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Summary 
A large amount of detailed information is available in patents on TCM systems that have 

been issued over the years. This involves both system design aspects and material 

characteristics.  

• With respect to the design aspects, all powder related patents were focusing on 

concepts integrating the storage and the reactor (usually under evacuated 

conditions). Only for suspensions or liquid TCM, separate reactor concepts were 

found, as well as spraying designs. 

• Various concepts were proposed for the evaporator design, focusing on providing 

a large interface area for the evaporation, as well as limiting the variation in the 

level of the liquid in the evaporator.  

• With respect to systems, Climatewell patented a master-slave TCM system, 

making simultaneous charging and cooling possible. 

For the material aspects, both data on a large amount of active materials were presented, 

as well as aspects related to supporting these materials in a matrix, e.g. based on 

cellulose. Furthermore, liquids suitable for suspension reactors based on NH3 were 

presented by Rockenfeller.
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Introduction 
At ECN, long-term research is carried out on the storage of heat by means of 

thermochemical reactions, in which a vapour is absorbed into a salt or adsorbed into a 

porous material. To avoid overlap with earlier research, it was decided to make first two 

inventories of ongoing research on TCM systems, and of patents issued over the years on 

TCM systems. All together in this report on TCM patents, 18 patents are presented. The 

patents from TNO and one patent from Rockenfeller take into account suspensions of 

TCM. In addition, a number of patents from Climatewell / Suncool refer to systems using 

both solid and liquid hydrates in a three-phase system. Finally, the patents from 

Brunberg, De Beijer and the later patents from Rockenfeller focus on fixed bed systems. 

The patents of Rockenfeller describe various means of optimizing the TCM system by 

optimizing the heat exchanger desing, the beneficial effect of using a matrix to prevent 

volumetric change of the TCM and the beneficial effect of amine additives to the water. 

The patents of Climatewell explain the optimization of a TCM chiller concept by adding 

a slave chiller that can chill while the main system is charging, and also propose an 

optimized sprayer arm for liquid distribution, the use of surface enlarging means, various 

configurations for the TCM system and optimized evaporator concepts (also mentioned 

by De Beijer).



 

Patents 

Hartman, 1977, US4009575 

 

  
 

The aim of the system is to generate a pressure difference to drive turbine 60. The system 

is based on the reaction K2CO3(aq) + H2O(l) + CO2(g) -> 2KHCO3(s). The CO2 (32) is 

evaporated from the carrier liquid K2CO3(aq) + H2O(l) in heat exchanger 30 by means of 

heat from boiler 40, and is expanded in turbine 60, after which the CO2 is again absorbed 

in the liquid in absorber 10. This liquid is subsequently pumped by means of pump 25 to 

heat exchanger 30. In addition, the system can also provide cooling by cooling the CO2 to 

liquid form in 70, with cold from 73, after which the liquid CO2 is expanded in 80, 

thereby chilling the fluid in 81. The diluted solution from 30 is returned to absorber 10 



through turbine 27 (on the same axis as pump 26 to reduce the pumping energy demand). 



 

Brunberg, 1980, US4186794 

  
By means of a solar collector system (22) an accumulator (21) is charged, and the vapour 

is condensed in the condenser 25, which may be drained to the water tank 23. The system 

consisting of the condenser and accumulator is at low pressure, controlled by the vacuum 

pump 26 and the manometer 25. At discharging, the Na2S (or CaCl2) in the accumulator 

is hydrated, and the output heat is backed up by the heat pump 20, providing heat to the 

space heating system 27a and the DHW system 27b. 

 

 
It is emphasized that the system should be evacuated. 

 

 

 
 

However, it would be possible to store the water under non-vacuum conditions: 



 

 

 

 
 

As a modification, it is claimed that several systems could be put in series to produce heat 

of 150-200 C, to be used to produce electricity in a Carnot cycle. 

 

The patent also provides detailed information on the drying on CaCl2  





 

 

Brunberg, 1981, WO81/01726 

 
The patent focuses on Na2S. The patent describes the basic means to increase vapour and 

heat transfer. 

 

       



In the form shown above, the heat released on hydration is partially conducted through 

the wall to the water, assisting in the vaporization of the water (which lowers the storage 

density). The idea is to use a fan driven by wind energy to charge the system up to a 

pressure difference of up to 0.5 bar, and to discharge the system by driving a turbine 

located at point 6, thereby making this system a means to store mechanical energy.  

 

As an alternative, however, it is also indicated that the system could function as a means 

to store heat (see figure 4). The vessels are now separate and the water is evaporised by 

means of energy from a borehole or a heat exchanger (16) at the bottom of a lake. 

