WD 03/089302 PCT/ GB03/01417 METHOD AND APPARATUS FOR MAKI NG CAPSULES
Capsules This invention relates to a process and an appar at us
capsul es,wba/oessarpl e for the delivery of 5 pharnaceuti calpgr/GBud/oadiso to

the resulting capsules. A variety of pharnaceuticals and
are delivered in capsules. Both liquid and particul ate
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The material to fill the capsules 1is

supplied between the films as the films deform into the

cavities; as the dies move the films come together and

15 are sealed together by application of heat and/or

pressure at the dies. This rotary die process is widely

used for gelatin capsules, the dies simultaneously

shaping, sealing and cutting out the capsules.

20 WO 01/68032 (Stanelco Fibre Optics) describes a way

of using rotary dies to form capsules, in which a radio
so that

frequency voltage is applied between the dies,

the films are bonded by dielectric heating. The

conventional cutting technique is inapplicable in this

25 case, because the dies must remain electrically insulated

from each other. In one described option the dies are

said to be close enough to leave a film thickness of

between 10 and 20 pm around each capsule. It has been

found that, in practice, it is difficult to maintain a

30 narrow gap less than about 40 um reliably, because of

play in the bearings, inaccuracy in axle positions,

and

out-of-roundness in the dies (especially where the dies

are to be replaceable).

35 According to the present invention there is provided

a process for making capsules, the process using two



a process for making capsules, the process using two WO 03/089302

PCT/ (B03/01417 2 filnms of a polyneric material, and the process

conpri si ngo sloeosst eps of deformng the filnms to form a nulpciTpdBosion4a7 of
recesses between a pair of rotary wel di n% dies, filling the recesses with
a flowable filling material, 5 welding~tkhe=filns together by dielectric
welding at the rotary welding dies to forma multiplicity of enclosures

and cutting #fgdids %d_;?&f_\',rgéyissmé omie Leqedp ro@@éésc&ﬁ?%?_gjfnflél s SO

as to forma multiplicity o capsul es, wherein there is no net al -t o= net al
contact 10 BetSweBifRhe et dgnenesthantl bharbet Eprsed malthatickiyher the
wel di ng and gfititd diks 995 We e dil€a SAEr PbACLota APl b1 & Ondredads cont act

bet ween the di.es bei revented by usi at, ] east. ope wel di ng di e whose
ext er nal sur%a@emq stq%%glfee%e%\ﬁ% o iE %‘ﬂ%bJe?e’%’tHi:%? T br, or 15

al ter nat i velwe Idieng uthé nfii ics ursgather dbf f@&tedciptbeewd Dditdeawetigh ng but

t he capsul es_ r.enai d,in. recesses _throughout.thei assage between

t he wel di ng ra%tf%&él%ﬁ?en%l% e%os. Q0" Bt e %f%%‘fgl%%y p%# y%%?f%ﬂh’ﬁ?seri al is
a wat er - sol wice curt digestd bf el bad egnalos @ derf phrasthesremaoriays my be
used for SOMB. AW RSGhe THELRY BSeNs | (Y SALiPM: St A ouL s gp apparat us

for 25 performng such a process. The rotary wel ding dies act as opposed

el ectrodes, CARFWIRTh WHRFHiYH ISR uehdiP areled ¥ 1leimsiphl sontsactpr ovi ded.

The supply mBtWderPrdmeiveribey adias fragiencyrad-detyeen 4 Mz and 200 Mz,
usual |y between 10 arid 100 , but stringent limts are inposed on
any em tted S¥dtfi'o SE14ing g | - HRF ArE tHe dHoi 3P LET%quency
may be nor e ndtali-ech-nfearalexaormpd eactt e tsugppl \the dies being prevented

by using at least one welding die whose external surface
is coated with a non-porous electrical insulator, or

15 alternatively the cutting occurs at a different place to
the welding but the capsules remain located in recesses
throughout their passage between the welding and the

cutting steps.

20 Preferably the polymeric material is a water-soluble
or digestible material. Other plastics materials may be

used for some purposes.

The present invention also provides an apparatus for

25 performing such a process.

The rotary welding dies act as opposed electrodes,
to which the high frequency electrical supply is
provided. The supply may in principle be at a frequency

30 between 1 MHz and 200 MHz, usually between 10 MHz and 100
MHz, but stringent limits are imposed on any emitted
radio waves. In practice therefore the choice of
frequency may be more limited. For example the supply
frequency may be 27.12 MHz, or 40.68 MHz. The electrical

35 connections to both the rotary welding dies may by a

capacitative coupling, or by sliding contacts for example



frequency may be 27.12 MHz, or 40.68 MHz. The electrical 35 connections to
both the rotary welding dies may by a capacitative coupling, or by sliding
cont act s worozessnpl e WO 03/ 089302 PCT/ GB03/ 01417 3 w thPomiGhiesi4iEach
rotary die may be substantially cylindrical, and rotate about a fixed axis
of rotation, or the axes of 5 rotation Aay be sprung | oaded towards each
other. Alternatively each rotary die nay be of substantially pol ygonal
Cross-secti qg,;,tgq; | e octagonal, the axes of rotation being sprung

| oaded towards each other. The dies nmay be arranged to form one capsul e at
atinme, 10 formng the nultiplicity of recesses in succession as the dies

rotate. Alternatipsly ﬁcﬂﬁa:.dik%iéWa@%@réuw@inPalifré@/ﬁir%f'i@éi,ty of
capsul es at once, mde-%&-mde creg$s t he dth of the filns; for exanple
the dies mayPHefiHets C@“ba%kfgkf‘ rafisS At relelskdn Ohehera® ey bk 15

