-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 [thenicalled 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 this class of materials, which also includes zeolites. Heat is released in orption of the
refrigerant,%é%%c’g%%rerée 2 eélg{f i$ ﬁgegé% oofiéléjflgsre t%%oréﬁ%%x}gntfa?hg{sé%e% gcig;ﬁ%rﬁgspective
reaction, whether refrigerant adsorption (the adsorbent releases heat) or refrigerant desorption (the
adsorbent takes uptheat)ican be Wilized incheat punses; lasmentorredtabove: For this purpdse, it is
necessary fordheheat tg e efficiently dnansportable)to erdram theradsorpent fldkewisen theaadsorbent
must be aceassible e the isfrigerant malequles. in other words, [ippre siucture must oLl clogged
or even blocﬁeé). dsorbents are usuaﬁy 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 particles glonot usuaty-adhere to-metad, ibis necessarny ta tse-adhesion promaetess: (binder
materials) which glue the particles ta gne apother and iq the metal. These.gdhesion;promelers must
meet two criteria. Tr}sfy should not hinder the adsorption of Tr:efrlg%ra{gﬂt into_ henadszgrbenéfln n
general the[f/as%Joﬁld ot intSFEr&With the fuhtflon®of the hisat pimp: -2-"They should’aise be made of
environmentaiytoleraple gl econdriicaliyaccéptable matefiaks! ghe he&tpump Operaiss bider a
pure refrigefantl vapor pressurevai=diffesent temperatures:ircreasing the pressure:prevailirigein the
heat pump {eads 9,8 loss of power of the heat pump due tothepresence of inert-gasas; whieh can

ultimately lead tq$complaert1e failg&e. For thi% reason, tf}}e gglso@rbent Iq¥%r schcg)uilldeg%t_re&e&s? any gases

. LOn Al ge Lhem agdall eXpogd )
during a desired Tifetime ofjlgyegras, in other worqcfs, in particufar the adhesion promoter (binder

material) tHat s udétl niust nof FEIBRSE ERY gaBBs SAcCOrting 18 E 33747 700 T2, 8 t8e dtmetal
meshes (nmetdl svooh)lte form Zzeblite wolded bodisss peoviddd ih- orderto apply adserbedt layers to
metal. Zeolifp stispensians are sastvythra dinderin metal mesh anddiried, whetebysthesnetat mesh

can be attached fo metal walls of & heatpump, fof gxample. Hawever, this method ig described as
being inadequate by the same a e%)hcantér% DE 44 05,669 Al. Thus, the megg rgesh W|thrzbeollge
a I -

becomes dbtathed fiom tHE fethl walls 7 tydic éressed =2 rP- o0 adsorbent

releases heat) or refrigerant desorption (the adsorbent takses
up heat) can be utilized in heat pumps, as mentioned above.
For this purpose, 1t 1s necessary for the heat to be
efficiently transportable to or from the adsorbent. Likewilse,
the adsorbent must be accessible to  the refrigerant
molecules, in other words, 1its pore structure nust not be

clogged or even blocked.

Adsorbents are usually crystalline sclids whose particle size
ig usually in the range of a few micrcmeters. Good binding of
these adsorbent particles toe a material such as aluminum or
copper having a Very good thermal conductivity i3
acdvantageocus for thelr use in a heat pump. Since adsorbent
particles do not usually adhere to metal, it 1s necessary to
use adhesion promoters (binder materials) which glue the
particles to one another and to the metal. These adhesion
promoters must meet two criteria. They should not hinder the
adsorption of refrigerant into the adscrbent and in general
they should not interfere with the function o©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 occursZin 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 strength and embrittiement, of the silicate, so.the binding ability declines-and thege, may be
degradation of the %dso lient Ia%eréf\ngiheer qE)Eggte)alg[._naiissthe alkalinity of alkali silicates, because many
adsorbents,efﬁ%ﬂ%?ﬁgcﬁme f%.l’rﬁﬁ/ oef*a“ll‘?mlnop osphates, silicoaluminophosphates and silicon-rich
zeolites can be mentioned, are _3_ attacked and/or dissolved by alkaline substances.In particular the
molecular sieve (agsetbent)kmowrasEAN: fronmthercompamy Mitsubishi; whict:istespegially suitable
fﬁr usetin adieat pump, &it_t@ﬁls?@ by adkaling substapees; andsz@fgg% ak§0b by Guneysy Einally,
the carbonate impurities which_ gften, occur S rials are a. third pro e
"GunGum"%?%th%f%ﬁaqi s?l?ca}:%lseashg %lnd%géﬂ?a%na : $haeéss% ,i§1 a%J(r’Iiltglegs gﬁgiré%t%%%n? i#hzt?g%t that
alkaline substances #8Borl ¢arbo dibkide, WHid s Presdht iﬁ%ﬁlﬁﬂ qUAntfties in“air Whefi#Hey come
in contact withtaimand tiveniferd thieccorresporiding alkRakk sarbonate In thisigrocess shilong-fetm
exposure of a dayespreduced:withistich @ binder: cathonediexidednay besplit off fromithei alkali
carbonates thereby farmed, thus increasing the presgure witbinthe heat pump.and resulting,in a loss
of power. Different problems occur if Qgh.ergigh-temgeratugﬁ binders not baaescé an %Ea(salci sig%qtes are
used. For exatiple, the highttemperature type 8 Satiefeisen cement from the company SeppZeug
GmbH doeg$ hetesiam any alkah silicates but instead contains magnesium oxide, magnesium
phosphate and zirconium silicate. However, if this material is used as a binder, shrinkage cracks occur
massively. Shrinkage,gracks ate generally;caused by-a degline ipsthe velume,etthessoligdifying
suspension, us 1o the evaparation of fuid and.uay piten bs obgeryed yinenoagy fvgL banks dry out,
for example.ol%e adsorben fayer has a very unstable aojlhesiofn to ‘aluminum sheeting and falls off
immediatel§ Withlight ¥ib¥ . ThéSame Brotiém occhfSwith the RigheRpetatuie birtdet*
Ceramabondt frbmethie icofspany K ageraG mivkE [Thisbindet dike tha tyeo8 Sauerdisén cenehlt, does
not contain @y alkalisilicatesbutinstead gontainsicorurdum inea finepadiclersize inpadticelar.
chinkage CrAGks and 1ake Sy Tom the metal Ied aten under Beimal Stace (1600). o glass
inkag W. [ [ u . -4-
wool nonwdvens, a8 %stocc?&%ri%gd T D%ﬁﬁ ng érgg Ag fForﬁﬁl%Sﬁurﬁoéee,maezclge%sll\%v%ségngﬁv%ven is
applied dire&dl§ 16 e nataPard thélf bérdiéd usingthe rmbfecularsieve/bindet sushensich: Bhe
disadvantage otthisapproach 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 25t Jayets o yariqus subsiraes, whergby erganic adnesion romelers,are ysed, or the
zeolite layer 1s grown on a substrate in a tedious process. Organic adhesion‘promoters have the

