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lidding sheet to a base, in particular where the
lidding sheet is required to be pressed 5 against the
base during heat sealing. The regul ati ons governi ng
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it may be necessary to use polymers with high melting points or even metals to
achieve sufficient barrier properties.

A good example of this is the use of aluminium laminate foils for the unit
dose packaging of some pharmaceutical products. ‘The aluminium layer, typically in
the range 0.01mm to 0.10mm thickness, provides, where pin-hole free, an excellent
barrier to all gases. The metal layer is laminated with vﬁrious polymer layers to add

. functionality such as, ductility and ink receptive or heat sealable surfaces. A common

format is the blister pack where one sheet of laminate has an array of pockets formed
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a separate package. The sealing process can be

achi eved-either by pressing the surfaces t oget her
with a hot roller or by using2a heated platen press:
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impermeable layers.

Using conventiohal platen or rolling heat-sealing equipment, the quality of
the seal has been such that, in order to ensure a reliable seal, it is necessary to allow
as large a sealing area around the package as possiblé. For tablets and capsules then
seal lengths of Smm to 10mm can be used without increasing the size of the-
packaging unacceptably.

However, a more recent requirement for unit dose packaging has been for Dry
Powder Inhalers (DPI’s) where the mass of the unit dose is very small, 10mg for

example. In this case, small portable dispensers for multiple doses, may be required.
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requi red. WO 2004/ 069525 PCT/ GB2004/ 000417 -3 Sone
DPlI's store the nedicanment in a bulk reservoir.
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a platen press for pressing a lidding sheet onto a sealing surface ofa base;
‘wherein

~ the platen press includes a relatively flexible face plate and the apparatus

further includes a system for applying pressure to the lidding sheet with the face
plate, the face plate flexing to conform to the lidding sheet and the underlying 4p1'oﬁ1e
of the sealing surface of the base.

In this way, the lidding sheet can be held closely against the sealing surface of
the base even if the sealing surface of the base is not entirely planar. It becomes

possible to apply uniform and controlled pressure over the whole of the sealing area

without requiring any deformation of the packaging material. It therefore also
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becomes 30 possible to apply uniformand controll ed
pressure over the whole of the sealing area w thout
requiring any deformation of -4-he. packagi ng materi al .
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P9ckdfng opposite the first surface.
Preferably, the face plate comprises a flexible membrane with a first surface

for pressing the lidding sheet, the system being arranged to selectlvely provide

 pressurised fluid to a second surface of the flexible membrane, the second surface

being opposite the first surface.

Hence, the pressuﬁsed fluid may flex the flexible membrane and apply
pressure to the lidding sheet.

This is a particularly effective way of ensuring that uniform pressure is
applied across all surfaces to be sealed.

Preferably, the fluid is pressurised in the range of 2 bar to 200 bar.

The actual pressure may be determined according to the material properties
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formed by the lidding sheet and base. This is particularly advantageous with certain

pharmaceutical products or medicaments which are sensitive to temperature.

Where the pressurised fluid is used to heat the sealing ihterface, it is possible
to rapidly exchange the pressurised fluid from hot fluid to cold fluid so as to rapidly
heat and then cool the face plate whilst maintaining pressure tb the lidding sheet.

In this respect, the chamber may be provided with at least one inlet and at
least one outlet such that fluid may be pumped in through the inlet and out through
the outlet.

The system may be arranged to pump hot fluid in the inlet so as to heat the
flexible membrane and lidding sheet for sealing and then to pump cold fluid in the
inlet so as to force the hot fluid out through the outlet and thereby cool the flexible

membrane and lidding sheet.
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| east one outlet such that fluid may be punped in

through the inlet and out through the outlet. The

system may be arranged to pudri hot fluid in the inlet

so as to heat the flexible nenbrane and |iddi ng sheet
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Preferably, the face plate has a thickness in the range of 0.01 mm to 0.5 mm.

. More preferably, the thickness is in the range of 0.03 mm to 0.1 mm.
 With these thicknesses, the plate is able to deform elastically as required and

also to conduct heat effectively.

The actual thickness chosen will depend on the material properties of the face
plate and the extent to which it is required to deform elasticallly.

Where the sealing surface has surface contours requiring the face to deform .
by such an amount that the strain in the face plate exceeds 0.5% then it might not be
possible to use stainless steel because the surface would not return to its original

form when the pressure was removed.
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these thicknesses, the plate is able to deform
elastically as required and 25 also to conduct heat
effectively. The actual thickhess chosen will depend

on the material properties of the face plate and the
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whi ch crosses th ocket, itself. Preferably,.ihe face
o1t © 17400 S B Gl Ty et B A PRe TP b e o e
rRERIRRM BRrdshe SRRKENTLRILER plde cbildbRirsinaved ByBickasiag the
plate does not exert pressure on the |idding sheet in
tdppropaiatecscash éfaavaver, theoss of adopechane doEk aoff mgeirgidstitzonal
coul d. _be reinforce tgy t hi.ckeni ng the appropriate

draigeal Jpddetnare SUPRE IRANaCT ¢ o e shape does not-

T equi rgadtY 1RNbarafiBl ShkkAAlge@RAcdnSpiBALE fét MPhIBr Afsalignment

manuf acture.” Preferably the apparatus is arranged to
cdfitpefisapktd oxd the graliag swifsslof grenfase. 1t may be that the sealing surface

of the base is generally skew or at an angle to the apparatus, for instance, because its
opposite back surface is not parallel. It is possible to provide a flexible face plate
which is sufficiently flexible so as to compensate for any such misalignment.
However, so as to minimise the extent to which the flexible face plate must
elastically deform, it is preferable that one or both of the press and the platen are free
to move such that the sealing surface of the base and the flexible face plate self-align.

Thus, there may be provided an arrangement for applying uniform pressure
across all parts of the surfaces to be sealed together without applying any pressure to
areas not to be sealed whilst the temperature of the sealing interface is rapidly raised
to the required sealing temperature and then cooled to below the temperature at

which the sealing layers harden.
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i nstance, because its opposite back surface is not
parallel. It is possible to provide a flexible face
plate which is sufficiently-84{exible so as to
conpensate for any such msalignnent. However, so as
t o mi it ineeritioa vl thenhort leatly ahddriteod Frexi the €olfoaiag description,
plate nmust 25 elastically deform it is preferable
tg%‘é%n Bhway pf gempleenly nwithrdseneg g thheccpmpperng fuvwingsein
gEve such that the sealing surface of the base and
the lexible face plate self-align. Thus, there may
be pr ovipaed ﬂﬁsteatésaamg@mmémrofmryéengmuémmr m
pressure across all parts of the surfaces to be seal ed
t oget HERUIRi % iHusiratesAmoticn gnbpdimsprbaithe arosent 1%1‘fe@3§nan ot
to be ﬁg{’ﬁl ll\l\ﬁhtg'dﬁ antolﬁh%r gﬁggﬁg%hféﬁpgéregaﬁ 111?\%?1 don

interface’i's ra require

seal i NGgtueEPE) abdi(t 1&Mate’wpackcf@ﬂ which ﬁleqﬁb@wt inReéntion is
tenperature at which the sealing | ayers harden. WO