associ at e5l widtattien metarye dEsund ol gudsd deoweads ngaef otherfil nms to soften
them before the re deformed o _formthe recesses. .The fil may be

def or med by%slutc Ii)ﬁoaﬂtl‘fe%t% (?%ghés%%tsari Cﬁ% H(lla}}églo,e O?Fr%‘ip%tea telf%f]hbéd into
those recessdydonalheresssiaetighnt o idtdmyl emberagdnal0 e hxeh t he

base of each,y %%%iw%&q&% ﬁsgfbtﬁ%&qr&sﬂa&%e %&ekgaeg{%p&aﬁi%%f?p%e& as

the filns need not contact ase of t S ~formation of
the capsul E5.eDHThdF g dpgarhtted i B rmgndcapphs mfecutided, and is a

preferably adrriwig tndhena e capsples @ ddtendedsydde syald awed (for
exanpl e wherge they caontain a%é)har,rraceutl cal .or a nutritional supplenent),

the pol ymer eS8 - sHOUTH 54 ¥yes it €19% DRy Bora 5P Q@ be
gelatin, or fanmaterplstaihitey aeff Iadgseles at once, side-by-side across

the width of the films; for example the dies may define
close packed arrays of recesses. A heater may be

15 associated with the rotary dies, to provide heating of
the films to soften them, before they are deformed to
form the recesses. The films may be deformed by suction
into recesses in the dies, or may be deformed into those
recesses by the pressure of the filling material, |

20 although the base of each recess need not correspond to
the shape of the capsule, as the films need not contact
the base of the recesses during formation of the

capsules.

25 The filling material may be a pharmaceutical, and is
a preferably a liquid. Where the capsules are intended
to be swallowed (for example where they contain a
pharmaceutical or a nutritional supplement), the
polymeric material should be ingestible. It may for

30 example be gelatin, or a water-soluble cellulose
derivative, or a starch derivative. For example it may
be hydroxypropyl methyl cellulose, which is approved for
use with pharmaceuticals and in food (being indicated by
the code E464 in Europe). Other suitable polymeric"

35 materials would be edible seaweed-derived polymers such

as sodium alginate (E401), propylene glycol alginate



derivative, or a starch derivative. For exanple it may be hydroxypropyl
nmet hyl cel lul ose, which is approved for wuse with pharnmaceuticals and in
food (beiwgosnsgizent ed by the code E464 in Europe). O her peaicmBloe+17
polymeric, 35 materials would be edible seaweed-derived pol yners such as
sodi um al gi nate (E401), propyl ene gl ycel 4algi nate WO 03/ 089302

PCT/ GB03/ 01417 4 (E405) or agar-agar (E406). The polymeric material must

t tain r c iV, c taln onpo nds such
gg glcg(r:]er ol ?PE 0252? &?Lg cer %f ﬂ%ﬁgés% eaf@?e‘?‘éj%zf%%/” ot as |g|I§%rg t hese
conpounds al®®r E@éﬁ%@lﬁ@;&és@&tmﬁuhr@rdﬁ@w s&lcﬂﬂiletb‘resolmbtemayl wat er .

Qther suitabbeneglh w Q?&éV&EérYeés%?y&@PéPXVFPL{??)WorCc‘{”i#&'éPéf (E463),

and net hyl et hyl ceI | ul'ose %E465 There is no requirenen any water to
be added to M¥PIHRATITe (BAHL ) iR ITEICI$RET erab? T t BRIPOWRAS | 2 hgo

shoul d bes atbd past i sgmer fv 0é adhy diisfpeﬁmslé sOlt 05<§Ryolél l@ﬂwﬁ)&ébrl um \rf]\n th
anbi ent con tlons For inequilibriumwith air
at a tenper al #e of" Jz%a(}f)fean‘fr]gljaﬁf]é?%?lé/ee Wﬁﬁld ?sy %‘fe}bﬁ PPl e it

m ght be 15 cs&tb]nekbémf B4odse amd anetdng ¥ odttedl hesd ditgysenyi4@mnent, with a
relative hum dity preferably in the range 30%to 70% Under such

circunstances the filmwould evidently incorporate sonme water but would
appear conpl ete dfieraanids uctedhicorporatier waterwainl dea drel addedttas a 20

pl asti ciser . Hrs gy t henhved (diduh pf@clessspfgfél%rﬁ@ R S Fhgsfilms are
heated to different tenperatures, and, there is subsequently a tendency for

the web to dETPHA £ idt JFASE BIRRFIN i@kt rfB-’Sbuttbtal"Fe epsl Y &l t hey

pass thr OUgl'quhlﬁllkyﬁhﬁﬂ ngi tth esnmava i scdrti isc jurab) emr Eéiahﬁslw tHe euthing

process may be ei:asbeerlnonecqeuflhl%fl\ﬁlmgewdltsne%qsr hacve Ctoe?rllpeerature of 25°C

and a relative humidity of 40%. For example it might be

15 stored before use in a controlled humidity environment,
with a relative humidity preferably in the range 30% to
70%. Under such circumstances the film would evidently
incorporate some water but would appear cdmplete dry, and
such incorporated water would tend to act as a

20 plasticiser.