inherent disa@vantzfethaPGtittassifig can'dteur dife t6 degradation TeaEHsNs oOf the organic ©
substanceswithin the heat pump:ovep long périvds of tinie and tdan thermnpair thd furctionof the heat
pump. This-happens against the: backgroundihat the layers are exposed:to temperatures.abkeve 150C
in cyclic operation.of the heat pump,2ndrerganic substances tend ta decompose atthese s s,
tempemﬂwﬁ%ich is an alkali silicate. However, those skilled in the
art know that the water stability of alkali layers 1is poor.
Hydrolysis of the alkali silicate occurs in long-term
loading, in which water condenses and heat acts on the binder
material and/or the aikali silicate 1in cycles. This I1s
assoclated with a decline in strength and embrittiement of
the silicate, so the bhinding ability declines and there may
be degradation of the adsorbent layer. Ancther problem is the
alkalinity of alkali silicates, because many adsocrbents,
including the family of alumincphosphates, silicoalumino-

ohosphates and silicon-rich zeolites 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 (JP 63291809 A), glass (JP 59213615 A), ceramic (DE 103 09 009 Al) or even metals
or metal alloys, such as aluminum or steel (DE 693-20 195 T2), for example, are placed in a reactive
synthesis solution, in which the substrates may be partially dissolved. The dissolved substrate can

then be incoporated into theyresuilting zeolite.crystals, which remainadheringdigectlyfo thersubstrate
that has not yet dissoldr\]/ed. V\Aigh these methods, thin, very well-adhering zeolite layers arg optained.

The disadvgnt‘a“%fég‘]lsl T4t the pro&iﬁ%ﬁ%‘ﬁurﬁ“éatﬁods c¢annot bé used Wltﬁ%ﬁl stibstrate materials in general

and is very-&sHipleke MoTIEtRbadids t6 becdated (the StibstPatesPffirst bé placettintesctbrs and
typically keptat high pressures andifempsratatessoverda period of several dayss Especiall\y:untreated
and reactive,alyminum, siichasthat whichis veryadvantageous for this productionmethod: however,
' undesiraple,ineat pumps decpust Itnay lead.ip.so-galled.nudrogen carrosion.oer, 2,/p0g period
of time. In t‘ﬁls_type of corrosion, water reacts wit aluminum, ?Q_rmingLaluminu hydroxide and/or
aluminum SXidé*Aydro%idetid/or aamirtini Bxide BhtPHydroger. 1f6Ww&ver, the fofmation 6Ffydrogen
in a heat purap s highly uidesirablé bpeause. this gas creases theceperating préssifre 6flthé heat
pump. The object ofithepresent-invention ds to-impieve an adserbee elementiand/er a metbad for

producing an,adsprher element of;the type deseribed.in the introducfion. This object is.achigyed in the
present case, gﬁccor%ng to the_characterizing features gf. Patent Claim 1 with an adsorber element of
the type definéd fif the ihtroduction. AScording to this method “the chardcterizing features of Patent
Claim 14 s6lve®is problem. With theste Semamveition it fs passitle 15 e6atBodies 6f arfysiape (in
particular metat bodies) with adsorbéntpartielesiiya permapent-andistable: manhér Betaase. of the
binder materials ysed Jhere-isaQ. gutgassingduring:opesatign,of theheat pum:  pressure

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

Different problems occur 1f other high-temperature binders
not based on alkali 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, if this material is used as a
binder, shrinkage cracks occur massively. Shrinkage cracks
are generally caused by & decline 1in the volume o©f the
solidifying suspension due to the evagporation of fluld and
may often be observed when locamy river banks dry out, for
example. The adsorbent layer has a very unstable adhesion to
aluminum sheeting and falls off immediately with light
vibrations. The same problem occurs with the high-temperature
binder Ceramabond from the company Kager GmbH. This binder,
like the type 8 Sauereisen cement, does not contain any
alkall silicates but instead contains corundum 3in a fine
particle size in particular. Experiments have shown that
adsorbent layers produced using this binder alsoc Thave
numerous shrinkage cracks and flake away from tThe metal

immediately under thermal stress (160°C).

