-1- Adsorber Element and Method for Producing an Adsorber Element The invention relates to an
adsorber element according to the preamble of Patent Claim 1 and method for manufacturing an
adsorber element according to the preamble of Patent Claim 15. An adsorber element of the type
defined in the introduction is used, for example, in heat pumps on a so-called adsorbent basis (for
example, silica gel, activated carbon or zeolite [therl called molecular sieve basis)). Such adsorbents
(molecular sieves) are usually characterized in that they take up refrigerants (water, for example) in a
reversible reaction and release them again on exposure to heat. This is due to the pronounced pore

structure of uis class of TualerialsanAishealne dnchudepzeniites dealds selaaseskin ahsaration of the

refrigerant, and conversely, heat is needed to release the refrigerant. The heat effect in the respective
reaction, whether refrigerant adsorption (the adsorbent releases heat) or refrigerant desorption (the

adsorbent Takesaly RBat @an Beldtilizéd 17 hht FERPELES nfentioREd abote Jeorthispurpote, it is
necessarydortyeheat tofbePeffieientCtranspottabledo vefromcthe adsorbent! kikewiselthezadsorbent

must be accessibleto the sefrigerant-molecules, inotherawoses,dig-nere structuresmustaod be clogged
or even bloicé<ed. Adsorbents are usually crystalline solids whose particle size is usually in the range of
a few micrometers. Good binding of these adsorbent particles to a material such as aluminum or

copper having a very good thermal conductivity is advantageous for their use in a heat pump. Since
adsorbent Particibsddraet skally adhere 16 hfetalyids Aedessan) tblusé athesion promibiers (binder
materials) whichsglte tiie pakticlestooneianothertandtortbe metal. Fhese adbesian prameters must

meet two criteria, They shauldnothinder the-adsorption.of refrigerant inte-he adsorbentiand.in
general they %hould noﬁtlgt%ﬁfere Wﬂth the function of the t}gaat jr_)%ﬂp. -2-STthP/ shaogé% a sé)rbteS made of
e ria

environmenta ?/qoler%t% &hd eénéjn“oerﬁi%éﬁf acc:é%)faﬁe materials. The he%?pump operates under a

pure refrigdféint 98gorpresELAY BE diffSreft teifperdtiire S 1ACEASME thE presBuré prévailii§ in the
heat pumptleads toma losstafipewercfthe (heatgpumpdue te Hwerpresenceof inent gases,which can
gltimatelﬁ lead %@l_i]f@ﬁlpé%{? i%i@t[%a%@;r thisigason,ithe @qser;b@&lr?y@r El@og{@@@t rejaa% any gases
uring a desired lifetime, g ears, in other words, in part the on_promat inder

mate?ial) tﬁ%ﬁs u%gcj rﬁ‘ell}s?t ‘né:t’%gfé%%g %%?/ g%é;%%Acgg%fn%%%%E ??47&%%5582 é?T%gugse é‘f? metal
meshes (MStaRE661 fo foftzdblife Mol dedbdtieSis 1570vided fn oftet to &ﬁplj?%h@ﬁrcb%% fayers to
metal. Zeolitessugpensions are vastwith adsindertin raatdl areshearntedied, vitdreby theeaétal mesh
can be attacheddodnetal walls of a:heat pump, farexample. Bowever, thismmethed i3 descriked as

being inadequate;hy the same applicantip,DE 4405 669 AL Jhus; the metal mesh Wity zeolite
becomes detached from the metal walls in cyclic stresses. _ . .
releases heat) or refrige€rant desorption (the adsorbent takes

up heat) can be utilized in heat pumps, as mentioned above.
For this purpose, 1t 1s necessary Zfor the heat to be
efficiently transportakle to or from the adscrbent. Likewise,
the adsorbent must be accessible to the refrigerant
molecules, in other words, its pore structure must not be

clogged or even blocked.

Adsorbents are usually crystalline scolids whose particle size
ig usually in the range of a few micrometers. Good binding of
these adsorbent particles to a material such as aluminum or
copper having a very good thermal conductivity is
advantageous for their use 1in a heat pump. Since adsorbent
particles do not usually adhere to metal, 1t 1s necessary to
use adhesion promoters (binder materials) which glue the
particles to one another and tc the metal. These adhesion
promoters must meet two criteria. They should not hinder the
adsorption of refrigerant into the adsorbent and in general
they should not interfere with the function of the heat pump.



DE 44 05 669 Al describes a method for coating metals with zeolite suspensions, using commercial
high-temperature binder materials, for example, "GunGum" from the company Holstas, as the binder
material. This approach has at least three disadvantages: "GunGum" is a material based on water
glass, which is an alkali silicate. However, those skilled in the art know that the water stability of alkali
layers is poor. Hydrolysis of the alkali silicate occursn long-term loading, in which water condenses
and heat acts on the binder material and/or the alkali silicate in cycles. This is associated with a
decline in strengtheand embrittlemebhteof thre-silicate, sotherbindimgtability declines d@ntktheredmay be
degradatiog&{ﬁgglggﬂrlk&engJﬁy@%.t%%g@eﬁQMQ@ is the alkalinity of alkali silicates, because many
adsorbents, including the family of aluminophosphates, silicoaluminophosphates and silicon-rich
zeolites can be mentioned, are attacked and/or dissolved by alkaline substances.In particular the
molecular $ig¥e (G88drbeRtFRROWFES EAN" frohfthe compahy Mitsabishi- WhtcHis espelfaily
suitable fopuse inza heattpumiy; is attackeddmralkalinersubstahees anditheretdre akbaRs GENGUM."
Finally, the-carbanaterimpurities whigh-oftep egeun indhese materiadssarecar thirehpreblem when using
"GunGum’; qr.other li gilicates. as,a hinder material. These impurities, grginate, from, the fact that
alkaline substances adsorb carpon dioxide, which is_present in small quantities in air, when they come
in contact With @ arid-thert ftth thé corfé&ponding éﬁé i'AFBonatein this Process, TH fong-term
exposure Gfeslaybepioduesd Wwith suchda bitfdef SeetB6f diskide s e split o fforfi e aRchli
carbonates thesebyntormed, thiis inereasing the pressure withini the heat puenp and tesultingdgn a loss
of power. Diffgrent problems occur if gtherhigh-temperature binders not based-on-alkali silicates are
used. For exalmpleéthe igh-temperature type 8 Sauereisen cement from the company SeppZeug
GmbH doe%eno?%sonté?rﬁl%n%aaﬁ?a i'silicates but instead contains magnesium oxide, magnesium
phosphate and zirconium silicate. However, if this material is used as a binder, shrinkage cracks occur
massively.7Shrinkdge crackslidre genérally Causéd by asdestine &t theavohime aof thes sdlickifying

suspension,due fo the evaperation:offluidandimayefiende abseprashwhen loamydives banks dry out,
for example, The adsorbent laver has a.very upstable adhesion fo alumiymy sheeting.and falls off

immediate@/p\ﬁit light vibrations. The same problem occurs with the high-temperature_binder

