WO 2009/056536PCT/EP2008/064590 -1- METHOD FOR MANUFACTURING A
COMPOSITE SORBER FOR THE REMOVAL OF 1120 CONSISTING OF HYGROSCOPIC
INORGANIC BRE2¥B/HSBOLVED IN A POLYMERIC MATRIX 5The preseMc&/Br038H64388n at
trace levels, results to be harmful for the correct furictioning of various devices, among which
lithium batteries, microelectromechanical devices known in the field by the acronym MEMS
(MicroElectroMechanichal Systems), organic displays of the OLED-type (Organic Light
Emitting Diode) and photovoltaic cells, i.e. the cells of the OSC-type (Organic Solar Cells), to
mention some MMH@ME@RMMF@GWMNWKH}MBWBHEG)ERMR:FGJIafId{more in
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performances; as an example, further information with respect to the 15 effects of this
contaminant can be found in the article "Correlation between dark spot growth and pinhole
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edition of 206SB§eE JMTEN-VRr1HG, S 0Mathty RFHPRYEhHRAS i ineRlpsHaNirskanishal
The use of s@ﬂigﬂéﬁi@ré@ﬁa{n@“dplagﬁ gﬁse@uamej@eS(megatﬁhem@lusm&mfgdmm and

itive to thei k th atent applicati
WO 2004/07 BB TS ke BT AUbTE: O T BV Ol LB o
disperséd in sfiitabieopoirdassiagritosedh drptite fil hpypbeaticstsdévd e aikDNG10 18 LeReeai A/ O
2007/013119, Both Jo. e RADE O gﬁ‘eee@@géh%%”éf'ﬂg@?g LRSEipe p ARSI ICIIGE 3 Stleevei'”

which the active component Is confl a porou |um itsel elng disperse

polymeric mdlfxenthencd¥pudears wﬁﬁm@ﬁammﬁ@mpﬂ@pgﬁm@%ermeame polymenc
matrix is describegyingpe é@Iﬁ{ﬁ%'oﬁ‘&hP&te{HeaBPé%EQ“oW%g%QOJe(IWéla‘{%é I, A3MERE

applicant. 30All of the fore?omg technological solutions, although being effective with respect

to the probleRFEFREPRRH RRPFENRADEShASIBX %&ﬁﬁl&@gmmwgwgme@ﬁm to the

15  effects of this contaminant can be found in the article “Correlation between dark spot
growth and pinhole size in organic light-emitting diodes”, by Shuang Fang Lim, et al.,
published in Applied Physics Letters, volume 78 no. 15, on 9 April 2001 as relating to
the OLED displays, and in the fifth chapter of the book “Organic Photovoltaics -
Concepts and Realization” by Brabec et al., edition of 2003 by Springer-Verlag, as

20  relating to the photovoltaic cells of the OSC-type.

The use of sorbers for the removal of gaseous impurities from the housings of
devices sensitive to their presence is known in the art. For example the international
patent application WO 2004/072604 in the name of the applicant discloses the use of
active components dispersed in suitable porous matrices; the patent applications WO

25  2007/013118 and WO 2007/013119, both in thc name of the applicant, instead describe
nanostructured systems in which the active component is confined in a porous medium,
itself being dispersed in a polymeric matrix, whereas the use of functionalized nuclei
dispersed in a permeable polymeric matrix is described in the international patent
application WO 2007/074494 in the name of applicant.

30 All of the foregoing technological solutions, although being effective with respect

to the problem of H;O removal, rely on complex techniques and methodologies for



- 2 - carrying out them.  Other simpler technological solutions rely en a dispersion of active
elements in polymers, in which the dimensions of the particles are utilized to obtain secondary
properties, astRZPAEAfency, of the sorber produced in this way. 5This §pEEF28H s
described in the patent US 6740145, where it is requested that the dimensions of the particles
of the dispersed active element are between 1 and 200 urn, and in the patent application US
2006/0097633 where a average particle size in the polymeric film of less then 100 nm with a
specific size distribution is requested. The patent application MI2007/A000690, in the name of
the applicant@ngingoyethdi®.published on the filing date of present application, shows the use

of nanostructured pies hajag SN ARACUYR FAITRADSN! IndRm ahelspaiacd aamidies:,

The solutions shown in theSe documents have mainly two disadvantages, one inherent to the
production amg@liiecsthir whikh draiorensities of the protilst. 3 viladgteo ableitisaenralatage
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relating to the manufacturing of a H20 sorber containing a hygroscopic inorganic salt, with

special reference ththechiiassioru e thesgy ARSI JRNaBRIEHIEWNEIgAEETwINen
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produced sorber. In,a first aspect thereof, the invention consists in a method for the

manufacturiny o0 SBAYER RECIETEH 0 Mo PPEYE08n RIS diAsSgCIated to the use of particles of

15  the active medium with a well defined particle size that requires also special precautions
for their handling in case in which said particles have a very small diameter, i.e. 100 nm
or less.