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

the stability of molecular sieve layers, is improved by using



According to the invention, metal bodies in particular are coated according to the invention by applying
a liquid, preferably aqueous suspension, and then performing a drying operation. The suspension
contains adsorbent particles, fibers and a colloidal binder in addition to the liquid phase. Colloids (from
the Greek kolla "glue" and eidos "form, appearance”) refer to particles or droplets that are finely
distributed in another medium (solid, liquid or gas),-the -6- dispersion medium. The individual colloid is
typically between one nanometer and ten micrometers in size. Colloids usually exhibit Brownian

motion if they are moblle (fRrexample, in 8 liquid dispersion. medium). Bath the fibers,and the colloidal

binder are ;electe(afrom the class of inorganic, inert or Iargel inert substances, so there cannot be
any chemicaf Feactions &id76F6Gtgadsifg dtifing’ Speratich ‘5% the heat pdmp: é%ﬁoi alsificon‘oxides
or colloidal furhihBinmrexidéshytrokides Mfor exampie. a¥e vsed as lcollgibal binderside boAding
adsorbent particles skibers aresusedstodmpartelasticity and strepgthvtothe layer land te prevent

shrinkagg %Q%“s_%b%ﬁé‘lélﬁ ihe latter may-be B_E”@Qe!@ pafticulay when dryingthe §H§%%@§'J9%Since
the layer is contlnlﬁéou__s.éyS eégo%%getom%hﬁangeg |%]temperature, stresses occur between the various
materials that are p]fésent, In other Wordasf mecfayadhesion promoters, fibers and adsorbent. These
substances have different thermal expansion coefficients and therefore undergo different changes in
volume andilgngthiwhen heatet; which resdlts puthéelaferemerttionedstresses: Torachievelpérmanent

strength of&%@ygﬁﬂt@is mg@q&t{@t_tﬁ%@gg must be@&gt'@d@ithiglgggt@ghlﬂ‘@iﬁ - itm@é}g;able t_o
‘breathe.” T gbtain.a eariainrelaxation, abiy, oL the layerwhen working. wilh relatively bt materials

such as glass, the corresponding binder material used is preferably used in fiber form."The maximum
possible bediiy of A fiBer Wt brédkage déperds 18 Hsighificaitextent on the diameter of the fiber.

The thinner a fiber, the more it can be bent without breaking and the more elastic as a whole will be

the layer inoyhigh these: fibersiare embedded.ra otherrwordscflexiblesmaterials that&re etastic to a

certain exten{.can 4lsq,he produced-using brittle exidic materials-such, as glass, for exaypple, df they

anapnmes%¥%%%gge§bgg%g§%3EEW?éHE%W@HngEat pump over long periods of
time and can then impair the functicon of the heat pump. This
happens against the backgreound that the lavers are exposed to
temperatures above 150°C in cyclic operation of the heat
pump, and crganic substances tend to decompose at these
temperatures.

According te 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 &, JP 59213615 A, DE €93 Z0 195
T2 and DE 102 0% 009 Al. For this purpose, aluminum oxide
substrates {JP 63291809 A), glass (JP 5%213¢l1b A), ceramic
(DE 103 09 00% Al) or even metals or metal alloys, such as
aluminum or steel (DE ©9%3 20 195 T2}, for example, are placed
in a reactive synthesis solution, in which the substrates may
he partially dissclved. The dissolved substrate can then be
incorporated intce the resulting =zeolite crystals, which
remain adhering directly to the substrate that has not yet

dissolved.

With these methods, thin, very well-adhering zeocolite lavers
are obtained. The disadvantage is that the production method

cannot be used with all substrate materials in general and is



glass is a brittle, fragile object but glass wool has a very high flexibility. A single glass wool fiber can be
wound onto a roll, for example, without breaking. According to the invention, especially advantageous
fibers of various orders of magnitude may be used. Larger fibers impart stability and elasticity over
great distances of the layer, whereas smaller fibers bind the individual adsorbent particles to one
another and to the larger fibers and the substrate ovgr small distances (see also Figure 1, which
illustrates schematically the structure of such a layer). The use of fiber materials offers two additional

advantages, Fitst, alayar.crossginked by fibers.is less syscentible totrouble, Fat.examule, if the layer
becomes detached from the metal at one location due to strong mechanical stress, it nevertheless
remains adRering t& the BuBstrale stifface™ds’a While BBEause’ Sther fodatioli§ian il edstfe
adequate aghesivArThe secbnd alvaagaies indkhe thermal ebhddctivity ofaNe iser. fe dEddition to
the adhesicnsand elastigity ;thisiscrucial forcsuccessful implenientatiomof thewaveradlcondept. If fibers
having a gogd thermal.conductivity are used, 1pe thermal conguctivity of the-entirg laygrds increased.
A colloidal binder is necessary Oféss%g adhesive in order o bind fibers, adsorbent particles and the
substrate and/or métal surfacetoone aﬁoether,on & molecular level Titunas_ the aravgntage in
comparisorFith tbhentiorar adREsiVEsthat it teed 1ot bé orbfanic (€6hvétciafly avaifablel”
adhesives, fariexampte, WHu, epoxy eesin,, Pattexeetcr; consist ofiorgani¢ substanceswith the
disadvantages,mentionad.abaye) aer candy eempletelyierevenpadially-bengthe pores of the:
adsorbent. Completebonding of th adsarbantpares shayld e goided for use ip 2 beg! Purpp

because this would prevent the adsorbent from adsarbing or desorbjng the refrigerant. _8_ creating a
partially elastig TaErwith the*hel F fiBereis the preférted ofiditafior of fiblers Bidt Hiight e Ereated
due to directivhal BheardrigRforcésdonmsy tHelagplichtion process. Shieh Rgpreferential orientation may
result in the occurrence of shrinkage cracks during the process of drying the suspension. In general,