Ceramabofid front tHetéotpany HEGE? GREE TREDifder=fike tHeypE 8 SaTerdieh cdiént, does
not contaircany alkalisilieates butinsteadacbnisins-€orahdum Nifid: fira particlesizesingparticular.
Experiments-have:showmn thatagsarbent layeessprodueead using4hisdirderddsp:have hymereus

shrinkage cragks and flake away,from the metal immediatelyunder thermal stress(16000).« - glass

wool nonwovens, as'also describeg in DE é4 05f§f%9 Al.tlior th}jﬁs@;gléllrposeé? gslassi %vooclz nonwoven is
applied diré&fifﬁﬁﬁe tarand then bon ea using the molectilar sréve‘fhlng{er suspenﬁfon. One

disadvantage st #i8 approach is that such a glass wool nonwoven can be used only with readily
accessible geometries of the metal body. Additional patents and publications are concerned with
producing zeolite;layers gpwariousssubstrates, whergby-organie adhesion prometers areyused, or the
zeolite layer is grown on a substrate in a tedious process. Organic adhesion promoters have the
inherent digggv%jh Y es%%?%ﬁ%gla%%ﬁn’g élaén o§cur dﬁl?geto diegradat'on reactions 5futhe organic

substance&#ithin'the heat phni 698t 16ng pEHBGEB time Ahd-Cén (RERHpair the 3TRction St the heat
pump. This-happensratfainstthé atkgroundithat thedayars dre exposedito tehferaturés abdve 150C
in cyclic operation-efthe heat pumpnand organic:substances tenskto-decompose atthesess,
emperaturess o, is an alkali silicate. However, those skilled in the
art know that the water stability of alkall layers is poor.
Hydrolysis of the alkali silicate occurs in long-term
leading, in which water condenses and heat acts on the binder
material and/or the alkall silicate in c¢ycles. This is
asscciated with a decline in strength and embrittlement of
the silicate, so the binding ability declines and there may
be degradation of the adsorbent layer. Ancther problem is tLhe
alkalinity of alkali silicates, because many adsorbents,
including the family of aluminophosphates, silicoalumino-
phosphates and silicon-rich =zeclites can be mentioned, are



~According to WO 2002/045847 A2, a zeolite layer produced by using organic polymer binders is
provided, for example. Methods by which zeolites are grown directly on substrates are described in JP
63291809 A, JP 59213615 A, DE 693 20 195 T2 and DE 103 09 009 Al. For this purpose, aluminum
oxide substrates (Cl 63291809 A), glass (JP 59213615 A), ceramic (DE 103 09 009 Al) or even metals
or metal alloys, such as aluminum or steel (DE 69320 195 T2), for example, are placed in a reactive
synthesis solution, in which the substrates may be partially dissolved. The dissolved substrate can
then be incorparated; intosthe resulting: zealitersrystalsy whigh remaireadheting directlys to tha substrate

that has not.yet dissolyed..With these metheds,.thin,verywellsadhering zelitelayers arggbéained.
The dlsadvfantag%r%s that the prodgc&on mw.etfklod caqlqot_ be. used with all fubstrat_etmgterlal;s in general
and is -5- VR complex”Niofded bodias o be coatet (the stibstrates) must bé placed in rédctors and
typically keptét Righ pres8ares kiffiitempérafiires ©¥8f a Perict-GFsevietal Halys " Es5echally Hhtreated
and reactivenalusiinum, suchras thdtGvhichus. Very ladvantageous forthisoprode ctionr methad; showever,
is undesirable insheatpumps.-because it may-lead te so:called hydrogenicoirgsiomover along period
of time. In this rt?’gﬁe of Gorrosian, water reacts with alyminum, forming alyminum thr%iidned%nd/or
aluminum oxide ydroxm?e and/or a,ﬁjminum oxide an& ydrogen. Howevel the formation o ﬁydrogen
in a heat PORPFS Hidhly untRSfableBetatse this gUs'increases the %‘ﬁeraﬁﬁg pre&siire of'the heat
pump. Thezgbjedtiofehes present inventicieiztb improveranadsoiser elememtandfor ammetiod for
producing an agdserber element of the type described émtherirtyodustion. Accerstingito-a first aspect of

the present, invention, there is provided an adsarber element comprising. a carylar matgrighgn,which

adsorbent particles as an a?ssorber layer are arran%ed with a_binder material, charactje;ized in thatthe

adsorber Ia&y&tapplied a8 a %%é%?rgrﬁ COMEATNS inordanié fideré Endthe Bhidet niatetialis €mbodied

as a colloid. Pbinder, carbon dioxide may be split off from the alkali
carbeonates thereby formed, thus increasing the pressure

within the heat pump and resulting in s loss of power.

Different problems occur 1if other high-temperature Lkinders
not bkased on alkall silicates are used. For example, the
high~-temperature type 8 Sauereisen cement from the company
SeppZeug GmbH does not contain any alkali silicates but
instead contains magnesium oxide, magnesium phosphate and
zirconium silicate. However, 1if this material is used as a
binder, shrinkage cracks occur massively. Shrinkage cracks
are generally caused by a decline in the wvolume of the
solidifving suspension due to the evaporation of fluilid and
may often be observed when loamy river banks dry out, for
example. The adsorbent laver has a very unstable adhesion to
aluminum sheeting and falls off immediately with Iight
vibrations. The same problem occurs with the high-temperature
binder Ceramabcend from the company Kager GmbH. This binder,
like the type 8 Sauereisen cement, does not contain any
alkali silicates but instead contains corundum in a fine
particle size 1in particular. Experiments have shown that
adsorbent layers produced using this binder also have
numerous shrinkage cracks and flake away from the metal
immediately under thermal stress (160°C).

