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noted that Yaghi 2 appears to provide corrected water production results over 

those published in Yaghi 1.  

 

[009] Despite the promising results taught in Yaghi 1 and Yaghi 2, the use of 

MOF infiltrated into a conductive substrate can still have a low energy 

conversion efficiency, particularly in the desorption phase using direct solar 

heating, thereby limiting the amount of possible water production using this 

system.  For example, Yaghi 2 reports energy efficiencies reaching 60% at the 

gram scale.  Significant thermal loss in this system is to be expected due to the 

energy required to heat the thermal mass of the copper foam substrate. 

 

[010] The limitations of Yaghi 1 and Yaghi 2 demonstrate that there are still 

opportunities to refine selection and further optimise the use of MOF adsorbents 

to capture atmospheric water.  It would therefore be desirable to provide an 

improved or alternate water capture method and system which utilises MOFs to 

adsorb and thus capture water from a water containing gas such as 

atmospheric air. 

 

SUMMARY OF THE INVENTION 

[011] The present invention provides an improved and/or alternate MOF based 

adsorption apparatus for capturing water from a water containing gas, such as 

air, for both commercial and domestic applications. 

 

Water Harvesting Apparatus 

[012]  A first aspect of the present invention provides an apparatus for 

capturing a water content from a water containing gas.  The apparatus 

comprises: 

a housing having an inlet into which the water containing gas (having a 

water content) can flow; 

a water adsorbent enclosed within the housing (i.e. located inside the housing), 

the water adsorbent comprising at least one water adsorbent metal organic framework 

composite capable of adsorbing a water content from the water containing gas, the 

metal organic framework composite comprising: at least 50 wt% water adsorbent metal 

organic framework; and at least 0.1 wt % hydrophilic binder comprising a hydrophilic 

cellulose derivative; and 
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understood that each of these alternative terms could be equally used 

interchangeably to describe this element of the apparatus.  

 
[023] The peltier device is generally selected to be suitable to provide sufficient 

energy to desorb water from the shaped water adsorbent composite bodies.  

The peltier device is therefore selected to have a maximal heat flow of at least 

50 W, preferably at least 75 W, more preferably at least 100 W, and yet more 

preferably at least 110 W. The peltier device is preferably selected to be able to 

heat the packed bed to at least 50 ºC, preferably at least 60 ºC, more preferably 

to at least 65 ºC, and yet more preferably to at least 70 ºC.  In some 

embodiments, peltier device is selected to be able to heat the packed bed to 

between 50 and 90 ºC, preferably between 50 and 80 ºC, and more preferably 

between 60 and 80 ºC.  In some embodiments, peltier device is selected to be 

able to heat the packed bed to between 65 and 85 ºC, preferably between 70 

and 80 ºC, and more preferably around 75 ºC.   

 
[024] The apparatus can also further comprise at least one heat transfer 

arrangement in thermal communication with the peltier device in order to best 

utilise the heated side of the peltier device. The water adsorbent is located in 

contact with the heat transfer arrangement, for example being housed within or 

coated on at least part or the heat transfer arrangement. 

 
[025] The heat transfer arrangement can have any number of forms, including 

a variety of heat exchanger configurations.  In a number of embodiments the 

heat transfer arrangement comprises a heat sink (i.e. a conductive heat transfer 

arrangement), preferably a heat sink having a plate or fin arrangement.  In 

some embodiments, the heat sink arrangement comprises a plurality of spaced 

apart heat transfer elements.  The heat transfer elements typically comprise a 

planar support element, preferably selected from at least one of plates or fins 

 
[026] The shaped water adsorbent composite bodies can be located around, 

within or in any number of other configurations in contact with the heat transfer 

arrangement.  In preferred embodiments, the shaped water adsorbent 

composite bodies are located within the heat transfer arrangement.  In this 

arrangement, the water adsorbent is housed or fitted as a packed bed between 
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number of formulations and forms including shaped bodies (for example pellets 

or extrusions), coatings, plates, sheets, strips or the like. 

 

[031] The water adsorbent is a metal organic framework composite 

comprising: 

at least 50 wt% water adsorbent metal organic framework; and 

at least 0.1 wt % hydrophilic binder. 

