WO 2010/051960PCT/EP2009/007844 Multilayer foil The present invention relates to a multilayer folil
with low water vapor transmission and with low oxygen 5transmission,and with particular suitability for
blister packs for medicaments. The barrier effect of polymeric materials and foils with respect to water
vapor is generally independent of 10 the barrier effect with respect to oxygen. Accordingly, materials
exhibiting a good vapor barrier will not necessarily also exhibit a good barrier with respect to oxygen

and to odors, awe viag1 veres 1 blae only material that exhibits a barriesefieebos pyaterated4o good 15
range of values not only with respect to oxygen but also with respect to water vapor is polyvinylidene

chloride (PVDC). PCTFE, polyolefins, and other polymers exhibit a good to very good water vapor
barrier but a vet{plowt éRytieh Barrier. EVOH (ethylene-vinyl alcohol 20 copolymer) exhibits a very good
oxygen barrier, but a low water vapor barrier. There is currently no available polymeric packaging foil

that is marketablg, I.¢;.that.6an be praduced cost-eff 8“‘4%33/ : §”rﬁ&§%&% ihits & bigh yatey, vapor

barrier alongside a high 25 oxygen barrier. On the other han odern medicaments are increasingly

proving to be sefditive’idtiater VABSFand 6%yt 5’I‘"T’Ijeorl%qui‘f‘;é”rﬁenféi;%}cedlﬁﬁf)(on thevBartier effect
exhibited by packaging feitsiton medicarnentsi ate aceoerdingly ever mere stringént: she feguirement 30

hitherto has been fora large barrier gffect mainly with,respect to water vapor, but packaging foils for
modern medicaments now also have to exhibit a large barrier effect with respect to oxygen. 35

Thermoformable plastics foils are widely used for the CONFIRMATION COPY WO 2010/051960- 2
-PCT/EP2009/00¥844 packayging of feod anddripik; iedicaments, tandiether productse The products

known as blisteg packs arg iportant here: Blistgrpacks have a:shape matgbgd:tathe product and

obtained % the{rk?ﬁ?fcggwrir%q of a élg%esc%reL%rgply transparent glaostics foiI_. Tﬂg Cpoa_lg:kagin% component

that conforms to the respecﬁ\fe product or Contefits 18 also termed base componeﬁtl, fid diter the

contents have BedrPéharged iemsealdd with alid $6iP Preferably arafordifdm foil LBy a'Wélding or 10
sealing process:ihespackaging:has-toscomplywith partioulaetecidrements incespeettofithe barrier

effect thereof with respect fo wafer yapor, oxygen and.sometimes ofher gases, suchasscarbon

dioxide, and these requirements depend on the intended application. 15 By way of example, a wide
variety of medicatiént& Féqdire SackRaghig Exibitifd ASFaterVapsr tFRreFT&sitn 6PetHan 0.06
g/(m2.24h}% and imgemes€ases lessstham@.04gl(n2:240). Inrthercase of transparent fails,tthe only way

OfaCNeanVW%@@%@pQHH@p&B@gg@dy to water wvapor is polyvinylidene
chloride (PVDC). PCTFE, polyolefins, and other polymers
exhibit a good to very good water wvapor barrier but a
very low oxygen barrier. EVOH (ethylene-vinyl alcohol

20  copolymer} exhibits a very good oxygen barrier, but a
low water wvapor  |barrier. There is currently no
available polymeric packaging foil that is marketable,
i.e. that can be produced cost-effectively, and that
exhibits a high water vapor barrier alongside a high

25 oxygen barrier. On the other hand, modern medicaments
are increasingly proving to be sensitive to water wvapor
and oxygen. The reguirements placed upon the barrier
effect exhibited by packaging fcils for medicaments are
accordingly ever more stringent. The reguirement

30  hitherto has bheen for a large barrier effect mainly
with respect to water vapor, but packaging foils for
modern medicaments now alsoc have to exhibit a large

barrier effect with respect to oxygen.

35 Thermcoformable plastics foils are widely used for the

CONFIRMATION COPY



20 less than 0.06 g/(m2.24h) is to use PCTFE as foil material with a thickness greater than 100 Rm.
Water vapor transmission below 0.04 g/(m2.24h) has hitherto been achievable only by using aluminum
foil, in particular by using what is known as "cold form foil". 25 Aluminum foils of this type are not
transparent and they moreover have low deformability, and cannot therefore be used to produce
relatively small blisters, so that the foil area needed is substantially greater than when a

thermoformablasblisternis Armerie 80 Thermoformable plastics foils haveto/k@ee pet/auy 84darger barrier
effect but also other properties, such as sealability, freedom from streaks, low thickness, uniform

thickness profil d good processability. For, 35 the processability, especially advantageous features
are good deforr%(a%r']l(lstEl ; 3|“.lcje(fj;ma8>%(renu”rr? Cfj%ifoarlf?ﬁity gfrtfluc 'hes?%%ﬁg&%hﬁ’the% élogmp%%afegﬁﬁ: after the
WO 2010/051986°8 4P ET/EP2H69/007844 HeforniRg Proceds, akd afseemaximidhshapeteplication,

minimum curl, antha smallcoeficient af frictien, ieagaed alipreapabilityamith respeetdte thesmachinery
parts contacted,and the pagkaged.contepts, The cufl > ocqurs in twer o, mulgilayer cemposite foils

when the coefficients of thermal expansion (CTES) of the individual layer materials differ.

Thermoforming&tesois for patkagiexhibifing 165t rier Sftdet with FespReCEARART vapor are
known in the priorraptER11 655287 AbdiScloses a thefrhefornetberccolddormeddlister pack with a

blister base component:and withza 15 lid foil, Jhe fid fail is cpmposed of ap alugyipump feilaf thickness
from 10 to 30 m which has been Ian%i:lated onilcoateg with, on a first s@e, a fojl which can be peeled

from the alumincl:fr)ﬁ1 O?Pé:nsd th%gﬁis yade of af @gg onjétplaé“tfcs Fa%/aer%%se"gjlf)crl{l thgrm fj stic or 20
thermoset polyretslandPaf fise seéond sitle, sealed againsethe blistér basevcoporent & plastics foil
based onippolyviswh chlegdedPYE] hayingra oil thicknessof frona 0 te 40 pramerpolyyinytidene
chloride (PVDC) hayin ];oil thickne f from_10 to 40 pm, or 25 polypropylene (PP) having a foil
thickness of fro ag 1t\t*'/c:)l" %ﬁprﬁ, or“peocff/%%g eﬁ%t(E’E) gying%%%ﬁ%%ckr%gs g%fr%om Efé%%eﬁrm, or

polyester havin§ 2=t thickife<Rdt fioht 5 t& TR “or polyeRlotétrifldsioethyRhEI@E TEE) having a
foil thickness of<frarat8ite=30 ponlar:30 gyclealefincopblymers (CQGs); orcycloplefin patymers (COPS)

having a thickness, ot from 10;to.40.pm. The blister base.component is.composed, at least on the side

sealed a%ainst the lid foil, of a material having a chemical structure compatible with that of the
5 By way of example, "a wide wariety of medicaments

require packaging exhibiting a water vapor transmission
of less than 0.06 g/{m”-24h), and in some cases less
than 0.04 g/{(m”-24h). In the case of transparent foils,
the only way of achieving water vapor transmission of
20 less than 0.06 g/(m?-Eéh) iz to use PCTFE as foil
material with a thickness greater than 100 pm. Water
vapor transmission below 0.04 g/(n@-Zéh) has hitherto
been achievable only by using aluminum foil, in
particular by using what 1s known as "cold form foilM.
25  Aluminum foils of this type are not transparent and
they moreover have low deformability, and cannot
therefore be used to produce relatively small blisters,
so that the foil area needed 1s substantially greater
than when a thermoformable blister 1s used.
30
Thermoformable plastics foils have to have not only a
larger barrier effect but alsc other properties, such
as sealability, freedom from streaks, low thickness,
uniform thickness profile, and good processability. For
32 the processability, especially advantageous features
are good deformability, i1.e. maximum uniformity of

thickness distribution in the component after the



35 plastics foils sealed against the blister base component. The foil that can be peeled from the
aluminum foil is composed of one or more layers made of one or WO 2010/051960- 4
-PCT/EP2009/007844 more of the following plastics: PVC, PVDC, PCTFE, PP, PE, polyester,
polyethylene naphthalate (PEN), poly-amide (PA), COC, COP, polystyrene (PS), or cellophane. 5EP 1
468 817 Al relates to a lid foil for blister packs with thermoformed or cold-formed blister base

components. Thsli¢ faibgnaappasses an aluminum foil of thicknessetran e ad@ popwhich has been
laminated, on a side provided for sealing with respect to a blister 10 base component, with a plastics

foil based on P t SS p.m, or PYDC having a f0| thickness of from
10 to 40 pm, or \%%P’ a\%{l‘%ga %Iﬁgt;r#%(gr?ess%oq?%rom 69 §§9 pm o'r poi};/eSter ﬁa\?gﬁg JCjl?hlékness of
from 5 to 15 p. A 15 BFPCIEE havititfa %ll%ﬁ%ﬂ(ﬁe@ﬁﬁfﬁéﬁ@%’c?@ﬁmf b COChavihge thickness of
from 10 to 40 pooBlisterlhase eamppbieritssarescomposed:by way ofexarhple effois. mate of PVC,

PP, PET, PEEagglafgorem%ect@éa Sg%ast%\é@é% QPQCTEEAT RYELPVDL;, and COC, or Al-Al

20 blisters. DE 602 09 812 T2 describes an at least single-layer polymer foil, where one of the layers

encompasses avinyidene thiotide cBfpBSitiont WhicH erﬁfbrﬁ%é%%@? 166 ?lsspaﬂ@% weignt of
vinylidene chloridesédpatymet;sfram Othto-h@ parsbyrweight of staksilizer £frame0. 110 10:parts by

weight of lubricantz and fram Ok t0. 10 parts bysweight of hydrophilic clay. By way of example, the
structure of the polymer foil is of the following type: 30 C/A/B, B/R/D/B, or C/A/P/C, where A stands for

PVDC. The packaging foils known in the prior art exhibit inadequate barrier effect with respect to water
vapor and oxygenesrfeiiaithe usd af&dnsidefablé ambaiits BB OF PCTRE, efaa alinimaim foil, or of
inorganiclagldi- tives: TEhesemneasures aie asseciatediwithiineroasedcostsindhe gase of RCTFE, or

impair processa@{l{@atyprior ATt

EP 1 655 237 Al discloses a thermoformed or ceold-~formed
blister pack with a blister base component and with a
15  1id foil. The lid feil 1s composed of an aluminum foil
of thickness from 10 to 30 pm which has been laminated
or coated with, on a first side, a foil which can be
peeled from the aluminum foll and which is made of at
least one plastics layer based on thermoplastic or
20  thermoszet polymers and, on the second side, sealed
against the blister base component, a plastics foil
based on polyvinyl chlicoride (PVC) having a foil thick-
ness of from 10 to 40 pm, or polyvinylidene chloride
(PVDC) having a foil thickness of from 10 to 40 pm, or
25 polypropylene (PP} having a foil thickness of from 6 to
35 um, or polyethylene (PE) having a foil thickness of
from & to 35 um, or polyester having a foil thickness
of from 5 to 10 pm, or pelychlorotrifluoroethylene
(PCTFE) having & foil thickness of from 8 to 30 um, or
30 cycloolefin copolymers (COCs), or cycloolefin polymers
{COPs) having a thickness of from 10 to 40 pm. The
blister base component 1s composed, at least on the
side sealed against the 1id foil, of a material having
a chemical structure compatible with that of the
35 plastics foils sealed against the blister base compo-
nent. The foil that can be peeled from the aluminum

foill i1s composed of one or more layers made of one or



WO 2010/051960- 5 -PCT/EP2009/007844 and other properties, such as optical transparency. PCTFE
foil exhibits a very good water vapor barrier, but a low oxygen barrier. An increase in the thickness 5 of
a PCTFE foil can in principle raise the water vapor barrier, but because of indirect proportionality
between material thickness and water vapor transmission the thickness of PCTFE needed rises rapidly
into a range which is technically and economically very 10 disadvantageous, and there is no possibility
of achieving anvxygén babdaregiequate for highly-demanding packaging eppbications7 B¥DC, on the
other hand, exhibits a very good oxygen barrier, but exhibits a water vapor barrier substantially smaller

than that 15 of RCIFE, | the.same, water.yaporbartier is;to beachieyed with BV aswyith PCTFE,
the thickness of PVDC has to be 165 % ojfvr'?f?% thickness of PCTEE. PVD ’foiTsC\g% ,’res%ﬂe’ctively,

layers are usually’ proBacetBy &pplyifg many thincStblalerel BYyava 6t exarple; the204meight per
unit area of PVBGiréguiféd to aChieve ZOwatepvaper:bariee of D085 g/tm224h)y(measured at a
temperature of 38 C and a relative humidity of 90 %) would be about 400 g/m2. This requires 40

passes through_the machinery.of a conventional industrjal coating 25 system in each case applying 10
g/m2, or 2 pa};é%s Q%iégg/%éfszg%h %ela?gteelﬁc’urEBelﬁo#ﬁ%sgg %ﬁmﬁﬁﬁ nvachieéry i€ AGtEchievable
either technicallidecémsraicaliy Trslindustriabprécésses:knowhin tive prive agt produsePVDC
layers with weighirpes unitaeea of up tecatimost 30480 g4a2. The oxygen:barrer exhibited-by PVDC is
only very sliahtlyafteelecL0y moiglure. wheregs by way gl.example EYOH, which fkawise exhibits a
very good 35 oxygen barrier, sq?ers major [0Ss'of oxygen barfier on éxpostre 16 moisture. In extreme
cases, the magRitie 61 thé 195iRthe ase GFRVOH exidiils 16 pofeks ¢fow® Z0107051960- 6

-PCT/EP2009/00¥844 teonEMEH ts uswallyhused incpackaging fardeod osdeisk, buthasatso recently
been used in pharmageuticakpagkaging. b ILis an objeet g the presgnt javeption tq proyide a foil

which exhibits % high barrier effect with respect to water vapor in combination with a barrier effect
against oxygen-@hilé Yisélof hidterial 54 tHE $am& timé efitient andwHiéh Bovides gédd
processability Toearid:compliestwith desighaegaisements, el imrespect-of oficajtransparency. A
particular intention isfequevide a:fail whick ds suitahle-for praduging basg campanents for blister
packs. 15 or PCTFE having a foill thickness of from 8 to 76 um, or
COC having a thickness of from 10 to 40 um. Blister
base components are composed by way of example of foils
made of PVC, PP, PET, PE, and of composite foils, such
as PVC/ACLAR® {PCTFE), PVC/PVDC, and COC, or Al-Al

20 blisters,.