In principle, the performance, 1in other words, in particular

the stability of molecular sieve layers, 1s ilmproved by using



According to a second aspect of the present invention, there is provided a method for producing an
adsorber element, adsorbent particles being applied as an adsorber layer to a carrier material using a
binder, characterized in that the adsorber layer is applied to the carrier material as a suspension of the
colloidal binder material, the adsorbent particles and inorganic fibers to be dried. -5a- With the present
invention, it is possible to coat bodies of any shape{in particular metal bodies) with adsorbent particles
in a permanent and stable manner. Because of the binder materials used, there is no outgassing
during opefationsofiibe heatpumpeAecording40 the inventionenetabbariestin patticatey are coated

according {a,the ipuentign by applying a liquid, preferably agueous suspension, and: then-perfotming a
drying operatiotnr.1 The suspension ontalgs adsorbent gartigges, fibers and a colloidal %}nder in addition
to the quuia%hasg. B3itsids ffrrlom ‘ g’%re%{% %ﬁa“ﬁlﬁe?a{n Eéicf%%i"?c?r}“rlriaaﬁopséﬁ?gnec/e lr%?eerr to
particles of HFSHHELS Hat -are fifely distfibateerinandther edidmAEeRd liqhidl orlgds), tHe 62
dispersiongediasmyFhe individualkcolloihisitypicalbrbetwéen enémanemetérvarnd:tensaicrometers in

size. ColloidsJssually exhibit Brownian motiondfthey are mobile (for example, in a liquid dispersion
medium). Both the fibers and the colloidal binder are selected from the class of inorganic, inert or

largely inert substances, so there cannot be any chle,micalvreactions and/or outgassing dur,in%
OpemmongFMéq%%?Bamppatents and publications are concérned with
producing zeolite layers on varicus substrates, whereby

organic adhesion promoters are used, or the zeolite layer is

grown on a substrate in a tedicus process.

Organic adhesion promoters have the inherent disadvantags
that outgassing can occur due to degradation reactions of the
organic substances within the heat pump over long periods of
time and can then impair the functicn of the heat pump. This
happens against the background that the layers are exposed to
temperatures above 150°C in cyclic operation of the heat
pump, and organic substances tend to decompose at these
temperatures.

According to WO 2002/045847 AZ, a zeolite layer produced by
using organic polymer binders is provided, for example.

Methods by which zeclites are grown directly on substrates
are described in JP 632918092 A, JP 59213¢l5 A, DE €93 20 185
T2 and DE 1032 09 00% AL. For this purpose, aluminum oxide
substrates (JP 6€329%9180% A), glass (JP 59213615 A), ceramic
(DE 103 09 009 Al) or even metalis or metal alloys, such as
aluminum or stsel (DE 69%3 20 195 TZ), for example, are placed
in a reactive synthesis solution, 1in which the substrates may
be partially dissdlvad. The dissclved substrate can then be
incorporated 1inte the resulting =zeolite c¢rystals, which
remain adhering directly to the substrate that has not yet
dissoclved.

With these methods, thin, very well-adhering zeolite layvers
are obtained. The disadvantage is that the production methed
cannot be used with all substrate materials in general and is



Colloidal silicon oxides or colloidal aluminum oxides/-hydroxides, for example, are used as colloidal
binders for bonding adsorbent particles. Fibers are used to impart elasticity and strength to the layer
and to prevent shrinkage cracks because the latter may be formed in particular when drying the
suspension. Since the layer is continuously exposed to changes in temperature, stresses occur
between the various materials that are present, in ether words, metal, adhesion promoters, fibers and
adsorbent. These substances have different thermal expansion coefficients and therefore undergo
different changes ivorgluae andiienpta whed heated.avhich residisds theraferemapsenad sgpsses. To

achieve pepmanent.strength of the layer, this. meapns tgialtéhe@%qﬁﬁ e glastic within ﬁggétﬁin limits -
it must be able to "breathe.” To obtain a certain relaxation abil%%;})%%ge <i2ager when Worlgf% with
teri

relatively bRttt aIs Eich ASYRREAH CtreSyGHding bifder i | FERHRE pletétdBR used in
fiber form. FRESRDEMLYN PERSHRABERDINGST a iBECEAN Dreakalel 88PendS$¥EE sigificihtéxtent on
the diametehdkthe fiber. Te-thinreteithergthemord dxxandiei kentpvithibut bieakingnantidkde more

elastic as a,whelewill bedthe daver ip-yihich hesa dibersargambrddads in ethepuprds, flgxible

materials tfg;'?:l}t_acre:L as%cgo gr%ertQaIiln %><<3te]r_lg3 can glso,\pee Ipr%d gg usin%rkir(ijtge o@dicim%teriﬁlg such as
glass, for examp?e, it ey%re pl%cesslecf asTivers. Eor example, ag dfin ing vya?er tf “}aslsl IS a brittle,
fragile objetRbit JRESWOS haSBrRHY Migh M5ty T4 3iHgfe dlasEwdoridtEan BdAd onto a
roll, for examipe iwitlouhpdbakingiéccondingto théumiention, espdeialladivantadeoustfibers of
\éarious ordersef magnitugle aray a@llasegllyeargggﬂber_smaﬂes@biIitm@d elasticiyouer great )

istances er, whereas e rs ‘ Vi SQr parti 0 other
and to the?{algggé%eel[rlsvg?\ld %e sé%?tra[%g %%erPsg]malﬁgt%s% c&%gg ia%s%%é u;%fa&t\"l8 gv‘ét% i%h ﬁl%gtér]ates

schematicAfythéStHERTE Bf Stich SRayET it HISBFHTS Matetiaf Sférs tRE%iditional

advantages. First, a layer cross-linked by fibers is less susceptible to trouble. For example, if the layer
becomes detachsefeern the metal ataneclocation due i@ airerg Mechapical strass, dervesteless
remains adbering ie the,gubstrate jurfacesas awhole hecause ajerlacalions can sflepsuce

adequate adhesion. Th§ secong advantage lies in the thermal conductivity of the layer. In addition to
the adhesidh En& Erstidfy This s Crddial fF sulte=2 it fiplefientation of the overall concept. If fibers

having a good thermal conductivity are used, the thermal conductivity of the entire layer is increased.
According to a first aspect of the present invention, there

is provided an adsorber element comprising a carrier material
on - which adsorbent particles as an adsorber layer are
arranged with a binder material, characterized in
t hat the adsorber layer applied as a suspension contains
inorganic fibers and the binder material is embodied as a
colloid. ‘

According to a second aspect of the present invention, there
is provided a method for producing an adsorber element,
adsorbent particles being applied as an adsorber laver to a
carrier material using a binder, characterized in that the
adsorber layer ig applied to the carrier material as a
suspension of the colloidal binder material, the adsorbent
particles and inorganic fibers to be dried.