 
[032] That metal organic framework composite may take various forms 

depending on the desired application, apparatus configuration and adsorption 

requirements.  For example, the metal organic framework composite may 

comprises a coating applied to the surface of the water desorption arrangement.  

In other embodiments, the metal organic framework composite comprises 

shaped water adsorbent composite body.  

 

[033] In one particular form, the metal organic framework composite comprises 

shaped water adsorbent composite body having at least one mean dimension of 

greater than 0.5 mm.  This shaped water adsorbent composite body is formed 

from a mixture of a water adsorbent metal organic framework and a hydrophilic 

binder that is preferably optimised for use in a packed bed adsorption system.  

The combination of the water absorbent metal organic framework and 

hydrophilic binder have a surprising synergistic effect, facilitating greater water 

adsorption compared to the use of other types of binders, for example 

hydrophobic binders. 

 
[034] For atmospheric water harvesting/ capture applications, the inventors 

have found that three-dimensional shaped bodies with the defined composition 

have excellent water adsorption properties, and suitable water adsorption 

kinetics, even at low H2O partial pressures. The inventive shaped water 

adsorbent composite body also has useful breakthrough test properties for 

water capture from a water containing gas (water vapour capture), and has 

been found to have suitable stability when consolidated, shaped and heated. 

 
[035] Ideally, the shaped water adsorbent composite body should have a good 

enough affinity for water to adsorb the water, but not have too high affinity for 
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Hydrophilic Binder 
[054] A water adsorbent MOF powder mixture is not ideal if used in a packed 

bed adsorption system. Powder alone packs too densely and therefore has too 

great of pressure drop across the adsorption unit.  Therefore powder alone 

cannot be used.  The inventors have found that the water adsorbent MOF 

should be shaped prior to packing into a packed bed water adsorbent system to 

form a shaped water adsorbent composite body, for example a pellet, for use in 

a packed bed adsorption system. 

 
[055] The shaping process is facilitated through the use of a binder.  Whilst it 

may be possible to form a shaped composite body without the use of a binder, 

shaped composite bodies that include binders in their composition tend to have 

greater structural strength and stability when used in a packed bed water 

adsorbent system.  A shaped composite body such as a pellet therefore 

facilitates continuous operation of a packed bed adsorption system. 

 
[056] The inventors have surprisingly found that a hydrophilic binder must be 

used to impart optimal water adsorption properties to the shaped water 

adsorbent composite bodies.  The inventors have found that non-hydrophilic 

binders, in particular hydrophobic binders (for example cellulose siloxane), 

deliriously affect the water adsorption properties of the shaped water adsorbent 

composite bodies.  The use of a hydrophilic binder is therefore important for 

optimal moisture capture properties of the packed bed water adsorption system. 

 
[057] A variety of hydrophilic cellulose derivative binders may be used in the 

shaped water adsorption body.  The hydrophilic binder can be organic or 

inorganic, and should not block the pores of the water adsorbent MOF.  The 

hydrophilic binder comprises a hydrophilic cellulose derivative, preferably alkyl 

cellulose, hydroxyalkyl cellulose, or carboxyalkyl cellulose derivatives.  

Particularly suitable hydrophilic binders can be selected from at least one of 

hydroxypropyl cellulose (HPC), hydroxypropyl cellulose, hydroxyethyl methyl 

cellulose, hydroxypropyl methyl cellulose (HPMC), ethyl hydroxyethyl cellulose, 

methyl cellulose, or carboxymethyl cellulose (CMC).  However, it should be 

appreciated that other binders are also possible.  In preferred embodiments the 

hydrophilic binder comprises hydroxypropyl  
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Method of Capturing Water Content from a Water Containing Gas 