 



Rockenfeller, 1989, US 4822391 

Uwe Rockenfeller has over 60 patents over the period 1989-2005, almost all in the field 

of absorption heat pumps. Only a very limited selection can be presented here. 

 
 

 

 

 

 

 

 



  

 

The patent gives a system in which a liquid is used for the transport of the gas flow 

and/or the particle flow. The gas is fed to the reactor through valve 20 and various means 

are indicated in which the gas can be transferred to the liquid. Various embodiments are 

presented, such as a gravitational system (figure 1, with additional a system in figure 2 in 

which the liquid is lighter than the slurry), a spraying system (figure 3, in which the 

liquid is lighter or figure 4, in which the liquid is heavier), and finally two systems in 

which the active material is enclosed between two porous plates that allow passage of the 

liquid but not of the solid, in which the liquid is either sprayed in the gas-filled reactor 

(figure 6) or loaded with the gas flow in an external device 91 (figure 5). 

 

 

 

 

 

 



Rockenfeller, 1989, US 4823864 

 

 
Liquid (18) is preferentially water and the active solution (16) can be an aqueous solution 

of a suitable hydroxide, chloride, bromide or nitrate. As an alternative, ammonia could be 

used for the liquid (18), in which case (16) could be an ammonium salt solution; various 

salts are mentioned among which NH4Br and NH4Cl.  

As an alternative embodiment, the heat exchange can also be done directly from circuit 

58 and circuit 52, instead of with heat exchangers 72 and 75, resulting in the system 

below. 

 



Rockefeller, Rocky research, 2000, WO 00/66954 

 
The patent focuses on the use of fibrous materials for incorporating the salt (14), such as 

an ammonia salt (that show a large expansion on ammoniakation), thereby improving the 

reliability of the system. The impregnated fibrous material can e.g. be incorporated in a 

finned structure (12). 

 



 
 

Rockefeller, Rocky research, 1994, US5328671 

  
 

 



 

 
 

 

 

 

 



 

Rockefeller, Rocky research, 2001, US6224842 

 

 

  
 



 

 

 

 

 

 

 



 

Chandler and Rockefeller, Rocky research, 1998, US5829259 

 

  
 

Chandler and Rockefeller, Rocky research, 2003, US6656381 

 

 



 

DeBeijer, DeBeijer Raadgevend Technisch Bureau, 1991, 
WO91/19154 

 
The patent focuses on the method in which the Na2S layer is fixed to the wall, so as to 

ensure maximum heat exchange (as an improvement over a loosely poured amount), 

which is done by inserting a temporary filler body, applying molten or highly hydrated 

material I the space between the wall and the filler body and subsequently drying it. It 

was found that for Na2S this gave a stable structure, while the porosity of the layer could 

be increased by a slower crystallisation rate. Note that walls 4 and 5 are closed, so that 

the vapour can only reach the Na2S through valve 6 (to be opened by magnet 14, not to 

compromise the gastight housing). The wall 2 has a surface enlarging heat conducting 

structure (e.g. fins and possibly also graphite). The evaporator below has several capillary 

gauzes 7 to facilitate the vaporization. A reservoir with a large vertical cross section 11 

(e.g. a large tube) is used to limit the changes in liquid level in the evaporator.  

 

 



 

As an alternative (see fig 2), the evaporator 

(cold section) and accumulator (hot 

section) can be separated further, to 

improve the performance (at the cost of a 

less compact system). In fig 2, also a larger 

heat exchange area is provided (both 17 

and 18). 

 

 

DeBeijer, DeBeijer Raadgevend Technisch Bureau, 1991, 
WO91/19155 

 
This patent is describing the same system as WO91/19154, but this time the focus is on 

the improvement in the evaporator by the application of a gauze (or other capillary means 

such as grooves or other), as well as the advantage of having the whole structure into one 

gastight housing to ensure that a specific atmosphere is maintained within the system.  



DeBeijer, DeBeijer Raadgevend Technisch Bureau, 1993, 
WO93/12394 

 
It was found that the means of applying a layer of Na2S as described in WO91/19154 was 

not sufficiently reliable and controllable. Therefore, it is proposed to use a fibrous 

material as a binder, such as cellulose. In addition, the new concept was found to have a 

better vapour transport. 

 

 



Again, evaporator 47 is connected to accumulator 43 by means of pipe 44 and membrane 

valve 48, and separated by insulating partition 45. The active material is located on the 

outer area of a spiralising heat exchanger tube 

 

  
 

  



 

Jonsson, Suncool, 1999, WO 00/31206 

 
With respect to the design of the system, the following information is provided: 

 
In a 3D layout, for reasons of strength, it is proposed to have a cylindrical evacuated tank 

containing a series of vertical concentrical cylinder heat exchangers filled in this way 

with the active substance (seen in cross-section in fig 3a). The packages are thin and 

contain small channels (45) to facilitate the vapour flow. 