DE 602 0% 812 T2 describes an at least single-layer
polymer foil, where one of the layers encompasses a
vinylidene chloride composition which encompasses 100
25 vparts by weight of wvinylidene chloride copolymer; from
0.1 to 10 parts by weight of stabilizer, from 0.1 to 10
parts by welight of lubricant, and from 0.1 to 10 parts
by weight of hydrophilic clay. By way of example, the
structure of the polymer foil is of the following type:
3¢ C/A/B, B/A/D/B, or C/A/D/C, where A stands for PVDC.

The packaging foils known 1in the prior art exhibit
inadegquate barrier effect with respect to water vapor
and oxygen, or reguilre the use of considerable amounts
35 of PCTFE, of an aluminum foil, or of inorganic addi-
tives. These measures are associated with increased

costs in the case of PCTFE, or impair processability



15 The invention achieves the above object via a multi-layer foil with the features of claim 1.
Accordingly, the multilayer foil in question includes at least three layers, encompassing 20 -a first layer
made of a polymer selected from the group consisting of polyvinyl chloride, copolymers made of vinyl
chloride units and of one or more other monomers (VC copolymers), polyesters, polyolefins,
polyacrylonitrile (PAN), copolymers 25 made of acrylonitrile units and of one or more other monomers

(AN copolymersjonixtueomage®f polyvinyl chloridesand of VC copetyimensz oo e /oasegand layer
made of a vinylidene chloride 30polymer selected from the group consisting of

polyvinylidenechloside,copolymer g}gge ving '%%ne hi ri%e units and of one or more other
monomers(VDC éopolymers)i,g}rﬁ?gures r%%’de 0 pon%%ny%f)e %ﬁl%rldg‘%%%sﬁwecé\ébolymers; 35and
WO 2010/051960- 7 -PCT/EP2009/007844 polymer selected from the group consisting of

polychlorotriflucreathiylerie,icopelymers trzade oﬁz@ﬂ@vrot@iﬁudrogmylerle uatie andaf-ane:er more other
monomers (C1EE copolyaiersidrasdmade of Spalvahirpiriiiorasthilene and gLGIEE copoly

mers. The gmltil er foiI%DreferabI encompasses a fourth_layer made of a polymer selected from the

group 10 cdnsistingf polyvinytEioridé "toptly et fridtleSof VinyT Shioridie lifits &nd ®PBRe or more
other monomers4VvCicopolymaes), pdiyesters: polydlefinsppalyacrylonitriteRAN)copolyirhgersmadeof
acrylonitrile unitscang-ef-one:emore other maenamers 15(ANcopolymers), mixtures made of polyvinyl
chloride the thickness of PCTFE needed rises rapidly into a
range which 1s technically and economically very
1C¢ disadvantagecus, and there is no possibility of
achieving an oxygen Dbarrier adequate for highly
demanding packaging applications. PVDC, on the other
hand, exhibits a very good oxygen barrier, but exhibits
a water wvapor barrier substantially smaller than that
15 of PCIFE. If the same water vapor barrier is to be
achieved with PVDC as with PCTFE, the thickness of PVDC
has to be 165 % of the thickness of PCTFE. PVDC foils
and, respectively, layers are usually produced by
applying many thin sublayers. By way of example, the
20 weight per wunit area of PVDC reguired to achieve a
water vapor barrier of 0.035 g/(m*-24h) (measured at a
temperature of 38 °C and a relative humidity of 90 %)
would be about 400 g/m®. This requires 40 passes through
the machinery of a coeonventiconal industrial coating
25 system in each case applying 10 g/m?, or 27 passes at
15 g/m?. Such a large number of passes through machinery
is not achievable either technically or econcmically.
The industrial processes known in the prior art produce
PVDC layers with weight per unit area of up tc at most
30 180 g/m*.

The oxygen barrier exhibited by PVDC 1is only very
slightly affected by moisture, whereas by way of
example EVOH, which likewise exhibits a wvery good
35 oxygen barrier, suffers major loss of oxygen barrier on
exposure to moisture. In extreme cases, the magnitude

of the loss in the case c¢f EVOH extends to powers of



and of VC copolymers. The polyesters used for the first and fourth layer preferably comprise
polyethylene terephthalate (PET), 20 in particular amorphous PET (APET), and copolymers made of
ethylene terephthalate units and of one or more other monomers. One particularly preferred copolymer
is PETG, which is composed of ethylene terephthalate units and of cyclohexanedimethanol units. 25
The polyolefin used for the first and fourth layer especially preferably comprises polypropylene (PP),

polyethylene (Pid, aeioptefleagolymers (COCs), agdcycloolefin patyimensA§63)k 8947y the
purposes of the invention, the abbreviations PVC, PVDC, and PCTFE are used for the polymers of the

first, second, ar\gj El:l]il’d gk WQere 35 aPMC isa vir%yl chloride %gglmer sel%tlgd Erom the group
e

consisting of po g?/ln‘yl chloride, ésoptl)llys/lr%ers Madé 6 vinly‘rf chior {ritsor, respecﬁ)\?é:iy, O

2010/051960 8T PEHEP2083/007844 chiGro&theneifiis HhEVof orfeeGrmore sthér moriomers (VC
copolymers), anthmixtaresinade of patywinyl shloride and of VC copolymers; 5PVDC is a vinylidene
polymer selected from the group consisting of polyvinylidene chloride, copolymers made of vinylidene
chloride units or, respectively, 1,1-dichloroethane units and of one or more other monomers (VDC

copolymers), mixtures 16Made b polyGihylidefie RhfFitieandBf YBE eBpdigmersahde &
PCTFEisachlordtrifllorokthyterepolymerslSsetected framthe groupreansistingof palypckleto-
trifluoroethylene, copplymers-faads-of chlorotis fluoregthylens units and,of one or mare gther

against oxygen, while use of material 1is at the same

time efficient, and which provides good processability

10 and complies with design requirements, e.g. in respect

of optical transparency. A particular intention is to

provide a foill which is suitable for producing base

components for blister packs.

15 The invention achieves the above object via a multi-
layer foil with the features of claim 1. Accordingly,
the multilayer foll in guestion includes at least three

layers, encompassing

20 - a first layer made of a polymer selected from the
group consisting of polyvinyl chloride, copolymers
made of wvinyl chloride units and of one or more
other monomers (VC copolymers), polyesters,
polyolefins, polyacrylonitrile (PAN), copolymers

25 made o¢f acrylonitrile units and cof one or more
other monomers (AN copolymers), mixtures made of

polyvinyl chloride and of VC copolymers;

- a second layer made of a vinylidene chloride
30 polymer selected from the group consisting of
polyvinylidene chloride, copolymers made of
vinylidene chloride units and of one or more other
monomers (VDC copoclymers), mixtures made of
polyvinylidene chloride and of VDC copolymers;
35 and

- a third layer made of a chlorotriflucroethylene



monomers (CTFE copolymers), mixtures made of polychlorotrifluoroethylene and of CTFE
copoly20mers. The sequence of the layers in the layer structure can be varied. The layers can be
combined, thus obtaining layer structures made of PVC/PCTFE/PVDC, 25 PVC/PVDC/PCTFE,
PVC/PVDC/PCTFE/PVC, PVC/PCTFE/PVC/PVDC, PVC/PVDC/PVC/PCTFE, and also equivalent
layer structures in which the first and fourth layer include, instead of PVC, a polyester, polyolefin,
polyacrylonitrilex@ AdN)1 oy &\ egggolymer. 30 The composition of maiersf ki theomulidenss 4oil of the
invention is in particular PVC/PVDC/PCTFE or PVC/PVDC/PCTFE/PVC. 35 The multilayer foil
moreover encompass or mare,adhesive layers an%one or more primer. layers, where the
individual adhesive Ia?é%%r th%el% |C\:/h|C u%l ﬁéo%l& 51960-0"5PCTEP 8&7843 primer layer
has/have been arrangefl-b&tesn Féspectivelyafiplof the fayerss FGuUresswilt be 3€d beiv to explain
the invention in more détad; s figuel L shewsaymatitayenfoil having three layersi-and-figtee 2 shows a
multilayer foil having fous layers. 10 Figure (ch%gg gﬁ}m%l[es?f a m@@%%rsfoﬁ &8 eOf Ct)t}e invention
0

having three layers 1, 2, and 3, where the layer 1 is compose at least 85 % by weight of PVC,
based on the total Weiﬁﬁtlé’ﬂ%lﬂéﬁécrrﬁ ThEABAGyEYS K iCompBskd 6 at leREE9S 9By Waight of
PVDC, based on the totat sveight of the layer 2; and the layer 3 is composed of at least 95 % by weight
of PCTFE, based on the total weight of the layer 3. 20 In an embodiment of he invention, the multilayer
foil 10 encompasses one or. more primer layers 5 and/qr.one or more adhesive layers 6, arranged
between respei%ﬁély Itwg%%?;aey I%yerr;% 12, afid %.% 35 ‘%fglt)’re S8HEWE ARofer Aultitayer il 11 of the
invention, which@rnésmpassiss a flrther layes Wygiich isscomposed dfatreasti8s % dyoweight of PVC,
based onithe totalnueight eltheslayesd Jhereferencesignssl, 2ansk3 infigwre 2 have the same

meaning as in %g_g%lireclh in J@i%ree 2,8 @rsi)meg1 Igyerf5 aplg two. agﬂ%%siveoggers ?n ggg 7@6}:@ moreover

shown. The optiohal use of a primer layer 5and/or of an adhesive %yer ,efdepend% on the

respective proce¥s 35 used O rodlEe the multilaySrFou 40 E1S polyclefins,
polyacrylonitrile (PAN) , copolymers made of

acryleonitrile units and of one or more other monomers
15 (AN copolymers), mixtures made of polyvinyl chloride

and of VC copolymers.

The polyesters used for the first and fourth layer
preferably comprise polyethylene terephthalate (PET),

20  in particular amorphous PET (APET), and copolymers made
of ethylene terephthalate wunits and of one or more
other monomers. One particularly preferred copelymer is
PETG, which is composed of ethylene terephthalate units
and ¢f cyclochexanedimethanol units.

25
The polyolefin used for the first and fourth layer
especlally preferably comprises polypropylene (PP),
polyethylene (PE), cycloolefin copolymers {(COCs), and
cycloclefin polymers (COP).

30
For the purposes of the invention, the abbreviations
FVC, PVDC, and PCTFE are used for the polymers of the
first, second, and third layer, where

35 - PVC 1is a vinyl chloride polymer selected from the
group consisting of polyvinyl chloride, copolymers

made of wvinyl chloride wunits or, respectively,



WO 2010/051960- 10 -PCT/EP2009/007844 coatings, and dry lamination adhesives are used for the
adhesive bonding of two foil webs. If the multilayer foil 10, 11 is produced, for example, by means of
coextrusion of the layers 1, 2, 3, and 4, primer layers 5 and adhesive layers are omitted. Production by
means of coextrusion often uses what are known as tie layers for the bonding of the individual layers.
The layers 1, 2, 3, 4 of the multilayer foils 10 and 11 10 of the invention can also have been arranged
in another seqance) idr /&hYHEO in one of the folowing configurati®as:/BB24s FAWT/PEAFE/PVDC);
151/3/4/2(= PVC/PCTFE/PVC/PVDC); or 1/2/4/3(= PVC/PVDC/PVC/PCTFE). The multilayer foil 10,

11 can encompass, alongside_thg layers 1, 2, 3, and 4, further layers made of palymaric.20 materials,
aluminum, or paper. It is preferable that each of the Ia%ers 1 and 4 encompasses up to 15 % by weight

of additives, and that BREPBF R layérs 243 BReompasséStp ©'8°95°6f25 additives based on the
total weight of the respedtiveitayér. Thedayers Braipreferdblycavelatisickiess of from 10 to 400 pm;
the layer 2 preferably has a thickness of 30 from 9 to 120 pm; and the layer 3 preferably has a
thickness of from 15 t pm. The_ thickness of the layer 2 is in particular fram 70 to 110 pm, and
the Weightgper unit ar§a (%rejc')?is in 3%%3%&%5@%0”?%8?8{805@/% .t\%{) i%‘i%%s%gifo 11
-PCT/EP2009/00784&fiitRayeCfoil 3105 11118 gre@fer by tiEdts 04 Hdifthe SEmM DT #Ereciprocals of
the water vapor transmissiong-efrthe ingividuaklayersn aceerdanael with the fallawiag retationship

respectively, 1,l-dichloroethane units and of one

or more other moncmers (VDC copolymers), mixtures
10 made of polyvinylidene chloride and of VDC

cepolymers;

and

- PCTFE is a chlorotrifluorocethylene polymer

15 selected from the group consisting of polychloro-
triflucroethylene, copolymers made of chlorotri~
fluorcethylene units and of one or more other

monomers (CTFE copolymers), mixtures made of
polychlorotriflucorcethylene and of CTFE copoly-

20 mers.

The seguence of the layers in the layer structure can
be varied. The lavyers can be combined, thus obtaining
layer structures made of PVC/PCTFE/PVDC,
25 PVC/PVDC/PCTFE, PVC/PVDC/PCTFE/PVC, PBVC/PCTFE/PVC/PVDC,
PVC/PVDC/PVC/PCTEFE, and also equivalent laver struc-
tures 1in which the first and fourth layer include,
instead of PBVC, a polyester, polyolefin, polyacrylo-
nitrile (PAN), or AN copolymer.
30
The composition of material in the multilavyver foil of
the invention is in particular PBVC/PVDC/PCTEE  or
PVC/PVDC/PCTFE/PVC.

