de 1n
first outeprasegtdpvengignch does not pierce any of the other |ayers. Referring

now to Figure 3 ont.ac he third, water

per neabl e | ayer Fééﬁ‘f??? lé/\%‘té@éss& ﬁ&%f Eg’nﬁ nsle%&{e]?lg%rerh] B¢ Yisor bed by the
super - absor be nFlgme &l‘ls aibrombtldiledf Déisprabledigr infisich haNeiccbrdithothe
central [Ylﬁr 4, 25 absorbs the super-absorbent naterial expands and

pushes 1Q)n @qsggﬁé,o@@fprﬁ-?ﬁ@t%%}pnl This results in a reduction in the
size of the space between the first and second | ayers, 2, 4, and thus
forces the liquid 8, out of the pouch |I through the hole 12. Thus the
force generat edef,'crItih@ﬁESxpnFﬁgiJEa lcahdtlhélesmpeh 1 dleseshbents dmigaed &  has

di spl aced m t he uch. 30 Referr ow.to Fig res 4 and 5,
the devi cehgghatr% gﬁ%‘ﬁlgv\ﬂg?%cxé’ﬁs‘gf e ayaeh, rpoucﬂ;vﬁgscq'ﬂ:c&lm 2524 ouer by
means of t bended et abEddebd thervs Tihe First Dieer Ut 085 Whter ERPRFbESARPODY 22
whi ch hoI ds a quantity of the water 28 includi'ng perfumnme or

second central layer 4, is also water impervious, Between these two layers, 2, 4, there

is captured a quantity of liquid, 8. The third outer layer, 6 is water permeable, and

between this third layer 6 and the central layer 4 is captured some super-absorbent

material 10. The super-absorbent material may be mn any form, for example granules,

as shown, or fibrous form. Before use a small hole 12, for example a pin prick, is

20  made in the first outer layer, which does not pierce any of the other layers.

Referring now to Figure 3, when water comes into contact with the third,
water permeable layer 6, it passes through this layer 6 and is absorbed by the super-
absorbent material captured between the third layer 6 and the central layer 4. As it

25  absorbs the super-absorbent material expands and pushes on the layers of the pouch 1.
This results in a reduction in the size of the space between the first and second layers,
2, 4, and thus forces the liquid 8, out of the pouch 1 through the hole 12. Thus the
force generated by the expansion of the super-absorbent material has displaced the
liquid from the pouch.

30

Referring now to Figures 4 and 5, the device 20 thereshown is an air freshener, -
which produces flower by means of the actuator of the invention. The device 20
comprises a body 22 which holds a quantity of the water 28 including perfume or

deodorising chemicals. The device also includes a cap 24 which is attached to the



deodorising chem cals. The device also includes a cap 24 which is attached
to the 16 MARCH 2004 4 body 22 and novabl e between an upper W@A%ﬁﬂma
| ower position by neans of rotation on a rising camsurface 2 e cap

i ncl udes an extensi on which extends fromthe cap 24 into the body 22 and
is sized such that a seal 32 on the distal* end of the extension, seals
onto a base 34 of the body 22 when the cap 24 is in the lower 5 position

I nside the extension is a piston 36 having a perforated surface, arranged
such that h@ygg gFT}QYé ]G&eﬁ’\‘r&néaﬂﬁpqrrmﬂltiéngn a dgwaripesisen by sicans GD.

