"Hum dity and/or heat exchange de9vice, e.g. a plate heat exchanger,
sorption rotor, adsorption dehumdifying rotor or the |I|ike" The invention
relates to a hum dity end/ or heat exchange device, e.g. a plate heat '
exchanger, a soiption rotor, an adsorption dehumdifying rotor or the I|ike,
provided with humdity and/or heat exchange surfaces which nake it possible
to introduce humdity and/or heat into a fluid 'flow and/or to ronove them
t herefrom and/ or to exchange said hum dity and/or heat between fluid flows,
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coated an a zeo mat er and a bonding agent.
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Mor eover,
exchange surfaces are coated and which consists of a zeolite

material and a bonding agent.

Humidity and/oxr heat exchange devicelg of this type are often used
to'bring rooms to a moderate temperature and air-condition them.
In addition, other industrial applications for humidity and/or
heat exchange devices of this type mre also provided.

Humidity and/or heat exchange dev1cﬂq of this type that are known
from the prlor art “have the dlsadWantage,-ln particular when
humidity is to be removed from-a £filhid flow‘br whern a fluid flow
is to be acted upon with humldlty,ythat the adsorption process
and/or the desorption process whlch’takes place or take place in’
the humidity and/or heat exchange Jevice, require(s) too much
time, as a result of which the capadities of such humidity and/or
heat exchange devices that are possible per se cannot be
realized. Furthermore, the surfaces of the coatings exposed to
the fluid flows often exhibit a rdughness, the result of which
is that particles contained in the kluid flows accumulate, which
leads to a considerable loss in thé efficiency of corresponding
devices or often requires comparadively expensive cleaning and
maintenance measures. Moreover, there is often the difficulty
of fixing the coating to the mateidial forming the structure or
the matrix of the humidity and/or %eat exchange device.




of fixing the coating to the material formng the structure or the matrix
of the humdity and/or Meat exchange device. - 2 Based on the
aforenmentioned prior art, the object df2the invention is to create a

hum dity and/ or heat exchange device, e.g. a plate heat exchanger, a
sorbtion rotor, an adsorption dehumdifying rotor or the like, iz which the
af orenenti oned di sadvantages are avoi ded and, noreover, which can be
produced with a conparatively |ow technical/ltructural expenditure.
According to the invention, this abject is solved i.n that a
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capacity on diverse surfaces when used with corrrespondingly suitable
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adsorption kinetiecs which are {onsiderably increased in
comparison to zeolite materials known from the prior art can be
realized, the result of which is that the amount of adsorbed or
desorbed steam per unit of time i1s increased from which an
increased transfer of humidity results. By using the nano-
zeolite according to the invention as a coating material, an
enlargement of the specific surfacké thereof is obtained, and,
moreover, said nano-zeolite has a good adhesive capacity on
diveress surfaces when used with corrgspondingly suitable bonding
agents. The nano-zeolite used accdrding to the invention as a
coating material has a quick regenerative power. As a synthetic
nano-zeolite, the zeolite material can be produced with a very
uniform particle size distribution.; Depending on the selection
of the particle size distributiom provided for the coating
material, the thickness of the coatilng can he adapted to the most
varied requirements. The result of the low particle size of the
synthetic nano-zeolite used according to the invention as zeolite
material is that the coating on its surface exposed to the fluid
flow or flows exhibits a very slight roughness, as a resylt of
which the correspondingly designed humidity and/or heat exchange
device 1s very resistent to cohtamination. The coatings
configured according to the inventiion can have a high packing
density, depending on the more or less uniform particle sizé
selected for the synthetic nano—zeLlite. To apply the ggolité




synt heti c nano-zeolite used accordinng to the invention as zeolite material
Is that the coating on its, surface expysgd to the fluid flow or flows
-exhibits a very slight roughness, as a rert}lt of which the correspondingly
desi gned hum dity and/or heat exchange device is very resistent to
coftamination. The coatings configured according to the invention can have
a high packing density, depending on the nore or less uniformparticle size
selected for the synthetic nano-ze~lite. To apply t:hEt zeolite 3 naterial
according to the invention ds a coating to the humdity - and/or heat
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of cooling energy over its surface on the otther side of the sane heat
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dist.ribgtgan of the same heat exchanger plate, is distributed very-
uniformly on the side of the heat exchanger plate having the
coating, so that there is a unifdrm distribution of cooling
energy over its surface on the odher side of the same heat
exchanger plate., This uniform dist#ibution originates from the
fact that, due to the coating of the invention, the liguid drops
which strike are distributed very ufiformly over the side of the
heat exchanger plate having the coaLing of the invention.

Agcording to an adVantageous embodiment of the humidity and/or
heat exchange device of the invehtion, the nano-zeolite ia
selected such that it has a homogejpeous pore size distribution
with a pore diameter of <« 1.5 nm? preferably 0.4 nm. As a
result, it can be ensured that those molecules which, in certain
circumstances, can lead to odor prdblems in long-term operation
of the humidity and/or heat exchangk device, cannot be absorbed
in the coating. Howevef, watér vapor c¢an be absorbed
exceptionally well in the analogously formed ceoating or given off
by said céating. In this embodimenq, the coating made from nano-
zeolite acecording to the inventi%n can thus bhe used as an
especially suitable molecular sigve in association with the
operation of humidity and/or heat éxchange devices.