35  The multilaver foll morsover encompasses one or more
adhesive layers and one or more primer layers, where

the individual adhesive layesr and/or the individual



where WVTm is the water vapor transmission of the multilayer foil, WVTi is the water vapor
transmission of 10 the jth layer, and N is a natural number greater than or equal to 3, and N is the
number of layers in the multilayer foil. It is preferable that the multilayer foil 10, 11 is 15 greater by at
least 10 %, preferably by at least 15 %, and in particular by at least 20 %, than the sum of the
reciprocals of the water vapor transmissions of the individual layers. 20 The multilayer foil 10,11 has a
water vapor trapsnissiay 06fro8n0.027 to 0.034 g/(e2.24h), at a tempErEPEEDORIR C78what a relative
humidity of 90 %, preferably from 0.027 to 0.031 g/(m2-24h). For the purposes of the invention, water

vapor transmisEgMg;S ?gggléreqql%@%l\%o j,o%@@'%l@%ﬂé%%?n frapsmission. gggkecmultilayer foil

10, 11 at a temperature 0 00, lower than that used to measure the water vapor transmission, and
at a relative 30Rarifdity G50 9isTroim B2F#0°6.22 cm3/(m2.24h), preferablyfrom0.13t00.14
cm3(m2-24h).Oxygendransididsior iswdeserninéd to DIN S 15105-2+vnnexvAn tEermuttilayer folil
10, 11 of the inyentionshas good 35 thermoformability and is monolaterally or bilaterally sealable. WO
2010/051960- 12 -PCT/EP2009/007844 A multilayer foil 10, 11 is preferably colorless and transparent,

colored and transparent, colored and opaque, or white and opaque.
figure 1 shows a multilayer foil having three layers;

and

figure 2 shows a multilayer foil having four layers.
10
Figure 1 shows an example of a multilayer foil 10 of
the invention having three layers 1, 2, and 3, where
the layer 1 is composed of at least 85 % by weight of
PVC, based on the total weicht of the layer 1; the
15  layer 2 is composed of at least 85 % by weilght of PVDC,
based on the total weight of the layer 2; and the layer

3 is composed of at least 95 % by weight of PCTFE,

based on the total weight of the laver 3.

20 In an embodiment of the invention, the multilayer foil
10 encompasses one or more primer layers 5 and/or one
or more adhesive lavers 6, arranged betwesen respec-

tively two of the lavers 1, 2, and 3.

25 Figure 2 shows another multilayer foil 11 of the
invention, which encompasses a further layer 4, which
is composed of at least 85 % by weight of PVC, based on
the total weight of the layer 4. The reference signs 1,
2 and 3 in figure 2 have the same meaning as in

20 figure 1. In figure 2, a primer layer 5 and two

adhesive layers 6 and 7 are moreover shown.
The optional use of a primer layer 5 and/or of an
adhesive layer 6, 7 depends on tThe respective process

35 used to produce the multilayer foil 10, 11.

Primers are used to provide adhesion of PVDC dispersion



5 Another feature of the multilayer foil 10, 11 of the invention is that when heated it has very good
thermoforming properties, far exceeding the thermoformability of conventional PVC/PCTFE composite
foils. Because the 10 multilayer foil 10, 11 of the invention has good thermoforming properties, the
water vapor barrier is relatively little impaired by the thermoforming procedure. The multilayer foil 10,
11 of the invention therefore retains an unusually high water vapor barrier 15("blister barrier") even
when it has beevotheomofabiess T he high oxygen-barrier exhibited hyethemmabitey/eo doikh@ 11 of the
invention is similar to the water vapor barrier in that it is relatively little impaired 20 by the

thermoforming g{)ofcl@bg#é?s ’Q%r}lsgggggtly %ﬁqrg&oéggnﬂin%ﬁgsbe used to rgdu%e k%gs;e%%%cks from the

multilayer foil 1 the' invention, and these have a arrier effect fhiat was hitherto not achievable
with respect to KAt VaFdr &rdexygen o35 A partic@ar fedftiPé of the multtayér fdillofakie invention is
that, even after fhe therndoforming procedtsdthedeciproeal efdtbepuater vapor transmissian of the
multilayer foil iscg;gggwi%e%sg 10, %, §gkpég_f§raiblly Qy aglea_g}lgp 2/9 %&gqurq%%%rrgy at least 20

%, than the sum of the reciprocals of the water vapor transmissions of the individual layers. The

thickness of, re8PEctvalf te feight Der ufiit 35 Ffed ofthe GPtRMAR bresenY pfiffdr fayefs and
optionally presemaiihesivedayers ire thewrnultilagies foik1@, Krofthe dmvention Tagkessuponly a small
proportion of theptatahthieknessor, respectively,the weight perunit area of the multilayer foil 10, 11,
and the barrier effect exhibited by the primer layer and by the adhesive layer can therefore be ignored.
5 The invention provides a blister pack having a blister base component made of a multilayer foil 10,
11 having one diffofeBfthe dbovémehtioded fediresnid Feaaires of othet atiVantagedds
embodiments of the: blistempack-afdhe inventios are.that: theblister-base-componenthasbeen

Sumededtoa'sequence, for example in  one of the following

configurations:
1/3/2 (= PVC/PCTFE/PVDC);

15 1/3/4/2 (= PVC/PCTFE/PVC/PVDC); or
1/2/4/3 (= PVC/PVDC/PVC/PCTFE} .

The multilayer foil 10, 11 can encompass, alongside the
layers 1, 2, 3, and 4, further layers made of polymeric

20 materials, aluminum, or paper.

It is preferable that each of the layers 1 and 4
encompasses up to 15 % by weight of additives, and that
each of the layers 2 and 3 encompasses up to 5 % of
25 additives, based con the total weight of the respective

layer.

The layvers 1, 4 preferably have a thickness of from 10
te 400 pm; the layer 2 preferably has a thickness of

3¢ from S to 120 um; and the laver 3 preferably has a
thickness of from 15 te 210 um.

The thickness of the layer 2 is in particular from 70
to 110 pm, and the weight per unit area thereof is in

35 the range from 120 to 180 g/m°.

The reciprocal of the water vapor transmission of the



sealing process with a foil which has been sealed 15against the blister base component; the foll
sealed against the blister base component is composed of aluminum and has a thickness which is
preferably from 5 to 80 lam; 20 the foil sealed against the blister base component is composed of
plastic; the foil sealed against the blister base component 25is an aluminum foil of thickness from 5 to
40 pm, which has been coated with a plastic on the side sealed against the blister base component, or
which has beerangoatedositpaplastics foil. 30 Examples Productierof mediiagordois Egur
multilayer foils composed of materials as follows: PVC/PVDC/PCTFE/PVC were produced on an inline
system having it oating units and, respectively, 35lamination units, by steps (i)-(iv) stated
bélow: e 20%6%%1%[6% 41% %%%E% OO%%OO?%Zﬁ%é%&%r %Fim%?) %gparg%akr)% for %?é%jpplication of
PVDC dispersidri*tepestdd céilting With PVISE dhéirsision unfifcuntuttive 4é4 Bendigifas from 125
to 160 g/m2 (dry applcatoniweghtf  thusingradfirst dislamibatien adhesive: tocapplyacRCTFE foil to
the PVDC layer by L0lamination; apd (v)ysing @;second dry lamination adhesive to apply a second

PVC foll t05the PCTFE foil by lamination. 15 Water vapor transmission measurement

W@;‘ EIDSji W;ﬁ”
- A J=l J
where WVTy 1s the water vapcr transmission of the
multilayer foil, WVTy; is the water vapor transmission of
1  the jth laver, and N is & natural number greater than
or egqual tc 3, and N 1s the number of layers in the

multilayer foil.

It is preferable that the multilayer foil 10, 11 is
15 greater by at least 10 %, preferably by at least 15 %,
and in particular by at least 20 %, than the sum of the
reciprocals of the water wvapor transmissiocns of the

individual lavers.

20  The multilayer foil 10, 11 has a water vapor
transmission of from 0.027 to 0.034 g/(n®-24h), at a
temperature of 38 °C and at a relative humidity of
90 %, preferably from 0.027 to 0.031 g/ (m®-24nh). For the
purposes of the invention, water vapor transmission is

25 measured to DIN ISC 15106-3.

The oxygen transmission of the multilayer foil 10, 11
at a temperature of 23 °C, lower than that used to
measure the water vapor transmission, and at a relative
30 humidity of 50 % is from 0.10 to 0.22 cm®/(m® 24h),
preferably from 0.13 to 0.14 cm®(m”-24h) . Cxvygen

transmission is determined to DIN IS0 15105-2 Annex A.

The multilayer foil 10, 11 of the invention has good
35 thermoformability and is monclaterally or bilaterally
sealable. '



a) Measurement of the water vapor transmission WVTH of single-layer reference foils made of PVC
(thickness 127 pm), made of PCTFE(thickness 20102 pm), and made of PVDC (thickness 75 and,
respectively, 95 pm) to DIN ISO 15106-3. b) Measurement of the water vapor transmission WVTp4r, of
the multilayer foil to DIN ISO 15106-3. c) Determination of the thickness d: of the polymer 25layer
present in the multilayer foil via measure- mentofcross-sectionalmicrographsofthe multilayer foil. d)

Calculation of theowater o/ape1 fr@gsmission WV Tjofthe polymer laygesipiesenbia tbgraulilayer foil
30from the following equation: WYT, =WVT,y.d,, d where dri indicates the thickness of the sing-le- 35

layer reference foil from step a) and di indicates the thickness determined in step c) of the polymer
layer present in the multilayer foil. WO 2010/051960- 15 -PCT/EP2009/007844 e) Calculation of the
water vapor trafisniission VeV Eic 5P tHe mditilayer follsbyramaicsakity resistarcessolléted in series,
i.e. in the form ofsuns phthenreciprogals otthe water vapes trapsmissions SWYJj-fam the following
formula: 11 opaque, or white and opague.
5
Another feature of the multilayer foil 10, 11 of the
invention 1s that when heated it has very good thermo-
forming properties, far exceeding the thermcformability
of ceonventicnal PVC/PCTFE composite foils. Recause the
10 multilayer foil 10, 11 of the invention has good
thermoforming properties, the water vapor barrier is
relatively little impaired by the thermoforming proce-
dure. The mnmultilayer foil 10, 11 of the invention
therefore retains an unusually high water vapor barrier

15 ("blister barrier") even when it has been thermoformed.

The high oxygen barrier exhibited by the multilayer
foil 10, 11 of the invention i1s similar to the water
vapor barrier in that it 1s relatively little impaired

20 by the thermoforming procedure. Consequently, thermo-
forming can be used to produce blister packs from the
multilayer feoil 10, 11 of the invention, and these have
a barrier effect that was hitherto not achievable with
respect to water vapor and oxygen.

25
A particular feature of the multilaver foil of the
invention 1is that, even after the thermoforming proce-
dure, the reciprocal of the water vapor transmission of
the multilayer foill i1s greater by at least 10 %,

30 preferably by at least 15 %, and in particular by at
least 20 %, than the sum of the reciprocals of the

water vapor transmissions of the individual layers.

The thickness or, respectively, the weight per unit
3> area of the optionally present primer layers and
optionally present adhesive Jlayers in the multilaver

foil 10, 11 of the invention makes up only a small



1 WVT 7=1WYT MC1=11 The measured and calculated values for the water vapor 10 transmission
of the multilayer foils produced in the invention are compared in table 1. PVC pm PVDC g/m2 PCTFE
pm PVC Ina WVT..k., measured g/ (m2' 24h) WVT,,,, calculated g/ (m2. 24h) AWVT = wVTitn)
/WVTmc %

WO 2010/051960 - 13 - PCT/EP2009/007844

proportion of the total thickness or, respectively, the
weight per unit area of the multilayer foil 10, 11, and
the barrier effect exhibited by the primer layer and by

the adhesive layer can therefore be ignored.

The invention provides a blister pack having a blister
base component made of a multilayer foil 10, 11 having

one or more of the abovementioned features.

10 Features of other advantagecus embodiments of the

bilister pack of the invention are that:

- the blister base component has been subjected to a
sealing process with a foll which has been sealsd

15 against the blister base component;

- the foil sealed against the blister base component
is composed of aluminum and has a thickness which

is preferably from 5 to 80 um;

20
- the foill sealed against the blister base component
is composed of plastic;
- the foll sealed against the blister base component
25 is an aluminum foil of thickness from 5 to 40 um,

which has been coated with & plastic on the side
sealed against the blister base component, or

which has been laminated with a plastics foil.

30 Examples
Production of multilaver foils
Four multilayer foils composed of materials as follows:
PVC/PVDC/PCTFE/PVC were produced on an inline system
having a plurality of coating units and, respectively,

35 lamination units, by steps (1)-(iv) stated below:

(i) coating of a first PVC foil with adhesion



1127 125.2102.4 127 0.0333 0.0368 9.5 2 127 125.4 104.2 127 0.0279 0.0363 23.1 3 127 160.7 99.5
127 '

WO 2010/051960 ~ 14 - PCT/EP2008/007844

promoter (primer) to prepare for the applica-

tion of PVDC dispersion;

{ii) repeated coating with PVDC dispersion until
5 cumulative area density was from 125 to

160 g/m® (dry application weight);

(iii) using a first dry lamination adhesive to
apply & PCTFE foil to the PVDC layer by

10 lamination;: and

(iv) using a second dry lamination adhesive to
apply a second PVC foil to the PCTFE foil by

lamination.

Water vapor transmission measurement
a) Measurement of the water wvapor transmission WVT,;
of single-layer reference foils made of PVC
{thickness 127 wpmj, made of PCTFE (thickness
20 102 pm}, and made of PVDC (thickness 75 and,
respectively, 95 pm) to DIN ISO 15106-3.
) Measurement of the water vapor transmission WVTum
cf the multilayer foil to DIN IS0 15106-3.
ol Determination of the thickness dy of the polymer
25 layer present in the multilayer foll via measure-
ment of cross—-secticnal micrographs ot the
muzltilaver foil.
d) Calculation of the water vapor transmission WVTy of
the polymer layers present in the multilayer foil

30 from the fellowing equation:

jfz ]jwdv/dj

where dys indicates the thickness of the single-
33 layer reference foil from step a) and d: indicates
the thickness determined in step c¢) of the polymer

layer present in the multilayer foil.



0.0315 0.0344 8.4 4 127 160.2 101.0 127 0.0279 0.0341 18.2 Table 1 15 Surprisingly, it is found that -
the water vapor transmissions measured on the multilayer foils of the invention are smaller by at least
8.4 % than the values that will be expected on the basis of the combined 20 effect of the individual
polymer layers, i.e. the values obtained by taking the sum of the reciprocals of the water vapor
transmissions. WO 2010/051960- 16 -PCT/EP2009/007844 What is claimed is: 1.A multilayer foil (10,
11) having at least Hiree Jlagarsgencompassing -~ 15 - PCT/EP2008/007844

e) Calculation of the water vapor transmission WVTue
of the multilayer foil by analogy with resistances
collected in series, 1.e. in the form of sum of
the reciprocals of the water vapor transmissions

5 WVT; from the following formula:

Ly
]?EQMc J=l ]D

The measured and calculated wvalues for the water vapor
10 transmission of the multilayer foills produced in the

invention are compared in table 1.