During the welding process different parts of the
films are heated to different temperatures, and there is
subsequently a tendency for the web to deform as it cools

25 down. Cutting out the capsules as they pass through the
welding dies avoids this problem, although the cutting
process may be easier once the welded seams have cooled
at least slightly. Transferring the web and attached
capsules directly to another die, so that the capsules

30 remain located in recesses in one or other of the dies
throughout the process, ensures that any tendency of the
web to deform does not have a deleterious effect on the
cutting process. Where the cutting is performed by a
second pair of dies, one die of the second pair may also

35 be one of the welding dies, or alternatively the second

pair may be two additional dies.



at least slightly. Transferring the web and attached capsules directly to
another die, so that the capsules 30 remain |ocated in recesses in one or
ot her of wbe3wdsss2 throughout the process, ensures that amgTi@Budenay of the
web to deform does not have a deleterious effect on the cutting process.
Where the cutting is performed by a secbdbnd pair of dies, one die of the
second pair may al so 35 be one of the welding dies, or alternatively the
second pair may be two additional dies. W 03/089302 PCT/@G03/01417 5 1In
a further aspect, the invention provides a capsule formed by the nmethod or
appar atus of the Inrvehtiorer sagpect nvene | brvent lomowrdeiflestder and nore

particularly, d bedhemdly WRY: 0k Iﬁé@q@&leoPné%paﬁggug"i bp cpgference to the

acconpanyi ng, drawi ngs in which: 10 Figure 1 shows a side view, partly in
section, of HWeHpdtatus for formng capsules; Figure 2 shows a simlar
view of an alternative apparatus for form ng capsules; 15 Figure 3 shows a
simlar view of other alternati us-for form ngecapsul es; and

Ve _ap ara%
Figure 4 shows a SImtAFSVE W of * 5l Rl frRat o of 229 PPES appar at us of
figure 3. Refartriaqwglamly idpseribéd sophowg ot hetatpal diyl pn amppat@at us 10

for maki ng qaegkgs%{! of i i : | C ade material, such
as hydr oxypropy eg‘%erre% y%ﬂé;g‘f$%+‘§é%ny%rﬁ€a%%gﬁ%és ei"g’]}rléql illed wwth a non-
aqueous liquid filling material 12. The apparatus conprises two adjacent
rotary diges 14 a@@gu%e‘ﬁﬂghdﬁs a side view, partly in section, of an

apparatus for forming capsules;

Figure 2 shows a similar view of an alternative
apparatus for forming capsules;
15
Figure 3 shows a similar view of another alternative

apparatus for forming capsules; and

Figure 4 shows a similar view of a modification of

20 the apparatus of figure 3.

Referring to figure 1 this shows schematically an
apparatus 10 for making capsules of an ingestible,
pharmaceutical grade material, such as hydroxypropyl

25 methyl cellulose, the capsules being filled with a non-
agqueous liquid filling material 12. The apparatus
comprises two adjacent rotary dies 14 and 15, each of
generally cylindrical external shape, which define a
plurality of oval recesses 16 in their periphery (8

30 recesses, as shown, along a peripheral path), the
rotations of the dies 14 and 15 being synchronized so
that the recesses 16 are always opposite each other.
Heaters (not shown) are arranged to maintain the dies 14
and 15 at a temperature between 50 and 70°C, for example

35 60°C. Two sheets 18 of the polymeric material
(hydroxypropyl methyl cellulose in this example) are



generally cylindrical external shape, which define a plurality of oval
recesses 16 in their periphery (8 30 recesses, as shown, along a peripheral
pat h), thwo ososwbi ons of the dies 14 and 15 bei ng synchromcz@mBosoi4ivhat t he
recesses 16 are always opposite each other. Heaters (not shown) are
arranged to maintain the dies 14 and 56t a tenperature between 50 and
70C, for exanple 35 60C. Two sheets 18 of the polyneric materi al

(hydr oxypr opy} ﬁFiM't&eHé”&?@s' i‘4t£'hé @56@?!&1‘3) r@{Lfey\Q 9@’ Oégég
PCT/GBOB/01417p plied to the dies romrollers 20, each
sheet 18 bei‘ﬁ@e%’f h%l?%%rhﬁft%fc‘klhbg%n@ bhigknesheldR@smmq ThAddissakéd of the

sane | ength asdthe akatdr ofnd hearké | I@n 48, a§n€1h€aM1cB@Meo@t bRe geimsof
recesses spag gd axi al | 5 along their It will be appreciated that

the nunbers of FA¢dESEAEE LT iebﬁr?ghé?ﬂje?%e% PaeEer exiathyi ce, and
that if theraldsg noteit heenote. pert phet Bl beramgrotisesessrst then the

arr angenent ere 16, a rray_over the.surface of the dies
15 and 16 |sr9“grE)kS 55 f J?ee ggesof?%h%lr%%ng e%eﬁﬁfih?w é?aﬁpﬁnangri Rta
cl ose packedemxta@/, all’lrré fdﬁ@s 17 weirdSiareohel thhan omefparnghecéhi n t hem

nar row duct Srn(rﬂ%’toﬁW@st&@%ﬁ%ﬁé‘%ﬂéﬁ#rﬁ@npa@f eﬂiosécpe&%gég 16,

and val ves shown) wher'eby suction can lted to recesses
16 that are W’r‘r?e?jl%ﬁ AV BDREE He9i Fieht dee V\%%nth% hélels es5 1andny6 155 The

axes of 1®taiiem @fméﬁlﬁeﬁlcﬂs drfoi @ad ﬂ&@rrﬁ@pféflgeimgﬁéi powards each
other, so the filns are subj ecte 0C on as they pass between
the dies 1Af:e]a(?‘r°be 1%'3(: e Yar r@’h Cgles% J(ﬁg%)n h éd"i“é% Aol ]a%‘ﬁ' 20 15 cont act
each ot her |dm®duatgalvyl_tmmmhe&achan‘m,e&$udtﬁs (ddie shewdp is of al um nium
‘3'][“ le the di & ditid SR oh Qe B UHMDUL WL a furface copling 21
(not shown) whereby suction can be applied to those
15 recesses 16 that are immediately above the pinch between
the dies 14 and 15. The axes of rotation of the dies 14
and 15 are spring loaded towards each other, so the films
18 are subjected to compression as they pass between the
dies 14 and 15, and are arranged so that the dies 14 and
20 15 contact each other immediately around each recess 16.
The die 15 is of aluminium, while the die 14 is primarily

of aluminium but with a surface coating 21 of

electrically insulating alumina of thickness 25 um.