For the operation of analogously formed humidity and/or heat
exchange devices, it iz ugeful if' the thickness of the formed




with a pore dianeter of ¢ 1.5 nm- preferably 0.4 nm As a result, it can be
ensured that thosi nolecules which, in gertain circunstances, can lead to
odor prtlens in long-termoperation of the hum dity and/or heat exchange
devi ce, cannot be absorbed in the coating. However, water vapor can be
absorbed exceptionally well in the anal ogously fornmed coating or given off
by said coating. In this enbodinent, the coating nade from nano- zeolite
according to the invention can thus be used as an especially suitable

nol ecul ar siepve in association with the operation of humdity and/ or heat
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This impregnation can be carried olit as long as or to such an
extent that - after drying - the material matrix of the
adsorption dehumidifying rotor donsists of at least 30,
preferably 40 to 80% by weight of the nano-zeolite material
according to the invention.

Of course, it is also possibkble to hise the coating according to
the invention if the material matrlk of the humidity and/or heat
exchange device is made of othey suitable materials, e.g.
aluminum foilgs, ceramic matarials dr the like.

A digpersion adhesive, e.g. acrylate brine, with an admixture of
perhaps colloidal silicon dioxide can be used ag a bonding agent.
The corresponding bonding agent can also be advantageously used
in other materials forming the coating. '

The invention will be described in greater detail in the
following with reference to embodiments.

In a first example of an embodinent, a humidity and/or heat
exchange device formed as an adsomption dehumidifying rotor 1is
provided with the coating according to the invention consisting
of a synthetic nanc-zeolite having a particle size in the range
of 300 nm. A material matrix of the adsorption dehunidifying
rotor consists of a suitable papei material. To introduce the




exchange device is nmade of other suitable materials, e.g. alumnumfoils,
~ceramic materials Sr the like. A disperstian adhesive, e.g. acrylato brine,
-wWith an adm xture of perhaps colloidal silicon dioxide c.n be used as a
bondi ng agent. The corresponding bonding agent caiu al so be advantageously
used in other materials formng the coating. The invention will be
described in greater detail inthe followng with reference to enbodi nents.
In a first exanple of an enbodinment, a hum dity and/ or heat exchange device
formed as an adsorption dehumdifying rotor is provided with the coating
accordingn&ma{h@olﬁw@nti@@oco&ﬁéstMBgerQéla @ankhgtiefnanhezeaﬁhbephawhng a
particle gsize in. the ran 0 nm, A mat r of the dsor I on
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The specific surface of the nanb-zeolite according to the
invention is larger than in other comvehtional zeolite materials.
The crystalline nano-zeolite foﬁming the coating of the
adsorption dehumidifying rotor is' comparatively uniform with
respect to its pore size and can be designed such that the
coating has a uniform pore size with a diameter of e.g. 0.4 nm,
Due to this design of the structuide of the coating, it can be
ensured that the adsorption dehumi?ifying rotor is permanently
protected against accumulating odof-forming molecules, whereas
water vapor molecules can he easil} absorbed and given off.

Due to the quick adsorption/desorption kihetics, the cooling
capacity to be installed for the' operation of an adsorption
dehumidifying rotor of this type, in particular in tropical
climates, can be considerably reduged, namely up to about 50%.

After its coating, the adsorption dehumidifying rotor cdescribed
above has a uniformly smooth surfack; as a result, it is not very
susceptible to possible contaminatpon.

The coating can be variably formed with respect to its surface
chemistry. It can be applied by means of spin coating and dip

coating techniques.

Due to the small and uniform partjicle size, the coating has a




coating has a uniformpore size with a dianmeter of e.g. 0.4 nm Due to this
design of the structude of the coating, 4t can be ensured that the

. adsorption dehum difying rotor is permanently protected against
accunul ati ng odo' -form ng nol ecul es, whereas -water vapor nol ecul es can be
easily absorbed and given off. Due to the quick adsorption/desoxiption

ki netics, the cooling capacity to be installed for the' operation of an
adsorption dehumdifying rotor of this type, in particular in tropical
climates, can be considerably reduDed, nanely up to about 50% “After its
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surface chem stry. It can be applied by Means of spin coating and dip

coating techniques. Due to the small and uniformparticle sjze, the, coating
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his, su
agent . S&ﬁ£§QH¢¥4ﬁ(ﬁﬁﬁnWmose material matrix consists of other nmaterials,
e.g. of alum num can also be provided with the aforenentioned coating,
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is produced for the coating and, equentky, the | 2okl Gknesses,gan be
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described above in connection with an adsorption dehumidifying

rotor with a material matrix of a yaper material.