From the point of view of the efficiency of secondary characteristics of the
product, i.e. not directly correlated to its H>O sorbing capacity, as for example the

20  transparency, the use of an active element in form of particles dispersed in a polymeric
matrix can cause the deterioration in the course of time, mainly due to problems of
particle aggregation inside the dispersion medium. This problem is increasingly
relevant, the larger the particles sizes of the active medium are; the importance and
criticality of the particle size of the hygroscopic material are pointed out several times in

25  the description of the above-mentioned patent US 6740145, Object of the present
invention is thus to overcome the inconveniences still present in the prior art as relating
to the manufacturing of a H,O sorber containing a hygroscopic inorganic salt, with
special reference to the necessity to use inorganic salts of nanometric dimensions in
which the particle size is of fundamental importance for the characteristics and

30  properties of the produced sorber. In a first aspect thereof, the invention consists in a

method for the manufacturing of a sorber for the removal of H,O comprising a



polymeric matrix and a hygroscopic inorganic salt, characterised in that said hygroscopic
inorganic salt is dissolved inside of said polymeric matrix. In the following the term composite
material will b¥ QSR ¥ntify the sorber material in order to highlight thafSTJERAIAEEE4590
dissolving an inorganic compound in a polymerized organic Smixture, even if it is actually an
homogeneous material that is not characterized by phase separation.  The invention will be
illustrated in the following with reference to the drawings, in which: figure 1 shows a
photography taken by an optical microscope of a composite 10sorber made according to the
present invepidymeigurmdrshosnd asaphiowgsaphiy takeganycanaiiptickdmuicrosdope chat said

composite sqthes mage Wihane dheIRRRIG A SR RIR SR GRTHINE M ANERTESE
t bed - fig h hy

invention, but not with the method herein described,; Igure 3 shows a photograp

taken by an dptideImrsiapesiRe BriEnEEshe udoipddeniiethatposbabmaighiabla mrsteria;

figure 4 show{he;epMmparisubalibe saRsRaeneyel gifferenhsomaasie RowRadcfbRangnd
figure 4A_shows the comparison between the transparency of a film, made according to the

method of th&WERtiSTE M ki A58 hREegsnerHin™rtitb b Foupt Shrauspedzed &y air.

Differently frgymatheakdtions of the prior art, for the manufacturing of the invention it is also
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handling, othar#hathproviding advantages in the 25manufacturing process, as will be
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inorgani@salt; in parisethiar nirspatponding el theepinsrgfaniciadnare both dissolved in a solvent,
the evaporation Of.W%gh}é%s%WE' &%8&%%@%&%@%%%%WEEFHH&?&@&EF%FQ%&B&M
contains the dissolved inorganic salt. In afpreferred embodiment the polymer
sorber made with one of the inorganic salts suitable for carrying out the present
invention, but not with the method herein described;
~ figure 3 shows a photography taken by an optical microscope of a composite
15 sorber made with a non-suitable material;
- figure 4 show the comparison of the transparency of different composite
polymeric films; and
- figure 4A shows the comparison between the transparency of a film, made
according to the method of the invention, at time zero and of the same film
20 after 23 hours of exposure to air.
Differently from the solutions of the prior art, for the manufacturing of the
invention it is also possible to use powders with a particle size larger than 5 um, and
even, as will be illustrated in the following, also with a particle size larger than 2 mm;
this simplifies their storage and handling, other than providing advantages in the
25  manufacturing process, as will be illustrated further ahead.
The inventors have discovered various methods to manufacture the H,O
composite sorbers consisting of a polymeric matrix and a dissolved hygroscopic
inorganic salt; in particular the polymer and the inorganic salt are both dissolved in a
solvent, the evaporation of which results in the consolidation of the polymeric matrix
30  that thus contains the dissolved inorganic salt. In a preferred embodiment the polymer

and the inorganic salt are dissolved in the same common solvent, but it is also possible



and the inorganic salt are dissolved in the same common solvent, but it is also possible -4 -
to use two different solvents for the polymer and for the hygroscopic inorganic salt, in which
case it is necessary that the two solvents are miscible with each other.  In alternative it is
possible to directly dissolve the hygroscopic inorganic salt in the polymer precursor, ideally
when this is still in the monomer state. Subsequently the 5 polymerization process, for
example by thermal treatment or UV irradiation, Ieaﬂs to the formation of the polymeric matrix
inside which the hygroscopic inorganic salt is dissolved. ~ The information on the solubility of
polymers and inorganic salts in solvents, the m|SC|b|I|ty of dlfferent solvents, the solubility of