25 Immediately above the two dies 14 and 15 is a guide
block 22, the films 18 passing between the lower curved
surface of the guide block 22 and the outer surface of
the dies 14 and 15. The filling material 12 is pumped
through ducts 24 in the guide block 22 into the gap

30 between the films 18 just above the point where they come
together, each duct 24 being aligned with one of the sets
of peripheral recesses 16. The films 18 are softened by
their contact with the heated surface of the dies 14 or
15, and are deformed by being sucked into the recesses 16

35 above the pinch point, or owing to the pressure of the

filling material. Hence the filling material 12 fills



electrically insulating alum na of thickness 25 m 25 |Inmmedi ately above the
two dies 14 and 15 is a guide block 22, the filnms 18 passing between the

| ower curwed3/osausni ace of the guide bl ock 22 and t he out er peardmem14af t he
dies 14 and 15. The filling material 12 is punped through ducts 24 in the
gui de block 22 into the gap 30 between-tfe-filns 18 just above the point
where they cone together, each duct 24 being aligned with one of the sets

Ol ELLPher aind aaeasesed e M (4] fopdfher @ @x?étgpfg?bfxloéfeeéé Foptact w th

t he heated sur e dies 14 or ornmed by being sucked
into the receskesi e BHHHFR dngaHes p‘FQlc*Pﬁc“p‘bltme brlowi hg-to the pressure of
the filling material. Hence the filling material 12 fills WD 03/089302
PCT/ GB03/ 01417 7 the recesses 16 at this point. The gujde bl ock 22 may
al so i ncor por at e EEf? tTF HERNThEIFIEIRLAB. 2 1 gFORReGRACYL Yeher at or 26

is conned ed:a@&:acétmamapa]tiw@ ZS’DUipcbltﬂge 27i& 013 hecili © dSnetdt Sng

generating e tr|c current at uency O : . The other

die 14 is C(ﬂ{hegtec M nol‘{%ern ca%%\c‘?t {e[ uopj%lf%é% l\g{lﬁ% an thduct or

29 to eart h qidteentdiasd 14HMB qaqnﬂntedlvma(znqﬁhem]dﬁpamitatmwénductor 29

toget her 10 JQrdhihd W Tl {ndiiBloNase & & aspnant, dr SUency afy which
nlnun1

its inpedance 1I's e val ue of the T1nductor being sel ?ed SO

t he resonanﬂqpﬁﬁﬂﬁﬂﬁﬂﬂq5§QRP1¥QQ 2§(ﬁﬂﬁtﬁbet#ﬁﬁ#@@ﬁ@é&%yt@@etmﬁﬁgenerator

26. In 1Qper@ﬂnora cfurddie apratat ushdo Hde genss M 26-dsu i puously
supplies thi |gh Eaggnenc signal, so that as the fil s pass between

the dies 14% n%bﬁ%(ﬁ SRR el e TRl YRl off n‘bhe The opposed
faces of tfielcﬁhﬁﬁhs B8 lee a e dtd eswughe treeJarsmd opeddesncywhies eas  the

outer faces(in 'gégntéy g%ér¥%equ§%éfﬂn¥r%he ggherator 26. In

operation of the apparatus 10 the generator 26

15 continuously supplies this high frequency signal, so that
as the films 18 pass between the dies 14 and 15 they are
subjected to dielectric welding. The opposed faces of
the sheets 18 become hot enough to fuse together, whereas
the outer faces in contact with the dies remain at the

20 temperature of the dies 14 and 15. Thus in operation the
films 18 are welded together and simultaneously cut out
as they pass through the pinch point between the dies 14
and 15. Filled capsules 30 hence emerge from below the
rotary dies 14 and 15. The perforated web 31 from which

25 the capsules 30 have been cut may be passed around a

guide roller 32.

Because the polymeric material melts during the
welding process, a bead of molten material forms around
30 the the welded seam on the inside of each capsule 30, so
that after the capsules have been cut out the wall
thickness is slightly thicker around the seam. By way of
example each capsule 30 might be of ellipsoidal shape, 10
mm long and 7 mm wide. The use of a cellulose derivative
35 (such as hydroxypropyl methyl cellulose) for the sheets
18, and so for the walls of the capsule, has advantages



20 tenmperature of the dies 14 and 15. Thus in operation the filnms 18 are
wel ded together and sinmultaneously cut out as they pass through the pinch
poi nt betwean/ogdse2 dies 14 and 15. Filled capsul es 30 heneeT@RIBYE41r OM
below the rotary dies 14 and 15. The perforated web 31 fromwhich 25 the
capsul es 30 have been cut may be passed 8reund a guide roller 32. Because
the polyneric material nelts during the welding process, a bead of nolten
mat eri al for,ms around %9 the the wel de seam on t he | nside of each capsul e
: baf