Due to the small particle size, a relatively high packing density
ie produced for the coating and, congequently, the layer
thicknesses can be comparatively slight. A layer thickness of
approximately 1 to 2 g {(107°m) is iﬁfficient in the embodiment
described above. |

Furthermore, it is possible to use Qhe coating in e.g. plate heat
exchangers. When the coating consfisting of the aforementioned
crystalline nano-zeolite is applied to a side of a heat exchanger
plate, it can be attained by this coating that the meistening
agent used to moisten this side of! the heat exchanger plate is
distributed more uniformly on thid side of the heat exchanger
plate, which is due to the fact that drops striking the coating
are distributed more uniformly due Fhe structure of the coating.
As a result, uniform vaporization heat is required cm the side
of the heat exchanger plate having this coating, which results
in that a fluid flow which flows past on the other side of the
heat exchanger plate is cooled as desired. In this application
of the coating also, the same or similar advantages as those
described in association with the adsorption dehumidifying and
sorption rotor can be obtained. | ‘




approximately 1 to 2 u (106n} is 4ufeicient in the enbodi nent described
above. Furthernore, it is possible to use the coating in e.g. plate heat
exchangers. \Wen the coating cons8isting of the aforenmentioned crystalline
nano-zeolite is applied to a side of a heat exchanger plate, it can be
attained by this coating that the npigtening agent used to noisten this
side of,the heat exchanger plate is distributed nore uniformy on thief
side of the heat exchanger plate, which is due to the fact that drops

stri ki ngpatentoetifigs are distributed nore uniformy due the structure of
the coating. As a result, uniformvaporization Meat is required on the side
of the heat exchanger plate having this coating, which results in that a

fluid flow whjch.f ) t r si .1 he t er plate
is cool eg' as Ac@%‘?irée)gd\squﬂ %mél)r{sgnad&gﬁg?iogtgl 8% gg?%ﬁ{épto%?igﬁb agrf%go, the sane or
sim | ar aevandadesuraisd ithos eompesicriinged i n association with the adsorption

dehum di fyi ng_an sprptiop rotor _can be obtained. 7 - PATENT CLAIMS 1. A
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exchanges surfaces, and both hum dity exchanges surfaces and heat exchange
sur f acesPehe?EF R P WL AR isur f aces are provided with a coating, the

coating conpriséfgi@ UUNeirC RARO- Zepkidss haw ngravRakti checsi ze of less
than 1000 nm and a bondi ng agent, and the thickness of the coating is 1 to
2 m 2. @deiide fbe exerbind ngIBE i oM distytiREdr, ambbiadl itfeat and
hun1d'tyhagfﬂ?résbggficle size of less than 1000 nm and a bonding

agent, and the thickness of the coating is 1 to 2 um.

2. A device for exchanging one of humidity, heat, and both
heat and humidity, comprising:

a plurality of one of humidity exchange surfaces, heat
exchanges surfaces, and both humidity exchanges surfaces and
heat exchange surfaces;

7 wherein each of the surfaces, comprises a paper
material and are perided with a coating, the coating
comprising a synthetic nano-zeolite having a particle size
of less than 1000 nm and a bonding agent;

wherein the device 1is at least 30% by weight the

synthetic nano-zeolite.

3. The device according to claims 1 or 2, wherein the nano-
zeolite has a homogeneous pore size distribution with a pore

diameter of less than 1.5 nm.

4. The device according to any one of claims 1 to 3, wherein
the nano-zeolite material is present in a nano-crystalline

form.



a plurality of one of hum dity exchange surfaces, heat exchanges surfaces,
and both hum dity exchanges surfaces and heat exchange surfaces; wherein
each of the surfaces, conprises a paper material and are provided with a
coating, the coating conprising a synthetic nano-zeolite having a particle
size of less than 1000 nm and a bondgng agent; wherein the device is at

| east 30% by weight the synthetic nano-zeolite. 3. The device according to
claims 1 or 2, wherein the nano- zeolite has a honbgeneous pore size
d'Str'bU%‘0@h@‘8@v§c905§cogﬁfﬁ§t€5 Sy 1688 4 alim3 Moty TQEeQ@Yﬁce
according to any one of clains™ 1 Q: wherein” the nano-zeolite material is
pr esent ¢ﬁ&abﬁﬂﬁﬂ@?y§gahhlﬂpnﬁ&ﬂﬂﬂ digpessidheadbesteeacdsr divhgcko any one
of clai re i ng agent contains dispersion adhesives
to v\/hlcgrE &l%?0|éagggfé%ﬂééﬁpgggg ded. 6. The device of claim1l wherein the
device is one of a plate heat exchanger a sorptlon rotor, and an

adsor pti gn dﬁgunldlfyln ot.or e deV| cl.ai m,3 mhere t he

nano- zeol%'t e Vi5fe i aretidh %f 8§§1?h opegdﬁﬁllFOQ?91 28. The

devi ce oblakai Meatwhetehanddre dgviseepksof0 o cBQ0%arky aei ghkokpeisynt hetic
nano-zeolite. 9, The device of claim5, wherein the dispersion adhesives
are acryFghempeigging rotor.

7. The device of claim 3 whereln the nano- zeollte has a

pore dlameter of less than or equal to 0 4 nm.

8. The device of claim 2 wherein the device is 40 to 80%

by weight the synthetic nano-zeolite.

9. The device of claim 5, wherein the dispersion adhesives

are acrylate brines.