B0y b EsipaTseabpe the lpbiowgisheet 18 thaRaseinvent i on wi | |
be mrlgltg&re%aﬁlhgtratf&d e}éﬁ{lﬁ%gosfs sgmonqﬁ?lﬁeg% tkl? éﬁﬁ(go Flgures 4(a) and

descr

u@§emﬁnce to the accomnpanyi ng draMAngs in mhlch
Figure 1 illustrates an enbodi ment of the present

i nvent¥igace 65111Fr$tgay¢3ear@ther pbodizreatoldhe present dnsatiPient

of the pr ?e;%roraclﬁ %ﬁ(}/ 1nt | the 111F\|16%Hr eusseslaltil s‘ileeqto?%(amless steel to

anot hel R& present Tnven

Aoru@ndat(daH préslsLh&‘étff(ﬂﬁ g t@n;ﬂa@&lﬁ of PhtrofldCiteisieisqd Bsig vk one side
invention is particularly useful in sealing the

| afcthe ﬁ@etsﬂ@ébq topsutfaes 1dimg gatesiabon thie wéher side o1 the sheet so as

R e P B B L QAR 82585 A £ v
efiBodiafRBtage hadeBinks fHRMta JAXGE hRbeeh orRke kbR or
enmbodi nents, the invention uses a thin sheet of

sqoamtanmggs uitaebe 7 of a md@awnh&te apnnl ama@i Sermocketdins 4o be

ra ur ont.ro ress n_one
it SodesieRtein Ltk ¢ e rmpeth g AR B i as
Oa[luﬁllﬂﬁmﬁtaﬂﬁ ) h%htds%aﬁ’ﬁg faber 5 hﬁ%rd@&o a8at kealtike h&@tto #R3ackage 1,
the lidding material t0 a package base. This is

id plawnnmse@ that hlés g sthindeissteel Shoptedt grpotetageidmdiebyla layer of a
le fo

48 e S, ERSAEL 1% DD S B e 1

adgmtef fdr e Mo |S(?tTh% ﬂr%stl.@lo%red so that the face plate 4 is in contact
with the outer surface 9 of the lidding foil 3. If the fluid 5 is then pressurised by the
pump 11, with the platen press 6 and package base 1 being held stationary, the face
plate 4 is pressed against the top surface 9 of the lidding foil 3, the package base 1
being held firmly in place by the lower support plate 10 on the back surface 12 of the
package base 1.

If the surface 13 to be sealed is perfectly flat then uniform pressure is exerted

over the whole of that surface. Where the surface 13 is not flat and of sufficient

rigidity that it will not deform under the applied pressure, then in order for a uniform

pressure to be exerted on the surface, the face plate 4 must deform to follow the
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to the package 1, 20 a platen press 6 that has a
stainless steel face plate 4 separated fromit by a
layer of a fluid 5. The pres$%-includes wall's 6a,

whi ch together with the face plate 4 forma chanber
faontdubeoffthelbwtfdoe 1Th& ipttesafoieshekessmfyad chebst iiad thidhedsae €he
plate 4 is in contact wth the outer surface 9 of the

I

Tperdplag 4 a1d thgprepsure mthe fgidpush et thedhoqplaleh pansleprmyio lie
e S
3. elnsaditagaionsiow foerdpemes w-hiaad B fte plae 4 itddp@rdidt that any

3, the package base 1 being hel d f[rnuy in p?ace by
tdeformstien skl be achpsved &y rlpshia deloempfignotahe fage plato4.of
t he c . e f e al ed .i
ot ol SARTRRE cthehy SULETRE Mt DR BB Rl o
tfoemahebs shéettiadris withachickbgrie tHhengd 0.0 as 3. irBmnot

flat and of sufficient 30 rigidity that it will not
def or miXmieRdly, pisesurgspn therapgeeaishibas’ to £A@ har aie predarediwith the

form. pr r . . rded.an the. surface, the
e BFeaSF‘gre i’gﬁ%és“tge%‘g’%tg DB S RE A0 Matid ) 0047 060525
PCT/ GBROMHELRAL, TaketBe EaREESTheuifie 13Uk ha®enall$ flat but has
is therefore necessary to choose the thickness of the

fsheloysihatlews o vg gomp elaseees thesurface Hdermest diffgelhtypaf hollow

the.face pl.at an .def or 0. 1e against.the r.st
Jocudfe BufrdedeRPPdiG Bl bE e BN s Rt S,
afifimbtefEhiting ToQstimai-thd thida@distdfaRe fat®pRtd Pmd @E approFriate
repeated re-use of the face plate 4 1t is preferable

tivessureranalybical&f we rait il ssitoalade plateatbdn asthtplale cddrapad agound

formation the face plate 4. To achi eve these
gﬁﬁﬁﬁ%@ﬂgﬁ?gngﬁe face plate materi-al shoul d

pr ef er ahbypBRimaOEsimithtd &OMRE %@tﬁinsﬂigt&fw&ln tMé pdtaMeters can be
thickness in the range 0.0lnun to O0.1mm Typically,
pridaised esng ithe feemplange of 2. bar to 200 bar are

preferred with the higher pressure being used with
thicker face plate material. 10 As an exanple, take
theycase where the surface 13 is nomnally flat but

has shal |l ow hol | ows over sone places on the surface.
The nodd difficult type of hollow for the face plate

4 to. deforminto would be the one with the highest
depth to dianmeter ratio. To estimte the thickness of

tpe fage Pl @&pth 4f R CENLaBRPEQRE] AR hdllo re

25

30

anal ytically we can anal yse the face plate as a thin
PP at e =l anpiddaresamd (P45 t he edge of the hol | ow.

r = radius of the hollow (m)
k = edge constraint constant
D = flexural stiffness of the face plate (Nm)

The value of k depends upon whether the edges are simply supported (k = 12)
or fully clamped (k = 64).
Taking the example of a 50 micron thick stainless steel face plate 4 simply

supported at Imm radius then applying 10 bar pressure deflects the face plate 4 to
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the hollow (m P.=fluid pressure (Pa) r = radius of

“the hollow (m 25 k = edge constraint constant D

flexural stiffness of the fad®-plate (Nm The val ue of
k depends upon whet her the edges are sinply supported
(fellenE 2)hollow wpi th 1190 eliemope deepk = plat)ice, 30k ddales ofartytiellows will

xanmpl e_of .a 50 micron thick stainless steel face ~
E’Faﬁf’@e&fhélier%ﬁl 9"W€§{561|5f3ﬁ¥é‘épp§(tecsiﬁ%4ﬁ% Iy denpesen appl yi ng

2004/ JL0L5E% 4% BB R B B R PR Bl s inpwaras
towerlhe pﬁblCel’c@ﬂ‘Sa dethp prdssurp iggiplied., Ittwmletgpsssitle mnyake the
hol | ows wi | | e sonewhere in between sinply _supported

dere H%ﬂﬂ%ﬁt@ﬁ%%léfdhwk@maé the qgfermatins gemg @L@’ﬁ@ﬁm tggrupture. the
'ﬁdgkrg foglh‘e I&&S&/ep ltﬁ'fs %vo%lc’l’\fed{lc&%’]aﬁ)ﬂﬁt?% g«ﬂﬁ)% %f?arcF %Eﬁght
POC

S area as t’he pressure I's a
patstidiseont the salkiag tai‘lsas 51tﬁ:§i@1€re;ﬁcbrﬁ§aﬁeférrailﬂlﬁﬂ the €k lpaté Bihakthe