the adsorbenflayer-can be, reinforced mechanically paly in the;direction ot the longitudingl,axis of the
fibers. Howeyer, since thg}a er is subjected 1o stresses anlsotroaplcall¥ -in all directions in space -
during therfal $tréss, aanrangxémadigfﬁ ttion of” _tjﬁepfijffcjarsu \(/:v%_rﬁ% be pre Srréd Such & randony -
distribution 'ca® Be/lfgély aehieved by sprafingihe SHSFEnsidn onto the respective substrate, which

leads to weak, irregular shearing forces. Fibers can no longer be oriented directionally in this way. A
second methogd:liesjnadding-a gas-ferming substance, which is added tolhe suspension and is
present in t@ﬁé%leémf?‘-'%%m8999ee§¥3Pé%r'bo“ﬁ'orivggg%% the progess of diying.the suspension.,

|

leading to a randjom§ Lstni?dted“ orientation of thé fibers dué to the formation of gas hubbles. If gas

bubbles enfer§B%om tHe fiqifid StEFensidn Bfbre it drids, tHeyredtlt i8R irréGiiar dnd fardomly
distributed turbalened irrthe stspensic, sotthat therfibefsthat are preSenitadredistiibuted irregularly,
as desired.ormationiof 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 ‘;\he, t_ransrloort of heat within the Ia%/)er difficult. The as.-{)oimir]agosubst%n%e is to be selected
1T, Lie .{:;resent -ll’lV@bIlT"l P 1T l% HO 1 e Cfocc? . C%ﬁlles or .
from the group of reactive or volatile substances, so that after the process of drying the suspéension, no

more gas, Whith colRFiRfluence the Fanctivh'eithe RBaBpump s ¥6fed. with  adsorbent

particles in a permanent and stable manner. Because of the
binder materials used, there 1s no ocutgassing during

operation of the heat pump.

According to the invention, metal boedies 1n particular are
coated according to the inventicon by applying a liquid,
preferably agueous suspension, and thern performing a drving
operation. The suspension contains adsorbent particles,

fibers and a colleoldal bhinder 1in addition to the liquid

phase.
Colloids ({from the Greek kollia "glue” and eidos "form,
appearance”)] refer to particies or droplets that are finely

distributed in another medium {solid, liguid or gas), the



Additional advantages and details of the invention include: 1. Firmly adhering layers can be obtained
by thoroughly mixing 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, thege layers will adhere to different materials with a
hydrophilic surface, such as copper, glass, aluminum or porcelain. 2. Firmly adhering layers with an

increased porasity-can he ghlained as degcribed-in ppint L,if the_suspension;containing fibers,
adsorbent %articles and colloidal binders, some Pgdrogen§eroxjde and a catalyst tl&atldgcogg)ose
hydrogen peroxiaé . for ExaniisiBSiFsnni) chibtide~is ddtsd “Fiydrogen peroxide breaks down
according te¥Hé fallowiny equiationE HOM 2F0 2p9pion  1f they are mobile (for

example, in a liguid dispersion medium).

Both the Ifibers and the colloidal binder are selected from
the class of inorganic, inert or largely 1nert substances, so
there cannot be any chemical reactions and/or outgassing

during operation of the heat pump.

Colloidal silicon oxides or collioidal 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 1s continuously exposed to changes 1n
temperature, stresses occur Dbetween the various materials
that are present, in other words, metal, adhesion promoters,
fibers and adsorbent. These substances have different thermal
expansion coefficients and therefore undergo different
changes 1in wvolume and length when heated, which results in
the aforementicned stresses. To achieve permanent strength of
the layver, this means that the layer must be elastic within
certain limits - it must be able to "breathe.” To obtain a
certain relaxation ability of the laver 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 a fiber until breakage
depends to a significant extent on the diameter of the fiber.
The thinner a fiber, the more it 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 toe a certalin extent can alsce be produced
using brittle oxidic materials such as glass, for example, if
they are processed as fibers. For example, a drinklng water



The resulting oxygen escapes and, during drying, forms pores approximately 50 micrometers in size.
Iron(Ill) chloride is given here as an example of a catalyst that decomposes hydrogen peroxide, but
there are a number of other suitable catalysts that may be selected, depending on the specifics.
Additional examples that can be mentioned include MnO , colloidal MNOMNCI ,Fe(OH) , Fe(OH)
colloidal FOH) . The use f colloidall forms2 of certaut transition metaloxides/hydroxides may
beespecially advantageous because they have a high catalytic activity for the decomposition of HO ,

so they need be added gnly.invery.2 2,sm Ii%a%tg'{?é@p%b@ga%g%g@%mn%ggngt@t@ﬂg}w_the
adsprbent pares, given a SLﬂ‘Qger_lt size _gL)Ifl the catﬁlg/st p%rtlclgsi\gvb {lecrh coaurlld I%adwtou% !:?sgnqg Cgafflqacy.
3. Firmly ad%ec%lng IayersanlavnTé/ an |mprov%deth%rmngcon%%étlwt“y ¢an bé ob?alneé) as described in
point 1 if fifers Ravingi® §o6eF #etAf condtctivity P§§éh as @arbon fibers, are used as the fibers. 4.
Firmly adhering layers having a further improved thermal conductivity can be obtained as described in
point1by according to the invention, especially advantageous fibers of
variocus orders of magnitude may be used. Larger fibers impart
stability and elasticity over great distances of the layer,
whereas smaller fibers bind the individual adsorbent
particles to one another and to the larger fibers and the
substrate over small distances (see alsco Figure 1, which

illustrates schematically the structure of such a lavyer).