& | pvCc | pVDC | PCTFE | PVC WV T WV The AWVT =
measured calculated (WY Ty

pum | g/m’ jm um | g/ {(m*-24h) | g/ (m*24h) | WVTyy) /WV T

o]

1| 127 | 125.2 | 102.4 1 127 0.0333 0.0368 9.5
2 0127 | 125.41104.2 1127 0.0279 0.0363 23.1
31127 116e0.7 ) 99.5 | 127 0.0315 0.0344 8.4
4 | 127 | 160.2 1 101.0 | 127 0.0279 0.0341 18.2
Table 1
15
Surprisingly, it is found that the water vapor

transmissions measured on the multilaver foils of the
invention are smaller by at least 8.4 % than the values
that will be expected on the Dbasis of the combined
20 effect of the individual polymer layers, 1.e. the
values obtained by taking the sum of the reciprocals of

the water vapor transmissions.



5 afirst layer (1) made of a polymer selected from the group consisting of polyvinyl chlo- ride,
copolymers made of vinyl chloride units and of one or more other monomers(VC 10copolymers),
polyethylene terephthalate (PET), polyolefins, polyacrylonitrile (PAN), copolymers made of acrylonitrile
units and of one or more other monomers (AN copolymers), mixtures made of polyvinyl chloride and of
VC 15copolymers; a second layer (2) made of a vinylidene chloride copolymer (PVDC) selected from
the group consigting of pglywingéidene chloride, copaly- 20 mers magemfmindidere chipgige units and
of one or more other monomers (VDC copolymers), mixtures made of polyvinylidene chloride and of
VDC copolyme{'ﬂﬁ;l Q{‘di255 lt$ilr%|%%yeir 3) made of a chlorotrifluoroethylene polymer (PCTFE) selected
from the groupconsistingofpolychloroirifluoro- ethylene, copolymers made of chlorotrifluoro- 30
ethylene units and of one or more other monomers (CTFE copolymers), mixtures made of
polychlorotrifluaroethyteneandi6fsGERFE copdlymers, 352. Thenmudtiayes foil{(3; :1)as elatmed in claim
1, characterized in that it Q[np&tﬁégﬁgafgggg yer (4) made of a polymer selected from the group
consisting of polyvinyl chloride, copolymers made of vinyl chloride units and of one or more other

monomers”(VC copolymers), polyethylene terephthalate(PET),polyolefins,
- a first layer (1) made of a polymer selected

from the group consisting of polyvinyl chlo-

ride, cepolymers made of vinyl chloride units

and of one or more other monomers (Ve
10 copolymers), polyethvlene terephthalate (PET),
polvolefins, polyacryvlonitrile (PAN), copoly-

mers made of acrvlonitrile units and of one or
more other monomers (AN copolymers), mixtures
made of polyvinyl chloride and of VC

15 copolymers;

- a second layer (2) made of a wvinylidene chlio=-
ride copolymer (PVDC) selected from the group
consisting of polyvinylidene chloride, ccpoly-—

20 mers made of vinylidene chloride units and cof
one o¢r more c¢ther monomers (VDC copolymers),
mixtures made o0f pelyvinylidene chloride and of

VDC copelymers;

and

25

- & third layer {3} made of a chlorotrifluoro-

ethylene polymer (PCTFE) selected from the
group consisting of polychicoretrifluore-
ethylene, copolymers made of chlorotrifliucro-

30 ethylene units and of o¢ne or more other
monomers (CTFE copolymers), mixtures made of
polychiorotriflucrecethyliene and of CTFE copoly-
mers.

35 2. The multilaver foil (10, 113 as olaimed in

claim 1, characterized in that 1t encompasses a

fourth layer (4} made of a polymer selected from



5 polyacrylonitrile (PAN), copolymers made of acrylonitrile units and of one or more other monomers
(AN copolymers), mixtures made of polyvinyl chloride and of VC copolymers. 103.The multilayer foil
(10, 11) as claimed in claim 1 or 2, characterized in that it encompasses one or more adhesive layers
(6, 7), and one or more primer layers (5), where the adhesive layer (6, 7) and/or the primer layer (5)
has/have been arranged 15between respectively two of the layers (1, 2, 3, 4). 4.The multilayer foil (10,

11) as claimed ffeclaipt 8 ay=4 gharacterized in that each of the layegscl/zHd dheneqimpasses up to 15
% by weight of additives, and each of the layers (2, 3) encompasses up to 5 % by weight of additives,

based on the total weight of the respective I@é rtQSS.The ?ultilaﬁﬂecazfojl 10, 112%??]? claimed in claim 1
or 2, characterized in that'the first&hd fGUTH réﬁg/erfﬁ? 4) Rave athickhé8s of from 10t %00 jim, the
second layer (2) has aGhivkhess b froace o207 pivy andthe tHirklayer (3) hasd 3Gthickaess of from

15 to 210 kim. 6.The nadtilayerfel (10, dd) as claimee dmelaim 1 or@; charagterizeddn-that the
thickness of the second layer. is.from 70 to 110.jim,.and the ight per unit area thereof is from
120 to 180 g/m2. Wcr)lgz%%e%é%e%ﬁis f ETEPIOSIB0 544 ?;gﬁ? ﬁ]ultapfg?grofoff?f&sl’l) as
claimed in elaim 1 or 2 ehifcterizatinthatthe réibiocal of B RhBrSAPOr tHamfissien thereof is
greater by at acrylenitrile units and of one or more other
MONomers {AN copclymers), mixtures made of

polyvinyl chloride and of VC copolymers.

10 3. The multilayver foil (10, 11} as claimed in claim 1
or 2, characterized in that it encompasses one or
more adhesive layers (6, 7), and one or more
primer layers (5), where the adhesive layer (6, 7)

and/or the primer layer (5) has/have been arranged

15 between respectively two of the layers (1, 2, 3,
4y .
4. The multilayer foil (10, 11) as claimed in claim 1

or 2, characterized in that each of the layers (1,
20 4) encompasses up to 15 % by weight of additives,
and each of the lavers (2, 3) encompasses up to
5 % by weight of additives, based on the total

welght of the respective laver.

25 5. The multilaver foil (10, 11) as claimed in claim 1
or Z, characterized in that the first and fourth
layer (1, 4) have a thickness of from 10 to
400 pm, the second layer (2) has a thickness of
from 9 to 120 um, and the third layer (3) has a

30 thickness of from 15 to 210 um.

5. The multilayer foil (10, 11} as claimed in claim 1
or 2, characterized in that the thickness of the
second layer (2} 1s from 70 to 110 pum, and the

35 weight per unit area thereof is from 120 to
180 g/m”.



least 5 % than the sum of the reciprocals of the Swater vapor transmissions of the individual layers in
accordance with the following relationship 1015 820 259. 30 10. 35

WO 2010/051960 - 18 - PCT/EP2009/007844

7. The multilayer foil (10, 11} as claimed in claim 1
or 2, characterized in that the reciprocal of the
water vapor transmission thereof is greater by at
least 5 % than the sum of the reciprocals of the

5 water vapor transmissiocns of the individuzl lavyers

in accordance with the fcllowing relationship

: 2L05§: :
WV,

M = /

10 where WVTy 1s the water wvapor transmission of the
multilayer  foil, WVT is the water  vapor
transmission of the 4th layer, and N 1s a natural
number greater than or egual to 3, and N is the
number of lavyers in the multilaver foil.

15

8. The multilayer foil (10, 11) as c¢laimed in
claim 7, characterized in that the reciprocal of

the water wvapor transmission of the multilayer

i@

foll (10, 11) is greater by at least 10 %,
20 preferably by at least 15 %, and in particular by
at least 20 %, than the sum of the reciprocals of
the water vapor transmissions of the individual

layers.

25 9. The multilayer foil {10, 11) as claimed in claim 1
or 2, characterized in that it has a water vapor
transmission of from 0.027 to 0.034 g/{(m®-24h), at
a temperature of 38 °C and at a relative humidity
of 90 %, preferably from 0.027 to 0.031 g/ (m?-24h).

30

10, The multilayer foil (10, 11) as claimed in claim 1
or 2, characterized in that it has an oxygen
transmission of from 0.10 to 0.22 cm®/(m®-24h), at
a temperature of 23 °C and at a relative humidity

35 of 50 %, preferably from 0.13 to 0.14 cm®/ (m®+24h).



where WVI'm is the water vapor transmission of the multilayer foil, WVT. is the
water vapor transmission of the jth layer, and N is a natural number greater than or equal to 3, and N
is the number of layers in the multilayer foil. The multilayer foil(10,11)as claimed in claim 7,
characterized in that the reciprocal of the water vapor transmission of the multilayer foil (10, 11) is
greater by at least 10 %, preferably by at least 15 %, and in particular by at least 20 %, than the sum

of the reciprocajgobiregyates ygpor transmissions afghe individual lsyersghedayiiitpyes foil (10, 11)
as claimed in claim 1 or 2, characterized in that it has a water vapor transmission of from 0.027 to

0.034 g/(m2.242 ,at mperature of 38 C_and at a relative humidity of 90 %, preferably from 0.027 to
0.031 g/(m2.24 %‘ Thﬁﬁnﬁ‘ﬁiie?%?ﬂ?émt ﬂ%% iied Mty g@i%%ﬁadrag%rié’e“aein%at it has an
oxygen transmission offiem 0f1te2022 cm3/em2 P4hyhatcdtehspdraturaof 28 @ ang at a relative
humidity of 50 %, preferably from 0.13 to 0.14 cm3/(m2.24h). 11. The multilay- foil (10, 11) as claimed
in one or more %clair%%% to 19, \QIMC 'g;her%){(irmahi% 12. I?}e muélttsislayeé fgil 1g&as %Igimed in 5
claim 11, characterized'in that after a thermoforming procedure the reciprocafLoflt e water vapor

transmission is greatef by Bt Ieast 10°56 iefefably By atiieast 156, ahB 34 pattictifa® Byt least 20 %,
than the sum of the rec€ipracals of EOthe=water vapoetransmissions:af the individaal layees: 13. The

multilayer foil (10, 11) @&?&:ﬂm%@%%ﬁ oL mgre gfsclaérpgagttgrlzbg,hagacqteﬂégg@ that it r15is

monolaterally or bilaterally sealahble. 14. The multilayer foil (10, 11) as claimed in one or more of claims

1 to 13, characterized T fHef 118 Coloriés€ and frafSparént® coldfet and frars: Separént “Sblored and
opaque, or white and épaqguez 5. The ultilayer foifl{¢0 ddyascdlaintet imetaim:3; chagacterized in that

the primet dayer (5) hagraweightper yait area of 10830 H:t02520 gim2- 16. Themultilayer
foil(10,11)as claimed iTayers.

13. The multilayer foil (10, 11) as claimed in o¢ne or
more of claims 1 to 12, characterized in that it

15 is monolaterally or bilaterally sealable.

14, The multilayer foil (10, 11) as claimed in one or
more of claims 1 to 13, characterized in that it
is colorless and transparent, colored and trans-

20 parent, coleored and opague, or white and opague.

15, The multilayver foil (10, iy as claimed in
claim 3, characterized in that the primer lavyer
{5) has a weight per unit area of from 0.5 to

25 20 g/m°.

16, The multilayer foil {10, 11) as claimed in
claim 3, characterized in that the adhesive layer
{6, 7) has a welght per unit area of from 1 to

30 30 g/m’.

17. The multilaver foil {10, 11) as claimed in one or
more of claims 1 to 16, characterized in that it
has layer structure selected from the fcollowing

35 group: PVC/PCTFE/PVDC, PVC/PVDC/PCTFE,
PVC/PVDC/PCTFE/PVC, PVC/PCTFE/PVC/PVDC,
PVC/PVDC/PVC/PCTFE, and also equivalent layer



claim 3, characterized in that the adhesive layer (6, 7) has a weight per unit area of from 1 to 3030
g/m2. 17. The multilayer foil (10, 11) as claimed in one or more of claims 1 to 16, characterized in that
it has layer structure selected from the following 35group:PVC/PCTFE/PVDC,PVC/PVDC/PCTFE,
PVC/PVDC/PCTFE/PVC,pvc/pcTFE/pvc/pvpe, PVC/PVDC/PVC/PCTFE, and also equivalent layer
WO 2010/051960- 20 -PCT/EP2009/007844 structures in which the first and fourth layer include,

instead of PVCy polyegiasshelyalefin, polyacrylonitsije (PAN), or Alﬂ&gpgb@&ggﬁ&gggi pack, the

blister base component of which is composed of a multilayer foil as claimed in claims 1 to 17. The
blister pack asclaimed inclaim 18, characterized in that the blister base component has been sealed by

a foil which has been SedI8& BgAFRt the blidter Yase-66mpbhsat THWlistérpatkisclafi&dinclaim 19,
characterized in that thefoliskaled.agdirstthe blistdithase comppaentis,composet<of atyminum and

preferably has a thickpess.of from 51080 Rm. THhedblisterpack @%ﬁ@@gég claim 19, characterized in
e

that the foil sealed against the blister base component is composed of plastic. The blister
packasclaimed in claim 19, characterized in that the foil sealed against the blister base component is
an aluminuim foll&vith & thiekaesdseat frems to 40%jitn, WAIER e thésitle sealaeayainst the blister base

component, has beenwcoatad with aplasticcor kas beenlaminated with & plastics faik 1 1/

in claims 1 teo 17.

19. The blister pack as claimed in claim 18,
10 characterized in that the blister base component
has been sealed by a foil which has been sealed

against the blister base component.

20.  The blister pack as claimed in claim 19,
15 characterized in that the foll sealed against the
blister base compconent is composed of aluminum and

preferably has a thickness of from 5 to 80 pm.

21. The blister pack as claimed in claim 19,
20 characterized in that the foll sealed against the

blister base component 1s composed of plastic.

22. The blister pack as claimed in claim 19,
characterized in that the foil sealed against the
25 blister base component is an aluminum foil with a
thickness of from 5 to 40 upm, which, on the side
sealed against the bDblister base component, has
been coated with a plastic, or has been laminated

with a plastics foil.