30, so that af terY K s e Havd Bedh S0t dlt CEhedafPT t hi ckness i s

slightly thipdleemaraunidcd heapehicaByonsy afd exanjpée efichtsapsul e 30 mi ght
be of ellipsg 1S 3 - ide, . Th f el lul ose
derivative %%“%gﬁﬁﬁnggeﬂb rJ%%%F%%@Plﬁgt %¢ﬁ2%¥1€§%§%5§¥g§8¥%é g%%ets 18,

and so for tSfalgd IRBire el caps arskhes atlvant bejes Vige 082080892 12

PCT/ GB03/014k/ beB 1iiduid eWwOfthde Proven HsegdfoBUSHa FRLEELB] cE P8 can

phar maceuti cal applications, and in view of 1ts solubility in water and
its |ack of RS SfFRY 1 Fhes Ut PRttt S 0f ther capaTPER- 3621 | ows the
material 12 15 duidbendy @ &5 Sol uthiadn ao M dlephiangecoht phar mpcesti€al s can  be
delivered mﬁtq:suc acyapsule qgh For gﬁgq21$, the liquid nag be a

sol ution of "§ peﬁdT celt i%é?ef?/l acts ve' et a??r%’r A ntdi I Sjr%nl?aui d
form or anpdrmaimsicautofcaghanateeceial cah aratieguad, i or aa | plygakg- or a phar ma-
10 ceutiqgal | it i r ot her 1.1 qui [ wi be . r i Iy. under st ood
that tha Ti |Cﬁf§dr?§tqe‘$ Al %O%Ho}ge%tflb%i%ﬁ tht NP e re ot One
sheet 18 andgadllparanidansroqthdthatattdre b@ediatebi at i bhsmase bt
desirabl e i oW i0f1d Re tH HHy bl £ Nt wige ofndde 15 L4 1 whose

derivati ve. The_fillinq:naterlal nlqyt ,
particular Tthat water and aqueous solutions are not

desirable in view of the highly soluble nature of the
15 <cellulose derivative. The filling material might

alternatively be a free-flowing powder.

The solubility of the capsule walls means that the

capsules will bréak down quickly in a patient's stomach,
20 giving rise to a fast release of the pharmaceutical. For
some applications the speed of release may be excessively
fast. 1In that case, or for aesthetic reaéons Or reasons

of taste and handling, the capsules might be embedded in
additional material such as a sugar coating for improved

25 taste, or a less soluble coating to slow down release.

Many variations and modifications may be made to the
apparatus described above without departing from the
scope of the present invention. For example three sheets

30 might be welded together in a single operation, with
recesses in the outer sheets, so that a two-compartment
capsule could be produced in which each compartment held
a different material. Pharmaceutical grade cellulose
derivatives are highly preferred, but other materials

35 such as gelatin may be used. The films may be of a

different thickness, typically in the range 100 to 600



alternatively be a free-flow ng powder. The solubility of the capsule walls
means that the capsules will break down quickly in a patient's stomach

20 gi vi ngwvoiosesasm a fast rel ease of the pharnmaceutical. FeCTABUB/01417
applications the speed of release nay be excessively fast. In that case,
or for aesthetic reasons or reasons of ogtaste and handling, the capsul es

m ght be enbedded in additional nmaterial such as a sugar coating for

i nproved 25 taste, or a |l ess soluble coating to sl ow down rel ease, Many
vari ations jand n%dthl@@meoﬁslmayl%emﬁﬁdéotobﬁhéecasﬁafétE@ Beatrthed above

wi t hout dep g{%%n %RH‘E?E %ﬁ&péhgfei@ét?i@é@“&oheﬁéett@nthEOV exanpl e
three sheets m ght together_in a_single operation, with

recesses |nw©h@l@9téie§héét§ndsé5tﬁa9h5 PﬁomééﬁpQVtﬁ@ﬁﬂngcﬁﬁgﬁﬁgtéould be

produced i nophjchsgashrseARr L ABAt betdpaaidhtieeenbuptiagsabs? and

Phar maceutical grade cellul ose deriv t|v are highl r fer ed,..but other
materi al 3 3%8sucﬁu5§h§€WSF?ntﬁﬁylﬁguﬁggﬁ S?h@aylg OW%§E % 94 f er ent

t hi ckness, 1¥pb@ah@ycbﬁnéheeaange £0e toﬁﬁmang[nesﬂ6893®2ypcm/esazb01417 9

m Wth sone filns ssar t i 14 and 15. And
the el ectri®Bf @oWNfhE PlPé éwgrk ﬁgﬁ B% égg%iggﬁdb%g%eegh%ﬁge made by
spring contgeneraborbﬁasheé taehepUPhan9b97cépaéh?aﬁF€e1§@u§P|ﬁ§§t27 and 5

28. Further éel ggdéﬂggcﬁgésggtgaytgetﬁg‘%EﬁgraEB% dise i s1heh@i ng connect ed

via the cou 'ng Itectly to earth a _match |n% net work may be
provide&ObeCQeéhaﬂhe ghaeciasylapEnandophéngodpl MY P7 £6 fhe die 15, so

that the igpedapegtpraserted,t prefhergener at Qété@la& hakd i€ eemstant. The

| at t 21 f di ff f er abl
oo ol "PnE ok s Rt a4t BREPe £y hEgeaRLel B ey ERHEBUBER fper fuoro

alkoxyalkane). Other suitable polymer materials are

polytetrafluoroethylene (PTFE), or fluorinated ethylene
15 propylene (FEP), or polyether-ether-ketone (PEEK) .