 
 

As an alternative concept, also a refrigerating box for medicine transport is described: 

 
 



 
 

This patent mainly focuses on the materials selection. It provides a large amount of 

information on the testing results. The following selection criteria are given: 



 
A large amount of substances is subsequently discussed, among which MgSO4, Na2S en 

CaCl2: 

 

 
 



 

Jonsson, Suncool, 1999, WO 00/37864 

 

 
 

In the designs, the use of ‘surface enlarging means’ is emphasised, either in the form of 

vertical flanges, teflon balls or other means. 

 
 

As an alternative design, figure 6 is shown.  



 

 
 

Whereas the main reactor can store energy for nighttime cooling, the patent focuses on 

the addition of a small slave reactor to the system to provide direct cooling during 

daytime (see Fig 8). The slave reactor receives the charged hot saturated solution from 

the main reactor, to be discharged in the slave reactor, after which the diluted solution is 

fed back to the main reactor. In this way the slave reactor can cool continuously instead 

of having to be heated up periodically for charging, in which way substantial sensible 

heat losses, related to the heat capacity of the reactor undergoing the temperature swing, 

can be avoided 

 



 
 

Also in this patent, some information on materials is provided 

 



 

Bolin, Climatewell, 2004, WO2005/054757 

 
 

As an alternative to the slave system in the previous patent, now two identical units are 

used for alternating charging-discharging cycles, but the heat loss due to temperature 

swing is reduced in another way. It is stated that in this way, the turnaround time (during 

which no cooling can be provided) is lowered from 30-50 minutes to less than 10 

minutes. 

Furthermore, the patent focuses on the distribution system for the liquid.  

 



 

 



Olsson, Climatewell, 2007, WO2007/139476 

 
In the evaporator, also a matrix (14) is used, that draws up water by means of capillary 

tension, and that helps in evaporating the water. 

 

In this patent, the advantages of using a solid switching between liquid and solid are 

emphasized (although the same hybrid material was also used in the previous patents).  

 
 

Furthermore, the patent focuses on the matrix material in which the active material is 

embedded, that may be powders, fibres and/or sintered mass with a suitable porosity. It is 

stated that successful tests were carried out using fabrics of SiO2, or sand and glass 

powder. 

 

 



 
 

 



Various orientations (horizontal or vertical) and shapes (see fig 9) of the basic structure 

are discussed in the patent, including multiple pipes (see figure 10) to increase the power.  

 

 



Wemmers & Krosse, TNO, 2005, WO 2004/007633 

 
 

The patent claims the use of a suspension of a TCM. Altough not explicitly claimed, the 

patent focuses on hydrates in a membrane concept, but it is explicitly stated that instead 

of water also other media such as ammonia or alcohol could be used. 

 
The suspension is flown along a membrane, that allows diffusion of water vapour but 

prevents as well as possible the loss of heat. 

 

A description of typical membranes is presented: 

 

 

 
 

In addition, requirements for the suspension are given and the use of additives is 

indicated to prevent sagging of the suspension.. 



 
 

 
 

As an example, the following suspension experimental work is presented: 

 

 



 

For the absorption materials, the following is stated: 

 
Furthermore, a large table of other potentially interesting absorbents are described. Of a 

few of these, additional characteristics such as desorption temperatures and energy 

densities are provided. However, it is not clear how these data were obtained. 

 



 

 

Conclusions 
• No specific patents were found related to the concept of a separate TCM powder 

reactor as examined by ECN.  

• Removal of inert gasses strongly improves the system performance (Brunberg, 

US4186794). 

• Attention should be given to the evaporator design, optimizing the active 

evaporation area (Climatewell, WO2007/139476). 

• Matrices such as cellulose may significantly improve the mechanical stability of 

TCM (e.g. CaBr2), thereby improving the hydration conditions (DeBeijer, 

WO93/12394; Rockefeller, US6224842). 

• In vapour absorption in a liquid, a large surface area is required, that can be 

obtained by various surface enlarging means (Climatewell, WO 00/37864). 

• With respect to materials, several of the early patents focus on Na2S (Brunberg, 

US4186794 & WO81/01726; DeBeijer, WO91/19154), but also other materials 

such as CaCl2 (Brunberg, US4186794), CaBr2 (for NH3?, Rockefeller, 

US6224842) and LiCl (Climatewell, for a chiller) are referred to. Suncool (WO 

00/31206) gives information on the testing of a large range of materials. In 

particular, the patent warns against the use of Na2S because of instability, leading 

to H2S formation. For MgSO4, the warning is given that it tends to hydrate slowly, 

as do most other sulfates (Suncool, WO 00/31206). 
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