inorganic salts I I se act as. sol gnt for
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Cohesion Parapabaesization puiitess, ooexemple-tartbemaldhatitign Pk srediation, leais$o the
Handbook by GhafleaeHmeseily@dis ditienx 20Q4eLeinRdiRA i€ 'Eoteanic! safisparent

electrolytes for Jjthium batterles comprising a suitable polymer with an organic/inorganic
compound, in el, are described in the article "lon- 20 conductive
polymethylmethacryThteinfetrahtivolytch o sollithilitynol ptthriess  aod itietaedics 26 0h saventalie:
online 27 Aprl ZRGRNRY JFRiARNIALAIRONEL SARS of HbrBARESATG: diiner WIGRENET the

solubility of a salt in a Solvent, a monomer, a polymer or a mlxture of at least two of them is

not directh? avAREN RIS GRaLH &hmeaﬁté%@mﬁ frethsdnqzsanic salbasislstxipRve
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preferredls as for example the Handbook of Solubility Parameters and other Cohesion Parameters,
2" edition, 1991, or Hansen Solubility Parameters — A user’s Handbook by Charles M.
Hansen, 2™ edition, 2007 both edited by CRC Press.

Transparent electrolytes for lithium batteries comprising a suitable polymer with
an organic/inorganic compound, in form of gel, are described in the article "lon-
20 conductive polymethylmethacrylate gel elctrolytes for lithium batteries”, published in

2005 (available online 27 April 2005) on the Journal of Power Sources, 146, pages 436-

440,

Whenever the solubility of a salt in a solvent, a monomer, a polymer or a mixture
of at least two of them is not directly available in bibliographic data, an expert in the
25 field can easily obfain it as experimental value. In fact a simple solubility test can
consist in subsequent addition of small amount of solute (salt) in a fixed amount of the
liquid mixture: starting of precipitate formation correspond to the solubility limit of the

salt in the chosen mixture.
Hygroscopic inorganic salts suitable for carrying out the invention are alkaline-
30  metal and alkaline earth-metal perhalogenates, alkaline-metal and alkaline earth-metal

halides; the use of perchlorates is preferred.



-5- In the case of composite sorbers that foresee the use of solvents, some examples of polymers and
solvents suitable for carrying out the invention are cef[IJF]quse acetate in methyl acetate, or the same
cellulose acetate in tetrahydrofuran cellulose. In the case in which the solution is composed only of
the polymer precursor and of the hygroscopic inorganic salt (the precursor acts as solvent for the

inorganic salt) somenexariedPESkIbREIR ROIENS tha R RebENRENKESTRBRM Rt ihé\RampRigined by
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in order to a&f)gho%% Mertzat 'B%?ﬁ&@ﬁ(%grmr%y go‘w &ri 96%%%99@%%%5%, as for
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proceeding with its dissoluti irng t i ervi addition of the
inorganic salt corregl%?ﬂ?bbsJrq %%%P@rﬁ'ﬁ\%oﬁ e(?‘tﬁgggfégg}t%ff&rv %L%%%aﬁc?%qﬁf(%e&%ﬁ/ %ﬁ&rﬁ%hen this
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means of filtka#ag on on 5'@%&3&5?}/(?& By aRREQRRiMoEdaIssEalb powders with a particle size larger than
51.1m makes more evident the determination of the limit conditions being reached and 10 simplifies the

subsequent operatiotieotaditivenajebeualydoscpeeriiitinefina Chrvensiipit is alder possitsie that the
saturation cqijiiaerioftion ppdutisterisDitfiereackieds iof woigmen setitie caarpuslnaiatissioby temrecipitated
inorganic sabisrialkneAsaNRlY anionit? &rSPEALA APRREICARPINFINNRRHAN AORRIERIN grrpghod for the
removal of 15 ‘-|2 from devices seps tlvq t% its Qresence bﬁ/ tﬁle fiss of qu?SIte sorl%ers consisting of

i ROLYMIENZA Of) DIOCESS gi.m I & e 10 o%tal the fin mﬁirlx. S CONCERUAIon 4s ,
hygroscoplcll‘llrpldéganlc salts"dissolved in a polymeric' matrix. = "Amaong the serisitive devices that benefit
the most fro Yl PiRaRioPrERER 178HYYH of the invention are photovoltaic cells, OLED displays,

microelectromechagjcal deyiee ARG HHT AL Sided during the manufacturing process of the

composite sorber depends on the specific hygroscopic inorganic sat used and on the
characteristics of the polymer precursor (in the case in which this acts as solvent for the
inorganic salt) or on the solvent-polymer-inorganic salt combinations and is difficult to
determine a priori; and it is thus necessary to gradually add quantities of the inorganic
salt to dissolve to the solution that will alow to obtain the polymeric composite sorber,