[075] A second aspect of the present invention provides a method of capturing a 

water content from a water containing gas, comprising at least one cycle of: 

feeding a water containing gas through the inlet of a housing and over a 

water adsorbent enclosed within the housing such that the water adsorbent 

adsorbs water from the water containing gas, the water adsorbent comprising at 

least one water adsorbent metal organic framework composite capable of 

adsorbing a water content from the water containing gas such that the water 

adsorbent adsorbs water from the water containing gas, the metal organic 

framework composite comprising: at least 50 wt% water adsorbent metal organic 

framework; and at least 0.1 wt % hydrophilic binder comprising a hydrophilic 

cellulose derivative, 

operating at least one water desorption arrangement to change from an 

inactive state to an activated state to apply heat, a reduced pressure or a 

combination thereof to the water adsorbent so to release at least a portion of the 

adsorbed water therefrom into a product fluid flow, and 

directing the product fluid flow to a condenser system to separate a water 

content from the product fluid flow, 

wherein the water desorption arrangement is in contact with and/or 

surrounding the water adsorbent. 

 

[076] The second aspect of the present invention also provides a method of 

capturing a water content from a water containing gas using the apparatus 

according to the first aspect of the present invention.  The method comprises at 

least one cycle of: 

feeding a water containing gas through the inlet of the housing and over 

the water adsorbent such that the water adsorbent adsorbs water from the 

water containing gas, the water desorption arrangement being in the 

deactivated stated; 

operating the at least one water desorption arrangement in the activated 

state to apply heat, a reduced pressure or a combination thereof to the water 

adsorbent so to release at least a portion of the adsorbed water therefrom into a 

product fluid flow; and 

directing the product fluid flow to a condenser system to separate a water 

content from the product fluid flow. 
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4.1 L/kg of MOF at 20 % RH and 35 ºC.  The typical energy use is between 10 
and 15 kWh/L, typically around 12 kWh/L water produced. 
 
Temperature Swing Apparatus for Capturing Water from a Water Containing 

Gas 

[091] A third aspect of the present invention provides an apparatus for 

capturing a water content from a water containing gas, the apparatus 

comprising: 

at least one heat transfer arrangement in contact with a packed bed of 

shaped water adsorbent composite bodies having at least one mean dimension 

of greater than 0.5 mm and comprising at least 50 wt% water adsorbent metal 

organic framework; and at least 0.1 wt % hydrophilic binder comprising a 

hydrophilic cellulose derivative; and 

at least one peltier device in thermal communication with each heat 

transfer arrangement, each peltier device being configured to heat the shaped 

water adsorbent composite bodies to desorb water therefrom to be entrained 

into a product fluid flow, 

wherein at least one peltier device also forms part of a condenser system 

for cooling the product fluid flow from the packed bed of shaped water 

adsorbent composite bodies. 

 

[092] This third aspect of the present invention provides a water capturing 

apparatus that includes shaped water adsorbent composite bodies that uses 

temperature swing induction heating to desorb water adsorbed within and on 

the shaped bodies.  In this aspect, the shaped bodies are collected in a packed 

bed that is enclosed in contact with a heat sink.  The apparatus also includes 

peltier device configured to heat the packed bed of shaped water adsorbent 

composite bodies to release adsorbed water from the packed bed of shaped 

water adsorbent composite bodies when activated.  The peltier device is also 

configured to provide a cooling function to drive condensation of the fluid flow 

that is desorbed from the shaped water adsorbent composite bodies of the 

packed bed. 

 

[093] As noted above in relation to the first aspect, the peltier device is 

preferably selected to be suitable to provide sufficient energy to desorb water 
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preferably creates a fluid of at least 3 m3/hr, preferably 3 to 300 m3/hr, and more 

preferably 3 m3/hr to 150 m3/hr through the packed bed.  It should be 

appreciated that the amount of air required to flow through the packed bed 

depends on the moisture level in the water containing gas and the efficacy of 

capture. 

 
[097] When operated, each peltier device develops a hot side and a cold side 

(as described in more detail in the detailed description).  In this arrangement, 

the hot side of each peltier device is preferably in thermal communication with 

at least one heat sink, and the cold side of each peltier device forms part of the 

condenser system. 

 
[098] The condenser system may also include a heat transfer arrangement to 

assist in heat transfer from the surrounding gases to the cold side of the peltier 

device.  In embodiments, the cold side of each peltier device is in thermal 

communication with at least one heat transfer arrangement.  Similar to the hot 

side, the heat transfer arrangement preferably comprises a heat sink (a 

conductive heat transfer arrangement), and more preferably a heat sink having 

a plate or fin arrangement.   