Under neat h | Sirf) d sor bent .mat eri al

usual l'y i nrﬁ)ﬁ%’?gﬁtﬁ?{% or%d or rEr‘r'g?% ?@B(’sﬁg&lﬁ alnoeﬁpegfloflﬁ‘glﬁ?ttw $36 |s
nount ed an feomp iHei oap &M ifitoakeebody @2 auumgmmnmt 6Q8a13R ondhé@k@Veid §m coul d
be used, \%erexa a. Chri si?mas tree or Santa. Prior to use, the piston

36 and flo S?ﬁ‘é&‘i’f@ﬂa & 34 ofdhe bodyd2diwhen the gap R isdnthadowen 30. In

use, the capsiffnis twW sted, raising the cap to its upper position. This
rai ses 15 the seal 32 fromfirmcontact with the base 34 of the body
allowing the water 28 into the extension 30. As the water seeps into the

ext ensi on 30, & Pto cont act ﬁnh t he super-absorbent material 38
and is absor bed ’ﬁﬁ‘%r@ﬁﬁx e*f’ﬂ?’élsrae%‘fff’?ﬁ% ﬁv%&ﬁé’ﬁ%fp’iﬁ‘ﬁ?d(ﬂurfa?%éﬂéﬂﬂﬁérsu@bsor bent
materi al 3@at Wehs BlidSup ARIFAREE 1ddpe cﬂ'tﬁé Bterfon ?d‘duﬁélﬂﬁ @ﬁtﬁ%ﬁ;ﬁto& fgop' ston

torise in the extension. More water then seeps 1nto t st on and
is 20 absoF%GV@W§mewaMbﬁtmahﬁ8 asialy i88he foamsifoge bheopi st on 36 to

rise furth unti| t S bor er has

absorbggt édsna(?(m %%%3%6#5%8% g‘i‘?’%%ﬂo}’mé (ﬁla‘kth?‘?thsa&b’%"é‘i e, or

until all ﬂisplawaﬂeﬁrcdm&tb@mﬂ memn;ﬂye(msm treR @k SaA@! PABSto e [the Pi ston,
and chemicals contained therein to

there wll tion of the water

the at nospﬂ’éfﬂégé?dgﬁrf@%&wmzwhgd 5ar 5 passihledntorthe extensied@h t he ext ensi on
38, it raises the flower 40, which when unrestricted by the confines of

t he extension, opens. The rate.of rise of the piston 36, and thus growth
of the flower 4Dlu9;esﬂlde:api24risrtadstt@4raibiﬂgdnepapstd}Mupﬁerq)bﬁnoﬁum@rﬂgb%orbent

ent or the BreBHar Jroud A Rel=B PR hodroe ol bp® Sievipad v ister .t he
faster it sthe l&ﬂteﬁﬁ@n By, WREhSWART sRBSREPERlexBRLiSH B! it BdMed il ScdnliR: ARt er the
rate of ex&%@ﬁée?‘%b%rbétﬂ%atemal 38 and is absorbed thereby. Thi I i
y. s results in expansion of
the super-absorbent material 38, which is underneath the piston 36, and thus causes
the piston to rise in the extension. More water then seeps into the extension 30 and is
20 absorbed by the super-absorbent material 38, causing the piston 36 to rise further.
This continues until the super-absorbent material has absorbed the maximum volume
of water possible, i.e. it is saturated, or until all the water has been used. Due to the
perforations in the piston, there will be evaporation of the water and chemicals
contained therein to the atmosphere of the room.
25 |
As the piston 36 rises through the extension 38, it raises the flower 40, which
when unrestricted by the confines of the extension, opens. The rate of ris¢ of the
piston 36, and thus growth of the flower 40, is determined by the expansion of the
super-absorbent material 38, which in term is governed by the rate at which water can
30 enter the extension and the purity of the water. The purcr the water, the faster its
uptake by the super-absorbent material and this the faster the rate of expansion olf the
super-absorbent material. However, as the device is designed to emit a perfume into

the atmosphere the water will contain perfumes and deodorisers.