"so that the defornmati ons are not sufficient

@E&?ﬁ a@bave tha@ochetsyginigropdid Praventigige dsrlecting; 1§tq£g®P%°1<et This is
%gé’fﬁ .as ttl’?erggll'{ IIeéfm} Jn? H R)\f\fnsausre]; a(f*fa ﬁﬁ‘ %Jg ethods that can be
Vari ati ons on the sea I ng areas. erefor

pised &y achibvt gt idchelef:ace plate 4 has the areas above
the pockets reinforced to prevent then deflecting into
the pocket. This is possible as there is no

tr ﬁg ;,I i 2 de BteThl(iE?fnﬁ) ! r%éa?acg gc 1 %ﬁ%{en%aw)‘?er He§ ng@t hods

I eve

Thi ckeni ng RdimidemicieadBndiBbedshadlin Bwehcd plateprek ik pockets
Form ng concave doned recesses in the face plate over

t he pockets 15 Flg 2 shows an exanple in which the

face pl. 4' h ket

he: ganBrarows AR RyBRER it PERAARE By Blaied Pl PR (finel 14 over
By &Kt 81 TR dedd % 6121 aPdrdbRic is i JahR J5 €6 1B 10\wfwédaﬁ the face
pocket 8 has been plastically deforned to forma dorme

plate A' ddherdgim ovge thegxogbctte%rhas ibgérdplesticanideormed tostormiacdome
lglr K Forse Fas mucﬁl g’rge{t];rar‘fgldﬁly against isostatic forces over its surface and
therefore, when the fluid above it is pressurised, it will maintain its shape.

Where this approach is used, it is necessary to keep the pressure below that
value at which the dome 14 would buckle and snap through into a convex form.
This can be calculated using the theory on the stability of thin walled shell structures
but is preferably determined experimentally.

Both approaches have the added advantage that they will boost the pressure
around the edge of the pocket compared to the rest of the surface. For the case where
the face plate 4 has been made thicker over the pocket so that it remains substantially
flat even when the pressure is applied if the reinforced area overlaps onto the surface
for a distance, then the pressure over this area compared to the applied, pressure is
given by :

Peee = 1+ A

Phia wl



therefore, when the fluid above it is pressurised, it
wll maintain its shape. 20 Where this approach is
w@e@d/ 069525 i s necessary to keep the pressure bePOWGBR@I/000417
val ue at which the done 14 woul d buckl e and snap
through into a convex form This can be cal cul ated
using the theory on the stabilf-ty of thin walled shell
structures but is preferably determ ned '
eBper i weNt aPleysurBotdnted prod dirvgscheveriphery qBged .
vantage that they wil|l boost the pressure 25 around
?ﬁf@‘d edge ofF]tl%Prﬁ%%‘l?e(tPalzonpared to the rest of the
syir f ace. Fo#)o(ﬁ{g{sargeg )V\,here the face plate 4 has been-
made thi cker over the’pocket so that it renains
dubst art i al pockef peatmetsrgm)when the pressure is applied
if the rei nforcetil area overlaps onto the surface for
5 aVdi st &nce, OYHEA 988 PPessure over this area conpared
to the applied, pressure is given by : 30 Pedge = 1+
A P fluid W WD 2004/ 069525 PCT/ GB2004/ 000417 -11
Pedge EhiPhelps i ensexahitedzcadaedlds fdiepatduatl cpei pdeked y
(Pa) Pfluid = Fluid pressure ( = pocket area

P A .
() 1. Thespgrpregensats gable the faye PIB%?/OO apphy eyt fapm [peaseitrp onto a

' g . I is f d
SPGB Rl AR b B BN abi e che face

10 pl ate Tiee sippd of tHabi@catPbesadangnic bd pesusiiagealwl tdithe plane
smal | anmpbunts of undulations on its surface. 10 The

pifdpefage plated s Hreferally s thensbore mwpescerpayovidad thallpereny engylar
. e f the face plate. 4. . :

Rl % bR BB Bere e IO AR BB Bt emaip igyvten

ab gedpand tdvadineGromey sukfacd)e acconmodat ed so that the

face plate 4 is only required to stretch to respond

t o wavY#exts mgthedscas be aasko avkievoihés met hods can be
15 used to achieve this 15 - Supporting the face plate

on bellows - Active control of the angle of one

surface in $@HOBRHANLS LT PRSUSEPRMws

- Active control of the angle of one surface in response to measurement

of the angular misalignment
- Introducing a compliant member behind the platen
20 - Fabricating a compliant support form into the face plate that allows
the flat activ{e area to tilt, up to a defined angle, in any direction. An
vexample of such a form is a bellows 4a or convoluted annular portion

of the plate around the active area (see Figure 6).

25 The approach described above provides a means of achieving accurate
uniform pressure over a practical heat-sealing surface. However, it is still necessary
to heat the sealing interface to melt it sufficiently for the bond to form.

This can be achieved by using a press that is maintained at a higher
temperature than that necessary to form the seal. Heat flows from the press into the

30 packaging material when the press is forced against the top surface of the lid.

After sufficient time for the interface to reach the desired temperature the
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active area to tilt, up to a defined angle, in any

direction. An exanple of such a formis a bellows 4a

or convol uted annul ar- portioff2-of the plate around the

active area (see Figure 6). 25 The approach descri bed

abresses proawned ead shepakageaboled iy evaturgl caacettiah €o theniif @rbm

pressure over a practical heat-sealing surface.
w]r‘),ntptasfa‘éo@tqochplﬁf%essary to heat the sealing

| nter f-age ntReMElah phlenfibliy lofd &NINerbA sehlf is

form ?ﬁ?g cgn epaceﬁi e\){eg %y ugéﬁifge asepp%s%otﬁﬁg{egﬁuéels

meimoved whdstahe mtdriagh v stillt seftperdatyulieat.t henldithval where the package

T N TG IS SR
f i st - , i ft

e A0 MR LB gt bl st
tappprechinoudd bdifor WO iAROAOG AT BERIGR2P D&M 1 Ken cobled as

press is remved. and the package cgol ed by natural
d&ﬂ’\‘i‘g’c‘ﬁ RASSIPl Wikt spnstant PIsySWe Brigabed-on to a second
cold- Thi: s -ent.i .

ot Pl Rl AEEERIGAR RLAOLL A YehERfel e s
tdael is ndldranddem sefetiprdsswofid enededy heat. I n addition,

where t he package 5 has significant thermal mass and
hi gh t Hes aancensdnd eithindgee Hlyabagedibye presuripashilyié icideally

SHEATE bt OENELM LIRS B T
i nt er f@eeart@gement or heatiag bhd ebolidpedt edepladt it e Ahcnrkethte 6
as_ rapidly as possible whi|st constant pressure is
dppeiegood %etrm@omyt, With heavae apd aeolinganeaige is given
tot heInr{ﬁﬂ'v&ag::rgﬂ]éle?tggalth%gtepﬁ)%gtaq %g b’:igl?fgla{e% § n‘léﬁ% %sgeg tg control

firm before SsSu I's renove he"ar range

tthé teniRefuiel wiiieh baketaddsudaPhassuvidses sinplkd thehiss for precise
i deal | suited to achieve this rapid heating and
dewbeialire perdrolp Sesidaibe to @eb therfpemplaivervater efanhelamayde located

[ he. f | is f hack pl 6
TSRl I GRS el DS R

- means. Whre! sich bh 8pphoach i80sedl ieBtifnpeahntRRALRS the@eA BRI R Avity

back plate 6 nay be used to control the tenperature

vitiitehpressusigingritiag esdugh essthahest mep logels aad Siompihe spdlingdayer
f\gﬁh rn%?nl.e& ?emperature difference.