A colloidal binder is necessary as an adhesive in order to bind fibers, adsorbent particles and the
substrate and/or metal surface to one another on a molecular level. It has the advantage in
comparison with conventional adhesives that it need not be organic (commercially available
adhesives, for example, Uhu, epoxy resin, Pattex, etc., consist of organic substances with the
disadvantages mentioned above) nor can it compledely or even partially bond the pores of the
adsorbent. Complete bonding of the adsorbent pores should be avoided for use in a heat pump
because thig wieulthprepeiaidba adsarbent from adsorbiggmescesbidng thedefitgasadi e S_cdreating a
partially elagtic laygrayjth thehelp g&@_qgﬁsigp prefarred orgntation of fipers thal might e, created

due to directional shearing forces during the application process. Such a preferential orientation may
result in thEBELAITERGe ArShANBEEIASIE IRY tie Brocesd 6 Mgty the SaSFensioh. i General,
the adsorbBATRGEr cAFPBE FdifrfoFcedihBEnaniddi§Bhly ihdhe difectiol BFFE IoRGitudiHgliedds of the
fibers. Howgver zsinee theflaybeiststhjecpethto stresses anisotropically - in all directions in space -
during thermal stress, a random distribution of the fibers would be preferred. Such a random
distributionAcacnOp:%:lLargelyé]gchci%\éed ﬁ/vseor Xi&q them%%gﬁngg opto th% res_glgcl_;li\é% Ijslgtjafstraxt_ﬁe@, which
leads to wéak, wregmﬂ r shearing forces.” Fibers €an no Ionger bé orierited 8"‘60 ionally n tﬁls way. A
second metRSdfigs iR G88RY HFas FrmingSsubStSE, Yitich 1Y ad8Rl 1o #fdsupeddigh 2%d is
present in thesléyerinla hemogensous wigtebwiomduragthé beoteps of dryimigrthesuspoanisign,
leading to apandambydistributed osigptationiaithe bers-duedo thatumsdiep of gasbibbles, If gas
oubbles eraige,flom e iquidyepenvgd befaied grieg, haytentitdn an frequiar and gandomly
distributed turbulence in the suspension, so that the fibers that are present are distributed irregularly,
as desired PE8ffation of the gas bubbles additionally leads to loosening of the dried layer, while the
cavities and channels that develop facilitate the diffusion of water molecules, but on the other hand
they make tha transport of heat withia thedaysr diffisaltaThe gasdormingsubsiange istedyenselected
from the grggia@;f%ge/e(owe@&e substanees csQ thatafter,the pracess of dryingthe syspension, no
more gas, g/llsc@r% l{!l%én uer}lceéhe [: ngjt_;onm%f tgenpea;ts%tiniw%, is é&rmgg. Addltlongl dva@gges and
details of the ventsn iicluds: S EImI adiSHigIRyers 2ar Be obtaisd by HhorSaghly mixhtg ground
fibers of an average length of approximately 100 micrometers and a diameter of 5-12 micrometers with



_9 adsorbent powder and adding a colloidal binder based on aluminum oxide/silicon oxide. The
resulting aqueous suspension is mixed again thoroughly and then applied to any substrate. After a
drying process, these layers will adhere to different materials with a hydrophilic surface, such as
copper, glass, aluminum or porcelain. 2. Firmly adhering layers with an increased porosity can be
obtained as described in point 1 if the suspension containing fibers, adsorbent particles and colloidal
binders, some hydrogen peroxide and a catalyst that decompose hydrogen peroxide, for example,
iron(Ill) chlgfideeissadged. mydtagen peraxide breaksidowii aceardingito the following eguation: HO
,HO+ 1m 02222 The resulting.oxygen escapes.and, during.drving, forms pores approximately S0
micrometers in size. Iron(ll)) ¢ Iorlggﬁl%gllven here as an ex mpcle of a catalyst that wdeconyoses

hydrogen blesr%%d*é%] but thers are a nUMber of other suitable cata’ilfs\{s tﬁéﬂtema?%%lsfeﬁectéd?Jaepending

on the spetifitBrAdditibialfexahiiies titkt Tan e frenfibAed fciude MnO , colloidal MnO , WinC1 ,
Fe(OH) , Fe(OH) , colloidal F)(2(OH) . The use oi colloidal forms2 of certalL transition metal

oxides/hydtexides-may beiaspecialiadvantageous becauseithey have-a highicatalytic activity for the
decomposition of H 9 Sofihfx&eggr?fcad%g?g%'yé% Y?Q’zﬁ%ﬁ'}'/q‘ﬁl ties and &&use %}eys‘éa“”f’t
yst

. ciasd Of p ;
penetrate into the adsorbent pores, given a sufficient size of the cata rticles, which could lead to

a loss of effld8Ey. FEMIY adbering1dyefd RAVIRG an Mproved thermal‘tontuctivity? &8 bebtained
as describéd in-pointR4af-fiers havihgtd good Hermaticonductivity, such as carbon fibers, are used as
the fibers. 4. Firmly adhering layers having a further improved thermal conductivity can be obtained as

described ;npaint LbY  ~i1icon  oxides or colloidal aluminum oxides/-
hydroxides, for example, are used as colloidal binders for
bonding adsorbent particles.

Fikbers are used to impart elasticity and strength to the
layer and to prevent shrinkage cracks Dbecause the latter may
be formed in particular when drying the suspension.

Since the layer ig continuously exposed to changes In
temperature, stresses occur between the variocus materials
that are present, in other wecrds, metal, adheslon promoters,
fikers and adsorbent. These substances have different thermal
expansion coefficients and therefore underge different
changes 1in wvolume and length when heated, which results in
the aforementiocned stresses. To achieve permanent strength of
the layer, this means that the laver must be elastic within

'

certain limits - it must be akle to "kreathe.” To cobtain a
certain relaxation ability of the layer when working with
relatively brittle materials such as glass, the corresponding

binder material used 1s preferably used in fiber form.