super - absorbent material. However, as the device is designed to emt a
perfune into the atnosphere the water will contain perfunesi@RfARCH 2004
deodorisers. 16 MARCH 2004 5 To increase the rate of evaporation o t%e
water, a wick may be provided, not shown, to wick the water fromthe
super - absorbent material onto the petals 6f the flower. In addition a

col orant may be added which colours the petals of the flowers while there
is remaining water. As the air freshener becomes useless, the colour will 5
fade, indicati n§oinragase the rateroffevaprinatiner ofshowhtir,rewick phaycechroRdéd mbi ng now
to Figures nd 7, . the devi.ce thereshown in a.layator freshener

di spenser gg) aégoowgikﬁge ng’f f%’%ﬁ“&%‘?ﬁ'al ﬁ?fE?ﬂquFﬁ?ﬂ#ﬁé‘tﬁg B%t?@é’? thsg

conpri ses flowhamheddifidn aWoidtintinsaytieddded whithQoldi®s ﬁl%gaEtaW’théﬂ wag by a
flexible, 10 waterproof menbrane 58. In one section 54 super-a%sor bent

mat eri al i Whidgthers is semainmgdvater. tAwthe rindreskanct benoreavatlessythe cobbewdl | s
provid 5 : ' ' L Gh ont aj ns, t he super - absor bent

materi a 5%}16’;%@?%%{%341%%%éié;ﬁ%glrlf%w%é)fﬂ ,reﬁiﬁ?%g attached thereto a bow
62 which can hold a predeterm ned volume of water. Connecting the bow and
the super-absorbent material is a wick 66. 15 Connected to the second
section 56, holReiRginghow ipiguiey ompd 1biadevice thershown e lava®ry As shown, a
second boWrechOndrSiihbh L.S+hs 0ptional and may not
be incl udedesi n 5?#5%%n%gg|6%%%({?giﬁg?gthleraﬁﬁ%sgg%g%&%évif(lzlédll “%hg” over the rim
of the | avemprisehovhansher 325 Whichiig diviied deoghd sédtiohk&s4f OBy afflewmler on

fl ushi ng. en t | avat o |s flushed,, water fromthe  flush enters the
first How V\é%ﬁm\ﬂ?f’gf}%eq?‘?@%ggbgb‘méacw J4pgh-ghsofsnbmateripkis spriaingds to  t he
super - abs oA the Bhésedion BvatdiErBb ke fhviiRl 6. | 9 Ry the size
of the bow, and also by the lltiﬁﬁngth of I?hgﬂa?‘?ugh{rﬁﬁ'ﬁgwg%cglglr’”-e‘g%lg%rbent
materi al Sontaisdbe pupep-sbidreentmateriah A9, foxtherivdndgransislien0,ansing sttactod

flexible ' Si of . the secopnd section 56 of the

chanber aﬁ&’?ﬁ{]as&g’iﬂs%ﬁ%%39%5%@ratqr%cﬁete&me}qevql%%?g?@ter.f QuUKEtRg &P nto the

second bowdowl &hd ¢hei sapéhaiRoteati@tetinlio atwiek s&xt flush. As a predetermn ned

vol une,_ of water is absorbed by the super-absorbent material, a

predetlérm' ned vol ume of lavatory freshener is dispensed into the second

?ﬁvevl pas t hgf STihpans tPthe QbcdnlSetttRYe; AOTRI IR Tav IR, Frb@lend:Sis GGRGAGANT  UPON
68. As shown, a second bowl 70 is attached thereto, aithough this is optional and may

not be included in all embodiments.

20 In use the device is hung over the rim of the lavatory bowl such that it is
caught in the flow of water on flushing. When the lavatory is flushed, water from the
flush enters the first bowl 64 where it is absorbed by the wick 66 and transferred to
the super-absorbent material 59, The volume of water is controlled by the size of the
bowl, and also by the length of the flush. The super-absorbent material 59, absorbs
25  the water and expands, pressing against the flexible member 58, reducing the size of
the second section 56 of the chamber and thus dispensing a portion of the lavatory
freshener into the second bowl. This is then washed into the next flush. As a
predetermined volume of water is absorbed by the super-absorbent material, a
predetermined volume of lavatory freshener is dispensed into the second bowl, as the

30 expansion of the super-absorbent material is dependant upon the volume of water
absorbed.

