
 

 

 

 

Experimental Setup for 

Determining Ammonia-Salt 
Adsorption and Desorption 
Behavior Under Typical 

Heat Pump Conditions: 
Experimental Results 
M. van der Pal 

R. de Boer 

J.B.J. Veldhuis 

 

 

September 2013 

ECN-M--13-021 

 







Paper No. IMPRES2013-084 

 

 International Symposium on Innovative Materials for Processes in Energy Systems 2013, September 4-6, 2013, Fukuoka, Japan 

picture of the ”empty” finned foam tube heat exchanger 

outside of the reactor. 

   

3. RESULTS 

Test installation measurements 

The ROSATI test-installation has been constructed 

and operated within its specifications. The isothermal 

desorption and adsorption of ammonia sorbate on various 

salts has been realized, albeit at lower pressure than 

originally anticipated. Cold spots in the piping and the 

endoscope were identified as origins for condensation of 

ammonia. The isobaric testing while switching between 

the two temperatures for adsorption and desorption of the 

ammonia was also possible. Swift temperature change is 

provided by the two different temperature loops. 

Correction for thermal losses is possible through 

calculation of the reactor design and also through blank 

measurements. Also a combined test program of 

temperature and pressure change as in a chemical heat 

pump cycle can be imposed on the salt reactor. 

The durability of the test-installation was proven by 

repeated cycling of the reactor while desorbing and 

adsorbing ammonia in a stand-alone operation. The 

duration of the experiment is then limited by the 

ammonia content of the gas cylinder. Other points of 

attention for operation are the filling reservoirs of the oil 

baths, the supply of thermostated coolant to the 

endoscope and the formation of sorbent dust that might 

hamper the correct function of valves and mass flow 

meters. 

The use of a protective environment when the reactor is 

assembled has shown its benefits for reactor handling 

while assembling the reactor loaded with (hygroscopic) 

salts in the test-installation. However, disassembling and 

cleaning of the test installation is more cumbersome.  

Lithium chloride reactor (formation of a liquid phase) 

Figure 3 shows the pressure-temperature track 

(orange line) that was imposed on the lithium chloride 

filled reactor. Melting of the solid trisammine phase was 

observed at 0.5 MPa ammonia pressure and a reactor 

temperature over 90 °C. The presence of a solid liquid 

phase transition was anticipated and the design of the 

finned tube reactor proved to be suitable. When the 

reactor was heated further to  120 °C, the decomposition 

of the molten phase showed violent foaming of the 

molten salt due to the escaping ammonia gas (Figure 4) 

This fluid behavior resulted in material loss from the 

reactor. 

 

 
Figure 3. Overlay of the phase diagram and the 

temperature-pressure track (orange line, blue arrows 

show direction of path in time) as executed by the 

ROSATI test installation for lithium chloride salt. The 

lines show the various synthesis and decomposition 

reactions of LiCl ammines. 

 

 
Figure 4. Picture from the endoscope showing foaming 

molten lithium chloride slat in the filled reactor 

 

Magnesium chloride reactor (performance testing) 

For magnesium chloride confined in a finned tube 

aluminium foam reactor (Figure 6), the salt was 

subjected to various conditions in which the driving-

force for the reaction was varied by the ammonia 

pressure. The imposed pressure was related to the 

equilibrium pressure for given reactor temperature [1] 

and shows that increased driving force yields increased 

reaction rate. This is shown in the figure (Figure 5). The 

reaction time of the adsorption or desorption of ammonia 

on the salt was determined based on 90% of the 

theoretical energy output. The reaction times vary 

between 10 and 40 minutes but are well within the set 

cycle time of 1 hour. 

Based on these results, indicating the performance of 

this reactor design at various operating conditions, a 

thermal design could be extrapolated for a pilot-scale and 

a full-scale design for a chemical heat transformer. 
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Figure 5. The reaction time as a function of the driving 

force, expressed as the ratio of the pressure difference 

from equilibrium and operating pressure. Blue dots show 

measured values, the line the best fit (spline). 

 

 

 
Figure 6. Picture from the endoscope showing the 

texture in the solid magnesium chloride filled reactor 

while exposed to ammonia. 

 

Calcium chloride (endurance testing) 

The reactor, filled with calcium chloride, was tested 

with temperature swing and pressure swing operation 

modes (Figure 7). In total more than 300 sorption cycles 

were made. A degrading trend in mass 

sorption/desorption and related thermal effects was found. 

Post-test analyses showed that a large volume of salt was 

outside the finned alumina foam reactor part. 

Comparison of pre-test (Figure 9) and post-test images 

(Figure 10) suggest that roughly half of the salt has 

expanded outside the foam and is now located between 

the reactor fin and the foam. 

 

 
Figure 7 Cycling performance of a calcium chloride 

filled reactor at high pressure. 

 

 
Figure 8.  Comparison of ammonia uptake by CaCl2 as 

fraction of the theoretical maximum (g/g), after the first 

cycle and after more than 300 cycles. 

 

 
Figure 9. Picture of the pre-test condition of the finned 

foam tube reactor filled with dry calcium chloride 
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Figure 10. Picture of the post-test condition of the finned 

foam tube reactor showing the redistribution of the 

ammonia containing salt. 

 

4. DISCUSSION 

   The ROSATI test set-up has proven to be a valuable 

asset in the testing of chemical heat pump materials. In 

that respect the additional visual information obtained 

through the endoscope has helped in the selection of 

working pairs. For performance testing the critical issues 

on the mass flow determination have been addressed and 

the revamped installation is more reliable. 

The interpretation of the data and the related explanation 

of observed performance are still not straightforward. 

Automated data analyses and additional modeling of heat 

and mass transfer are additions to the ROSATI test 

installation that could improve the results obtained at 

lesser operating time and costs. 

Three salts have been tested in the ROSATI setup under 

various conditions and for various reasons. Although the 

experiments are not comparable, two salts have proven to 

be inadequate for application in the used reactor type. 

The lithium chloride shows violent foaming when heated 

to 120
o
C and causing salt to move around the setup. 

The calcium chloride measurements show reduced 

performance over time. The reactor type of "finned foam 

tube reactor" might not be the right type for salts in 

which a large volume expansion is anticipated. Calcium 

chloride ammonia phases show a large volume expansion 

[9],[10]. The increase of volumes to 15 times its original 

volume have been reported [11], without deterioration of 

the reactivity. In the used finned foam reactor, the foam 

could have become detached from the heat conducting 

fins. This loss in thermal contact results in a loss of 

"active" material. Possible alternatives could be sought in 

a refined distribution of salt on a heat conducting surface, 

for example in the already proven concept of expanded 

natural graphite composites [12], [13]. 

 

 

 

5. CONCLUSIONS 

Materials testing have shown that magnesium 

chloride is a viable material for the chemical heat 

transformer. A clear relation between reaction time and a 

relative pressure difference was found with less than 

1500 seconds cycle times for dp/p of 1. 

The lithium chloride melts under temperature and 

pressure conditions exceeding respectively 90
o
C and 0.5 

MPa and is not recommended for solid sorption heat 

pump applications if these conditions occur. 

The finned foam tube reactor is unsuited for application 

of salts that show large volumetric changes during 

adsorption and desorption of ammonia. 
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