 
[099] A fourth aspect of the present invention provides a method of capturing a 

water content from a water containing gas using the apparatus according to the 

third aspect of the present invention.  The method comprises at least one cycle 

of: 

feeding a water containing gas through the packed bed of shaped water 

adsorbent composite bodies of said apparatus such that the shaped water 

adsorbent composite bodies adsorb water from the water containing gas; 

operating the at least one peltier device to heat the shaped water 

adsorbent composite bodies so to release at least a portion of the adsorbed 

water therefrom into a product fluid flow; and 

directing the product fluid flow to the condenser system to separate a 

water content from the product fluid flow. 

 

[100] It should be understood that operation of the at least one peltier device to 

heat the shaped water adsorbent composite bodies creates a heat from through 
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a housing containing therein a packed bed of shaped water adsorbent 

composite bodies having at least one mean dimension of greater than 0.5 mm and 

comprising at least 50 wt% water adsorbent metal organic framework; at least 0.1 wt % 

hydrophilic binder comprising a hydrophilic cellulose derivative and from 0.2 to 10 wt% 

magnetic particles having a mean particle diameter of less than 200 nm; and 

an alternating current (AC) magnetic field generator located within and/or 

around the packed bed of shaped water adsorbent composite bodies configured 

to apply an AC magnetic field to the packed bed of shaped water adsorbent 

composite bodies. 

 

[104] This fifth aspect of the present invention provides a water capturing 

apparatus that includes shaped bodies that uses magnetic swing induction 

heating to desorb water adsorbed within and on the shaped bodies.  In this 

aspect, the shaped bodies are collected in a packed bed that is enclosed in the 

housing.  The housing is preferably a fluid tight housing.  The apparatus also 

includes an alternating current magnetic field generator designed to irradiate the 

packed bed of shaped water adsorbent composite bodies with an AC magnetic 

field to release adsorbed water from the packed bed of shaped water adsorbent 

composite bodies when activated.  The apparatus is configured to enable the 

shaped water adsorbent composite bodies to undergo magnetic induction swing 

adsorption to capture water from a water containing gas fed into the packed bed 

of shaped water adsorbent composite bodies. 

 

[105] Any AC magnetic field generator can be used which is capable of 

applying a localised AC magnetic field to the packed bed of shaped water 

adsorbent composite bodies.  In some embodiments, the AC magnetic field 

generator comprises at least one induction coil located within and/or around the 

packed bed of shaped water adsorbent composite bodies.  Preferably, one or 

more induction coils are embedded within and surrounded by the shaped water 

adsorbent composite bodies in the packed bed so to use the whole magnetic 

field generated by the induction coil or coils.  In some embodiments, the 

induction coil or coils are configured to sit within a central section of the packed 

bed, occupying from 50% to 90%, preferably from 70 to 80 % of the axial height 

(depth) of the packed bed. 
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steps are approximately 30 minutes in duration.  However, other cycle times 

between 10 minutes to 2 hours could be possible depending on the 

configuration of the apparatus and packed bed and process conditions. 

 

 

Method of Forming Shaped Water Adsorbent Composite Body  

[112] The present invention can also provide a method of forming a shaped 

water adsorbent composite body for the adsorption system of the first aspect.  

The method comprises the steps of: 

preparing a composite powder mixture comprising at least 50 wt% water 

adsorbent metal organic framework; at least 0.1 wt% hydrophilic binder 

comprising a hydrophilic cellulose derivative; and optionally 0.2 to 10 wt% 

magnetic particles having a mean particle diameter of less than 200 nm; 

preparing a composite paste comprising a mixture of the composite 

powder mixture and a solvent; 

forming the composite paste into a shaped body having at least one 

mean dimension of greater than 0.5 mm; and 

heating the shaped body to substantially remove the solvent from the 

shaped body, 

thereby producing a shaped water adsorbent composite body for use in a 

packed bed adsorption system. 