Unfortunately, most liquids have thermal conductivities, below 0.5W/mK
which compares badly to most solid metals (stainless steel ~ 11W/mK or Aluminium
235W/mK).

A possible liq'uideith high thermal conductivity would be mercury as this has
a thermal conductivity of §W/mkK, hbwever its toxicity is not compatible with use in
this application. A preferred material is therefore one of the Cerro™ alloys as these
materials have low melting points, typically in the range 40°C to 100°C, which are
below the working temperature of the platen. The Cerro™ alloys are alloys of
bismuth, lead tin cadmium and indium with the ratios optimised for specific

requirements.



tenperature control. Simlarly, to cool the face
pl ate, water channels may be | ocated in the back
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IS required. Were such an approach is used it is

i mportant that the thermal conductivity 20 of the

pressurising fluid is high sel3hat heat may flow to

and fromthe sealing layer wth mninmal tenperature

di f f er Aneramplefodr prafatel Gerrovalddy IsiGpuiottsy,ha ¥eppilie byaioyt

conductivities, bel ow 0. 5WnK ~which conpares badly to
%ﬁag%%ql PaGheies P AR Epintf s Capd aihqrprgs@mdu@avny over ten
MEd WnK). 25 A possible liquid with high

??egﬂg#éggﬁ ﬁgéébity woul d be nmercury as this has a

t her maOne exwnisie bfideyof GhichBAN apgrodehWestorvnl ih Fig@¥ 6C I thid S

not conpatible with use in this application. A ‘

pREFRlS &b pratsersiap tud Y Hetgrsswiesiecloredivebinmebehimvihe face

$ i al | .ow: ti int

Een) (o fce PSS oPr AR DR PR Ratea the

biddidvs themvaphistio gres@mpeHatveve?, whert the fdegli@8 4" TRessed against

CerroTM al |l oys are alloys of 30 bismuth, lead tin

dhe ﬁmfaﬁeéﬁ ge Py Fﬁe\ffﬁ%qp%méf" wﬁtlibgsvg@lpzﬂdi agriwgicthe @pid behind it.
AR i . 4/ 069525 . .
PR e i i S TR s e MRSt s necesgeras oy e

aflliayo b@F@gngb@w baikics tRAbic@chig TddmpréRAACcChem whi ch
has a nmelting point of 47 C and a thermal conductivity

over tladhispvayethetpsessuie i Herflwidcer be gmsrasschwisheut dlfe nesd for a

§£m§uch an approach is shown in Figure 6. In this 5
xanpl e, the pressurising fluid 5" frilly occupies a

cl osedaxehutielpeRifed R b pERsureduSing an YBAN] hitp kddeas the

plate 4" is not in contact wth the surface to be '
segpegumpd | inFig.d. iThistepanairs shghenitrol pf s prassure Bbthebiid from

en. the face plate . 4" i s pressed agai nst the surface
ﬁge Blgn?gé%% et?oﬂ _nggheé’l?)tfasa?%ﬂ %%Hafg’ga@g pushed agai nst
the flAiténheh fofiné bf prefariiig tid Miid cbeldalFetused including for
| ncorrEer essible only 'a small novenent is necessary for
p

teremple the ubeiof ewnipsegsedsis ty prosriseoiadidneln ¢drepliant erfloppy

S5APA SAIBLSES i D D SBLET L,

punp. As Shiyersaalll anelunt bh@oldrbbd iRt RBrPoeeAdthicI8pressure,

usi ng an external pu such as the piston punp 11 in
Rhelayer ofifuid beeyran éhgcq Ppletecad thebacliplath earpbeegsall, éyméally in

ttﬂee ra].cnlgg iO‘.jlrrflrgl O.Omm. Thus, heating and cooling of the back plate will be
efficiently coupled via the fluid and face plate to the sealing surface.

Alternatively a fluid that will not be boiling at the operating temperature and
pressure may be used as the pressurising fluid if it is preheated and then flowed over
the back of the face plate 4. The flow of hot ﬂuid introduces heat energy quickly and
efficiently. The intimate contact of fluid to the thin stainless face plate 4 and its
pressurised contact directly on to the lid provides excellent thermal transport of heat
to the interface region at which the seal will be formed whilst minimising the thermal
mass to be heated.

Once the interface has reached the desired temperature, the hot fluid flow is

replaced by a cold fluid flow rapidly removing the heat from the package.
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15 the clanping force holding the plates against the
package. Alternative forns of pressurising the fluid

w@ewktewmkso be used including for exanple thePCEEBRG04/000417

conpressed air to pressurise one side of a conpliant
or - floppy diaphragmthe other side of which is in
contact with the fluid. As etdy a small anount. of
novenent i s necessary to generate the pressure, 20

- Theubhy@thdheatihpbald basligesclehaifbas greabit @arﬁﬁh@re‘fcﬂ@ bback

plate can be small, typically in the range 0.1mmto
magﬁﬁnedmmthwafapwmal@éol ing of the back pl at e

Wil | | oupl ed via th D

platet Bm%lhs al? ér §ﬁ?¥§% b%”?%’rﬁsatd d‘fﬁ ¢ Hi?%ﬁmd
fehgiera\'ﬂlﬂels ik rzﬁ@e l11004’(11 B2 5P Clyi10 BE bditdbiOastvisig EaH YTd
an pressure nmay be used as the pressurising fluid if.

tempesatmeeh@mre@gezm@uors@ﬁcfl owed over 25 t he back of
the f te 4. The f hot f] t.r ces
host | Drerds St iy 5 mer b Riea oS iyt o o PG RA cooling

. SORUAG NNk lithigh t@ngebfuleting 16% ptIbge %oﬁ(ﬁﬁ&lspa{p@hﬁthén durlng

and its pressurised contact diréectly on to the
‘fbﬁd@&@@plwc thel veater whdd brepart tignisipod tpagfvapaat i.c. 1st¢amj;| ander
interf wi'll be for

t which.th
St oS T o ey R s dorS Ricic o Urdii. 30

Once thes yvRrd @E&n%crl’)fs%%@% sfhgcd §§éd1ﬁg system In thl?
tenperature, the hot fluid flowis replaced by a co

aﬂr&ngdmfehbwher}apkage)to berealédi2)l tstpdacké ah the aupport elapa2kafjibe
W0D,.2004/ 06 4/ 000417 - 14 T rou hout th
#8LPE PSSR % |%°&Ea@§f‘c$ © Ba 571F i Beidtir PBSRed over the
&fﬁ@fe%‘f B Grd2e Th%é%g ?la%dZSOéiﬁrthé tﬁﬁ)lp%ﬂrﬁlﬁg 93 ft nBfiove to br1 g

seal ed. Typi cal “seal i ng tenperatures range etvveen
‘dnﬂ(fa@ﬁﬂﬁe 2Biantofcbntact Wﬁh}ﬂﬁ&lp@tlﬂlﬁ&ce of thiéid 24 rilyet 1&@)0@ stealed