Another suitable material is electrically-insulating

diamond-like carbon (DLC). The thickness of the coating
21 is typically in the range 10 to 100 um.

20 Referring now to figure 2 there is shown an
apparatus 40 very similar to the apparatus 10 of figure
1, many of the components being identical and being
referred to by the same reference numerals. In this case
the welding electrodes or dies 42 are identical, both

25 being of stainless-steel, and defining recesses 16. They
are mounted in such a way that at their closest the dies
42 remain separated by the films 18, the closest
separation being 0.2 mm (so that the films 18, each of
thickness 0.2 mm, are compressed together during

30 welding). As with the apparatus 10, the films 18 undergo
dielectric welding as they pass through the pinch point,
and an array of filled capsules 30, connected together by
a web of welded films 18, emerges from the pinch point
but remains located in the recesses 16 on the left hand

35 die 42 (as shown).



al koxyal kane). QO her suitable polyner materials are

pol ytetraf| uoroet hyl ene (PTFE), or fluorinated ethyl ene 15 propyl ene (FEP)
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electrically-insulating dianond-like carbon (DLC). The thickness of the
coating 21 is typically in the range 401@0-100 m 20 Referring now to
figure 2 there is shown an apparatus 40 very simlar to the apparatus 10

of figure 1, nm f c onen beln pdenti,c and eln referred to
by the same refep%nﬁ d%%ﬁ%%g un? ?%IS cREE PR @%tﬂVn 8I%g??%des or
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recesses 16.yJhe dﬂﬁqdf%“@%edahﬁ ggcg%gr qtp aaﬁeéﬂghisﬁlgﬁgét the dles

42 remai n separate lms 1 oses separation bern
(so that thesHqvms 4B, m@a%hd@wnwmd%kab@@gotlze rrﬁi;aake4éo@’pr*élsgeaam@get her

during 30s welrfihx Astaidd the apparatas 10, pthents! B8t 18nhandere9ie

dielectric dj as they pass through the I nch- 0|nt and an array of
filled cap53§£ bé% a%d%ﬁ%%teﬁoYoﬁgt%%g §)(;}\)E\b ofNGiePRaEnf 4 S 18,

ener ges fromhﬁnagntm&b¢mmrﬁndbm®vé@mmaﬁs hpcaledgi thé hers€resseso 16 on the
oot ot ST, R SRS LR R o o

hydraul i c punc £95's A nged 1 ow
arcuat e tra(ﬂemﬂtﬂ)n}ﬁéntTmQ mexfordeed | et Bhnds dilked2pasned i svepez at ed by

a_mechani ¢y, shpwn)a | sufioye, devauards 2 ofgs & heaLack azat jhe same 5
angul ar rate as the die 42 as it punches ouf the capsu 30 (0F an axi al
row of capsWENtIO)g ﬂ?ﬁ$¥®mcﬁ94hs|%rrtmﬁﬁﬁr%ﬁW%@t@@ﬁhhdmﬁbvedﬂback up

along the trank b 10 tdtSratarihfgrdsi dh Ohtd €adY &0 PraCh Qs the, next
capsul e 30. The perforated web 31 is then passed over a
The apparatus 40 operates in the same way as the

15 apparatus 10, but since the capsules 30 are not cut out
until they have travelled a further distance around the
die 42 beyond the pinch point, the polymeric material of
.the films 18 has decreased in temperature after the
welding step, and the weld has therefore had sufficient

20 time to bond securely. It will be appreciated that the
welding dies 42 may be of a different material, for
example of brass or aluminium. In place of the punch 44,
the capsules 30 may be cut out by an ultrasonic or laser
cutter.

25

Referring now to figure 3 there is shown an

apparatus 50 very similar to the apparatus 40 of figure 2
and to the apparatus 10 of figure 1, many of the
components being identical and being referred to by the

30 same reference numerals. The welding mechanism,
including the electrodes or dies 42, is identical to that
of figure 2, the dies 42 again being of stainless-steel.
A kiss-cut roller 52 of stainless-steel 1is mouated below
the left hand die 42, defining recesses 16 with sharp

35 edges 54. The kiss-cut roller 52 is sufficiently close
that it just touches the left hand die 42 around the edge



10 roller 48. A further feature, in this case, is that a printing station
49 is arranged imedi ately below the roller 28 to print information onto
one of thwoghmet3s2 18. The apparatus 40 operates in the sameETWEB3As4IThe 15
apparatus 10, but since the capsules 30 are not cut out wuntil they have
travel led a further distance around the 1Hie 42 beyond the pinch point, the
polynmeric material of the filnms 18 has decreased in tenperature after the

wel ding step,¢ a%aﬂc}%hleea\@ég fgs we{;ﬁ@{ﬁ%hagtsgﬁy 8%§9513§036' merf,g bond
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di fferent n’dﬂeﬁ?ﬂutf%@ b&én%?el@)fPb@ﬁ%@a@ﬂYa@hﬁPanmeCﬁeél ace of the
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cutter. 25 Referring nowto figure 3 there is shown an " apparatus 50 very

simlar to fﬁ%35%d§?%?u%aﬁ%e%ft?¥%%9% 5 llaBSt 84t he apparatus 10 of figure
1, many of the conponents being identical and being referred to .by the 30
sane reference n ral s. The we nechani s e el ectrodes
or dies 42, is i ?l%%@a¥%FT%a%8 %ﬁ ??5%?el%ng??§p@?5§a£gy g%?nsﬁﬂ?ng of
st ai nl ess- stveg} .as Alke sappatatos | £0. 525 nficst ahal esstsm@ebuts nount ed beI ow

the eft hangh g, A2n . dele oot aoenses, 10,00 LDeshaLp, 35, 8085, 54 cbe

ki ss-cut rol Is sufficiently close ouc eft
hand die 42 I@rw& heo ke ¥H w%%lolzamm@gsmlml?y applicapleach

recess 1fy Sior Gd iNGrOWaddeatapsul £5 3.2 Thera kiiSsr£Ng hRtLLLaD2 is
preferably al so connected electrically to the left hand die 42. The

perforated web 31 is then passed through rollers 54. 5
Referring now to figure 4 there is shown an

apparatus 60 with many similarities to that of figure 3,
many of the components being identical and being referred