20In general the method of the invention offers advantages when it is necessary that the 1420
concentration inside the sensitive device must not exceed a critical value during the normal
functioning of W2BRNREE 3T his critical value is related to the kind of sensitiVE-daHEWSHH>90
among those which require a very low water concentration are the OLEDS, that typically need
concentrations in the order of 10 ppm or less, wheréas at the 25 extreme opposite there are
the solar cells, which can support up to 5000 ppm before irreversible deterioration phenomena
are triggered.  The polymer containing the dissolved hygroscopic inorganic salt may be used
in form of an pieesmingomsbitiatedofiivinonn ftitisxeagsebips thiuigths sedutypicalfyobstyvam i Gium
and 200m, orit May.he Ut AR ARk %%h%%%@éf&ﬁl}’ soligldiodyhig _81?‘5[?@ i@%&ét&ﬁ‘?ﬁé”a'

.add] S .
phase of consolidation or polymerisation once it has been dispensed: in this caSe the use of

the monomenataneefitia salwinteh Wenfijrosbesirniiforerahnd shis jgdictesdisddiverrfsdemetio

be particularlmﬁﬂgpm@@@mﬁfp{ &Qhﬁlm?éé %Hsl?ot%%ki;%im%? i\%&jﬁtﬁé_’_@&fi’é@:ﬂ%ié’ﬁ Bethe
solvent that could give rise to contaminations of the device. The dispensing on the final

support may BEseRiFbinetEeBiF valotrdHohddl RASERISHRORIRGRCthEfidR Sesslidatignerfifsugh
brush work op siRfayiROmRAEIEig@is dhenstngl theSprigipidticl Mashadi wvelltkaewexkinihe by
printing field, which allqws .a better control of the deposit thickness (by means of control of the
stencil thicknB?g,nﬁﬂ% f#¥Rich the mixture is forced to pass for reaching the support) or also
a filmograph may Fasused{aplaiscbgiciatigdnie dattigtantesirarth a frase osise Rpget thirpsum

distance that cerresponds (o fhe thickness of the i), LOARather way of ysing e sorbers

aKkes etermi 10N mit
made according to the Present mvention foresees the melting of the polymer containing the
dissolvéd hygrogtdisictheondsaimenioperatins afecingyingahel ¢ncesstpmdipgat20 sorber from a

thermoplastic polygiRicher iPM aiRPENaDE MataHs Wik A ebNg e MRS A BICA ot

lower than 300C. Another embodiment foresees the use of H20 sorbers made according to
the 15 presefitdrieshtiBrivpiehetstrinef raavtbeasagien ehihpdsopied Worateicnsde Kiown
in the field bypthestarn "electrospinning®.  In some devices it may be useful to fill the inner
volume of the sensitive device with the composite sorber; in this case the preferred solution
foresees the introdBciSHFIIHERESHIPESRE S HRFRT A e SEolfsB o] FoF A SnB ¥ Rient
thermalitfeatMgbifi2f davisessdsnithadisiingdherephiand conseayesitdiing:af dhaintgrof
volume of th%device ina nearl}/ %Q{SHP T anfi]‘uer. Amongnlhe sensitive devices that benefit the

most of this pa’r%ré’&’fé’P %:(Jlrr%ﬂrg%lPa ioh are evf) 8 g\,%q{g?g ERERY the OLED displays.
Among the sensitive devices that benefit the most from the application of the
method of the invention are photovoltaic cells, OLED displays, microelectromechanical
devices and lithium batteries.

20 In general the method of the invention offers advantages when it is necessary that
the H,O concentration inside the sensitive device must not exceed a critical value during
the normal functioning of the device. This critical value is related to the kind of
sensitive device and among those which require a very low water concentration are the
OLEDs, that typically need concentrations in the order of 10 ppm or less, whereas at the

25  cxtreme opposite there are the solar cells, which can support up to 5000 ppm before
irreversible deterioration phenomena are triggered.