[ | e d I fluid
‘i% Bp 'gg Bgﬁeerﬁu'ﬁ&lag goiate?%g% i mﬁaéj%%ﬂ@d%get? ¢2 in the
ool ?eetoq;rgie@ﬁﬁ %%{ﬁ)l éseoolen flﬁm E&fh}ekﬁ J%OQLEFITEBE@%? %eﬁg%%late 25

isdhcrppxesmumi Ieyothd iptin®rict tappdsy thehface platei 26 gainkiethb padtliang with
hase t wat er woul d b art. liquid and _part vapour,

fhe glesiag ﬁ%sumw Mg e e G 1 B ECSERIr 3d dS Bringiaehpy the
582 ARARLARLEIL AN L L, A0l AN 20
arid 20b axe setrng dink lie platee oA agd tb thelifbt mafved ad thécuculatmg
pl aced on the su%%;)rt plate 23 of the sealing pre

Eﬂuapé Ra sensipiseda il hisrauses et fluidda flopsiheqpepdh erpre%ﬂ%«rapldly

R4S e LVfe dHRd. Meanwhile, the fluid in reservoir 33 is held at a
controlled low temperature by the heat exchanger 35. When the seal has formed,
determined for example either by time or by measurement of a relevant parameter
such as the temperature of the face plate 25, the changeover valves 29a and 29b are
activated to connect the platen fluid to the fluid in the cold reservoir 33. Circulating
pump 30b is then powered to force the cold fluid into the press. Appropriate design
of the thermal capacities, the fluid volume and its flow rate will enable very rapid
heating and cooling of the area to be sealed. Once the sealed area is cool, then the
flow can cease and the pump 34 can be stopped to remove the pressure. The package

can then be removed with the seal fully formed. This approach produces a very fast



10

15

20

25

30

- and evenly

whol e of its area. The press platen 28 and the support
plate 23 then nove to bring the face plate 25 into

WEoacts2i t h t he upper surface of the Iid 24 POERGB2®4/000417

to be sealed 15 to the package base 21. The face plate

25 has donmed areas over the pockets 22 in the package

to prevent any force being apgplied there. The fluid
behind the face plate 25 is then pressurised by the

PRI iRk ds ShdPWRSIS of R akeae tRlsadled RhicRdanhulidiRohdskage
wth the.desired pressure. Meanwhile, the fluid in

the r Beferablys aiginletds pravidediahibd cbyire ¢fdhe Hemter aﬁQaaturahty of

bifor O BB ARG S8R Shalie b TTER B i e

Rindfeeturel dfititk Bbs ﬁlldtetanﬁ%eélﬁl% 1ﬁ@§faé@t%%evcﬁhﬁgeﬁ'}9pﬁﬂ?eand evenly.
circulating punp 30a is energised. This causes

Off gperse thefihlsiouthat ougtgentent pmldssreﬁfﬁsed api dly heat i ng

h whi | e
¢ ocer o pofatRu Rlytise o0 WAGH tiepot Bike gl ety Bemat regs and
Hﬁghtti?&nﬁ?@&nﬁéﬁﬂ%n&efn cayg‘@ﬁ tli‘lﬁes?'&’ii!:orﬁ@ﬁtugrﬁf B&iflpment

determ ned for exXanple either lgy time or
wesklUreendmemebyf slawy @lvexsa]yt effeaanm‘rélb @combniss oﬁtha Spéiaton.

val vel osletnfir hegwiirtite BB il Saa BRash ReL ey may of
chlﬁ'é\ﬁﬁ‘g Me%éﬂd%@atﬁﬂéeanﬁlc%ﬁn 5‘f b Ia?éﬂ e;%eé'se %ﬁﬁé’r‘%xﬁnﬁ?és of

Circulatin punp 3 ist enp to forc
matmbdﬁthaltdouldﬂoeeniph)ypdamtudeAppr opriate design of the
t her nal EgCItle t he Blwd vol meandltsflowr

will enabl 9@?@0 elgsiriral heaters .456%% dhsedne F}nga?ﬁplﬁ‘ﬁé’” ¢
area to be_g

the 30 11 o S 55 AS0fed SFRIRENAE: 8 Rd e £ Bbolid i
to renove thddpihessed for plitgs pasbbos haadling fheids Mehigh
renoved with the seal fully fornmed. This approach
produces alSPERSPHIESt WO 2004/ 069525 PCT/ GB2004/ 000417
-15 cycle

IS ac%{ed o%\]‘ gFC Uit %%g‘gﬁg%i’ag%?ﬁgﬁ?@ﬁﬁh%%ﬁ&ﬁﬂﬁg? éa%jd

provi ded at:hrtuhsz CEhid meludés ﬂlb@ls@hﬁllﬂiﬁﬁcrtival]ﬂafmgod)ﬁﬂoﬁﬂmdﬂﬁg '
of outlets or single annular outlet is provided at
the peri phéqa}erlaiﬁﬁréh peiagheating of irswséerat Thie wepldigpable the
face plate I e

P G300, IR, e DAL dh

can be revessiig. rafhbr thsn Rédting vadlll. y advant ageous where
the package. has hi gh thernmal mass and Igh t her mal
conduct i vi Rgpasingithe fyifgviteakichyemplienaess @matenal that has

conventi on W, .
adversely g’%fff { ﬁﬁﬁ{lﬁg tge\g%gﬁl mggtsrlemyg#e tﬁgg%eés g}ayé’ﬁowikf a
is clear t Bﬁﬁpléﬂlﬁn&mdh@ﬂ legyebcily Reter@dhpteal letﬁ el 8lebical

not the only may of 10 achieving the rapid heating
and cool i ngeasngtang iglizgeiedir pr walsr calingr exanpl es of

Where the heat seal bond maintains a substantial adherence even at its sealing

temperature it is acceptable to use separate heating and cooling platen and for the
package to be physically moved from the hot station to the cold station immediately
after sealing.

Providing the movement time is short compared to the time taken for the 4
sealing heat to reach the drug in the pockets then this provides a simple and effective
approach.



nmet hods that coul d be enployed include : The use of
el ectrical heaters directly heating the face plate or

wo b@4/opt52t en press foll owed by using water or POI/GB2@i41000417
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parti c@eaﬁ*dedécéhig?f"iﬁ thehbaedge plgsed ondy of

for cooling. This avoids the need for punps capabl e
of handling fluids at high 15 tenperatures Non-contact
heating the packaging ar ound1Bhe area to be sealed
directly. This includes the use of inductive heating
of ¢ onlibmadlwghe enséarishowld be coingleget witltin feittd ﬁg)sof ,

| | d ble th | fl
ol r ou 165 eparoad S Hatp oAy bt S Boctlid Acasat emarmtne
20ntieRRkslynGi %f&%&a&ﬁ%nre@féﬁ{/é élgctﬁéal%htlers éﬁlﬁrél ;ﬁg&’:@ the

fluid wth a conpliance solid materi
sf,@mp@r@tuemormioasn angl thy cold pmtwau;o masntmndwtta sbhlEmperature by the

RERBEH v B S 65T it e Tarhghe bk bPlogspeing fed to the

akhng and indirect air or water cooling. 25 \Were
the heat seal bond mmintains a substantial adherence
even é&lheiieneltedlthagventenpaaabeifiethet iliustraed bptetleacd 1 a

S AN W COE A .
lﬁﬁ &8t a g ?é 'o(f Boddh Mo usedid §QP§ eﬂtgﬁ %) aﬁﬁgly)t nggan

he nov tine 1s short conpar e
fe&amphaeof&ﬁs syeldfipgciagat The packaghhdsteebadiyuld that it Bbstantially an