Fig. 1 (11 'AMOMIAMON/ Nat\ 111121%, k 100011..111. WO 2010/051960- 1 -PCT/EP2009/007844
Multilayer foil The present invention relates to a multilayer foil with low water vapor transmission and
with low oxygen 5 transmission, and with particular suitability for blister packs for medicaments. The
barrier effect of polymeric materials and foils with respect to water vapor is generally independent of
10 the barrier effect with respect to oxygen. Accordingly, materials exhibiting a good vapor barrier will
not necessarilyyadsQ@4hibé 81081 barrier with respect to oxygen angda aaess Afp\ye@ ygrsa. The
only material that exhibits a barrier effect in a moderate to good 15 range of values not only with
respect to oxygen but also with respect to water vapor is polyvinylidene chloride (PVDC). PCTFE,
polyolefins, and other polymers exhibit a good to verigﬁod water vapor barrier but a very low oxygen
barrier. EVOH (ethylene-vinyl alcohol 20 copolymer) ibits a very good oxygen batrrier, but a low
water vapor barrier. There is currently no available polymeric packaging foil that is marketable, i.e. that
can be produced cost-effectively, and that exhibits a high water vapor barrier alongside a high
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25 oxygen barrier. On the other hand, modern medicaments are increasingly proving to be sensitive to
water vapor and oxygen. The requirements placed upon the barrier effect exhibited by packaging foils
for medicaments are accordingly ever more stringent. The requirement 30 hitherto has been for a large
barrier effect mainly with respect to water vapor, but packaging foils for modern medicaments now also
have to exhibit a large barrier effect with respect to oxygen. 35 Thermoformable plastics foils are

widely used for e SEANFHIMAZHON COPY WO 2010/051960- 2 -R-1/ o209 S44 Apckaging of

food and drink, medicaments, and other products. The products known as blister packs are important
here. Blister packs have a shape matched to the product and obtained by thermoforming of a flat, 5
preferably transpaféntiplasticsifoil . The packaging component that conforms to the respective product
or contents is also termed base component, and after the contents have been charged it is sealed with

a lid foil, preferalq_ll)é an altérglincurqfoilé b}{ a weldirlga%r 10 Eealingnpf%%e%?. The pf[%gzk %éri] has to comply

with particular requirgr]ﬁ%ntsﬂin re?ﬁfecl% of fhe Barrier effectthérebf with géfﬁé:ct or, oxygen

and sometimes Otfer §asesr sudlias earboradioxidesand thesedequitémnentsadepepdyarethe intended
applications 15 By avaynotexample, awide varigty ofgnedicaments reguire packaging exhibiting a water

vapor transmissign of ga_tssﬁtggg To.g%gl(ggéﬁé%gggén some cases less than 0.04 g/(m2.24h). In the
y

case of transparent foils, the only way of achieving water vapor transmission of 20 less than 0.06
g/(m2.24h) is to use PCTFE as foil material with a thickness greater than 100 tim. Water vapor
transmission belaw 0104:g/(m2.24h) hasthithetto heeprachievable: oalyibyl esingraluniibumsfoil, in

particular by using-whatisnown.as cold.formfgil'- 25.Alyminum fails qf his fype ae nottransparent
and they %oreover have low deformability, and cannot therefore be used to produce relatively small

blisters, so that the foiF&resTedtet s subistahtidifygreater HrarPwhER A thericformaBleblister is
used. 30 Thermufgrmabléplastidsifoils have te hayeabt ordya targes batrier effeict butatso other

properties, such as&ealability, freedom from, streaksy lowy thigkness -unjform thickpess prafile, and
good processability. eFrcgr g% éhqﬁgroggssabiIity,negpecially advantagequs featfres are %;)ﬁodl

deformability, i.6: maximam uniformity of thickness distribution fh'thé Edmponént&fter

that exhibits a barrier effect in a moderate to good
15  range of wvalues not only with respect to oxygen but
also with respect to water vapor 1s polyvinylidene
chloride (PVDC). PCTFE, polyclefins, and other polymers
exhibit a good to very good water vapor barrier but a
very low oxygen barrier. EVOH (ethylene-vinyl alcohol
20 copolymer) exhibits a very good oxygen barrier, but a
low water wvapor barrier. There is currently no
availeble polymeric packaging foil that is marketable,
i.e. that can be produced cost-effectively, and that
exhibits a high water vapor barrier alongside a high
25 oxygen barrier. On the other hand, modern medicaments
are increasingly proving to be sensitive to water vapor
and oxygen. The requirements placed upon the barrier
effect exhibited by packaging foils for medicaments are
accordingly ever more stringent. The requirement
30 hitherto has been for a large barrier effect mainly
with respect to water vapor, but packaging foils for
modern medicaments now alsc have to exhibit a large

barrier effect with respect to oxygen,

35 Thermoformable plastics folls are widely used for the

CONEIRMATION COPY



WO 2010/051960- 3 -PCT/EP2009/007844 deforming process, and also maximum shape replication,
minimum curl, and a small coefficient of friction, i.e. good slip capability with respect to the machinery
parts contacted and the packaged contents. The curl 5 occurs in two- or multilayer composite foils
when the coefficients of thermal expansion (CTES) of the individual layer materials differ.
Thermoforming plastics foils for packaging exhibiting 10 barrier effect with respect to water vapor are

known in the prigs aglo RF/ & $Pb5e237 Al discloses a tnermoformed orgeold-Egrmasbbliieghack with a
blister base component and with a 15 lid foil. The lid foil is composed of an aluminum foil of thickness

from 10 to 30 gm which.has been I%mir{?tedhci coated with, ona first side, a foil which can be peeled
from the alumintinT forcandwhich i€ Hade 8F 5t Ia5t Orie pIRGTtsIa)s based 8Athefh8fiastic or 20
thermoset polyméfsiznd,son thesecandoside tsealediagainstthe blisterdsase cempenentya plastics foil

based on polyvinyhehlerde (P¥E):having afeil-thick- pess.effrom, 1Q:t0-4Q g, Ok Relyvipylidene

chloride (PVDC%lll'u vig Jggéhickngss?fffrom 1 CE:)onlf}/.prgopyle e (PP),having a foil

to 40 or 2
thickness of from 6 to %F? gm, or Sayetr?y g’rﬁiel ?ﬁ r%a\//inggéfgﬁ?f%icfnelssgof from to %tgm, or

polyester Maving £efof tRickiess 6ERSHT 8110 gid; 7 pehchldietrifluordéthylepe(PEIFE) having a
foil thickness offram@:tan30 gmaer conforms to the respective product or

contents 1s also termed base component, and after the
contents have been charged it is sealed with a 1id
foil, preferably an aluminum foil, by a welding or
10 sealing process. The packaging has to comply with
particular requirements in respect of the barrier
effect thereof with respect to water vapor, oxygen and
sometimes other gases, such as carbon dioxide, and
these requirements depend on the intended application.
15 By way of example, a wide variety of medicaments
regquire packaging exhibiting a water vapor transmission
of less than 0.06 g/(m*-24h), and in some cases less
than 0.04 g/ (m*-24h). In the case of transparent foils,
the only way of achieving water vapor transmission of
20 less than 0.06 g/(m®-24h) is to use PCTFE as foil
material with a thickness greater than 100 pm. Water
vapor transmission below 0.04 g/{(m”-24h) has hitherto
been achievable only by using aluminum foil, in
particular by using what is known as "cold form foil".
25  Aluminum foils of this type are not transparent and
they moreover have low deformability, and cannot
therefore be used to produce relatively small blisters,
so that the fcil area needed is substantially greater
than when a thermoformable blister is used.
30
Thermoformable plastics foils have to have not only a
larger barrier effect but alsc other properties, such
as sealability, freedom from streaks, low thickness,
uniform thickness profile, and good processability. For
35 the processability, especially advantageous features
are good deformability, i.e. maximum uniformity of

thickness distribution in the component after the



30 cycloolefin copolymers (COCs), or cycloolefin polymers (COPSs) having a thickness of from 10 to 40
gm. The blister base component is composed, at least on the side sealed against the lid foil, of a
material having a chemical structure compatible with that of the 35 plastics foils sealed against the
blister base compo- nent. The foil that can be peeled from the aluminum foil is composed of one or
more layers made of one or WO 2010/051960- 4 -PCT/E22009/007844 more of the following plastics:

PVC, PVDC, Pg&FEoPE/ 5 lyester, polyethylene naphthalate (BEN)zpelywdnige-E4, COC,
COP, polystyrene (PS), or cellophane. EP 1 468 817 Al relates to a lid foil for blister packs with

thermoformed Oé cold-formed blister base cog1p05;ents. The lid foil (\gPrpcompass s angluminum foil of
thickness from 5 6 30 pm Wnich has Beer famirfatdd, JIVE §1d8 provia8e for SRatifrg with respect to a
blister 10 base BémpBHERNG With-a pladtiés foilbasedonPVCimvingd foilthickihess offrem 10 to 40
jim, or PVDC haydag a feil thickpegs pf frem10 ta 40 preepRRhaving afait thigkness-affrom 6 to 35
pm, or polyeste ing i|.thi ss.of from. 5 to 15 pm, 15.or PCTEE having.a foil thickness of
from8to 76 p ,%?%%C%égl\kﬁwégg:ﬁicﬁnneés ('1::;1}% ia(ﬁ‘oag(? %m “Blistét base c%rr%@por%h s5 are
composed by Wyt example'ofdoilshaddofpvey PP, PETPPEL afid 6Pddmpatiefoild;Such as
PVC/ACLAR (RCERE)] PMCIPYDCQ, and:C@C, os Ab#t 20blisters=RE 602 0812 2 deseribes an at

least single-laygu%cﬁymgf,gq_jl,ﬁ{\g@ég oneof the-layers encompasses a vinylidene chloride composition
which encompasses 100 25 parts by weight of vinylidene chloride copolymer; from 0.1 to 10 parts by

weight of stabilizer, from 0.1 to 10 parts by weight of lubricant, and from 0.1 to 10 parts by weight of
hydrophilic clay! Byswenf of-exaraple,the strustureodfithe polymerfol dsyofthe following: type: 30 C/A/B,
B/AID/B, o CIAIRIG. jwhere# standsfor, PYDG, dhe packaging foils known in.the-prigr art.exhibit

the pricr art.

EP 1 655 237 Al discloses a thermoformed or cold-formed
blister pack with a blister base component and with a
15 1id foil. The lid foil is composed of an aluminum foil
of thickness from 10 to 30 um which has been laminated
or coated with, on a first gide, & feil which can be
peeled from the aluminum foil and which is made of at
least one plastics layer based on thermoplastic or
20 thermoset polymers and, on the second side, sealed
against the blister base component, a plastics foil
based on polyvinyl chloride (PVC) having a foil thick-
ness of from 10 to 40 pum, or polyvinvlidene chloride
(PVDC) having a foil thickness of from 10 to 40 um, or
25  pelypropylene (PP) having a foll thickness of from 6 to
35 pm, or polyethylene (PE} having & foil thickness of
from 6 to 35 pm, or polyester having a foil thickness
of from 5 to 10 pm, or polychlorotrifluorcethylene
(PCTEFE) having a foil thickness of from 8 to 30 wm, or
30 cycloolefin copolymers (COCs), or cycloolefin polymers
(COPs) having a thickness of from 10 to 40 um. The
blister base component is composed, at least on the
side sealed against the 1id foil, of a material having
a chemical structure compatible with that of the
35 plastics foills sealed against the blister base compo-
nent. The foil that can be peeled from the aluminum

foil 1is composed of one or more lavers made of one or



inadequate barrier effect with respect to water vapor and oxygen, or require the use of considerable
amounts 35 of PCTFE, of an aluminum foil, or of inorganic addi- tives. These measures are associated
with increased costs in the case of PCTFE, or impair processability WO 2010/051960- 5
-PCT/EP2009/007844 and other properties, such as optical transparency. PCTFE foil exhibits a very
good water vapor barrier, but a low oxygen barrier. An increase in the thickness 5 of a PCTFE foil can
in principle rais@the (et barrier, but because of indirect propattitEsbitydEtvees material
thickness and water vapor transmission the thickness of PCTFE needed rises rapidly into a range

which is techni%l¥@ng§cg@l%rni§glj_ﬁ Yﬂé’ﬁ'@ %ﬁ@é’?g@ﬁ?oﬁ’&ndé@%@,is ggﬁoésibiﬁjg/ of achieving

an oxygen barrier adequate for highly demanding packaging applications. PVDC, on the other hand,

exhibits a very §ood dXy¢&h Bhfter, BOE eXRibRY aShister VABBIBar e SubsEirtiaty sAAIRST than that

15 of PCTFE. Iethedganmé haterdiapor Bakriends 1y be aohievedigiih PYDC as withhRE4 FE, the

thickness of PVDC has to be 165 % of the thickness of PCTFE. PVDC foils and, respectively, layers

are usually.produced by applying many thin sublayers. By way of example, the 20 weight per unit area
e s oa 03

3 water YEpor-5ariarof0.035 gi(Z.24R) (ndastréd aPd temperature of

of PVDC requir%gt a
38 C and a relativé hurhithity ot D09k dowld becabouti400ngn2-Thisrequires %0 passasthrough the
machinery of a ggnventionaldndustiial coating-2% sygiaaLinach, case applying 40.q/m2,9r 27 passes
at 15 g/m2. Such a large number of passes.through machinery is not achievable either technically or
economically. ﬁ?éﬁ%%ﬁ&?i%l%%%@ss%sﬁ%oévlfr}] if ‘ ewr%ﬁocrh ar% prsod%%ee rﬁ’VjDaCITllaryl/ﬁse \%e;ith C\)/\1/’1eight per
unit area of up fo at+iGst BT8O N2 LTHe GEAEABArEr EXhibREBHYPVIDC & dnhyivéryislightly
affected hy moistize, whereasby:way of example EV@k; wdch fikewiserexhihits awerygood 35
oxygen za”'er’ﬁé‘é@ﬁimﬁlo%'&%% Ol @XYIENNALTIEr ONEXPOSUTE 1Q MOIFHIrG, In extremg cases, the
magnitude
g having a foil thickness of from 10 to 40 um, or PP
having a foil thickness of from 6 to 35 um, or
polyester having a foil thickness of from 5 to 15 um,
15 or PCTFE having a foil thickness of from 8 to 76 um, or
CCC having a thickness of from 10 toc 40 um. BRlister
base compenents are composed by way of example of foils
made of PVC, PP, PET, PE, and of composite foils, such
as PVC/ACLAR® (PCTFE), PVC/BEVDC, and COC, or Al-Al

20 blisters.