The polymer containing the dissolved hygroscopic inorganic salt may be used in
form of an already consolidated film, in this case with thicknesses typically between
10um and 200um, or it may be used when not yet completely solidified, while carrying

30  out the final phase of consolidation or polymerisation once it has been dispensed: in this

case the use of the monomer as medium in which the hygroscopic inorganic salt is



In a third aspect thereof the invention is inherent to composite sorbers consisting of polymeric
matrices comprising dissolved hygroscopic inorganic salts that could be 25 chosen from one
or more of theMBIRfiefHbrganic compounds: alkaline-metal and alkaline BSAHFRAUEP64590
perhalogenates, alkaline-metal and alkaline earth-metal halides, among which the use of
perchlorates results to be preferred. The invention-Wil be further described with reference to
the following examples: Example 1 30A film of a polymeric composite sorber according to the
present invention is produced by dissolving a hygroscopic inorganic salt in a monomer. A
quantity of 0.diss@vednzmgoionhagassiulriyadhiomeis fsalisthapoivdersepartictbesizie 06

which is not conleg 08 MAY AR AMRIRRIBKES LA Amelerof &0 AbSURIga

salt is dissolved'in 5 grams of methylmetacrylate (MMA) and 0.05 grams of benzoin methy
ether, this lastignrasies mythsdinmh supprsipanbacagitibeuiitiatoiosTRethedsmédpatioava in

carried out inﬁi@%lﬁb%%ﬁdﬂ%@@'t%{@éﬁuﬁﬁs@@&@%Cf‘@a?}’nﬁﬁoﬂl%féf% oRtaipedday of

means of irradiation with ultraviolet light produced by a 100 W mercury lamp. In the following
example? the SERHHBR fsstiBpde t¥altd o N MyecRpiptiefictnehido piavin bt Taianizol of
radiation dosgre@updi thidkd&EGy HeapserPobineT iSeths QttiaN s raad el B WMgansief a

filmograph with a 10 thickness of 5Q microns on a steel plate and fipally copsolidated b
means of a SBMSC?H%H@‘?W@Q% %t%%@%%uﬁw&ﬁiogoﬂﬁ&%gﬁaﬁ%% FoRS g E)aeing
9.32J/cm2). Alkaf ltbid prededit dispetatians abesean g mut, it a djkomecd hatndes poniad fas
flux in order qbtf(% comptrh%nﬁﬁn the sorbing capacity of the hygroscopic inorganic salt. 15The

photography i/cop?lsgﬁ MICroscopy is shown in figure 1. Example 2 (comparative) A film of
a polymétic compdsitstsorberyigprosingethdsorbesparatingagnabnghts ctheditiesenbfitivention

invention i.e. fd?é@&@tﬁ@%@l‘f?ﬁ%%ﬁ*ﬁ?é'ﬁ Aishiocomatian e G asted HOEMR RMEeLEMMA)
and the inorganic salt (Mg(C1 4?2), inovyhich the solvent is not 20ab?eéof Id@so}vinétﬁe ’
inorganic saltl this case it 18 useful to obtain the H;O sorber from a thermoplastic polymer, i.e. from

a polymeric material with a melting temperature typically lower than 300°C.
Another embodiment foresees the use of HoO sorbers made according to the
15  present invention in the form of nanofibres, that can be produced by a technique known
in the field by the term "clectrospinning”.

In some devices it may be useful to fill the inner volume of the sensitive device
with the composite sorber; in this case the preferred solution foresees the introduction of
the composite sorber in already consolidated form. A subsequent thermal treatment

20  causes then the melting thereof and consequent filling of the inner volume of the device
in a nearly uniform manner. Among the sensitive devices that benefit the most of this
particular configuration are the photovoltaic cells and the OLED displays.

In a third aspect thereof the invention is inherent to composite sorbers consisting
of polymeric matrices comprising dissolved hygroscopic inorganic salts that could be

25  chosen from onc or morc of the following inorganic compounds: alkalinc-metal and
alkaline earth-metal perhalogenates, alkaling-metal and alkaline earth-metal halides,
among which the use of perchlorates results to be preferred.

The invention will be further described with reference to the following examples:

Example 1

30 A film of a polymeric composite sorber according to the present invention is

produced by dissolving a hygroscopic inorganic salt in a monomer. A quantity of 0.4



The guantities of polymer and inorganic salt are the same as in example 1, also the particle
size of the inorganic salt is the same, whereas as regards the quantity of the solvent, a
quantity equal8 2844 heen used. The photography by optical microscdffy S8R0
figure 2. 25Example 3 (comparative) A film of a polymeric composite sorber is produced by
operating as in example 1, i.e. using a solution give®-by the monomer (MMA) mixed with
powders of hygroscopic material, but using a hygroscopic material not foreseen by the
present invention, i.e. calcium oxide in powder form, added in a quantity equal to 0.4 g, that

does not dissgies30immgihksime fheadhidetts. Fhesghotoy raphigity opticel srerofedpyhisshotvn