The second bowl is not necessary as the lavatory freshener dispensed by the

device can be delivered directly into the lavatory bow! from the dispenser. However,



absorbed. The second bow is not necessary as the |lavatory freshener

di spensed by the device can be delivered directly into the ?@q
fromthe dispenser. However, 16 MARCH 2004 6 this will be at+?@§%§ 0 he
flush and after the flush has finished, and thus the |avatory freshener

wi Il discharge onto the wall of the |avatéry bow and may discolour it.
Thus the second bow is provided to ensure that the |lavatory freshener is
added w th each flush and does not discharge onto the |avatory bow wall

bet ween f| Hihwall beathe end pifhe Hysh ansl #fteg thedluwh hap finished, andthugthet her eshown i s

part of a j : i i punps.. cpnsj st of a
syringe dr %@%%;%@%{e@%‘ﬁ{%ﬁ%e&% Jg'egjaﬁ)l?déﬁg% @g&h}é’%%iaggﬁmﬁr REEwn and

i nt er f er endte Thys tHesetond-boad fepiovided kebmdare thatahe Eﬁa@%ﬂﬁéﬁkﬁclﬁ ib?lddmbi l e I
phones and qQt her jnstr nts generally used in 10 hospitals for exanples
MR scannefd! e‘i‘?hah Lél%ﬁ G‘étrd;}scgéligﬁﬂl@rt%%ia"?w prwkeni betspamflnghes.does not
requiresa notor and therefore is not susceptible to the above nentioned
probl enms. The device conprises an elongate rigid containher 82. One end 84
of the cont ai neRefesring wos teBighte yithdnctabarB08herestoan ib @at @Pa dfugpr ovi ded wi th
a extensi og 88 formng.a,.li ui% outlet 90. The other end 92 of the

cont ai ner %‘1‘1‘?5%53’3&%8%%}13@&5&. BHYsEY B ¢onsist efa ssinge d@B?‘_‘ bpa proéfar e the
device for Tﬁés_%,ar@sdﬁje%ktogfﬁecﬂaﬁﬁh%leiﬁﬂoﬁm@hﬁ%eﬂéreﬁ&tﬁ)péleéfcf—fnggne{i s placed
in the water inlet in the container. Super-absorbent” materia 0 is placed
into 20 t h8eldasueh arcgenemtgsi istmobile plicass aneother insttuendngd gebe@llysisql inced over
the end. 84 . i 82. and extending into the container. The

el asto?r'%ri'égsﬁ?é g??raﬁg‘%%sﬁgk{ﬁ%ﬁwﬁ lled with the fluid 104 to be

di spensed. The cap 86 of the container 82 is then fitted over the

el astoneric matt,ai&{E 102, clanping this in place. Alternatively the cap 86
can be fitted bERrofEedglvery aryatepaf the pirsenfiinysafion dosssnat seawirg aimetor t he

el ast omer i g,@Re B d 2k YAy ' r fluid outlet
90. As shown s%per-gbso?’%sgﬁtptlmnglttog@?g@fgﬁerlﬁ%%(ﬁé%ﬂ%eﬁlﬁ gﬁggie%%\%er i s used.
It is mxednmisehaPslongrmewigid cointaider 82] Mnetend 84 ok thelventaitiee is provideghout t he

super - _absorbent wder,. Alt.ernatjvely a pad.of_super-absorbent fibres
coul d be u¥ ?C?%Qg(?nﬁﬁ}?esca@ﬁ 31'051%(1&}/1} &° *G’Fl%@e‘%%%nﬁ HiqHd opiet My be
included. Tife QHEH dndD2 oF tROSLRA2 has an opening 94 providing a water inlet 96.

To prepare the device for use, a wick 98, typically a piece of cotton string, is
placed in the water inlet in the container. Super-absorbent material 100 is placed into
20  the container. A piece of elastomeric material 102 is placed over the end 84 of the
container 82, and extending into the container. The elastomeric material 102 is then
filled with the fluid 104 to be dispensed. The cap 86 of the container 82 is then fitted
over the elastomeric material 102, clamping this in place. Alternatively the cap 86
can be fitted before the fluid 104 to be dispensed is loaded into the elastomeric
25 material 102, which can be achieved through the fluid outlet 90.