The use of fiber materials offers two additional advantages.
First, a laver cross—linked by fibers i1s less susceptible tc
trouble. For examplile, 1f the layer becomes detached from the
metal at one location due to strong mechanical stress, 1t
nevertheless remalng adhering To the substrate surface as a
whole because c¢ther locations can still ensure adequate

adhesion.

The second advantage lies in the thermal conductivity of the
layer. In addition to the adhesion and elasticity, this 1s
crucial for successful implementation of the overall concept.
If fibers having & good thermal conductivity are used, the
thermal conductivity of the entire layer 1s increased.

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
examplie, Uhu, epoxy resin, Pattex, etc., consist of organic
substances with the disadvantages mentioned above) nor can it
completely or even partially bond the pores cof the adsorbent.
Complete bonding of the adsorbent pores should be avoided for
use 1in & heat pump because this would prevent the adsorbent
from adsorbing or desorbing the refrigerant.

One possible disadvantage of the technigue presented here for



-10- adding carbon nanotubes (CNTSs) in an amount by weight of a few percent and distributing them
homogeneously in 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 if some hydrogen peroxide and some iron(lll) chloride are
additionally added to the suspension as the decompgsition 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 prigrart, which is.gyen more remots, is.alsgyefergneed: Di 10.2006.028-372 Al degcribes a

heat transfer_ agent in.which aglu_rality of fibers canfbe attached to a wz%{l ng)h a thermalgl conductive
. The reLgxr%d rientation . or lg@%ﬁ F%ﬁb mi t ed:r?ate %;e
adhesive foam. According to one embodiment, the individual fibers are covered with a'sorption agent.

This docunient does RGtdistidse af AB86HET elefteifiahd/of ahethod BySvhicH e adsorber layer is
applied in the ¢foras of a SuspensiomBE 40:20062000:022Akdisélosesra gorbentiholded body and a

method for preducing, and ysingisame: dhe powder tsed and/or the-granules used arespgtinghe form
of a layer in(}hés aQBI’SQ%Q Sbllgljlnste%i1 ar% ér;%%h.e form of.a soécg%%d ggpegaltg rré%teriglagnixbof solid
particles mixed loosely together or presséd firmly together or ca eé?ar,rénge ,¥nS|de a cage .Ql'he
inventive ad§orBEr EfeTient 48 WHIF < the Methta fér probucing'the ifVeritive ddsorber elemiént are
explained in greater detail betow on We basis bt adew examples: Bxamples: degreased withspickling

degreaser.sub-ected to stresses anisotropically - in all directions in
space - during thermal stress, a random distribution of the
fikers would be preferred. Such a random distribution can be
largely achieved by spraying the suspension onto the
respective substrate, which leads to weak, irregular shearing
forces. Filbers can no longer be oriented directionally in
this way. A second method lies in adding a gas-forming
substance, which is added to the suspension and is present in
the layer in a homogeneous distribution during the prccess of
drying the suspension, leading to a randomly distributed
erientation of the fibers due to the formation of gas
bubkles. If gas bubbles emerge from the liguid suspensicn
before it dries, they result in an irregular and randomly
gistributed turbulence in the suspension, so that the fibers
that are present are distributed irregularly, as desired.
Formation of the gas bubbles additionally leads to loosening
of the dried layer, while the cavitiss and channels that
develop facilitate the diffusion of water mclecules, 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 influence the
function of the heat pump, is formed.

Additional advantages and details of the invention include:
1. Firmly adhering layers can bpbe obtained by thoroughly

mixing ground fibers of an average length of approximately

100 micrometers and a diameter of 5-12 micrometers with



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 thyee times. In additional experiments, the layers
were brought to 120C with the help of a special test setup, and then cooled to 20C after 10 minutes. In
heating, dry, air was.passed gver.the.samples,apd in coaling;moist air was, passed over;the, samples.
After 15,000 cycles of this type, the sﬁ’imé)les did no,tC?ave any. ‘stabllltyeproylems. The average layer
thickness o?%ﬁem I%lrflie‘urns hus created was a%rﬁ)roxir%}éjfe 3? 350 to 450 mTcroS%eFejrg.gThe adsérder content
of all the layjérsitbduead ihdthe examphes: inclddifg the Bomparative eREMPIESL Was 70% {peétcent by
weight) based-art theceamplétedy: hydrated adsorbent.c)Rroducisg a fiembyradherihg naaleeular sieve
layer on alyminumssheet metal using: EAM maleeular sieve from the company: Mitsubishi;, Thes hydrated
FAM moleccljjcl)ar sierve %%%)Svsvas Hlix%(}{ th%ro%ghlg C\}/vri'%he%.Sigﬁground carbon fibers with a diameter of -7
micrometers (}g}rgn% and“an avéracgieﬁené]t of app oxmatealy 100 micrometers, then 4 g deionized water
was added. After adding 4.3 g aqueous colloidal silicon oxide coated with aluminum oxide with a solids
content of 30% {percent Byiweight); thespasty mixtote was homogenized by ralsbing. Thenresalting
suspension;was speead:en akkainuresheeating-The suspensian wassiiadsatsoonttemaperature. The
dried layer wgs heated in,an pyen at 150C.for.6 fa 12 minutes, , §12; f),Producing,a.firmly gdhering

molecular sieve layer on aluminum sheeting usi%ﬁ%az-m molecular sieve from U%If’: Thegprocedure
0 i

described UhdeT 35 Was Fspeatdd instekd of FA &&dlar 51806 o TRERBpany Mitedbishi,
DDZ-70 mdleéifar sieve o tHeedsmpany: DO wab used! & Freducifig 2cfitatly adHering fiolecular
sieve layerpsing-PAM motecutarcsieve troacthe company:Misdhishicanthglass fiberscon aluminum
sheeting: The procedure described under a) was followed but instead of carbon fibers, ground glass
fibers with a diameter of 6 micrometers aﬂd@ Ieggt@ %quro@mately 100 micrometers were used. d)
Producing a firmly adhering molecular sieve using FA mo?eCLﬂar sieve from the company Mitsubishi
and carbon fibers with an increased porosity on aluminum sheeting: The procedure described under a)
was followét; exceptthat before:agplying the saspension toualuminutr sheeting; @noaighhydrogen

peroxide ang melariiron(Hh) ehiarideisolution-were added se that the finished layer had an adequate
porosity. Then after adding hydrogen peroxide, the suspension was applied within 10 minutes. e)