in figure 3. - . EAANRlEynay o111 AR SRS A-RRGORAB N ANATACIRGRIG AN i

transparency, of the films from polymeric composite sorbers obtainable with soniie special
polymers (antb¥glvadich PRiRm grapiieingeerabirtd@d et dh slens & Brgphigethyl
characterisatign.a gouhle Heamhspeqitarhoienishlassaiicd hitasbeen used, with a single

monochromator, a Hamamatsu detector, using deuterium and halogen lamp, scannin

velocity 2000 nm/rhfl¥, BASEBEIUORNSaFITEES Akt é&@d?aéy?ﬁﬁ%%ﬁa‘?‘&éﬁ%ri@é’d’&@ggf Hikh
polymeric filnpeauesnonHsiR thedaspaintdhs ineldenrighiiaeaimyen heSaen B rBduced
rectangle of 1 x 1n? ﬁ}z 10The resulis related tq the spe traﬁinterval 400-700 nm are shown
i the fgurestd Ao FORRIEH HEE e TUlFTHE DA Fadior EURR S PSR AP
without any Hy§rosdogiariconganifos it mite aumits: 22 sbeyvetoel iaasi&sion curves of a
film prepared The pre-polymerised solution is spread out by means of a filmograph with a
10 thickness of 50 microns on a steel plate and finally consolidated by means of a "post-
UV curing" treatment for 30 minutes (the corresponding radiation dose being
9.32J/cm?). All of the preceding operations are carried out in a glove box under an inert
gas flux in order not to compromise the sorbing capacity of the hygroscopic inorganic
salt.
15 The photography by optical microscopy is shown in figure 1.

Example 2 {(comparative)

A film of a polymeric composite sorber is produced by not operating under the
conditions of the invention i.e. using a common solvent, dichloromethane (CH>Cly,), for
the polymer (PMMA) and the inorganic salt (Mg(ClO4);), in which the solvent is not

20  able of dissolving the inorganic salt.

The quantities of polymer and inorganic salt are the same as in example 1, also the
particle size of the inorganic salt is the same, whereas as regards the quantity of the
solvent, a quantity equal to 15g has been used.

The photography by optical microscopy is shown in figure 2.

25 Example 3 (comparative)

A film of a polymeric composite sorber is produced by operating as in example 1,
1.e. using a solution given by the monomer (MMA) mixed with powders of hygroscopic
material, but using a hygroscopic material not foreseen by the present invention, i.e.
calcium oxide in powder form, added in a quantity equal to 0.4 g, that does not dissolve
30  in methylmethacrylate.
The photography by optical microscopy is shown in figure 3.



15 according to what described in example |, respectively at time 0 and after 23 hours of
exposure to air. In order to distinguish the two curves, which result to be almost perfectly
superimposedY 2it&fdd3ta¥ been use to show the points for the test at tim& STHFRAEA§4590
crosses have been used for the test after 23 hours; and 20 curve 3 shows the transmission
curve of a film prepared according to what describe®l-in example 2, i.e. a PMMA film
comprising not perfectly dissolved magnesium perchlorate salts.  In figure 4A the
comparison between the transparency curve at time 0 (curve 2a) and after 23 hours of
exposure to air, (cEnaan@d®)4is shown, using a very expanded scale 25for the axis of ordinates

in arder to appreCi?fﬁ'stQ?aﬂlﬁﬁ%]ﬁ%fér?s%‘%@%&&'&%?%h‘é&é&’f%ﬁs!fo‘,"’t%% R9hHARHUE 52 Ad%ifns

curve relating to the transparency of a sample preépared according to example 3, because this
already at firdt&igROXBISHE] OpmpsEe soFhgiredtanahlghitifht s0F ocial thelrrmses ofatiene 1

there are no pastigleRIK A Si-paIgregales il disRalymekiscomposite sorber film, as instead
happens in the case 300f figure 2, in which there is not perfectly dissolved magnesium

perchlorate in the fifth RiEbrEvEE e damklshaamrarsaranbntomcteriiics, WADs hetre 3
sgows thr? - ﬁﬁkd,calﬁh:]ral @iﬂgﬁi %@Hﬂ@lﬁﬁ&ﬂﬂ'&?&ﬂ H?Eh@nméwr&rt&fﬂm -usingigailieeﬂlﬁlﬂoaﬁa to
observe how the morphological differences in the meric composite sorber film can
ranator alsBH RSN SIS S AL P B SRR A b PPy
characteristicThkthieataggnisebpicafitif cach. sl fransp filencyrré ponids Seahadasy chaiadteitktit is

very useful inl.tq]% gase th(;h%esn%itiyeideevice IS an %)fl_’i}pl igpnl]ay or placed in a solar cell.  In