 

[113] This aspect of the present invention provides a method of forming the 

shaped water adsorbent composite body used in various embodiments of the 

present invention.  In this method, the composite powder mixture (typically a 

pulverulent material) comprising a powder mix of metal organic framework and 

a hydrophilic binder, is formed into a paste using a solvent, which can then be 

shaped, for example by extrusion or palletising processes into the desired 

shaped body. 

 

[114] The solvent used to form the shaped body can be any suitable solvent 

that has good interaction with the constituents of the composite powder mixture.  

Suitable solvents are preferably selected from a non-basic polar solvent and/or 

a non-self ionising polar solvent. The solvent preferably comprises an alcohol, 
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3. It is robust to handling in ambient conditions and can withstand multiple 

temperature cycles without degradation. 

4. It has a well-studied water adsorption behaviour;  

5. High water uptake from air even at low humidity values; Aluminium fumarate 

has a water capacity between 0.09 to 0.5 grams of water per gram of MOF 

depending on the relative humidity. The typical heat of adsorption of 

Aluminium fumarate for water is well known and ranges between 60 and 30 

kJ/mol depending on the ambient humidity 

6. It can be cheaply and easily produced using non-toxic constituents/ 

precursor material – i.e. environmentally friendly synthesis and is easy to 

handle and process; and 

7. Low cost of its constituents. 

 

[210] Nevertheless, it should be appreciated that the MOF component of the 

present invention is not restricted to Aluminium fumarate, and that other water 

adsorbent MOFs can also be used in the composition of the water adsorbent 

composite body. 

 

Hydrophilic Binder 

[211] The selection of the appropriate binder is also important to the overall 

properties of the shaped adsorption body.  The inventors have surprisingly 

found that a hydrophilic binder must be used to impart optimal water adsorption 

properties to the shaped water adsorbent composite bodies.  The inventors 

have also found that non-hydrophilic binders and in particular hydrophobic 

binders (for example cellulose siloxane) reduce/ decrease the water adsorption 

properties of the shaped water adsorbent composite bodies.  The use of a 

hydrophilic binder is therefore important for optimal moisture capture properties 

of the packed bed water adsorption system.   However whilst other binders are 

also possible, it is again noted that particularly suitable hydrophilic binders can 

be selected from at least one of hydrophilic cellulose derivatives such as 

hydroxypropyl cellulose, hydroxyethyl methyl cellulose, hydroxypropyl methyl 

cellulose (HPMC), ethyl hydroxyethyl cellulose, methyl cellulose, or 

carboxymethyl cellulose (CMC) as previously set  
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 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:  

 

1. An apparatus for capturing a water content from air, the apparatus comprising: 

a housing having an inlet into which the air can flow; 

a water adsorbent enclosed within the housing, the water adsorbent 

comprising at least one water adsorbent metal organic framework composite capable 

of adsorbing a water content from the air, the metal organic framework composite 

comprising: at least 50 wt% water adsorbent metal organic framework; and at least 

0.1 wt % hydrophilic binder comprising a hydrophilic cellulose derivative; and 

a water desorption arrangement in contact with and/or surrounding the water 

adsorbent, the water desorption arrangement being selectively operable between (i) a 

deactivated state, and (ii) an activated state in which the arrangement is configured to 

apply heat, a reduced pressure or a combination thereof to the water adsorbent to 

desorb a water content from the water adsorbent. 

 

2. The apparatus according to claim 1, wherein the hydrophilic binder comprises 

an alkyl cellulose, hydroxyalkyl cellulose, or carboxyalkyl cellulose derivative. 

 

3. The apparatus according to claim 1 or 2, wherein the hydrophilic binder is 

selected from at least one of hydroxypropyl cellulose (HPC), hydroxypropyl cellulose, 

hydroxyethyl methyl cellulose, hydroxypropyl methyl cellulose (HPMC), ethyl 

hydroxyethyl cellulose, methyl cellulose, or carboxymethyl cellulose (CMC). 

 

4. The apparatus according to claim 1, 2 or 3, wherein the water desorption 

arrangement includes at least one heat transfer arrangement in direct thermal 

conductive contact with the water adsorbent and the heat transfer arrangement is in 

thermal conductive contact with a heating device. 