As shown super-absorbent material 100 in the form of a powder isused. It is
mixed with PVC powder which helps to wick the water throughout the super-
absorbent powder. Alternatively a pad of super-absorbent fibres could be used. In

30  this case a wick is not necessary although may be included. In addition a non-return

valve may be included at the water inlet.



val ve may be included at the water. inlet. 16 MARCH 2004 7 When preparing
the device for use, it is advantageous to exclude as nmuch aiq{g yESREASEIGY ©
fromthe container. This hel ps reduce any likelihood of an air |ock or

di stortion of the dispenser by air. 5 1In use, the fluid outlet 90 is
connected by a tube to a hypoderm c needl € for insertion into a patient
(not shown). The water inlet 96 is connected to a suitable water source
(not shown). Typically a standard drip arrangenment as used in hospitals

may be used, butWkammepasmgribedeite fvausn, itds piiaptagesustie exclede astheclf air st dr ops

of wat er orhed, by the w.ck and once.t jck is fully saturated
t he wat er %é 8‘1%@%%8?%&#‘8&3’%1% F@ﬂﬁgéb%ﬁg}}?%‘@{ﬁﬂﬁgﬁ%ﬁ %tjl(anlaé’doglﬁ%r t he

super - absodiedtion Bt Bk iddipens@Pbpaes water it expands. This presses of the

el astoneric material 102, which in turn expels the fluid 104 through the
fluid outlet 90 and into the patient. As the super- absorbent material 100
absorbs.t he wat t b proximation, for every.one ml of water
absor bed by the?%ﬂsﬁégl-egq)%%?%%eﬁ? Brlr%‘fo gcgtf:‘lil gY ﬁé“%Bé:ﬁlyB%‘im‘éﬁ ed%aff)éri al
expands 15iisyrtieRéntola parientdhsndosay Thewhler Rietioys onnthies tdy nafdieng a set
vol une of water to the  super-absorbent material, a set volunme of fluid can

be di spens¥3ter seyca(eashay). Tynically e stagdardidripmangenent agiused inhespitaled i nt o
the patien t th ter i.s added to the
super -absorbint ‘Sub bl 6fwarel WbrhPSlrle dspE Y e bhaf BF Vit
expands, daspbsabedby the WitkiD8, andronae dietviok is fally eatiai®Y thi: Svadksor bed f ast er

t han er _.cont ai.ni inmpurities. The ore if the fluid is required to be
di spl Atk afgrhsd itﬂgf@gﬁﬁ%@nﬁmﬂ ?‘S%ﬁﬁﬁh@ﬁfl@rﬂ}a&%b% mtsal used. The
rate of fl gyofts watel iv&ﬂaﬂarﬁe?higaﬁésé‘éatoﬂ& égé%&h&?rép m&t@rsié‘iclszewgicm&uﬂﬂ“ mum 25

results for the patient. above described pu was teste 0 ensure that

suf fi ci ent expstsdbe fuisd 10dshrpagh thet fuld potlgS9sint fito dhapptient 0A4 the sppdri ent, and

to ensure _ coul.d be i,ntai nhed over a period. of tine.
psi, i chwater hlbsg f- Biatdrial, ¢h 1-8hYofb i

pressure i s approxiatel yS 1p.35apsi rf} It _was a‘?f‘% 30 der?gnstﬁa}?ed}{ptgh%? t he
pressute g@h%‘ﬁg‘?‘gﬁﬂ spapgespnepicf{lwid Hansthyadding soseévolameffatasiteite peri od.