The maximum possible bending of & fiber until breakage
depends to a significant extent on the diameter of the fiber.
The thinner a fiber, the more 1t can be bent without breaking
and the more elastic as a whole will be the layer in which
these fibers are embedded. In other words, flexible materials
that are elastic to a certain extent can also be produced
using brittle oxidic materials such as glass, for example, 1f

they are processed as fibers. For example, a drinking water



-10- adding carbon nanotubes (CNTSs) in an amount by weight of a few percent and distributing them
homogeneously in the suspension. Hvdrophilized multiwali CNTs (carbon nanotubes) are preferably
used. 5. Firmly adhering layers having an improved thermal conductivity and an increased porosity can
be prepared as described in point 4 if some hydrogen peroxide and some iron(lll) chloride are
additionally added to the suspension as the decomposition catalyst, but iron(lll) chloride is only one
example of such a decomposition catalyst (see also point 2). For the sake of thoroughness, the

following psios ak, which is evern mgre femoid, ds alsogeferenced; DE 102006 028372 Al«describes a
heat transigr ageptinwhich aeplurality; ot flbers cap be aitached tgawall witha thermally copductive
adhesive foam. Accor c'ang to one fénbodimgnt, the individual fibers are covered with a sorption agent.

This docurﬁ‘eﬁtoc%&efs Aot diSC165& an adSorber element gﬁ&%r‘ a method by which the adsorber layer is

applied in the form of a suspension. DE 10 2005 000 022 Al discloses a soibent molded body and a
method forrprodudingcandusing same: Thegpowaerusedzand/ositreagrangles wsed idre not afthe form
of a layer ip his approach-hut instead are in the form ofa secalled aggregate material (mix of solid
particles ms%ead%;?%%‘%/ t%%%%h%rlorg%@%fi%d firmly. fogether.or gaked) arranged inside %?8%- The
inventive adsorber element as wel as the F‘rﬁet‘hqd‘ forproducing the inventive adsorber element are
explained I GrE&RST detifidbetdi on theBasis of &feW exaitiples BRarpfes? -11-2dsorbent

particles to one another and to the larger fibers and the
substrate over small distances ({see also Figure 1, which
illustrates schematically the structure of such a laver;.

The use of fiber materials offers two additional advantages.
First, a layer cross-linked by fibers i1s less susceptible to
trouble. For example, 1f the layer becomes detached from the
metal at one location due to strong mechanical stress, it
nevertheless remains adhering to the substrate surface as a
whole because other locations can still ensure adedquate

adhesion.

The second advantage lies 1n the thermal conductivity of the
layer. In addition to the adhesion and elasticity, this is
crucial for successful implementation of the overall concept.
If fibers having a good thermal conductivity are used, the

thermal conductivity of the entire layer is increased.

B colloidal binder 1s necessary as an adhesgslve in order to
bind fibers, adsorbent particles and the substrate and/or
metal surface to one another on a molecular level. It has the
advantage in comparison with conventioconal adhesives that it
need not be organic (commercially available adhesives, for
example, Uhu, epoxy resin, Pattex, etc., consist of crganic
substances with the disadvantages mentioned above) nor can it
completely or even partially bond the pores of the adsorbent.
Complete bonding of the adsorbent pores should be avolded for
use 1in a heat pump because this would prevent the adsorbent
from adsorbing cor desorbing the refrigerant.

One possible disadvantage of the technigue presented here for



degreased with pickling degreaser. All the adsorbent layers in described in Examples a) through e)
adhere firmly to the aluminum sheets used and do not separate from the sheet metal even under
thermal load. For the first test of the strength achieved, the coated sheet metal is subjected to
repeated thermal shocks. For this purpose, they were placed in an oven at approximately 160C and
then immediately dipped in a bucket filled with ice water. Then the procedure was repeated up to three
times. In additional experiments, the layers were brought to 120C with the help of a special test setup,
and then cooled:0:20G after-1Q siinytes 1 k=heatings dey-aik was passed«<aver the samples, and in
cooling, moist.alr was.passedover the, sampless After, 15.000-cycles; of this fype..the.samples did not
have any Sé[ablh'% Protg%msﬁgme ayerage 3.!ayer t %kneesg of t uerlflp(ers th%se cregtedlv:.l\“/acsi 99g£0X|mately
350 to 450 Micrometers The adsorber conltjé%tro alfﬁu—;' layers pro‘guce in the gﬁmgﬁes, including
the compafati/essxampless was 709 (peFEart by wetdhty based B tHePconiptetely hydfatéd adsorbent.
a) Producing afirmiy:adheringsholectlar sieve dayes odahimimunihsheet metalsusing PAMimolecular
sieve fromthe company-Mitsubishiz The hydeated PAMnolecylarsieve-(9 gkwas mixed theroughly
with 2.5 g ground ¢ fibers. .a, diameter of -7 micrometers (=um) and .an average lepgth of

g 1%68§g§§] mééﬂggﬁ%gi¢ : d%%y ¢ ‘%%éde§l2£9_l ; %?gééﬁ

[
approximately 100 micrometers, then 4 g deionized water was added. After adding 4. uecus
colloidal sifcStPoxitie tBatedwitlF afiminti oxidewith aKofag Tonteft BF 5096 (Perceht by Weight), the
pasty mixtgreawas hemogenizéd bysabbiay 1 Fhd restilting-suspensionanas spread ‘ohcaalgminum
sheeting. Hie:sisspension was driesh-at-roomdemperaturer The sitied layer Wwas-heated in ameven at
150C for 649,12, minyites, 12 h),Fredycing a firmly, adhering.molegular sieye-layer on, gluginum
sheeting u§|n%|]D Z-70 mglgcular sieve from UOP: The procedure described unde_rta wa;kgepeated.
Instead of PAM iolecufar siéve from'the cSmpany Mitsubighi, DDZ76 MotecularSieve fromithe
company UOPRF#&s 48éd. S BPPrdtiicihg & fitrfily ddietingifioléedlar sievedayeriusing PAM iolecular
sieve fromfthe cemparyi Mitsabishimandhglasssfibers olvaluminum isheetihgr #he jpsaeddure described

under a) was fallowed, but instead of garbon-fibers, ground glass fibers,with.a digmeter 6f 6.,
micrometers n% alength of f&proximaat?% J00 micrometers were used. d) Producing a firm|
y . The

. 3 S 1 Cl uspert Of, and?’ 1S pre oy I .
adhering molecular sieve using PAM molecular sieve from the compényﬁltSl%lshl and carbon fibers

with an incréSsetFpiosity' off aliHmERT SReetirg: The procediite d¥schbed tifider & was folfowed,
except thatibefore; applying the saspension t6-akuimingm sheeting rencugh.hydrbgeh:peroxide and
molar iron(});chieride; selutier wergaddediso-that thesfinished tayer had-an adeguatemporgsity. Then
after adding, hydragen peroxide, the, suspeasion,wag apRliedwithin, 10,miaues. <, spension
befcre it dries, they result in an irregular and randomly
distributed turbulence in the suspension, so that the fibers
that are present are distributed irregulariy, as desired.
Formation of the gas bubbles additionally leads to loosening
of the dried layver, while the cavitilies and channels that
develop facilitate the diffusion of water molecules, but on
the other hand they make the Transport of heat within the
layer difficult.