SPGB TS RbO D98I Pesps CEPD 0BG aer dagrptrs 43 and 44.
Bﬁ%g%gg iy 1ta§]ﬁ Eg A Iﬁlg)ggﬁ : h@clﬁq%g&ﬁ%@%vg%ﬁ%aﬁ”s%%ea r&:egtsétcles

e vinif lafii tn dﬁhe &bl@ 4@ ané tapd 43 mapbe atraiged i€ 0 Mgulit@ushlyr array.
using, for example, resistive electrical heaters and a

Aresiems vith anprreimber pEhlendZ on ifereaharrangamenis @f Bples 42 may be
fﬂsgc? B 'e%rg}p@ %gltngt SSHtochFRA éu?% gofminh & &f%%?tglf 8t has

vvaer circula rou
tz@ﬂml@ tbeomtgmenﬂmddaEdoaak afmedlcﬁhentbenefl t of t he
i nvention_ my further illustrated by reference to a
zy;hep%%si% bl ggpled by

'h@&tesgﬁflﬁél 2 RA9Y %%IJ tﬂ@ V\fhg[e Eﬁ(yij. &’ the body 41. The cups 45 may then be

filled with medicament 46 and a lid 48 sealed over the othef side of the body 41 to
form the individually sealed unit doses. Preferably, both the body 41 and lids 47, 48
are made from a material that will protect the medicament from the outside
environment. In particular, protection from water vapbur 1§ paramount for the DPI
application. Thus, the material requires low water vapour transport rate (WVTR).
Metals provide an almost perfect barrier to water vapour. Thus, one approach is to
form the body 41 from aluminium and to use aluminium foil for the top and bottom
lids 47, 48. . Access to a unit dose of the medicament can then be made by rupturing
or pealing the foil over an individual cup. Obviously other materials with acceptable
barrier properties can be used. |

The heat-sealing of aluminium foil to an aluminium body requires the use of
an intermediate material that melts at an acceptable temperature. There are a range'of

materials used in the pharmaceutical industry for this purpose. Particularly suitable



unit dose packages of nedicanment to be used in a-DPI.
Figs 4(a) and (b) show an 10 exanple of this type of

wpamkaes2s The package has a body 41 that is  PCT/GB2004/000417
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substantially an annulus of a material of uniform

t hi ckness with outer and inner dianmeters 43 and 44.

The body 41 has hol es right #ifrough its-thickness into
whi ch cup shaped receptacles 45 will fit. The holes

Aor wining alysninBmmyallreininm aregbe cihyleac/meghecaylictictdedpalymers
rray. si gns with any r _.of hol es 42 or )

ek Pl it R ten v Siebhiorie st siaymanalsnaistaipiad o the
QxR RilbRkMBdd ol O,

gL b 4 S A A AT it e e
duswed tigetmediaapietety. fillhthe spabe befwdsh®othndytal ¢diggonkas adhering
t he, cl.osed ends qf the cups, may be sealed b heat

ST} orRg g Aloweyer ek Rissed apatesiay oceiet folly impermeable
TH QBRSPS i i fi i ' i :
a l iad 48@%&% lggérqnt&ﬁtg aoﬂf)kﬁgr gi'si Jgﬁggﬁg kgﬁg%gé}g%%e%gl%e :
20ediommnt.he i ndividually seal ed unit doses.

Preferably, both the body 41 and |ids 47, 48 are nmde
from 4 FarapVam Fﬂaltgeaﬂqss-ﬁ?%@ééhmﬂ%fhﬁ‘r@amlaﬁﬁﬁfn the gdge of a..
' : ' ticuhar.. - 2Cci4 0
B AP HERER AR PRy o8 AP e Bhigith PR32 82 53 are
appipletey impermiatie, to thaeer vap@iri dhe hestsealesycroM Wal £ however

va%g r.transport rate (WTR). - Metals provide an
&K étff%ﬂlreé)élfﬂ%?aﬁm%ﬁhere& te mpdisament i Jé thedrenidity of the

SEPCAESI 04 0 L ARG MOt L AR L P

. 4Brougitiedrest deal laydrnint rebel ehomedibamemdiie areto BAAmIsAERs, the

e made by rupturing or pealing the foil over an o
?’ﬁ%ﬁ sgrldawir sheid beprads gs Hijn as pessibhmans3sdprg & ackeptable within

%@@\F&a’qp#fcka .td er properties can be used. The
In

heat - sea of alumniumfoil to an al um ni um body

" requi tesvdves thistusiniu@dbodi 5 n¢ £ripRidhehBer Mt Sif itld) sehiad

melts at an acceptable tenperature. There are a range
oressygieplsaprplicd &y 2 rigid platgeraoHer teniany heightivasiatipn genater

' , ' i 3 2004/ 069525
PRSP Atk L e PO RS IR S v
prassigiandhedatepdskidlyetebyltias &l nmich@er phliny. daiaddRRROMhY MRS al
but other materials may al so be suitable. The heat
sepfuchiyite pf anmigiymys S@é}ﬂhi thef any heataeachingdhe §odsos 1 wilt figfuse

t t r i at .
e BRSO AR AR TR B AR R0 B vt
Spaed tddk wasperiaidat ik iaterRodBanes thearhieychNdy& 358kl thdbody
bot h surfaces. However, such heat seal materials are

Rdt totally inpernmeable to water vapour which gives
rise KPnde 'ﬂ?eu&l% 5%3/15 \Myd% %f i’)\@gr?yr th\e/rang)ﬁgfrcorrydgcq}ve rn?zﬁgrri]al,t tlﬂg
medicament will be protected from the body temperature for a short time. However
if the bodj/ temperature remains high too long then the medicament will also be
heated to this temperature. '

Thus, to enable the very thin layers of heat seal material to be used to provide
an excellent water vapour barrier and to avoid heating the medicament to an
unacceptable temperature, the present invention allows the use of a compliant press

pressing only on the areas to be sealed and the use of a means for introducing and



medi canment. Fig 5 shows an enl arged cross-section
t hrough the annulus fromthe edge of a, cup to the

worioencdeamet er: The body 51 and the two al um PCTIGB2004/000417
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foils 52 and 53 are 10 conpletely inperneable to water
vapour. The heat seal |ayers 54 and 55 however extend
fromthe outside atnosphere B8-to the nedi canent 57.

If the humdity. of the air 59 is higher than that of
tlemoningti heainfeorh the/pdchege rapidyr. vapour 56 coul d diffuse
through the heat seal |ayer and reach the nedi canent.

I n or dE?e RIECSH APSFibed prsvipusly peovigsanedusans phgedvievanmiis It

| \%,q%(ﬂla%?or%% \%m the @éﬂ@%ﬁrﬁh@l cﬁ gﬁ%a%&tic%{jgﬁe 0 8&?8{%% ténatke)alrn%s of the

e ove package si ze.
ahatatials tioat bowy pbtkntisllyacanitgi thermpetiedmeaands padkaing.
sealiqg pressure is also applied by a rigid plate or
t

rol | erlD thpn@ireansy theehighnesy of i hegiseghlagaraeed pplyrbetshfficient to
t ﬁ ﬁ}é%ﬁﬁgceoxfouéﬁ]%ﬁ% ﬁial{h% \?\\g(? lalum%)ﬁ%ﬁl S\Mritalcest el.ﬁlgllg,t helag%egg%%%rﬁ with