Production of a firmly adherjng molecular sieve Iaégsr{)%sir%% PAM molecular sieve from th(j-1 company
na

Mitsubishi anid €arboh’fibers plutEardéhn farétlib miRUm SHa8ting: T6 pfodiitethése layers,
the methodtdescriBed nder aF was F61lowied, bat mstet of D4 ghwater, 0349 of anEdtous Solution
containing earbon nanotubes{ CNI s} ivastadded aThen€NTs avese hydrophijlized fer-thispurpose.
the specifics. Additional examples that can be mentioned
include MnO , colloidal MnO , MnCl , Fe (OH) Fe {(OH) ,
colloidal F&HOH) . The use of colloiddal forms® of certain
transition meta% oxides/hydroxides may be especially
advantageous because they have a high catalytic activity for
the decomposition of H O , so they need be added only 1n very
small gquantities and gegause they cannct penetrate into the
adsorbent pores, gilven & sufficient silize of the catalyst

particles, which could lead to a loss of efficacy.

3. Firmiy adhering layers having an 1mproved thermal
conductivity can be obtained as described in point 1 if
fibers having a good thermai conductivity, such as carbon

fibers, are used as the fibers,

4. Firmly adhering layers having a further improved thermal

conductivity can bhe obtained as described 1in point 1 by



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 in a), but the following substrates were coated: standard microscope slides for microscopy,
copper plate and porcelain. The coatings adhered well to the respective substrates and could be
detached only with strong mechanical action (for example, using a chisel). -13- Also, they would not
detach from the substrates even under thermal shock. The layers produced on the copper plate were
brought to a femperature;0f,16000, and then immersed injice water withoutresylting in anyvisible
change in the layers. In th% case é)f tfgﬁ %:g?gsgnd ‘porcelawasubsgrates trlllls tregiment; %esuLt 93 in
partial ruptLTrGiEn“é of tﬁjé‘é%r?‘amicagbjectsf owjévlelﬁjtﬁg molecular Sieve C?aeyeer?gma%]ned* adhering to the
fragments. ) Eotigarative Exaplel usingDDZATO moleetilal Siebe froft fhieicompatiy B8O and
high-tempesataresbinder Saligreisenicement No. 8 from the company SeppZeug GmbH: DDZ-70
molecular sieve (4.25 g) and 1.83 g Sauereisen cement powder and 5 mL deionized water were mixed

together theroug and then 4.4 g.of this mixture wa > ap lied to_a degreas dv Icﬁjmim%rgépe t with an
area of 50 ((%rhz. grlﬁﬁé"rkc}/us c?eCﬁjarF Ldilslgernig%ey gﬁrlsnkagg cjrpgé s could k%eﬁsgere%] i% this layer. ﬁe

ComparativeodxitipleY isikig BAM midlectlar<siéns fforh 176 EdmparfyARitstbiski dreigh-téiperature
binder Sauereiseniterent No.refrom the compaiyrBeppZeuy GmbHe The:precederefollowed was the
same as that-described upderg), bt instead ©f the BRZ-70 molecitarsieventhe FAM4nelecular sieve

was used. Again, numerous cleatly discernible shrinkage cracks could be seen inithe;layer, 11)

Comparative example, using DDZ-7 molecular sieve from the company COP and Ceramabond 569
high-tempeTattire” iﬁﬁ@ﬁﬁorg%%hé%%}Fhp%ng%a%%?r?dluﬁr?&e&an%G bH: THIS bitie? is"8 paste. To
achieve a binder content of 30% in the layer to be produced, the 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 g DDZ+70 malgeulak sievg wasmgistened:with approximatelyl gyyater-and mixed

thoroughly with 2.19 g Ceramabond 569.in a mortar. ?f this miélure, 4.4 g was applied to an area of
s remo 1 SO, relferenced.

approximatércy 50 ém2" aldminum sﬁ%étiﬁ“gs. After drying, numerous shrinkage cracks were discernible.
The layer separated partially from the sheet metal when shaken slightly. -14- j) Comparative example,
using FAM oleculak Sieve frdim the eompany ditsubishd ard High-tenmperatufe binderCeramabond
569 from thgrcaompanyKagerindystrietegchnik GmbkH: The psecedire followed was the.same as that

described i%ﬁé‘?ﬂ%ﬁ!ﬁ I{z)- In.conirast with Example i),,shrinkage, cracks.are discermible.only,with a
magnifying glass, but the layer is ,on(I%/, ipfglggéfilcagy% more stable than thC?t pro%ucaed in Examgle i) and

tfalls off aftdr6ity Sight vibraion sre e Covered WITHTESOrpTio

agent. This document does not disclcose an adsorber element
and/or a method by which the adsorber layer is applied in the

form of a suspensicn.

DE 10 2005 000 022 Al discloses a sorbent molded 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 1in this
approach but instead are in the form of a so-called aggregate
material (mix of solid particles mixed loosesly together or

oressed firmly together or caked) arranged 1nside a cage.