The gas-forming substance is to be selected from the group of
reactive or volatile substances, so that after the process of
drying the suspension, no more gas, which could influsnce the
function of the heat pump, 1s formed.

Additional advantages and details of the invention incilude:
1. Firmly adhering layers can be c¢btained by thoroughly
mixing ground fibers of an average length of approximately

100 micrometers and a diameter of 5-12 micrometers with



.e) Production of a. firmly adhering molecular sieve layer using PAM molecular sieve from the company
Mitsubishi and carbon fibers plus carbon nanotubes on aluminum sheeting: To produce these layers,
the method described under a) was followed, but instead of 0.4 g water, 0.4 g of an aqueous solution
containing carbon nanotubes (CNTs) was added. The CNTs were hydrophilized for this purpose. f)
Production of a firmly adhering molecular sieve layer-using PAM molecular sieve from the company
Mitsubishi on glass, copper and porcelain substrates: The method used was the same as that
described #va); botthe folowinrg subsiiatesinereccoated: standadd: mickoscdpe slides éar microscopy,
copper platg apd porcelain. The eoatings.adhergd well to therespective, substrates apd.could be
detached orll%wit‘h s‘,;trongimecnani%al actign (fo g)lgarlgg_lrel usiglgaa gtlljs%l). -15} Aé%o, t?r%eya\lgyould not
detach from't %%%%ﬁgte%‘sévléﬁ}ﬁ%de?ﬁ]aernﬁa}ts ock: Thefayers pfoﬁuceﬁpon‘thg_copper p%te were
brought to &' efipetattire 6£160C andthelithnierséd irfice E&éﬁwiﬂ?@(ﬁ Fésuittinglin ARy SASible
change in the layers=inethe case ef thelglassiand pordelainspbstrates,sthisireatmentresulted in
partial ruptusipg of the;ceramic objgets: oweverotheemelecular sieve layer remained adhering to the
fragments. g) Comparative example, using DDZ-70 molecular sieve from the company COP and
high-temperature binder Sauereisen cement No. 8 from the company SeppZeug GmbH: DDZ-70
molecular Sievé t435Y) 2AHA583'g SEREFeiSert’cément powder and s mt Yeishized Water Were mixed
together thorsaghty carbthen=:4 gosfthissmixtdrewas applidtetosadegreased alininyhishéet with an
area of 50 £m Numerptsclearitdisgermnible sbrnkageicracks totld-ie seam i:this, layenrh)

Comparatiye exgmple, using EAN majeculay sieve from.the company Mitspbishi and, high-temperature
binder Sauereisen cemént No. 7 from the com ny@oepgl%fzu %mbH,: The ({oge e followed was the
égf)@é 25707 m ve: the

d
same as that ddsefided ufderd) Bt nstead” ofécCinar Sieve, FA?{Y otéCilar sieve
was used. P i érets tleaif disceifble! shinkaye Sracks eodid Beséshimthe tdyer. i)
Comparative example, using 002-7 molecular sieve from the company COP and Ceramabond 569
high-temperature binder from the company Kager ingustrieteghnik GmbH: This binder is a paste. To
achieve a binder content of 30% in the layer to be produced, tiie solids content of the binder was
determined by weighing before and after the set-up process. It was found to be 83%. To produce a
layer, 4.25%9%#@@@%@@%3@ TGiStendd withabprosintately 1% whter ahdsixed
thoroughlyawith-2 4 9wp Cetamabond 569t aamertar: Gfithis .mixture, 4.4 g was applied to an area of
approximately 50 cm2 aluminum sheeting. After drying, numerous shrinkage cracks were discernible.

The layer separated partiglly framdhe sheetyngtal when shaken slightlys <14 2 catalyst
that decomposes hydrogen peroxide, but there are & number of
other suitable catalysts that may be selected, depending on
the specifics. Additional examples that c¢an be menticned
include MnoO , colloidal MnD , MnCi , Fe (CH) , F= (CH) ,
collcidal Fé%OH) . The use o% coliof%al forms2 of certa%n
transition meta% oxides/hydroxides may be especilally
advantageous because they have a high catalytic activity for
the decomposition of H O , so they need be added conly in very
small guantities and gegause they cannot penetrate into the
adsorbent pores, given a sufficient size of the catalyst
particles, which could lead to a loss of efficacy.

3. Firmly adhering layers having an Improved thermal
conductivity can be obtained as described in point 1 1f
fibers having a good thermal conductivity, such as carbon

fibers, are used as the fibers.

4. Firmly adhering layers having a further improved thermal

conductivity c¢an be obtained as described in point 1 by



J) Comparative example, using FAN molecular sieve from the company Mitsubishi and
high-temperature binder Ceramabond 569 from the company Eager Industrietechnik GmbH: The
procedure followed was the same as that described in Example h). In contrast with Example U.
shrinkage cracks are discernible only with a magnifying glass, but the layer is only insignificantly more
stable than that produced in Example i) and it falls- &f-after only slight vibration. -15- List of Reference
Numerals 1carrier material 2binder material 3adsorbent particles 4inorganic fibers 4.1 "long" fibers
(approximatety: 100 micrometerns itolength) 4.2°1shert" fibers {lessithantlOyicromiefars in fength)

few percent and distributing them homogenecusly din the

suspension. Hydrophilized multiwall CNTs {carbon nanotubes)

are preferably used.

5. Firmly adhering layers having an improved thermal
conductivity and an increased porosity can be prepared as
described in point 4 1f some hydrogen peroxide and some
iron{III) chloride are additicnally added to the suspension
as the decomposition catalyst, but iron(III) chloride is only
one example of such a decomposition cataiyst (see alsc point
2).