16 MARCH 2Ql%é]‘—absorbent material, a set volume of fluid can be dispensed into a patient.

The rate at which the fluid is dispensed into the patient can also be regulated,
The faster the water is added to the super-absorbent material the faster the it absorbs
20  the water and expands, displacing the fluid. In addition, pure water is absorbed faster
than water containing impurities. Therefore if the fluid is required to be displaced

more quickly into a patient, very pure water can be used.

The rate of flow of a drug info a patient is critical to achieve the optimum
25 results for the patient. The above described pump was tested to ensure that sufficient
pressure was generated to pass the drug into the patient, and to ensure that a standard
dose could be maintained over a period of time. Pressures generated by the super-
absorbent material was in excess of 5 psi, which is high enough for infusion into
patients. (Typical blood pressure is approximately 1.5 psi.) It was also
30 demonstrated that the pressure generated by the pump can be maintained over a

sufficient period.



8 0 CLAIMs: 1. An actuating device for displacing an object or materi al,
conpri si ng: an enclosure defining a first section in whiC{g MIARCH 2004
super - absorbent nmaterial is contained, the first 5 section including a
moveabl e piston or diaphragm - a fluid inlet. into-the first section that
alllows fluidinto the first section while preventing escape of the
super - absorbent material therefromsuéh “that the super-absorbent material
“expands and es the piston or diaphragm and 10 a Second section for )
cont ai ni ng Qﬂgﬁhﬁﬁect or material; wherein the piston or diaphragmis -

arranged't01bmﬁ%gmﬁwmi%&i%@&gw@mw%wgm aterial so as to

di spl ace 't he ct of material “in the second section. 2. An actuating
devi ce as cl aisrmesh é¢nelasuied dafihingvher ei n t he piston or diaphragmis a
menbr ane of elastoneric nmaterial, dividi n% tge first .sectiqgn of:

SO

f. the |
encl osure from the 2 firsf ssglosig vaigh 7 sypers! c’&d’ﬁﬂ%ﬁ“ﬂﬁ%@?%&%gﬁ aimed in
clai m 1,6 wherein tbe. a9 aRaiR adARRSRYSt:P oPdiaptiigy O 0 ng the second

: M a
secti.on™within the encPosure, ag% seal ggetat or neaf an outlet of the
- enclosure. 4. Am agtfludd inhg inkevhe frsasectibaitmtdilows Ahid intolhe fisasenti2nor cl ai m

3, further including, 20 neans for controlli he anount, of_, fl uid added to
the inlet to pontr&&]ﬂ?li’léwéﬂﬁ%gqcﬁ?leo °?wf?§g%ﬁ?%w§%$fﬁéihﬁ?%ﬁ%ﬂ‘ . 5. An
actuating device ag,¢hpl SABEk-dtRoMRN: RERERXPEndd MidThowh Bicdifion B8 second

section includes an opening through which the obj.ect or naterial is
di spl aced 6. An adiaphragmganidvi ce as claimed in any preceding claim

T VP BRI Gl B R, oI T A
absorbent nelieegihahe pistonor didphoigm ik afahgedAbENREdVeBbEXpansion of the super- '
| absorbent material so as to displace the object or material in the second section.
2. An acmaﬁng device as claimed in claim 1, wherein the piston or diaphragm is a
membrane of elastomeric material dividing the first section of the enclosure from the
15 second section. -
3. Anactuating device as claimed in claim 1, wherein the piston or diaphragin is a.
" bag forming fhe second section within the enclosure, and sealed at or near an outlet of
the enclosure, :
4. An actuating device as claimed in claim 1, claim 2 or claim 3, further including
20 means for controlling the amount of flid added to the inlet to control the expansion
of the super-absorbent material. | ' )
5. An actuating device as claimed in any preceding claim, wherein the second
section includes an opening through which the object or material is displaced.
6. An actuating device as claimed in any preceding claim, wherein the super-
25  absorbent material is in granular form. '
7. An éctuating device as claimed in any one of claims 1 to 4, wherein the syper-

absorbent material is in fibrous form.,

AMENDED SHEET