The inventive adsorber element as well as the method for
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 ccated. The aluminum substrates used weare



-15- List of Reference Numerals 1carrier material 2binder material 3adsorbent particles 4inorganic
~ fibers 4.1 "long" fibers (approximately 100 micrometers in length) 4.2 "short" fibers (less than 10
micrometers in length) -16- '

-11-
degreased with pickling degreaser.

211 the adsorbent lavers in described in Examples a) through
2] adhere firmly to the aluminum sheefs 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 1s subijected 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 air was passed over the
samples, and in cocoling, molst air was passed over the
samples. After 15,000 cycles of this type, the samples did
not have any stabillity problems.

The average layer thickness of the layers thus created was
approximately 350 tc 450 micrometers.

The adsorber content of all the layers produced in the
examples, including the comparative examples, was 70%
(percent by weight) based on the completely hydrated
adscrbent.

aj) Producing a firmly adhering molecular sieve layer on
aluminum sheet metal using FAM molecular sieve from the
company Mitsubishi: The hydrated FAM meolecular sieve (9 g)
was mixed thoroughly with 2.5 g ground carbon fibers with a
diameter of ~7 micrometers (=um) and an average length of
approximately 100 micrometers, then 4 g deionized water was
added. After adding 4.3 g agueous colloidal silicon oxide
coated with aluminum oxide with a solids content of 30%
(percent by weilght), the pasty mixture was homegenized by
rubbing. The resulting suspension was spread on aluminum
sheeting. The suspension was dried at rocm temperature. The
dried layer was heated in an oven at 150°C for 6 to 12
minutes.



Patent Claims 1. An adsorber element comprising a carrier material (1) on which adsorbent particles
(3) as an adsorber layer are arranged with a binder material (2), characterized in that the adsorber
layer applied as a suspension contains inorganic fibers (4) and the binder material (2) is embodied as
a colloid. 2. The adsorber element according to Claim 1, characterized in that the colloidal binder
material (2) is formed from an inorganic inert substarice. 3. The adsorber element according to Claim 1
or 2, characterized in that the colloidal binder material (2) consists optionally of silicon oxide, aluminum
oxide or alyminupy. hydroxide. 4The-adsarber element.according to-any ong of,Claims Lo 3,
characterized in that L , . N : - :

aiuminum sheeting using DDZ-T70 molecuiar sieve from UCP: The

procedure described undery a) was repeated. Instead cof FAM

molecular sisve from the company Mitsubishi, DDZ-70 molecular

sieve from the company UCP was used.

ci Producing a firmly adhering molecular sieve layer using
FAM molecular sieve from the company Mitsubishi and glass
fibers on aluminum sheeting: The procedure described under a)
was followed but instead of carbon fibers, ground glassg
fibers with a diameter of 6 micrometers and a length of

approximately 100 micrometers were used.

d} Producing a firmly adhering mclecular sieve using FAM
molecular sieve from the ceompany Mitsubishi and carben fibers
with an increased ©poresity on  aluminum sheeting: The
procedure described under a) was followed, except that before
applying the suspension to aluminum sheeting, encugh hydrcgen
peroxide and molar iron(III} chloride sclution were added so
that the finished layer had an adeguate porcsity. Then after
adding hvdrogen peroxide, the suspension was applied within

10 minutes,

e) roduction c¢f a firmly adhering molecular sieve laver
using FAM molecular sieve from the company Mitsubishi and
carbon fibers plus carbon nanotubes on aluminum sheeting: To
produce these layers, the methed described under a) was
followed, but 1instesad of 0.4 g water, 0.4 ¢ of an agueous
solution containing carbon nanotubes ({(CNTs) was added. The

CNTs were hydrophilized for this purpose.

£y Preoduction of & firmly adhering molecular sieve laver
using FAM molecular sieve from the company Mitsubilshi on
glass, copper and porcelain substrates: The method used was
the same as that described in ay}, but the following
substrates were coated: standerd microscope slides for
microscopy, copper plate and peorcelain. The coatings adhered
well to the respective substrates and could be detached only
with strong mechanical action (for example, using a chisel).



optionally zeolite, silica gel, aluminum or activate carbon is used as the adsorbent particles (3). 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 to 5,
characterized in that -17-

~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 visikle change in the layers.
In the case of the glass and porcelain substrates, this
treatment resulted 1in partial rupturing of the ceramic
objects. However, the molecular sieve layer remained adhering

to the fragments.

g) Comparative example, using DDZ-70 molecular sieve from the
company UOP and high-temperature binder Sauereisen cement No.
g from the company 3SeppZeug GmbH: DDZ-70 molecular sieve
(4.25 g) and 1.83 g Sauereisen cement powder and 5 mL
deionized water were mixed together thoroughly, and then
4.4 g of this mixture was applied to a degreased aluminum
sheet with an area of 5O cmz. Numerous ciearly discernible

shrinkage cracks could be seen in this layer.

h) Comparative example, using FAM molecular sieve from the
company Mitsubishi and high-temperature Dbinder Sauerelsen
cement No. 7 from the company SeppZeug GmpbH: The procedure
followed was the same as that described under g), but instead
of the DDZ-70 molecular sieve, the FAM molecular sileve was
used. Again, numerous clearly discernible shrinkage cracks

could be seen in the lavyer.