For the sake of thoroughness, the following priocr art, which

is even more remote, 1s also referenced:

DE 10 2006 02& 372 Al describes a heat transfer agent in
which a plurality of fibers can be attached to a wall with a
thermally conductive  achesive  foam. According to  one
embodiment, the individual fibers are covered with a sorption
agent. This document does not disclose an adsorber element
and/cr a method by which the adsorber layer is applied in the

form of & suspension.

DE 10 2005 000 022 Al discloses a sorbent melded body and a
method for producing and using same. The powder used and/or
the granules used are not in the form of a layer in this
approach but instead are in the form of & so-called aggregate
material (mix of solid particles mixed loosely together or
pressed firmly together or caked) arranged inside a cage.

The inventive adsorber element as well as the method Zfor
producing the inventive adsorber element are explained in
greater detail below on the basis of a few examples.

Examples:

A1l of the substrates were carefully cleaned and degreased

before being c¢oated. The aluminum substrates used were



- --16- Patent Claims 1.An adsorber element comprising a carrier material on which adsorbent particles
as an adsorber layer are arranged with a binder material, characterized in that the adsorber layer
applied as a suspension contains inorganic fibers and the binder material is embodied as a colloid.
2.The adsorber element according to Claim 1, characterized in that the colloidal binder material is
formed from an inorganic inert substance. 3.The adsorber element according to Claim 1 or 2,

degreased with pickling degreaser.

A1l the adsorbent lavers in described in Examples a) through
e} adhere firmly to the aluminum sheets used and do not
separate from the sheet metal even under thermal load. For
the first ftest of the strength achieved, the ccated sheet
metal is subjected to repeated thermal shocks. For this
purpose, they were placed in an oven at approximately 160°C
and then immediately dipped in a bucket filled with ice
water. Then the procedure was repeated up to three times. In
additional experiments, the layers were brought to 120°C with
the help of a special test setup, and then cooled to 20°C
after 10 minutes. In heating, dry ailr was passed over the
samples, and in c¢ooling, molst alr was passed over the
samples. After 15,000 cycles of this type, the samples did
not have any stability problems.

The average laver thickness of the lavyers thus created was
approximately 350 to 430 micrometers.

The adsorber content of all the layers produced 1in the
examples, including the comparative examples, was 0%
{(percent by weight) based on the completely Thydrated
adsorbent.

a) Producing & firmly adhering molecular sieve layer on
aluminum sheet metal using FAM molecular sieve Ifrom the
company Mitsubishi: The hydrated FAM molecular sieve (2 g)
was mixed thoroughly with 2.5 ¢ ground carbon fibers with a
diameter of ~7 micrometers {=um) and an average length of
approximately 100 micrometers, then ¢ g delonlized water was
added. After adding 4.3 g agquecus colleidal silicon oxide
coated with aluminum oxide with a solids content of 30%
(percent by weight), the pasty mixture was homogenized by
rubbing. The resulting suspension was spread on aluminum
sheeting. The suspension was dried at room temperature. The
dried layer was heated in an oven at 150°C for € to 12

minutes.



characterized in that the colloidal binder material consists optionally of silicon oxide, aluminum oxide or
aluminum hydroxide. 4.The adsorber element according to any one of Claims 1 to 3, characterized in
that optionally zeolite, silica gel, aluminum or activate carbon is used as the adsorbent particles. 5.The
adsorber element according to any one of Claims 1 to 4, characterized in that the adsorber layer has a
thickness of 300 to 500 micrometers. -1d-

b) Producing a firmly adhering molecular sieve layer on
aluminum sheeting using DDZ-70 molecular sieve from UOP: The
procedure described under a) was repeated. Instead of FAM
molecular sisve from the company Mitsubishi, DDZ-70 molecular
sieve from the company UOP was used.

" ¢) Producing a firmly adhering molecular sieve layer using
FAM molecular sgieve from the company Mitsubishi and glass
fibers on aluminum sheeting: The procedure described under 3)
was followed but instead of carbon <£fibers, ground giass
fibers with & diameter of & micrometers and a length of
approximately 100 micrometers were used.

d) Producing & firmly adhering molecular sieve using FAM
molecular sieve from the company Mitsubishi and carbon fibers
with an increased porosity on  aluminum sheeting: The
procedure described under a) was followed, except that before
applying the suspension to aluminum sheeting, enough hydrogen
peroxide and molar i1ron{III) chloride solutlion were added so
that the finished layer had an adeguate porosity. Then after
adding hydrogen peroxide, the suspension was applied within
16 minutes.

e) Production of a firmly adhering molecular sieve layer
using FAM molecular sieve from the company Mitsubishi and
carbon fibers plus carbon nancotubes on aluminum sheeting: To
produce these layers, the method described under a) was
followed, but instead of 0.4 g water, 0.4 g of an aguesous
solution containing carbon nanctubes (CNTs) was added. The

CNTs were hydrophilized for this purpose.

f) Production of a firmly adhering molecular sieve layer
using FAM molecular sieve from the company Mitsubishi on
glass, copper and porcelain substrates: The method used was
, but the following

the same as that described in &)
microscope slides  for

substrates were coated: standard
microscepy, copper plate and porcelain. The coatings adhered
well to the respective substrates and could be detached only

with strong mechanical action {(for example, using & chisel).



6.The adsorber element according to any one of Claims 1 to 5, characterized in that -17- the adsorber
layer contains adsorbent particles in an amount by weight of more than 50%, preferably 70%,
especially preferably 80% to 85%. 7.The adsorber element according to any one of Claims 1 to 6,

characterized in that the adsorber layer applied as a suspension contains a gas-forming substance.
-13-

Also, they would not detach from the substrates even under
thermal shock. The layers produced on the copper plate were
brought to a temperature of 160°C and then immersed in ice
water without resulting in any visible change in the layers.
In the case of the glagss and porcelain substrates, this
treatment resulted in partial rupturing of the ceramic
objects. However, the molecular sieve layer remained adhering

to the fragments.

g) Comparative example, using DDZ-70 molecular sileve from the
company UOP and high-temperature binder Sauereisen cement No.
8 from the company SeppZeug GmbH: DDZ-70 molecular sieve
(4.25 g) and 1.83 g Sauerelsen cement powder and 5 mL
deiconized water were mixed together thoroughly, and then
4.4 g of this mixture was a;plied to a degreased aluminum

sheet with an area of 50 cm Numerous clearly discernible

shrinkage cracks could be seen in this layer.