. g & h e Y - Ot
fact it can be gbserved how a y%FOsco%fg%lf‘nﬁperoduce according to the present invention

shows dfransparehuy riiubs Ziatpdriatthe tsnediyat ortereab b0 thamofra fhotymar thettfigutes 4
inorganic salt,(ineal), Buyter the characteristic of transparency of the

e curve 1 shows the transmission curve of a PMMA film without any
hygroscopic inorganic salt;
e the curves 2 and 2' show the transmission curves of a film prepared
15 according to what described in example I, respectively at time 0 and after
23 hours of exposure to air. In order to distinguish the two curves, which
result to be almost perfectly superimposed, circles have been use to show
the points for the test at time 0, whereas crosses have been used for the test
after 23 hours; and
20 e curve 3 shows the transmission curve of a film prepared according to what
described in example 2, i.c. a PMMA film comprising not perfectly
dissolved magnesium perchlorate salts.
In figure 4A the comparison between the transparency curve at time 0 (curve 2a)
and after 23 hours of exposure to air, (curve 2a'), is shown, using a very expanded scale
25  for the axis of ordinates in order to appreciate the differences between these curves.
It was not possible to add a curve relating to the transparency of a sample
prepared according to example 3, because this already at first sight resulted opaque.
Figures 1-3 highlight how only in the case of figure 1 there are no particles or
their aggregates in the polymeric composite sorber film, as instead happens in the case
30  of figure 2, in which there is not perfectly dissolved magnesium perchlorate in the film

which gives rise to a film with irregular characteristics, whereas figure 3 shows the



10 hygroscopic film is not compromised by the H20 sorbing of the active component
contained therein, i.e. the hygroscopic inorganic salt, and results to be always %reater than

95% in the spRQAPHRE M considered. Figure 4A shows how there aF& HEPRRIfRATA

differences in the transmission curve of a composite sorber obtained according to the method
of the invention at time 15 zero (curve 2a) and aftdf23 ours of exposition to air (curve 2a').
Instead a film containing a hygroscopic inorganic salt not perfectly dissolved in the polymeric
matrix, apart from showing in general definitely inferior transmission characteristics (curve 3)
with respect @itierfilpnilobentclneeeriospd enthermaipmelsdibrhigh variability of its transparency

characteristics acqqilinagta e CANGIARISH RANRIE AB7ARTRI S llenced HE GLYRHGRS S

more critical if an acfive component is chosen to be added to the polymeric matrix that is not
among thoseCaE5QHR St fibFe sanmtiEppifuatiohoas inheromgselogical Giffsrensgs, TETIBSUItS

to give rise tqam@PAN &Y HOSERRIE MiraaRedar whieh it wascokanen P@Sﬁ@lﬁaﬁ@p@%ﬁ@?{n
or

the characterisation. - 11 - CLAIMS . 1. Method for manufacturing a_.composite sorber

the removal OF B SIEPApONnBremasshifutherrpsr die sprethergarire dapn OLED
characterisediispthabbpsaietliyngrasappitl inorganic salt is dissolved in a polymer precursor or a
mixture of at least a polymer and a polymer. precursor, that prayides a,solyent for the
inorganic salt. ﬁ i C%/hltt)cf aa%rljgrainsé:}%ﬁ:(glgﬂ‘ﬁ ,Lﬁ’%\r/ﬂ?gﬂpé%i%\{ﬁilaf ag%' |caﬁ1°8]f81§|$i(§°s§||]t°is

. M€
chosen from pilksim é:nest@nashd eskatings pactiheyr(dtalss 2 plbge s atedyalkaipaehctatizanof a

alkaline ea”ﬂ»'&r\}%%' %&%‘?ﬁ-ié}&%ﬁ}{'ﬁtpﬁf’ ﬁﬁ&??.dknl%%rct' Iy 2Rl 3aud lkall metaland
alkaline earth- etafper alogenates are {)erch orates. 4. et}hodcaccordlng i craim , In which
said poliineriygresenpis falimeasl ReArtprgIHom ssdobsliffeeert @ algrhmg ofvihp rstiyrs epsnpprent
mixture of a pQlYHARIGAME AR B UROhygroscopic inorganic salt, and results to be always greater
than 95% in the spectral interval considered.
Figure 4A shows how there are no significant differences in the transmission
curve of a composite sorber obtained according to the method of the invention at time
15 zero (curve 2a) and after 23 ours of exposition to air {curve 2a").
Instead a film containing a hygroscopic inorganic salt not perfectly dissolved in
the polymeric matrix, apart from showing in general definitely inferior transmission
characteristics (curve 3) with respect to the films of the present invention, has also a
high variability of its transparency characteristics according to the considered sample
20 zone of the film.
The situation is still more critical if an active component is chosen to be added to
the polymeric matrix that is not among those described in the present application, as in
the case of calcium oxide, that results to give rise to an opaque hygroscopic film and for

which it was not even possible to perform the characterisation.