I
ere there i pressure and

rieRlthdss@ginithe taipel hecfon3eadd Alcrohdcandidivsbd nPreR/belsll}]I much

thermal 20 conductivity of alumniumis so hight at

dhigkerdayers 8wt Apwgndpiethp peppsse ofikdaling hvveheen usdst tofghiouhe

t I [TyP ' Ly. Thus the whol e of the
b%g%/}ﬁg%%ﬁﬂng?@gh&ﬂgﬁﬁ tLJeg}ot%%éét he tenperature at the ,
i nt er fRexpeMeBeich terheadondealvity dY eie thizkaeninhen BOGY ensures

51. VWere the cup 58 is made of poorly thermally

db#icllorarts of thetserling interfaee wil prndpashitensamg fempgeature even with

t f t dy t - at f . bt .
T U S i Shic
tinegsuting tiwe digoaaeohd ifbimed £allpRintdeatRGutfacd hi s
tenperature. Thus, to enable the very thin [ayers of

heat skl uspef teithin stainlsss faeeplatesnpbloy i thalisttamspegidishtianfor the
bar i d i d _heati t) _
DR HEMR tpe? B Flsrocit st s B FebRpEpl S opgppanutucturing

RhEBEA it ha3weeh bieeraldliRwshd heohIRtvRfen okR¥RA babp t80.65%m
pressing only on the areas to be seal ed and the use of

detavaths Hetght pihthe edgrcotibe holgs.Willowowy eg828ple, a distance of
EEBTy - ARG OB e T LoD B0t ey P B BESH GHEmpty
R pestire e Ri@M IHBEs tuRieSs thetheatteSIaFe@ AR 108r 10§kt Rk,

requi renents of pharnmaceutical manufacturing in terns
dflowewer, (@firemi ﬂailcE stafrdess dangl pdatp pressedi cal toyhe bdding foit byea
r{opfedsisgr?s%%r}{uig Wil? %}%eli'?griegs%&e over the whole area whatever the thickness of the
heat seal layer. This permits the use of heat seal layers of thickness in the range of
0.003mm to 0.030mm offering substantial benefits in water vapour barriers
pe;formance compared to thicker layers.

The high thermal conductivity of the aluminium body 51 ensures that heat is
conducted rapidly across the thickness of the body. This is disadvantageous where
the heat is being applied through the foil being sealed to the disc as it reduces the rate
at which the sealing surface of the body reaches the desired sealing temperature.
However it is beneficial in allowing any heat being applied through the opposite

surface of the body to reach the sealing surface.

Thus to achieve the most rapid heating and cooling active platens as shown in



5 1n the extrene, the thickness of the heat seal |ayer

need only be sufficient to fill the surface roughness
Weokthesseswo al um ni um surfaces. Thus, heat seaPCT/apecis/000417

with thicknesses in the range 1 micron to 100 mcrons .

can be used. Previously, much thicker layers that

fl ow under the pressure of s¢@&ling have been used to

fill inthe height variations inplicit in the

HeagpessurfiBe SNBigeX heh®hpplidl ehndianesmly eudtGléyditde Qc

t he thick al um nium body ensures that all parts of

eleost balvingghé heasing aoé cwlinlg teqmr oach the same -

| Eggr) ?E{bﬁl:ijs,;%ﬁf l:lfggo c goslmzﬁei Lsgg'e t%.tf: s[JrgEe gﬁiﬁpg ti%éwﬂh foil on the

MM RBRISH eved 183 Dbh ks kRtitzAcaRGd bond is forned
- at aII points on the surface. The use of the thin

stain Il"lazsss pacexapipe of eepaikh%d@gndhdm behéfits byl invcaﬁ«bro n.
15 fl atne $3 of

b d
e B M Esziod B De A Raniekags (e BaraEah dpf the
Hﬁﬁwﬁﬁ&[‘o@ﬁﬁﬁﬁ%ﬁe&ﬂﬁ%oﬁﬂﬁuﬁ%&ﬂfe ?E&%@Qplﬁ@lleﬁﬁlgﬁﬁﬂ dB6ling

up to 0.05mm bel ow t he hei ght at The edge,

hpdles. Allomnng, for exanple, a distance of between
2.0mm and 3. 0mm between the holes, then a rigid top

pl ate woul d not apply any pressure between hol es

unl ess the heat seal |ayer was over 0.05nmthick. 20
However, 0.05mm thick stainless face plate pressed on
to the lidding foil by a pressurised fluid will exert
pressure over the whole area whatever the thickness of
the heat seal layer. This permts the use of heat
seal layers of thickness in the range of 0.003nmto
0. 030mm of fering substantial benefits in water vapour
barriers performance conpared to thicker |ayers. 25
The high thermal conductivity of the al um ni um body 51
ensures that heat is conducted rapidly across the

t hi ckness of the body. This is di sadvant ageous where
the heat is being applied through the foil being
sealed to the disc as it reduces the rate at which
the sealing surface of the body reaches the desired
sealing tenperature. However it is beneficial in

al l owi ng any heat being applied through the opposite
30 surface of the body to reach the sealing surface.
Thus to achieve the nost rapid heating and cooling
active platens as shown in WO 2004/ 069525

PCT/ GB2004/ 000417 -19 the upper surface of Fig. 2 can
be applied sinultaneously to both sides of the disc

al nost hal ving the heating and cooling tines.



In this way it would be possible to seal either side
of the body with foil on the sane apparatus on even

wo eiok/otwseh si des sinultaneously. 5 This is onePERaBpi08/000417
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~of a package design that benefits by this invention

however the invention can be applied to any package

design that benefits fromthe0-application of uniform

pressure continuously throughout a rapid heating and

cooling cycle. WO 2004/ 069329MXCT/ GB2004/ 000417. - 20

CLAIM5 1. An apparatus for heat sealing a |idding

sheet to a base, the apparatus including: 5 a press

fopr pr AT .ddi : ead | face of

o bage apitats Ktih o B EhaBRE e BAPHS S U R6:

fineidinge face plate and the apparatus further

i ncl udes a systen1for_app|¥ing Pressure to the lidding

sheet -&WPieps toRaressing apidding sheqi @ntorazealipg sréace (08 bpgg; wherein

conf or i.dding.: : | yin

prof 115¢ Bftst NI d R AL B ol T RS bty tggper

appladed Alsyseec it dbplgirtedpredsatertv thef liddineshebNeith ehdWce Fate, the

support plate for supporting a back surface of the

HastPlais flssinedorRetosma g id s feekand e uglering profile of the
: (el toclaim1l or 2 wherein the face

g%g@%g%%ﬁ%gﬁgggqgggflexibIe menbrane with a first

surface for pressing the lidding sheet, the system

being arranged to selectively provide pressurised

f3-ui d 48 2BpaEBHARPOEding tecdaipt 1 tunther insluding  nenbr ane,

t he sec i ng opposite.said, first sur e. ..
0 AR USROS Bl a8 caime
fdutfaék.i s pressurised in the range of 2 bar to 200

bar. 5. An apparatus according to claim3 or 4 wherein
the press further includes walls which define with

L T L —

CleiiBTe Zhentbrte WithVh € &isBrfddeGoPproseil the eddfrgthekti fhe 8)stem being
an el evated tenperature suitable for achi eving heat
Fernperhto selectively provide pressurised fluid to a second surface of the flexible

membrane, the second surface being opposite said first surface.

4, An apparatus according to claim 3 wherein the fluid is pressurised in the
range of 2 bar to 200 bar.
5. An apparatus according to claim 3 or 4 wherein the press further includes

walls which define with the second surface a chamber for receiving the pressurised

fluid.

6. An apparatus according to claim 3, 4 or 5 wherein the pressurised fluid is at

an elevated temperature suitable for achieving heat sealing.