DE 602 09 812 T2 describes an at least single-layer
polymer foil, where one of the layers encompasses a
vinyiidene chloride composition which encompasses 100
25 parts by weight of vinylidene chloride copolymer; from
0.1 to 10 parts by weight of stabilizer, from C.1 to 10
parts by weight of lubricant, and from 0.1 to 10 parts
by weight of hydrophilic clay. By way of example, the
structure of the polymer foil is of the following: type:
30 C/A/B, B/A/D/B, or C/A/D/C, where A stands for PVDC.

The packaging foils known in the prior art exhibit
inadequate barrier effect with respect to water vapor
and oxygen, or require tThe usge of considerable amounts
35 of PCTFE, of an aluminum foil, or o¢f inorganic addi-
tives. These measures are associated with increased

costs in the case of PCTFE, or impair processability



of the loss in the case of EVOH extends to powers of WO 2010/051960- 6 -PCT/EP2009/007844 ten.
EVOH is usually used in packaging for food or drink, but has also recently been used in
pharmaceutical packaging. 5 It is an object of the present invention to provide a foil which exhibits a
high barrier effect with respect to water vapor in combination with a barrier effect against oxygen, while
use of material is at the same time efficient, and which provides good processability 10 and complies
with design reqiRe@@hty/ @5g. 36 Pespect of opticattransparency. A PAITI¢ERR (renia7id4d provide a
foil which is suitable for producing base components for blister packs. 15 The invention achieves the

above object vig amyltrayerfoi with thefeatires, of, claim J; Aceordinglythedpulgilayer foil in
guestion includes at least three layers, encompassing 20a first layer made of a polymer selected from
the group consisting of polyvinyl chloride, copolymers made of vinyl chloride units and of one or more

other monomer8¢VECEcopslymersjnpbliésters, potyaiefins opblyachgonitrikcPAN) acopotymers 25
made of acrylonjtrile unitssandhefepe ormere ether monomers AN copolymers)y mddressmade of
polyvinyl chloride-and opolymers; . a second.layer made of a vinylidene chloride 30
polymer se%ectg? frgm%fﬁg%%gugpoéé{){gs%%%g of pg@\l/llﬁc}’;ﬁgelnee'(%%ﬁc?e, %%%olvfyﬁlce?f m%%%ooj? vinylidene
chloride units af#of bR or Mo othBFARIRBFhersSlV DCLEBHORRESS), PHiRPPE frrade 16t pvlyvinylidene
chloride and of M@ eepolymess; i35anth WQR:204 /051960 =RCT R2009/00:4344-palymer selected

from the group £agsisting of polychioretriforpethyiens cepalymets mage.af chloraiifyiorgethylene
es made of

units and of one or more other monomers (CTFE copolymers), mixtur

5polychlorotrifldtB8fhyleiB Hrd of ETFE-EGHBl-Shers’ TheThultil&F&foil-bréfelably &fdompasses a
fourth layef made et dypolymeeselected from thélgeawp 10.eonsisting obpalyvinylichjoride fcopolymers

made of vinyl chloride-pnits and of ong.grmore ether mopomers.(WG copolymers), polyesters,
polyolefins, demanding packaging applications. PVDC, on the other
hand, exhibits a very good oxygen barrier, but exhibits
a water vapor barrier substantially smaller than that
15 of PCTFE. If the same water vapor barrier is to be
achieved with PVDC as with PCTFE, the thickness of PVDC
has to be 165 % of the thickness of PCTFE. PVDC foils
and, respectively, layers are usually produced by
applying many thin sublayers. By way of example, the
20  weight per unit area of PVDC required to achieve a
water vapor barrier of 0.035 g/(m*-24h} (measured at a
temperature of 38 °C and a relative humidity of 90 %)
would be about 400 g/m°. This requires 40 passes through
the machinery of a conventional industrial coating
25 system in each case applying 10 g/m?, or 27 passes at
15 g/m*. Such a large number of passes through machinery
is not achievable either technically or economically.
The industrial processes known in the prior art produce
PVDC layers with welght per unit area of up to at most
30 180 g/m°.

The oxygen barrier exhibited by PVDC is only very
slightly affected by moisture, whereas by way of
example EVOH, which likewilse exhibits a wvery good
35 oxygen barrier, suffers major loss of oxygen barrier on
exposure to meisture. In extreme cases, the magnitude

of the loss in the case of EVOH extends to powers of



polyacrylonitrile(PAN),copolymersmadeof acrylonitrile units and of one or more other monomers
15(AN copolymers), mixtures made of polyvinyl chloride and of VC copolymers. The polyesters used
for the first and fourth layer preferably comprise polyethylene terephthalate (PET), 20 in particular
amorphous PET (APET), and copolymers made of ethylene terephthalate units and of one or more
other monomers. One particularly preferred copolymer is PETG, which is composed of ethylene
terephthalate umies a6d of 6ydele&xanedimethanolurits- 25 The polyedafiEwsab oy dloey fzst and fourth
layer especially preferably comprises polypropylene (PP), polyethylene (PE), cycloolefin copolymers

(COCs), and cyeigolelin-polymets (GOEI1 30 Fordag purposgs ok e nyentign. the gibrayations PVC,
PVDC, and PCTFEE are used for the polymers_of the first, second, and third layer, where %5 -PVCis a

vinyl chloride p&i§rief select8-fromtAg grodip-Ensistirief 6 golyinylehfdtide, E556lymeid'made of
vinyl chloride uiits2gnaespectively, rehtdresthene units and of one or more other monomers (VC
copolymers), and mixtures made of polyvinyl chloride and of VC copolymers; 5PVDC is a vinylidene

polymer selected, fram the group consisting of polyvinylidene, chloride, copolymers made of vinylidene
o Oglg,)f-cdlch?o%rr:)e{é% LRt Aid wgr?éq&lﬁfbretg;hQF%%hg%e% (VDC

chloride units of, res*pseqﬁ\lrllely, lick .
copolymers), mb&dres i@ fadedf-goljivinylidérna Bhibrde aad o VDS topolymerseapgct
PCTFEisachloretsiflucreethyleaepalymer 15-seleeted fram the group censistingof ¢ Fract

polychlorotrifluargethylene 939% merﬁhm@ge of chloratrifluoroethylene units and of one or more other
monomers (CTFE copo m%r ), néllb'(tureslmadeuf)sfe po?;/%éhII(IJIréT})%relffuloé{r%?etﬁﬁleﬁaetanc%1 of CTEE copoly-

I
20mers. time egflcient, and which provides good processability
10 and complies with design reqguirements, e.g. in respect
of optical transparency. A particular intention is to
provide a foll which is suitable for producing base

compenents for blister packs.

15  The invention achieves the above ocobject via a multi-
layer foil with the features of claim 1. Accordingly,
the multilayer foil in question includes at least three

layers, encompassing

20 - a first layer made of a polymer selected from the
group consisting of polyvinyl chloride, copolymers

made of vinyl chloride units and of one or more

other  monomers {(VC copolymers), polvesters,
polyolefins, polyacrylonitrile (PAN), copeclymers
25 made of acrylenitrile units and of one or more
other moncmers (AN copolymers), mixtures made of

polyvinyl chloride and of VC copolymers;

- a second layer made of a vinylidene chloride
30 polymer selected from the group consisting of
polyvinylidene chloride, copolymers made of
vinylidene chloride units and of one or more other
MONomers (VDC copolymers), mixtures made of
polyvinylidene chloride and of VDC copclymers;
35 and

- a third layer made of a chlorotrifluoroethylene



The sequence of the layers in the layer structure can be varied. The layers can be combined, thus
obtaining layer structures made of PVC/PCTFE/PVDC, 25 PVC/PVDC/PCTFE,
PVC/PVDC/PCTFE/PVC, PVC/PCTFE/PVC/PVDC, PVC/PVDC/PVC/PCTFE, and also equivalent
layer structures in which the first and fourth layer include, instead of PVC, a polyester, 7polyolefin,
polyacrylonitrile (PAN), or AN copolymer. 30 The composition of material in the multilayer foil of the
invention is in FECIAGAOPVELIRYDC/PCTFE or pve/PvDC/pCTFE/p\RCBAEREOMSIADAVES 48il moreover
encompasses one or more adhesive layers and one or more primer layers, where the individual

adhesive layer and/or i jadividugl WQ 204 0/051960-9-PC YEP2009/007844.yrimer layer hasihave
been arranged between {S’S ectivelﬁég%)\/_{;/\}gS of the Iagers. Fi%ures will be used below to explain the

invention in more detdil? 5¥igite 1°8Holvs & Thitfiajer fot Fraving tRiee A§ErS: afd figure 2 shows a
multilayer foil having felr fasers: 1DLFigare 1 showscan wxamplezsfa ndltilayer faill Orof the invention

having three layers 1,04 a6 Jzavhere the layerd iscemposed of at lgast-85- % by weight of PVC,
based on the total weight of the layer 1; the 15 layer 2 is composed of at | 95 % by .weight of
PVDC, batsg]ed on the Fg af1 Cégﬁtré%tﬁé ]ftab)}ie? ?%%%}iégquer%ﬁ% co?r%pos(ggfo at764S J93{5 % by weight
of PCTFE, based on thé6tal weight of the layer 3. 20In an embodiment of the invention, the multilayer
foil 10 encompasses one or more primer layers 5 and/or one or more adhesive layers 6, arranged

between respegively o of fig lavers 4, 2 agd 3-2pJrigyre 2shios another mulllayerfgil 11 o the

invention, which encompasses a further layer 4, which is compose at least y weight of PVC,

based on the totaMHight'dfthe 18yer £ TheYEIBBhce Siyhe At 9%hind™d MifigurB2 haveit same
meaning &S in 3@ figur:1nkn figure 2od primrer layenb entdwo adhesive/tayess Granth7 aré moreover
shown.  The optigpal use ofa pimer, layer 3.a0d(or of, an adhesjve laygk 6.7 depengds.on the
respective procza&g 35 usedcg)p%rfgfgg%gge, multllay%roff}llelgté%ér polyolefins,
polyacrylonitrile (PAN}, copolymers made of
acrylonitrile units and of one or more other monomers
15 (AN copelymers), mixtures made of polyvinyl chloride

and of VC copolymers.

The polyesters used for the first and fourth layer
preferably comprise polyethylene terephthalate (PET),
20  in particular amorphous PET (APET), and copolymers made
of ethylene terephthalate units and of one or more
other monomers. One particularly preferred copolymer is
PETG, which is composed of ethylene terephthalate units

and of cyclohexanedimethanol units.

25h
The polyclefin used for the first and fourth layer
especially preferably comprises polypropylense (PP),
polyethylene (PE), cyclocolefin copolymers (C0OCs), and
cycloolefin polymers (COP).

30
For the purposes of the invention, the abbreviations
PVC, PVDC, and PCTFE are used for the polymers of the
first, second, and third layer, where

35 - PVC is a vinyl chloride polymer selected from the

group consisting of polyvinyl chloride, copolymers

made of vinyl chloride units or, regpectively,



WO 2010/051960- 10 -PCT/EP2009/007844 coatings, and dry lamination adhesives are used for the
adhesive bonding of two foil webs. If the multilayer foil 10, 11 is produced, for example, by means of
coextrusion of the layers 1, 2, 3, and 4, primer layers 5 and adhesive layers are omitted. Production by
means of coextrusion often uses what are known as tie layers for the bonding of the individual layers.
The layers 1, 2, 3, 4 of the multilayer foils 10 and 11 10 of the invention can also have been arranged
in another sequédcaofbd AX&lHAS in one of the follovéing configuratiGiT k3200 PXATIPEZEFE/PVDC);
151/3/4/2(= PVC/PCTFE/PVC/PVDC); or 1/2/4/3(= PVC/PVDC/PVC/PCTFE). The multilayer foil 10,

11 can encompass, alopgsidedbe dayers 1,23, angd4, fugher layers made of palymeig 20 materials,
aluminum, or paper. It is preferable that each %Lthe layers 1 and 4 encompasses up to 15 % by weight
of additives, and that 8‘&5)108%% Ia&gr% 2 A3 EAEGmpasséd tp tg%}%‘bgf% alidities Yased on the
total weight of the resjpectivellaydr. Thédayars laadreferdbly dave latidckhess of from 10 to 400 !lin;
the layer 2 preferably has a thickness of 30 from 9 to 120 p.m; and the layer 3 preferably has a
thickness qf from 15 t pm. The thickness of the layer 2 is in particular from 70 to 110 pm, and
the weight per unit aré%a@t 8ereéLn‘Sis in Bgth%%gﬁég?r%m%%}?gelﬁo é)ran{fc 62 fd?8515 0- 11
-PCT/EP2009/007844%tkPavertoit 105 1159 gre&ter byPat1&ast 5% tHahthe st F #iéereciprocals of

the water vapor transmissiongafthe individualdayers in aceatdance with the fellowiag retgtionship 5

respectively, 1,l-dichloroethane units and of one

or more other monomers (VDC copolymers), mixtures
10 made of polyvinylidene «chleride and of VDC

copolymers;

and

- PCTFE is a chlorotriflucroethylene polymer

15 selected from the group consisting of polychloro-
trifiuoroethylene, copolymers made of chlorotri-
fluorcethylene units and of one or more other

mornomers {CTFE copoelymers), mixtures made of
peolychlorotriflucorocethylene and of CTFE copoly-

20 mers.

The sequence of the layers in the layer structure can
be wvaried. The layers can be combined, thus obtaining
layer structures made of PVC/PCTFE/PVDC,
25 PVC/BVDC/PCTFE, PVC/PVDC/PCTFE/PVC, PVC/PCTFE/PVC/PVDC,
PVC/PVDC/PVC/PCTFE, and also equivalent layer struc-
tures in which the first and fourth layer include,
instead of PVC, a polyester, "polyolefin, polyacrylo-
nitrile (PAN}, or AN copolymer.
30
The composition of material in the multilayer foil of
the invention 1is in particular PVC/PVDC/PCTFE or
PVC/PVDC/PCTFE/PVC.