15 to by the same reference numerals. The welding
mechanism, including the electrodes or dies 42, is
identical to those of figures 2 and 3, although the dies
42 in this case may be of materials other than stainless-
steel i1f desired. A transfer roller 62 of stainless-

20 steel is arranged below the left hand die 42, defining
recesses 16 to locate the capsules 30. It may be
desirable to apply a partial vacuum to the recesses 16
within the transfer roller 62 at the position where the
transfer takes place. The transfer roller 62 does not

25 contact the die 42.

A kiss-cut roller 64 is arranged alongside the
transfer roller 62, defining recesses 16 with sharp edges
66. The kiss-cut roller 64 is sufficiently close that it
30 Jjust touches the transfer roller 62 around the edge of
each recess 16 as they rotate, so cutting out the
capsules 30. The perforated web 31 then passes through

rollers 54.

35 The apparatus 60 welds the capsules 30 as in the

previously-described apparatuses, and allows time for the



The apparatus 50 operates in substantially the same way as the apparatus
40. Since the cutting out necessitates contact between the left hand die
42 and t hwookiosserut roller 52, this arrangenent is only agpléBralola710 if
the left hand die 42 is of a hard wearing material. Referring nowto
figure 4 there is shown an apparatus 6012M+h many simlarities to that of
figure 3, nmany of the conponents being identical and being referred 15 to

by the sane r renc uperal s, Th | din nmechani sm i ncludi,ng the
el>/ect rodes o%gfoﬁ?segt%‘zao,&ils S?%%F\?ll%:k?gf%r? h%é%tjo?gfi g‘ZS‘? egoapaﬁ%ds’?% t hough
the dies A4Xhe piesieasedenygne, ofhemppdedsust Herptdandss atiné ess- st eel
if desired. Atsansferay¢ Oétk@rwggd%%séféé‘llzg?f% 54 €5t %Igyaaéé{'g&? bel ow

the left hand die 42, -defining recesses l ocate t capsules 30. It
may be desifaBtElab applyheay paFeir0t vERIRKTED ihethecestesnds within the

transfer goldescdizs at A hee ROk LhORe IET £5 tHeat tF130SE Bhe t @KESy Ph@EFeecde
transfer roller igigdoef not .25 contact the die 42. A kiss-cut roller 64 is
t

arranged al dHg<d FrEnSFeris ot PReeB XN hihgt PR CREREECUS with sharp
edges 66. Tesigres- cHnd & | eti 64 hensfdd i od etHdty thoseuthahgit 30 just
touches the transfer roller_ 62 around e edge of . .each. recess 16 as they
rotate, so c@%%annglso%t e tr(:aarb%%‘?lésr S The p%rﬁ or 3% e 9Rb°%1 thehehasses
t hrough rold%r stk 185 Miea hippatas wka 601 vistals hditeh clpswebdB3@yas in the

previ ous] y- degqrd hed apparad uses, and allows tine for the WO 03/089302
PCT/ GBO?] 01417 - 12 wea?lds to bond securely before cutting. As conpared to

the previous designs, the apparatus 60 provides the benefit that the
wel ding dies 42 nay e Ofb@mpgiestIftkd that the apparatuses

described above may be modified in a variety of ways. In
particular, the recesses 16 have been shown in every case

15 as having a base that is curved, shaped to conform to the
shape of the capsule 30. This may be preferred in the
welding dies 42 (although it is not necessary there), and
it is unnecessary once the capsules 30 have been formed.
Hence for example the recesses 16 in the kiss-cut roller

20 52 of figure 3, and in the transfer roller 62 and the
kiss-cut roller 64 of figure 4, might be flat-bottom
recesses instead.



material, as they are not involved in the cutting 5 process. A second
benefit is that the tine delay between welding and cutting is |onger than
wi th the woesiosass2 designs. And a third benefit is that treTOROBIONMG7
mechani sm (the transfer roller 62 and the kiss-cut roller 64) is
electrically insulated fromboth the welldd ng 10 el ectrodes (dies 42). It

w Il be appreciated that the apparatuses described above may be nodified

in a variety of ys. |In particular, the recesses 16 have been shown in
every case 15 as%ﬁﬁ% a base that is curved, shaped to conformto the
shape of the capsule 30. This may be preferred in the welding dies 42
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conpri si ng Fithe ref ese o:ficn@‘simmmg:k’lc he flidweb e ff:o]lrllmra; mtuihttemlalc,l ty of .
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a flowabl e eri‘a oget el €ttric
vel di ng at triedanyotwerhd e dlimg dqcesfqmn feormm Jet Il G it ¥ (mf yerof leanotasur es 10
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the remaining parts he films so as to forma lTcity o capsules
wher ei n thele@ql§sh’(¥esrreﬁreﬂm ttdrereiene iddmadta Het vﬁeﬁartﬂt Wéﬂ\sdlsrfg afi =2 and

charact eri sedrinn at hatl teigineyi thhe el gidig end vnlAd g there is no

metal-to-metal contact between the welding dies, and
characterised in that either the welding and cutting

15 occur at the same place, metal-to-metal contact between
the dies being prevented by using at least one welding
die whose external surface is coated with a non-porous
electrical insulator, or alternatively the cutting occurs
at a different place to the welding but the capsules

20 remain located in recesses throughout their passage

between the welding and the cutting steps.