7. An apparatus according to claim 3, 4 or 5 wherein the fluid is a high

conductivity fluid such as mercury or a bismuth alloy with low melting point.



30 7. An apparatus according to claim3, 4 or 5
wherein the fluid is a high conductivity fluid such

w@sgomeesesy or a bisnuth alloy with | ow nelti nECPGBRE04/000417
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WO 2004/ 069525 PCT/ GB2004/ 000417 -21 8. An apparat us
according to claim5 wherein the chanber includes at

| east one inlet and at |east2fene outl et such that
fluid nmay be punped in through the inlet and out
through the outlet. 5 9. An apparatus according to

c%ain18 wherein the systemis arranged to punp hot:

-ui d 1A 2PPREAUR PeROTERE Esclpig b adereim Berchanebe iacldert Zasst one
T . . ol

PR O 0 SRl SRR O BRI )

tdut elughglt the oudlet. | et and t hereby cool the flexible

nmenbrane and-|idding sheet. 10 10. An apparatus

according to claim9 wherein the system provi des hot

fduid j . e 11, . An

aéppar a}t\g gpr%%%tg % g?‘%gd@%togﬁ%%lré glhgl%Qﬁg‘eﬁﬁétFI@i 1, 2igpged to pump

Slys e Pray irdesoeg tdiheat theffletitle titnithghe MaAdRIAB g Beettfr sealing
30" C. 12. An apparatus according to claim5 wherein

t 3¢ theraietiaimy eold fluid inyhe inlqt sel ag fogfores the betuied iont triugh the
PLEH . o et .
oSich it delsBy ROARL L SRE AR BRI ey ™

according to any preceding claimwherein the face ‘
plate is stainless steel. 14. An apparatus according
t 9. anyAp pepesdiup aecordngiamieine? whetein thecustpinarevifiesshos fluid in

4 ztgegarﬂ clé?%&oépodgbgcr ange of 0.0lmmto 0.5mm 15. An
ap arat

p us according to claim 13 wherein the face plate
has a thickness in the range of 0.03mmto 0.1mm 30
16. An apparatus according to an %regedi ng claimfor
hdat sAmpppegatas p¢adeding tostlaat 9 or b(yaf bregrethi systery paevides cold

| east_ gne pocket, reln the face plate is reinforced
i u@hng?%%‘? 300%%32/969525 PCT/ GB2004/ 000417 - 22

12.  An apparatus according to claim 5 wherein the chamber is a fully filled closed
volume in which the fluid is pressurised by pressing the first surface against the

lidding sheet.

13.  An apparatus according to any preceding claim wherein the face plate is

stainless steel.

14.  An apparatus according to any preceding claim wherein the face place has a

thickness in the range of 0.01mm to 0.5mm.

15.  An apparatus according to claim 13 wherein the face plate has a thickness in

the range of 0.03mm to 0.1mm.

16. An apparatus according to any preceding claim for heat sealing a lidding sheet

to a base having at least one pocket wherein the face plate is reinforced in an area to



be positioned opposite said at | east one pocket so as
to at | east reduce deflection of the face plate into

WO b@4pesket . 17. An apparatus accordi ng to cl aP@T/GB2004/000417
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wherein the face plate is reinforced by 5 pre-form ng
said area as a done, recessed on the sealing side. 18.

An apparatus according to anyrecedi ng cl ai mwherein

t he apparatus is arranged to conpensate for angul ar
nbesdsitgpmed oppafitetshid af ast onk abekehno ad toeat $eal dedgie deflection of
ﬁﬁrface of .t he basF. 10 19. A nethod of heat sealing a

| 18 A @1 B8P theP%keiase, the method i ncl udi ng:
positioning a |lidding sheet against the sealing

surface of a base; providing a relatively flexible

fEce pAatppaduscentdihpe dlhidd] hghshacth: fardlata pikitiffiiged by
pressure to the |idding sheet wth the face plate such
tIHSHOPMES Faid @ropsasg dome. Facessed Of HiecsAling Hile.o t he

| i ddi ng sheet and the underlying profile of the

sealing surface of the base. 20. A nethod according

t18. c| ahmepfhratas agroadihy Bxanyl Redvditprddin whertiiehd @gRratus is
plate _and further incIuding_providing:pressurised .
farignaehivrionpensrde far srpWremipaligiaen of gic fage plaisand Hee sealing
f ' rane and apply pressure to the |idding

S %%%$$§%E% nmet hod according to claim 20 further

i ncludi ng: rapidly exchanging the pressurised fluid
fromhot fluid to cold fluid so as to rapidly heat
arfd t hamnetlrd ofthrat seabing pliddiag whgdt & a hesenths initﬁﬂ%i/@i including:

Bccor iR LIREY st SRk un el B 4Py |
f 1 owedbrbeldirnych reldii@elyl fxitit eicopiHy &djecenhibesidding sheet; and

mai ntaining the pressure of this fluid at the sealing
pr ess (APRLERZ Prepwie tride {iddingiskees withcthe froe plate prch-thas thesce

8t SR DRG0 38 BRI Rl e sesing
RO EB2084bR0417 -23 23. A nethod according to claim

19 or 20 further including: rapidly heating and then
cooling the face plate whilst maintaining pressure to

the |igddi ng sheet. 5 24. t hod accordi to_clai.m
2 s o REf g o LB FRESR b e a8 e pate
and further including providing pressurised fluid behind the flexible membrane to

flex the flexible membrane and apply pressure to the lidding sheet.

21. A method according to claim 20 further includihg:
rapidly exchanging the pressurised fluid from hot fluid to cold fluid so as to
rapidly heat and then cool the face plate whilst maintaining pressure to the lidding

sheet.

22. A method according to claim 21 wherein preheated hot fluid is flowed behind
the flexible membrane whilst maintaining the pressure of this fluid at the sealing
pressure and then the flow is switched to a pre-cooled fluid at the same pressure for

cooling of the lidding sheet and seal.



and further including providing fluid behind the
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sheet. 25. A nethod according to claim 19, 20 or 24
wherein the fluid is a high 10 conductivity fluid,
such as nmercury or bismuth a2Bey of |ow nmelting point,
for rapidly cooling the face plate and |idding sheet.
26. A Aetchiod! astoddest to skdmi 19pra0lfidkiriaclsdiegt to a

base, th t hod i pcl udi ng: sitioning a |idding
~ sheet ggi4hnRsatipg én‘ls@ﬁ{l e m@lﬂlg ga&@ p&?fteyhagg@qmtggnng pressure to

REOMi@hPOna: face plate adj acent the lidding sheet; and
applying pressure to the lidding sheet with the face

pl ate whil st heating and cooling the |idding sheet so

as to heat seal the lidding sheet to the base.

24, method according to claim 1% using a flexible membrane as the face plate
and further including providing fluid behind the flexible membrane and pressurizing

the fluid by pressing the flexible membrane against the lidding sheet.

25. A method according to claim 19, 20 or 24 wherein the fluid is a high
conductivity fluid, such as mercury or bismuth alloy of low melting point, for rapidly

cooling the face plate and lidding sheet.

26. A method of heat sealing a lidding sheet to a base, the method including:
positioning a lidding sheet against the sealing surface of a base;
providing a face plate adjacent the lidding sheet; and
applying pressure to the liddiﬁg sheet with the face plate whilst heating and
cooling the lidding sheet so as to heat seal the lidding sheet to the base.