35 The multilayer foll moreover encompasses one or more
adhesive layers and one or more primer layers, where

the individual adhesive laver and/or the individual



11 WV-4WVT, where WVTm is the water vapor transmission of the multilayer foil, WVTi is the water
vapor transmission of 10 the jth layer, and N is a natural number greater than or equal to 3, and N is
the number of layers in the multilayer foil. It is preferable that the multilayer foil 10, 11 is 15 greater by
at least 10 %, preferably by at least 15 %, and in particular by at least 20 %, than the sum of the
reciprocals of the water vapor transmissions of the individual layers. 20 The multilayer foil 10,11 has a
water vapor trafemaidly 86it&H00.027 to 0.034 g{ns2-24h), at a teMPEERBEOGRY Crantkat a relative
humidity of 90 %, preferably from 0.027 to 0.031 g/(m2.24h). For the purposes of the invention, water

vapor transmissien 4525 maagsured-{9 DINLIRO 15100-3 - The. pxygen trangmission.of the-multilayer foil
10,11 ata tem@erat re ;%2 CfIOV}(ﬁr tt}lan that used to measure the water vapor transmission, and at
a relative 30hurnidity of SG % s front0.18%6 0522 cm3/(m2-24h), preferablyfrom0.13t00.14
cm3(m2.24h).Oxygeneransimissiortis Wetanisedto DIN S 15105-2hannexventThe muitilayer foil
10, 11 of the inygrtionkas:goad 35 thermoformability and is monolaterally or bilaterally sealable. WO
2010/0519@0- 12 -PCT/EP2009/007844 A multilayer foil 10, 11 is preferably colorless and transparent,

colored and transparent, colored and opaque, or white and opaque. 5
figure 1 shows a multilayer foil having three lavyers;

and

figure 2 shows a multilayer foill having four layers.
1¢
Figure 1 shows an example of a multilayer foil 10 of
the invention having three layers 1, 2, and 3, where
the layer 1 is composed of at least 85 % by weight of
FVC, based on the total weight of the laver 1; the
15 layer 2 is composed c¢f at least 95 & by welght of PVDC,
based con the total weight of the layer 2; and the layer
3 1is composed of at least 85 % by weight of PCTFE,
based on the total weight of the layer 3.

20 In an embodiment of the invention, the multilayer foll
10 encompasses one or more primer layers 5 and/cr one
or more adhesive layers 6, arranged between respec-

tively two of the lavers 1, 2, and 3.

25 Figure 2 shows another multilayer foil 11 of the
inventicn, which encompasses a further layer 4, which
is composed of at least 85 % by weight of PVC, based on
the total weight of the layer 4. The reference signs 1,
2 and 3 in figure 2 have the same meaning as in

30 figure 1. In figure 2, a primer layer 5 and two

adhesive lavers € and 7 are morescver shown.
The opticnal use of a primer layer 5 and/or of an
adhesive layer 6, 7 depends on the respective process

35 used to preduce the multilayver foil 10, 11.

Primers are used to provide adhesion of PVDC dispersion



Another feature of the multilayer foil 10, 11 of the invention is that when heated it has very good
thermoforming properties, far exceeding the thermoformability of conventional PVC/PCTFE composite
foils. Because the 10 multilayer foil 10, 11 of the invention has good thermoforming properties, the
water vapor barrier is relatively little impaired by the thermoforming procedure. The multilayer foil 10,
11 of the invention therefore retains an unusually high water vapor barrier 15("blister barrier") even
when it has be@PtRIFDGFI&EThe high oxygen bafrier exhibited BEFTHERRMNYEXBR4S, 11 of the
invention is similar to the water vapor barrier in that it is relatively little impaired 20 by the
thermoforming pragedwe., Canrsequently thermefosmingeanbe sed fe prosivige plister packs from the
multilayer foll 10d % S01‘ w{tfh{ée ig\(/)ergi}%] a%dﬁthi%% h e.a ba“gri%rS effeg%th% Vé/asmrgﬁfhter n%trachievable
with respect to Water \3”apor and oxygen. 25 partlcullar feature of the mu tilayer foi of the invention is
that, even afterfthé thefreforming procBdGrés Bfsireciprotal B tHEPWarer Valportfetistission of the
multilayer foil is-greater 3y atleast 1h%, BOypreferably by at leastd52p, aadimeparlieytar by at least 20
%, than the sum,of the,fecigrocals.of the wager vapor frapsmissions of;thg individual Jayeys. The

thickness or., respectively, the weight per unit 35 area of the optionally present primer layers and
optionally presé&teathesie By Erstifthe! fftftilsétoif 16, 11 0FheffventonMEkes up Ghly a small
WO 2010/051968< 1B8:RETHEP2009/007 844 prapbridn of thertotal thickness or, respectively, the
weight per unit area of the multilayer foil 10, 11, and the barrier effect exhibited by the primer layer and
by the adhesive |ayer can therefore be_igngred. The invention provides.a blister pack haying a blister
base componeﬁpr%/agj@%?ﬁsmﬁltil er fail 10,41 Hz ?nénblriéc %)f?r%% o?ﬂwleigbévirﬁgr?tioﬁgd features.
10 Featuids of ofthet aelvantagedlisenisodimeénts diale blisterpack sfthednventipncdraaiiat: the

blister base corapgnentfaas beep:subjegieddoa in sealing pracess:with a failwhighhas been
sealed 15against th;. blister base component;
conrilgurations:

1/3/2 {= PVC/PCTFE/PVDC) ;
15 1/3/4/2 (= PVC/PCTFE/PVC/PVDC); or
1/2/4/3 {= PVC/PVDC/PVC/PCIFE) .

The multilayer foil 10, 11 can encompass, alcongside the
layers 1, 2, 3, and 4, further lavers made of polymeric

20 materials, aluminum, or paper.

It ds preferable that each of the layers 1 and ¢
encompasses up to 15 % by weight of additives, and that
gach of the layers 2 and 3 encompasses up to 5 % of
25 additives, based on the total weight of the respective

layer.

The layers 1, 4 preferably have a thickness of from 10
to 400 pum; the layer 2 preferably has a thickness of

30 from 9 to 120 um; and the layer 3 preferably has a
thickness of from 15 tec 210 um.

The thickness of the layer 2 1s in particuilar from 70
to 110 wm, and the weight per unit area therecf is in

35  the range from 120 to 180 g/m’.

The reciprocal of the water vapor transmission of the



the foil sealed against the blister base component is composed of aluminum and has a thickness
which is preferably from 5 to 80 !dm,' 20 the foil sealed against the blister base component is
composed of plastic; the foil sealed against the blister base component 25is an aluminum foil of
thickness from 5 to 40 vim, which has been coated with a plastic on the side sealed against the blister
base component, or which has been laminated with a plastics foil. 30 Examples Production of
multilayer foils ¥ u? #ddHRF 2P composed ofmaferials as followRE PARIRYIR/PEEHIPVC were
produced on an inline system having a plurality of coating units and, respectively, 35 lamination units,
by steps (i)-(iv)stated helew: promoten (primer) to prepare-for the applicatien: ofP¥DErdispersion;
repeated coatintqﬁwith Igyrlé)c di§per§i&g un%il %c;lurr%ulgg\i% area fden%il%wasw fr%rg 125 10 160 g/m2 (dry
application weig 33; iusing a first dry faminationradhesive to appﬁ/ a PCTFE ol to the
PVDC layer by Q0fiRafieACand (¥ )using a seedid diplamiraties adhdsive t6 applyEsecond PVC
foil to the PCTRE foil mhlamiiatien:ing relationship

5

where WVTy 1is the water vapor transmission c¢f the
multilayer foil, WVT; is the water vapor transmission of
10  the jth layer, and N is a natural number greater than
or equal to 3, and N is the number of layers 1in the

multilavyer foil.

It 1s preferable that the multilayer feil 10, 11 1is
15 greater by at least 10 %, preferably by at least 15 %,
and in particular by at least 20 %, than the sum of the
reciprocals of the water wvapor transmissions of the

individual layers.

20  The multilayer foil 10, 11 has a water vapor
transmission of from 0.027 te 0.034 g/ (m®-24h), at a
temperature of 38 °C and at a relative humidity of
90 %, preferably from 0.027 to 0.031 g/(m*-24h). For the
purposes of the invention, water vapor transmission is

25 measured to DIN ISC 15106-3.

The oxygen transmission of the multilayer foil 10, 11
at a temperature of 23 °C, lower than that used to
measure the water vapor transmission, and at a relative
30 humidity of 50 % is from 0.10 to 0.22 cm®/(m-24h),
preferapbly from 0.13 to 0.14 cm®(m®-24h) . Oxygen

transmission 1s determined to DIN ISO 15105-2 Annex A.

The multilayer foil 10, 11 of the invention has good
35 thermoformability and is monclaterally or bilaterally

sealable.



15 Water vapor transmission measurement a) Measurement of the water vapor transmission WVT,J of
single-layer reference foils made of PVC (thickness127 p.m),madeofPCTFE(thickness 20102 pm), and
made of PVDC (thickness 75 and, respectively, 95 wit) to DIN ISO 15106-3. b) Measurement of the
water vapor transmission WV p,lin of the multilayer foil to DIN ISO 15106-3. c) Determination of the
thickness dj of the polymer 25layer present in the multilayer foil via measure-
mentofcross-séfioRahA¢ it @ftPsofthe multilayer féi d) CalculatioRSF HRPRARS ABPEBEANsmMission
WVT3 of the polymer layers present in the multilayer foil 30from the following equation: WYT where dri
indicates the thickness of the single- 35 layer reference foil from step a) and di indicates the thickness

determined in ep? f the polymer layer. present in.the multilayer. foil. WQ 2010/051960- 15
PCT/EP 200300 B SICRRUIniGT oF i ater et 1EGhEaRr A 202 S
transparent, colored and transparent, colored and

cpague, or white and opague.

Ancther feature of the multilayer fecil 10, 11 of the
inventicon 1s that when heated 1t has very good Thermo-
forming properties, far exceeding the thermoformability
of conventional PVC/PCTFE composite folls. Because the
10 multilayer feoill 10, 11 of the dinvention has gcod
thermoforming properties, The water vapor barrier is
relatively little impaired by the thermcforming proce-
dure. The mnmultilayer foil 10, 11 o¢f the invention
therefore retains an unusually high water vapor barrier

15 ("blister barrier™) even when 1t has been thermoformed.

The high oxvygen barrier exhibited by the multilavyer
foil 10, 11 of the invention 1ls similar to the water
vapor barrier in that 1t is relatively little impaired

20 by the thermoforming procedure. Conseguently, thermo-
forming can be used to produce blister packs from the
multilaver foil 10, 11 of the inventiocon, and these have
a barrier effect that was hitherto not achievable with
respect to water vapor and oxygen.

25
A particular feature of the multilayer foll of the
invention 1s that, even after the thermcforming proce-
dure, the reciprocal of the water vapor transmission of
the multilaver foil i1s greater by at least 10 %,

30 preferably by at least 15 %, and in particular by at
least 20 %, than the sum of the reciprocals of the

water vapor transmissions of the Individual lavers.

The thickness or, respectively, the weight per unit
35 area o©f the optionally present primer layers and
opticnally present adhesive layers in the multilayer
feil 10, 11 of the invention makes up only a smail



of the multilayer foil by analogy with resistances collected in series, i.e. in the form of sum of the
reciprocals of the water vapor transmissions WVTi from the following formula: The measured and
calculated values for the water vapor 10 transmission of the multilayer foils produced in the invention
are compared in table 1. PVC pin PVDC g/m2 PCTFE pm PVC gm WVTw, measured g/(m2.24h)
WValm, calculated g/(m2.24h) AWVT = (WVT11,- WVT)/WVTI"

WO 2010/051960 - 13 - PCT/EP2008/00'7844

proportion of the total thickness or, respectively, the
weight per unit area of the multilaver foil 10, 11, and
the barrier effect exhibited by the primer layer and by

the adhesive layer can therefore be ignored.

(@)

The invention provides a blister pack having a blister
base component made of a multilayer foil 10, 11 having

one or more of the abovementioned features.

10 Features of other advantageous embodiments of the

blister pack of the invention are that:

- the blister base component has been subjected to a
sealing process with a foll which has been sealed

15 against the blister base component;

- the foll sealed against the blister base component
is composed of aluminum and has a thickness which

is preferably from 5 to 80 um;

20
- the foil sealed against the blister base component
1s composed of plastic;
- the foll sealed against the blister base component
25 is an aluminum foil of thickness from 5 to 40 um,

which has been ccated with a plastic on the side
sealed against the blister base component, or

which has been laminated with a plastics foil.

30 Examples
Production of multilayer foils
Four multilayer foils composed of materials as follows:
PVC/PVDC/PCTFE/PVC were produced on an inline system
having a plurality of coating units and, respectively,

353 lamination units, by steps (i})-(iv) stated below:

{i} coating of a first PVC foil with adhesion



% 127 125.2102.4 127 0.0333 0.0368 9.5 2 127 125.4 104.2 127 0.0279 0.0363 23.1 3 127 160.7
99.5

WO 2010/051960 - 14 - ' PCT/EP2008/007844

promoter (primer)} to prepare for the applica-

tion of PVDC dispersion;

(ii) repeated coating with PVDC dispersion until
5 cumulative area density was from 125 to

160 g/m® (dry application weight);

(iid) using a first dry lamination adhesive to
apply a PCTFE feoil +to the PVDC layer by

10 lamination; and

(iv) using a second dry lamination adhesive to
apply a second PVC foil to the PCTFE foil by
lamination.

15
Water vapor transmission measurement
a) Measurement of the water vapcr transmission WVT.s
of single-layer reference foils made of PVC
{(thickness 127 pm), made of PCTFE {thickness
20 102 pm), and made of PVDC (thickness 75 and,
respectively, 95 pm) to DIN ISO 15106-3.
D) Measurement of the water wvapor transmission WVTy,
of the multilayer foil to DIN ISO 15106-3.
c) Determination of the thickness dy of the polymer
25 layer present in the multilaver foil via measure-
ment of cross—sectional micrographs cf the
multilayer foil.

d} Calculation of the water vapor transmission WVTs; of

the polymer layers present in the multilayer foil

30 from the following eguation:

WVT, =WVT,d, /d,

where d;; indicates the thickness of the single-
35 layer reference foil from step a) and dy indicates
the thickness determined in step c¢) of the polymer

layer present in the multilayer foil.



127 0.0315 0.0344 8.4 4 127 160.2 101.0 127 0.0279 0.0341 18.2 Table 1 15 Surprisingly, it is found
that the water vapor transmissions measured on the multilayer foils of the invention are smaller by at
least 8.4 % than the values that will be expected on the basis of the combined 20 effect of the
individual polymer layers, i.e. the values obtained by taking the sum of the reciprocals of the water
vapor transmissions. WO 2010/051960- 16 -PCT/EP2009/007844 What is claimed is: 1.A multilayer
foil (10, 11) havit®) 20i2a¢0thieks 0 - 15 ~ PCT/EP200C9/007844

e) Calculation of the water vapor transmission WVTuc
of the multilayer foill by analogy with resistances
collected in series, i.2. in the form of sum of
the reciprocals of the water wvapor transmissions

5 WVTy from the following formula:

The measured and calculated values for the water vapor
10 transmission of the multilayer folls produced in the

inventicn are compared in table 1.