 
5. The apparatus according to claim 4, wherein the heat transfer arrangement 

includes at least one heat transfer element that extends from the heating device to the 

water adsorbent.   
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6. The apparatus according to claim 4 or 5, further including a condenser system 

for cooling the product gas flow from the water adsorbent, wherein the heating device 

comprises at least one peltier device, and each peltier device has a hot side and a 

cold side, with the hot side of each peltier device being in thermal communication with 

the at least one heat transfer arrangement, and the cold side of each peltier device 

forming part of the condenser system. 

 
7. The apparatus of claim 6, wherein the cold side of each peltier device is in 

thermal communication with at least one heat transfer arrangement. 

 

8. The apparatus according to claim 6 or 7, wherein the peltier device is capable 

of heating the packed bed to at least 50 ºC. 

 

9. The apparatus according to any one of claims 4 to 8, wherein the water 

adsorbent is housed within or coated on at least part of the heat transfer 

arrangement. 

 

10. The apparatus according to any one of claims 4 to 9, wherein the heat transfer 

arrangement comprises a heat sink having a plate or fin arrangement. 

 
11. The apparatus according to any one of claims 4 to 10, wherein the heat 

transfer arrangement comprises a plurality of spaced apart heat transfer elements, 

and wherein the water adsorbent is housed as a packed bed between at least two 

heat transfer elements. 

 

12. The apparatus according to claim 11, further including at least one fluid 

displacement device to drive fluid flow through the packed bed. 

 
13. The apparatus of any preceding claim, wherein the inlet includes at least one 

fluid seal movable from an open position to allow gas to flow through the inlet, and a 

closed position where the inlet is substantially sealed closed to gas flow and wherein 

the fluid seal comprises at least one movable door, a least one pivotable plate or flap, 

or at least one louver. 
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14. The apparatus of any preceding claim, wherein the metal organic framework 

composite comprises a coating applied to the surface of the water desorption 

arrangement. 

 

15. The apparatus of any preceding claim, wherein the metal organic framework 

composite comprises shaped water adsorbent composite body having at least one 

mean dimension of greater than 0.5 mm. 

 

16. The apparatus of claim 15, wherein the shaped water adsorbent composite 

body comprises an elongate body having a circular, or regular polygonal cross-

sectional shape.  

 

17. The apparatus according to any preceding claim, wherein the water adsorbent 

metal organic framework comprises at least one of aluminium fumarate, MOF-801, 

MOF-841, M2Cl2BTDD including Co2Cl2BTDD, Cr-soc-MOF-1, MIL-101(Cr), CAU-10, 

alkali metal (Li+, Na+) doped MIL-101(Cr), MOF-303, MOF-573, MOF-802, MOF-805, 

MOF-806, MOF-808, MOF-812, or mixtures thereof. 

 

18. The apparatus according to any preceding claim, comprising between 0.2 and 

5 wt% hydrophilic binder. 

 

19. A method of capturing a water content from air, comprising at least one cycle 

of: 

feeding air through the inlet of a housing and over a water adsorbent enclosed 

within the housing such that the water adsorbent adsorbs water from the air, the water 

adsorbent comprising at least one water adsorbent metal organic framework 

composite capable of adsorbing a water content from the air, the metal organic 

framework composite comprising: at least 50 wt% water adsorbent metal organic 

framework; and at least 0.1 wt % hydrophilic binder comprising a hydrophilic cellulose 

derivative; 

operating at least one water desorption arrangement to change from an 

inactive state to an activated state to apply heat, a reduced pressure or a combination 
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thereof to the water adsorbent so to release at least a portion of the adsorbed water 

therefrom into a product fluid flow; and 

directing the product fluid flow to a condenser system to separate a water 

content from the product fluid flow, 

wherein the water desorption arrangement is in contact with and/or 

surrounding the water adsorbent. 

 

20. The method according to claim 19, wherein the water desorption arrangement 

comprises at least one peltier device which also forms part of the condenser system 

configured to cool the product fluid flow. 

 
 