155.Method according to claim 4, in which one of said polymers or of said polymer precursors
acts as cross-linking agent for the polymeric matrix. 6.Method according to claim 1, in which
said sorber is manufactured by therrhal treatment or UV irradiation from a solution comprising
the polymer and the dissolved hygroscopic inorganic salt. 207.Method according to claim 6, in
which said solution comprises a common solvent for the polymer and the hygroscopic
inorganic salt. 8. Method according to claim 1, in which said polymer precursor is its
monomer. 9. Method for the removal of H20 frory;devices sensitive to its presence by 25
the use of sorbers comprising a hygroscopic inorganic salt dissolved in a polymeric math;
characterized in that said salt is chosen from the group of alkali-metal and alkaline earth-metal
perhalogenates, alkali-metal hydroxides, alkali-nggiaimsd alkaline earth-metal halides and
their combination.  10. Method according to claim 9, in which said sensitive device is a

OLED 30display.  11. Method according to claim 9, in which said sensitive device isa - 12
- inicroelectromechanical delYfe@od for penyfashisase cormpttts ki fis wrmeres afdsensitive

device is a solaremlirising a polymeric matrix and a hygroscopic inorganic salf, charactexised in that
5 said hygroscopic inorganic salt is dissolved in a polymer precursor or a mixture of at
least a polymer and 2 polymer precursor, that provides a solvent for the inorganic salt.

2, Method according to claim 1, in which said hygroscopic inorganic salt is
chosen from alkaline-metal and alkaline earth-metal perhalogenates, alkaline-metal and
alkaline earth-metal halides.

10 3 Method according to claim 2, in which said alkali metal and alkaline
earth-metal perhalogenates are perchlorates.

4, Method according to claim 1, in which said polymeric mairix is formed
starting from two different polymers, two precursors or a mixture of a polymer and a
precursor.

15 5. Method according to claim 4, in which one of said polymers or of said
polymer precursors acts as cross-linking agent for the polymeric matrix,

6. Method according to claim 1, in which said sorber {s manufactured by
thermal treatment or UV irradiation from a solution comprising the polymer and the
dissolved hygroscopic inorganic salt,

20 7. Method according to claim 6, in which said solution comprises a

common solvent for the polymer and the hygroscopic inorganic salt.

8. Method according to claim 1, in which said polymer precursor is its
monomer,
9. Method for the removal of H,O from devices sensitive to its presence by

25  the use of sorbers comprising a hygroscopic inorganic salt dissolved in a polymeric
matrix, characterized in that said salt is chosen from the group of alkali-metal and
alkaline earth-metal perhalogenates, alkali-metal hydroxides, alkali-metal and alkaline
earth-metal halides and their combination.

10. Method according to claim 9, in which said sensitive device is a OLED

30 display.

11. Method according to claim 9, in which said sensitive device is a



13. Method according to claim 9, in which said sensitive device is a lithium battery. 14.
Method according to claim 9, in which said composite sorber is used in form of a thin film with
a thickness between 10 and 200 pm. 15*Method according to claim 9, in which said
composite sorber is dispensed inside of said sensitive device before the final step of
consolidation of said sorber. 16. Method according to claim 15, in which said dispensation
occurs by serigraphy. 17. Method according tolélaim 15, in which the final step of
consolidation is a thermal or UV-promoted polymerization. 18. Method according to claim
9, in which saidriiabssericeomapiositdesber has the form of nanofibres. 19. Method

according to claim 18,gngm%%(?@ig&?g]g%porgﬁf%{g, @%gﬁ}%tuéggn%JQ&%‘?C%Q(%‘QEO? Ofen,
electrospinning.  20. Method according to claini 9, In which sorber is introduced in said
sensitive device by méfting\tbatdreenidingsiteckinh @y in which said sensitive device s a lithium

battery.

14. Method according to claim 9, in which said composite sorber is used in
form of a thin film with a thickness between 10 and 200 gm.

15.  Method according to claim 9, in which said composite sorber is dispensed
inside of said sensitive device before the final step of consolidation of said sorber.

16. Method according to claim 15, in which said dispensation occurs by
serigraphy.

17. Method according to claim 15, in which the final step of consolidation is a
thermal or UV-promoted polymerization,

18. Method according to claim 9, in which said polymeric composite sorber has
the form of nanofibres.

19. Method according to claim 18, in.which said nanofibres are manufactured
by the techinique of electrospinning,

20. Method according to claim 9, in which sorber is introduced in said sensitive

device by melting of said composite sorber.