# { PVC | PVDC | PCTFE | PVC WV Ty WV T AWVT =
measured calculated (WVT e

um | g/m° Bl um | g/ (m*-24n) | g/ {(m®24h) | WVTw) /WV T

%

1127 1125.2 0 1062.4 | 127 0.0333 0.0368 2.5

2 1127 1125.411064.2 | 127 0.027% 0.0263 Z3.1

30127 116G 7| 98.5 | 127 0.0315 0.0344 8.4

4 1127 160,21 101.0 | 127 0.0279 0.0341 18.2
Table 1

15
Surprisingly, it is found that the water vapor
transmissions measured on the multilayer foils of the
invention are smaller by at least 8.4 % than the wvalues
that will be expected on the basis o0f the combined
20  effect of the individual polymer layers, i.e. the
values obtained by taking the sum of the reciprocals of

the water vapor transmissions.



layers, encompassing 5 a first layer (1) made of a polymer selected from the group consisting of
polyvinyl chloride, copolymers made of vinyl chloride units and of one or more other monomers(VC
10copolymers), polyethylene terephthalate (PET), polyolefins, polyacrylonitrile (PAN), copolymers
made of acrylonitrile units and of one or more other monomers (AN copolymers), mixtures made of
polyvinyl chloride and of VC 15copolymers; a second layer (2) made of a vinylidene chloride
copolymer (PVIO) géletiEeBit@®tthe group consisting of polyvinylidener¢pgde soauohg420 mers
made of vinylidene chloride units and of one or more other monomers (VDC copolymers), mixtures
made of polyvinylideneg ghloride and of MDC copolymers; and 25 a third layer (3) made of a
chlorotrifluoroethylene polymer (PCTFE) selected from the groupconsistingofpolychlorotrifluoro-
ethylene, copolymers made of chlorotrifluoro- 30 ethylene units and of one or more other monomers
(CTFE copolymers), mixturestmade of pdlypchlorofriluorbethyteneianyg of CTHEeapolymers. 352The
multilayer foil(10,11)as glaimped i@gl@gﬂéaggg terized in that it encompasses a fourth layer (4)
made of a polymer selected from WO 2010/051960- 17 -PCT/EP2009/007844 the group consisting of
polyvinyl chloride, copolymers made of vinyl chloride units and of one or more other monomers (VC
copolymers), polyethyteneteréptithalatefPET),polyolefinde of a polymer selected

from the group consisting of polyvinyl chlo-

ride, copolymers made of vinyl chloride units

and of cne or  nmore other monomers (VvC
10 copelymers), polyethylene terephthalate (PET),
polyolefins, polyacrylonitrile (PAN), copoly-

mers made of acrylonitrile units and of one or
more other monomers (AN copolymers), mixtures
made of polyvinyl chleoride and of vC

15 copolymers;

- a second layer (2) made of a vinylidene chlo-
ride copelymer (PVDC) selected from the group
consisting of polyvinylidene chloride, copoly-

20 mers made of wvinylidene chloride units and of
one or more other monomers (VDC copolymers),
mixtures made of polyvinylidene chloride and of
VDC copolymers;

and

25

~ a third laver (3) made of a chlorotrifluocro-

ethylene polymer (PCTFE) selected from the
group consisting of polychlorotrifluoro~
ethylene, copolymers made of chlorotriflucro-

30 ethylene units and of one or more other
monecmers (CTFE copolymers), mixtures made of
polychlorotrifluorcethylene and of CTFE copoly-
mers.

35 2. The multilayer f£foil {10, 11) as claimed in

cilaim 1, characterized in that it encompasses a

fourth layer (4) made of a polymer selected from



5 polyacrylonitrile (PAN), copolymers made of acrylonitrile units and of one or more other monomers
(AN copolymers), mixtures made of polyvinyl chloride and of VC copolymers. 103.The multilayer foil
(10, 11) as claimed in claim 1 or 2, characterized in that it encompasses one or more adhesive layers
(6, 7), and one or more primer layers (5), where the adhesive layer (6, 7) and/or the primer layer (5)
has/have been arranged 15between respectively two of the layers (1, 2, 3, 4). 4.The multilayer foil (10,
11) as claimedWoclais A/652, 9% aracterized in that #ach of the layePcl/E2@ ap efodrnpagses up to 15
1 by weight of additives, and each of the layers (2, 3) encompasses up to 5 1 by weight of additives,

based on the total weight.of the-respectivsJayer. g_ﬁgTheorgultilg}ﬁri\gﬂl@q, 11).as glaimed in claim 1
or 2, characterized in that the first and fourth layer. %1%, 4) haye a thickness of from 10 to 400 pm, the

second layer (2) has & tHit S0t FPORT'S t& 128 by, 'ant thE THitE Iayer (3) 15 S6thitkRess of from
15 to 210 pm. 6.The multilayarcfoit (10, d1)as claimedimelaim 1 of 27 charactetizedidrrthat the

thickness of the seconghlayet ()i from 704p150:-pm; and the 3oweight pgbqrﬂ,igg@aimgfreof is from
120 to 1805g/m2. 7. Th%inua{tila;?[%%)jilé%g, 11) as %Ig{\tfr)]ed in claimf or 2 charact%rized in_that the

reciprocal of the watef Vapor transmigsion Jtﬁereoig Is greater bci/ogﬂeg&%% thah the surﬁ)%f the

reciprocals of the Swatérapdt Hahshfissions 6FthedRdividial |a/ess ifaccdtdance withake following
relationship 1 1.05 monomers (AN  copolymers), mixtures made  of

polyvinyl chloride and of VC copelymers.

10 3. The multilayer foil (10, 11) as claimed in claim 1
or 2, characterized in that it encompasses one or
more adhesive lavers (6, 7)), and one or more
primer layers (5}, where the adhesive layer (6, 7)

and/or the primer layer (5} has/have been arranged

15 between respectively two of the layers (1, 2, 3,
4.
4. The multilavyer foil (10, 11) as claimed in claim 1

or Z, characterized in that each of the layers (1,
20 4) encompasses up to 15 % by weight of additives,
and each of the layers (2, 3} encompasses up to
5 % by weight of additives, based on the total

weilght of the respective layer.

25 5. The multilayer fcoil (10, 11) as claimed in claim 1
or 2, characterized in that the first and fourth
layer (1; 4} have a thickness ¢f from 10 to
400 um, the second layer (2} has a thickness of
from 9 to 120 um, and the third layer (3} has a

30 thickness of from 15 to 210 um.

6. The multilayer foil (10, 11) as claimed in claim 1
or 2, characterized in that the thickness of the
secend layer (Z) is from 70 to 110 pm, and the

35 weight per unit area therecf is from 120 to
180 g/m°.



WVTWVT 10where WVTm is the water vapor transmission of the multilayer foil, WVT] is the water
vapor transmission of the jth layer, and N is a natural number greater than or equal to 3, and N is the
number of layers in the multilayer foil. 15 8. The multilayer foil(10, 11) as claimed in claim 7,
characterized in that the reciprocal of the water vapor transmission of the multilayer foil (10,11)is
greater by at least 10 %, 20 preferably by at least 15 %, and in particular by at least 20 %, than the
sum of the recip@carsidfiAng W&her vapor transmissipdis-of the individGaA&PR80259.Th@d4Aultilayer foil
(10, 11) as claimed in claim 1 or 2, characterized in that it has a water vapor transmission of from

0.027 to 0.034 g/(m2.24h), at.a femperatureof 38 GGyand af a selative hymyidity,of 90.%, preferably
from 0.027 to 0.031 g/(m2.24h). 30 10. The multilayer fail (10, 11) as claimed in_claim 1 or 2,

1
characterized in that it Has“an GXehtr&tsmiigSion of frof .fé?o 6.5 M2 29h), Bt
temperature of 23 C awdtatia rekitive hurmdisrd56f509%} preferablyifeons 0ck8-1070. 14 cmB/(m2.24h).

WO 2010/051960- 19 1REI{ER2009{00/344 1d. Themyttilaygk foll £10Q ,1)-as ¢laimedim &ne or more
of claims 1.to 10, which i§ thermoformatble. 12The multilaye% f%iﬁl(lo,llzfs clgimeid in_claim 11,
aten =3 I rans QL . o Vi

characterized in that after & thgrrﬁgfbrmlng pr%%gél}r%r}ﬁe reC|procaI18f & Water vapa%)\ﬁr}:ashsmission is

greater by at least 10 95 preferablybicatiéadt 156, and e partculd i atI8&8t20 %, than the sum
of the reciprocals of 10the water vapor transmissions of the individual layers. 13. The multilayer foil
(10, 11) as claimed in one or more of claimsjl to 12, charactgrized in that it 15is monolaterally or
bilaterally sealable. 14. The multilayer foil . 1?)1a§3t: j v one or more of claims 1 to 13,
characterized in that it is colorless and transpafent, col6ted and trans-

10 where WVTy is the water vapor transmission of the
multilayer  foil, WvTy  is  the water  vapor
transmissicon of the jth layer, and N is a natural
number greater than or egual to 3, and N is the
number of layers in the multilayer foil.

15

8. The multilaver foil (10, 1) as claimed in
claim 7, characterized in that the reciprocal of
the water wvapor transmission of the multilavyer
foil (10, 11y is greater by at least 10 %,

20 preferably by at least 15 %, and in particular by
at least 20 %, than the sum of the reciprocals of
the water vapor transmissions of the individual

lavyers.

25 9. The multilaver feoil (10, 11) as claimed in claim 1
or 2, characterized in that it has a water wvapor
transmission of from 0.027 te C€.034 g/{(m*-24h), at
a temperature of 38 °C and at a relative humidity
of 90 %, preferably from 0.027 to 0.031 g/ (m®-24h).

30 |

10. The multilayer foil (10, 11) as claimed in claim 1
or 2, characterized in that it has an oxyvgen
transmission of from 0.10 to 0.22 cn’®/(m®-24h), at
a temperature of 23 °C and at a relative humidity

35 of 50 %, preferably from 0.13 to (.14 cm®/ (m?-24h) .



20parent, colored and opaque, or white and opaque. 15. The multilayer foil(10,11) as claimed in claim
3, characterized in that the primer layer (5) has a weight per unit area of from 0.5 to 2520 g/m2. 16.
The multilayer foil(10,11)as claimed in claim 3, characterized in that the adhesive layer (6, 7) has a
weight per unit area of from 1 to 3030 g/m2. 17. The multilayer foil (10, 11) as claimed in one or more
of claims 1 to 16, characterized in that it has layer structure selected from the following
35group:PVC/PGT FEPY/IG P3E0/PVDC/PCTFE-PYE/PVDC/PCTREIRYERRYCH CTFELRVC/PVDC,
PVC/PVDC/PVC/PCTFE, and also equivalent layer structures in which the first and fourth layer

include, instead;af PV&na palyester, palyolefing polyagrylonitrile, (PAN), 9r AN capalymer, 5 18. A

blister pack, the blister base component of which is composed of a multilayer foil as claimed in claims
1to 17. 19. TheblisterPackasthaimedittfaim 18, 10° chARacterized intafthe Bt Yase component

has been sealed by a foil which has been sealed against the blister base component. 20.

Theblisterpackaselaimedinclaimi k9, 15, eharagterized in that thesfoil sgaled againstthe blister base
component is composed of alqrtﬂinumﬁnd preferablg(pas a thj%(ngss offjroy 5to ggepr%bgl. Theblister

] . N I character BT T
packasclaimedinclaim T ,%cﬁar’actenze&m that fhe foil Seale aagal?lst fie °
forming procedure the reciprocal of the water

vapor transmission is greater by at least 10 %,
preferably by at least 15 %, and in particular by
at least 20 %, than the sum of the reciprocals of
10 the water vapor transmissions of the individual

layers.

13. The multilayer foil (10, 11} as claimed in one or
more of c¢laims 1 to 12, characterized in that it

i5 is monclaterally or bilaterally sealable.

14. The multilaver foil (10, 11) as claimed in one or
more of claims 1 to 13, characterized in that it
is colorless and transparent, colored and trans-

20 parent, colored and opague, or white and opaque.

15. The multilayer foil (10, 113 as c¢laimed in
claim 3, characterized in that the primer layer
(5) has a weight per unit area of from 0.5 to

25 20 g/m.

156, The multilaver foil (10, i) as claimed in
claim 3, characterized in that the adhesive layer
(6, 7) has a weight per unit area of from 1 to

30 30 g/m?.

17. The multilayer foil (10, 11) as claimed in one or
more of claims 1 teo 16, characterized in that it
has layer structure selected from the following

35 group: PVC/PCTFE/PVDC, PVC/PVDC/PCTFE,
PYC/PVDC/PCTFE/PVC, PVC/PCTFE/PVC/PVDC,
PVC/PVDC/PVC/PCTFE, and alsc eguivalent laver



blister base component is composed of plastic. 22. Theblister packasclaimedinclaim 19, characterized
in that the foil sealed against the 25 blister base component is an aluminum foil with a thickness of
from 5 to 40 Rm, which, on the side sealed against the blister base component, has been coated with
a plastic, or has been laminated with a plastics foil.

WO 2010/051960 - 20 - PCT/EP2009/007844

structures in which the first and fourth laver
include, instead of PVC, a polyester, polyolefin,
polyvacrylonitrile (PAN), oxr AN copolymer.

5 '18. A Dblister pack, the blister base component of
which is composed of a multilayer foil as claimed

in c¢laims 1 to 17.

19. The blister pack as claimed in claim 18,
10 characterized 1in that the blister base component
has been sealed by a foll which has been sealed

against the blister base component.

20. The blister pack as claimed in claim 19,
15 characterized in that the foll sealed against the
blister base ccmpcnent is composed of aluminum and

preferably has a thickness of from 5 to 80 um.

21. The blister nack as claimed in claim 19,
20 characterized in that the foll sealed against the

blister base component is composed of plastic.

22. The biister pack as claimed in claim 19,
characterized in that the foil sealed against the

25 blister base component is an aluminum foil with a
thickness of from 5 to 40 um, which, on the side

sealed against the blister base component, has

been coated with a plastic, or has been laminated

with a plastics foil.