i} Comparative example, using DDRDI-7 molecular sieve from the
company UCP and Ceramabond 569 high-temperature binder from
the company Keger Industrietechnik GmbH: This binder 1is a
paste. To achieve a binder content of 30% in the layer to be
produced, the solids content of the binder was determined by
weighing before and after the set-up process. It was found to
be 83%. To preoduce a laver, 4.25 g DDE~T70 molecular sieve was
moistened with approximately 1 g water and mixed thoroughly

with 2.19 g Ceramabond 56% in & mortar. O0f this 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 partiazlly from the sheet

metal when shaken slightly.



the adsorber layer contains adsorbent particles (3) in an amount by weight of more than 50%,
preferably 70%, especially preferably 80% to 85%. 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. 8The adsorber element according to Claim 7, characterized in that the gas-forming
substance is formed optionally from a reactive and/os volatile substance. 9.The adsorber element
according to any one of Claims 1 to 8, characterized in that

13 Comparative example, using FAM molecular sieve from the
company Mitsubishi and high-temperature binder Ceramabond 568
from the company Kager Industrietechnik GmbH: The procedure
followed was the same as that described in Example h). In
contrast with Example 1), shrinkage cracks are discernible
only with a magnifying glass, but the layer 1s only
insignificantly more stable than that produced in Example 1)

and 1t falls off after only siight vibration.



the fibers (4) are formed from an inert substance. 10.The adsorber element according to any one of
Claims 1 to 9, characterized in that the fibers (4) are embodied in different lengths. 11.The adsorber
element according to any one of Claims 1 to 10, characterized in that the fibers (4) have a length of 80
to 120 micrometers. 12.The adsorber element according to any one of Claims 1

—-15-

List of Reference MNumerals

-

carrier material
binder material
adsorbent particles

inorganic fibers

ot

"long" fibers {(approximately 100 micrometers in length)
.2 "short" fibers (less than 10 micrometers in length)
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to 11, characterized in that the fibers(4)have a diameter of up to 12 micrometers. 13.The adsorber
element according to any one of Claims 1 to 12, characterized in that -18- the fibers(4)have good -
thermal conductivity,

~16-

Patent Claims

1. An adsorber element comprising a carrier material (1)
onn which adsorbent particles (3} as an adsorber layer
are arranged with a binder material (2),
characterized in that
the adsorber layer applied as a suspension contains
inorganic fibers (4) and the binder material (2} is

embodied as a colloid.

Z. The adsorber elemeni according to Claim 1,
characterized in that
the colloidal binder material (2) 1is formed from an

inorganic inert substance.

3. The adsorber element according to Claim 1 or 2,
characterized in that

the colloidal binder material {2) consists optionally

of silicon oxide, aluminum oxide or aluminum
hydroxide.

4. The adscrber element according To any one of Claims 1
to 3,
characterized in that

opticnally =zeolite, silica gel, aluminum or activate

carbon is used as the adsorbent particles (3).

5. The adsorber element according to any cne of Claims 1
to 4,
characterized in thaczt
the adsorber layver has 2 thickness of 300 to 500
micrometers.

G. The adsorber element according to any one of Claims 1
to 5,

;

characterized in t hat



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 (1) formed from metal, in particular
aluminum. A method for producing an adsorber element, adsorbent particles (3) being applied as an
adsorber layer to a carrier material (1) using a binder (2), characterized in that the adsorber layer is
applied to the carrier material (1) as a suspension of the colloidal binder material (2), the adsorbent
particles (3) and inorganic fibers (4) to be dried. 16. The method according to Claim 15, characterized

in that the suspensiopjs OQH%@B’e%O@é?&% or paipted aatodhe saylermaterial (1) ox applied by

immersion. 17. The rggthggoaé:rcl:or ng '\(MoEalgrl 105*orm106r€g:h'%\glaac;1erg§g |n]:gra63 erably 70%,

especially preferakly 80% to 85%.

7. The adsorber element according te any one of Claims 1
to &,
chnaracterized 1in that
the adsorber laver applied as a suspension contains a

gas-forming substance.

8. The adsorber element according to Claim 7,
cheracterized 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 §,
characterized 1n that
the fibers (4) are formed from an inert substance.

Jumd

10. The adsorber element according tTo any one of Claims
to 9,
characterized 1in *that
the fibers {4) are embodied in different lengths.

11, The adsorber element according to any cne of Claims 1
to 10,
characterized in that

the fibers (4) have a length of 80 to 1Z0 micrometers.

12. The adsorper element according to any one of Claims 1
to 11,
characterized in that
the fibers {4} have a diameter of up to 12
micrometers.

13. The adscorber element according to any one of Claims 1
to 12,

characterized in that



hydrogen peroxide and a catalyst that decomposes hydrogen peroxide 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 homogeneous distribution and in an amount by weight of a few percent.

~18~

the fibers (4) have good thermal conductivity,
oreferably as carbon fibers or glass fibers or carbon
nanctubes.

14, The adsorber element according to any cne of Claims 1
to 13,
characterized 1n Lhat
the carrier material {13 formed from metal, in

particular aluminum.

pt
[

A method for producing an adsorber element, adsorbent
particles (3) being applled as an adsocrber layer to a
carrier material (1) using a binder (2},
characterized 1n that

the adscrber laver is applied to the carrier material
(1
(2
(4

) as a suspension of the colloidal binder material
y, the adsorbent particles (3) and inorganic fibers
y to be dried.

16. The method acceording to Claim 15,
characterized 1n that
the suspension 1s copitionally sprayed or painted ontc
the carrier material (1) or applied by immersion.

7. The method according te Claim 15 or 16,
characterized in that
hvdrogen peroxide and a catalyst that decomposes
hydrogen peroxide are added to the suspension.

18, The methoed acccerding to any one of Cleaims 15 to 17,
characterized in that
carbon nanotubes are added to the suspension in a
homogeneous distributicon and in an amount by weight of

a few percent.