h} Comparative example, using FAM molecular sieve Ifrom the
company Mitsubishi and high-temperature binder Sauereisen
cement No. 7 from the company SeppfZsug GmpH: The procedure
followed was the same as that described under g}, but instead
of the DDZ~70 molecular sieve, the FAM molecular sieve was
used. Agaln, numercus clearly discernible shrinkage cracks
could be seen in the laver.

i) Comparative example, using DDZ-7 molecular sleve from the
company UCP and Ceramabond 569 high-temperature binder from
the company Kager Industrietechnik GmbH: This binder 1is a
paste. To achieve a binder content of 30% in the layer to be
produced, the solids content ¢f the binder was determined by
waelghing before and after the set-up process. It was found to
be 83%. To produce a layer, 4.25 g DDZ-70 molecular sieve was
moistened with approximately 1 g water and mixed thorcughly
with 2.1%9 g Ceramabond 562 in & mortar. 0f this mixture,

2 aluminum

4.4 g was applied to an area of approximately 50 cm
sheeting. After drving, numerous shrinkage cracks were
discernikble. The laver separated partially from the sheet

metal when shaken slightly.



8.The adsorber element according to Claim 7, characterized in that the gas-forming substance is
formed optionally from a reactive and/or volatile substance. 9.The adsorber element according to any
one of Claims 1 to 8, characterized in that the fibers are formed from an inert substance. 10.The

adsorber element according to any one of Claims 1 to 9, characterized in that
~14-

i) Comparative example, using FAM molecular sieve ZIrom the
company Mitsubishi and high-~temperature binder Ceramabond 569
from the company Xager Industrietechnik GmbH: The procedure
followsd was the same as that described in Exanple h). In
contrast with Example 1), shrinkage c¢racks are discernible
only with & magnifying glass, but the layer 1s only
insignificantly more stable than that prcduced in Example 1)
and 1t falls off after cnly slight vibration.



the fibers are embodied in different lengths. 11.The adsorber element according to any one of Claims

1 to 10, characterized in that the fibers have a length of 80 to 120 micrometers. 12.The adsorber

element according to any one of Claims 1 to 11, characterized in that the fibers have a diameter of up

to 12 micrometers. 13.The adsorber element according to any one of Claims 1
_15_

List of Reference Numeralsg

carrier material

binder material

adsorbent particles

inorganic fibers

"long" fibers (approximately 100 micrometers in length)

N N S

B b

"short" fibers (less than 10 micrometers in length)



to 12, characterized in that -18- the fibers have good thermal conductivity, preferably as carbon fibers
or glass fibers or carbon nanotubes. 14. The adsorber element according to any one of Claims 1 to 13,
characterized in that the carrier material formed from metal, in particular aluminum. 15. A method for
producing an adsorber element, adsorbent particles being applied as an adsorber layer to a carrier
material using a binder, characterized in that -16-

Patent Claims

1. An adsorber element comprising a carrier material on
which adsorbent particles as an adsorber layer are
arranged with a binder material,
characterized in that
the adsorber layer applied as a suspension contains
inorganic fibers and the binder material is embodied
asgs a colleoid.

2. The adsorber element according to Claim 1,
characterized in that
the colloidal binder material i1is formed Ifrom an
inorganic inert substance.

3. The adsorber element according to Claim 1 or 2,
characterized in that
the colloidal binder material consists optionally of
silicon oxide, aluminum oxide or aluminum hydroxide.

4, The adsorber element according to any one of Claims 1
to 3,
characterized in that
optionally zeolite, gilica gel, aluminum or activate
carbon is used as the adsorbent particles.

5. The adsorber element according to any one of Claims 1
to 4,
characterized in that
the adsorber layer has a thickness of 300 to 500
micrometers.

6. The adsorber element according to any one of Claims 1
to 5,
characterized in that



the adsorber layer is applied to the carrier material as a suspension of the colloidal binder material, the
adsorbent particles and inorganic fibers to be dried. 16. The method according to Claim 15,
characterized in that the suspension is optionally sprayed or painted onto the carrier material or
applied by immersion. 17. The method according to Claim 15 or 16, characterized in that hydrogen
peroxide and a catalyst that decomposes hydrogenjferoxide are added to the suspension. 18. The
method according to any one of Claims 15 to 17, characterized in that carbon nanotubes are added to

the suspension in a he@ogeReaus-distiipytion aaghinan amaynt by dveight of asfewdergenta
amount by weight of more than 50%, preferably 70%,
egspecially preferably 80% to 85%.

7. The adsorber element according to any one of Claimsg 1
to 6, |
characterized 1in that

- the adsorber layer applied as a suspension contains a
gas-forming substance.

8. The adsorber element according to Claim 7,
characterized in that
the gas-forming substance is formed optionally from a
reactive and/or volatile substance.

9. The adsorber element according to any one of Claims 1
to 8,
characterized in that
the fibers are formed from an inert substance.

10. The adsorber element according to any one of Claimg 1
to 9,
characterized in that
the fibers are embodied in different lengths.

1. The adsorber element according to any one of Claims 1
to 10, '
characterized 1n that
the fiberg have a length of 80 to 120 micrometers.

12. The adsocrber element according to any one of Claims 1
to 11,
characterized 1in that
the fibers have a diameter of up to 12 micrometers.

13. The adsorber element according to any one of Claimg 1
to 12,
characterized 1in that



14.

15.

16.

17.

18.

_18_

the fibers have good thermal conductivity, preferably
as carbon fibers or glass fibers or carbon nanotubes.

The adsorber element according to any one of Claims 1
Tto 13,

characterized in that

the carrier material formed £from metal, in particular
aluminum.

A method for producing an adsorber element, adsorbent
particles being applied as an adsorber layer to a
carrier material using a binder,

characterized in that

the adsorber layer is applied to the carrier material
as a suspension of the colloidal binder material, the
adsorbent particles and inorganic £ibers to be dried.

The method according to Claim 15,
characterized in that

the suspension is optionally sgprayed or painted onto
the carrier material or applied by immersion.

The method according to Claim 15 or 16,
characterized in that

hydrogen peroxide and a catalyst that decomposes
hydrogen peroxide are added to the suspension.

The method according to any one of Claims 15 to 17,
characterized in that

carbon mnanotubes are added to the suspension in a
homogeneous distribution and in an amount by weight of
a few percent. '