2. A process as claimed in claim 1 wherein the cutting
takes place between a pair of rotary cutting dies.

25
3. A process as claimed in claim 2 wherein one of the

rotary cutting dies is one of the rotary welding dies.

4., A process as claimed in claim 2 wherein the pair of
30 rotary cutting dies is separate from the rotary welding
dies but adjacent to it, so that the capsules are located
firstly in recesses in one of the rotary welding dies and
then in recesses in one of the rotary cutting dies, prior
to the cutting step.
35
5. An apparatus for making capsules from two films of a



15 occur at the sane place, netal-to-netal contact between the dies being
prevented by using at |east one welding die whose external surface is

coat ed wiwb oa/osmn2 porous el ectrical insulator, or alterna&cmaiogotdie
cutting occurs at a different place to the welding but the capsul es 20
remain | ocated in recesses throughout 4 Hei r- passage between the wel ding
and the cutting steps. 2. A process as claimed in claim1l wherein the
cutting take Iace betvveen r ot ar%/ cuttin A process

P es. 25 3.
as cl ai ned in MG Tihet on@l%fal?%%rafr a‘f?/m%ﬁ{’gfﬂ% A B8 FsCbne of the
rotary wel dimmwsweldm.ngﬂ\ qum:@ssfm;lm areedssas clmean2 whesepplyhe pair
of 30 rotary, gut es but
adj acent to |tféj =al r},gsh ﬁ]%écﬁéggﬁﬁi aréeé)lrgo%gt?]%)? ?fé( iﬂ\?l‘:g%ﬁgge‘ggsses in
one of the rﬁﬁm%%&ﬁﬁﬁg ARG egans thenf ikl r@@%sé@%ulﬁl@@erweﬁﬁ@&ot ary

cutting o esyn RIHOr ] 1nfs tv&‘ﬁck@%%i‘ﬂlﬁ%%ﬁn at3PrPal AN ﬁ@pﬁééﬁé'sﬁoépﬁﬂf' ng
capsules fromtwo filnms of a WO 03/089302 PCT/ GBO3/01417 - pol ymeric

material, tHEHppr AR CoOpeSimFa P oS Retues  welali ‘f’l%l‘él}lé% defi ni ng
recesses, nNRANRS tW Slumﬂﬁalxﬁémaffé lwesl ded tHhe mm@@rmeﬁeﬁ@m@wo are

def dt f to f t h 5
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el ectrical sigralisalhetambmddre vied ding the eSi kleed hend 1o swras ef wexh dielde by

dielectrjg V@n%ﬁr}ﬁ.rltaquagrocréﬂ@f ald iﬂ]he e ¥ s &NG! psup €3 ﬁ\??%%?%@gti he

filling materi means to cut 't | ed encl osures
remai ni ng parf saprsulirs f iwhareld dhans figy ma weiial ptovheyal ofortpsul es,

wherei n thengdyedip vt dleltPriPtde SOMUREtcharacterised in that

either the welding and cutting occur at the same place,
metal-to-metal contact between the dies being prevented

15 by using at least one welding die whose external surface
is coated with a non-porous electrical insulator, or
alternatively the cutting occurs at a different place to
the welding but the capsules remain located in recesses
throughout their passage between the welding and the

20 cutting steps.

6. An apparatus as claimed in claim 5 wherein the

electrical insulator is a ceramic.

25 7. An apparatus as claimed in claim 5 wherein the
cutting is performed while the enclosures remain located

in the recesses in one of the welding dies.

8. An apparatus as claimed in claim 7 wherein the
30 cutting is performed by a kiss-cut roller adjacent to the

one welding die.

9. An apparatus as claimed in claim 5 also comprising a
transfer roller and a kiss~cut roller, the enclosures
35 being located in recesses in the transfer roller, and the

cutting being performed between the transfer roller and



bet ween the wel ding dies, and characterised in that either the welding and
cutting occur at the sane place, netal-to-netal contact between the dies
bei ng prewermsvstdb by using at | east one wel di ng di e whosecaxdarmsnadi7surface
is coated with a non-porous electrical insulator, or alternatively the
cutting occurs at a different place to I%he wel ding but the capsul es renmain
| ocated in recesses throughout their passage between the wel ding and the
20 cutting steps,. 6. An a atus as clained in claim5 wherein the

el ectrical ﬁﬁ?ﬁﬁ%ﬁgVﬁé}eﬁéii%ﬁic. 25 7. An apparatus as claimed in claim5
wherein the cutting is perforned while the enclosures remain |located in
the recesses in one of the welding dies. 8. An apparatus as clained in
claim7 wherein the 30 cutting is performed by a kiss-cut roller adjacent
to the one welding die. 9. An apparatus as clained in claim5 al so
conprising a transfer roller and a kiss-cut roller, the enclosures 35
being located in recesses in the transfer roller, and the cutting being
performed between the transfer roller and WO 03/089302 PCT/ GB03/01417 15
the kiss-cut roller.



