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Desiccant Regeneration 

evaporation of the water.  The desiccant serves to capture the 
water, maintaining the driving force for evaporation and allowing 
the process to continue for an extended period of time.  As the 
desiccant becomes saturated, the process slows, and the 
desiccant must be either replaced or regenerated through 
dehydration for the process to continue.   
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Vacuum Desiccant  Cooling Pad 

The changing environment and emerging technologies have 
highlighted the need for portable cooling methods that are 
energy efficient and light-weight. As temperatures across the 
world increase, more and more workers will be working in high-  

Motivation 

heat conditions.  Personal cooling methods 
are desirable not only for people working 
in hot environments, but also for people 
with medical ailments that may hinder 
their body’s natural heat regulation 
system, or people who use heavy 
protective clothing.  For these and many 
other purposes, reliable and light-weight 
cooling is desired, but limitations exist for 
all of the currently-used methods.  Phase  

change materials are difficult to control and are 
generally too cold or too warm.  Portable vapor 
compression refrigeration is bulky, heavy, and 
power-hungry.  Vacuum desiccant cooling is a 
promising technology that uses the latent heat of 
vaporization of water to provide long-lasting 
cooling in a light-weight package.  Current designs, 
however, cannot be easily regenerated once the 
desiccant is used up.  Solving this problem would 
go a long way in providing an effective alternative 
to current cooling methods. 

 Vacuum Desiccant Cooling 
Vacuum desiccant cooling uses a highly water absorbent 
material placed under a vacuum to evaporate and capture 
water through a hydrophobic membrane.   This cools the 
remaining liquid water through the latent heat of vaporization 
allowing the water to circulate and cool the wearer.  

Relative to melting ice, the 
latent heat of vaporization of 
water is around 7X greater 
than the latent heat of fusion, 
requiring less water for the 
same cooling capacity. 
Initialization of the cooling 
takes place by placing the 
system under a vacuum.  This 
causes the water to evaporate 
through the membrane, which 
acts to meter the rate of 

Using small, light and energy efficient vacuum pumps would 
allow a user to swap out the used desiccant for a new batch, 
replenish the water, and re-initialize the system by replacing it 
under a vacuum.  Being able to regenerate the used desiccant 
and recover the water would allow the user to continue this 
process longer without the need for a large water reservoir.  The 
goal of this research is to test the effects of mechanical 
deformation on the dehydration  process as well as to investigate 
the potential of “smart” polymers to be used as an easily-
regenerated desiccant. 

Testing 
In order to determine how effective applying pressure 
to hydrated SAP is at dehydrating it, we designed a test 
apparatus.  We looked to explore providing a constant 
pressure that could determine the equilibrium 
dehydration of the polymers as a guideline for further 
exploration. Using a stainless steel tube, we attached a 
2 μm filter to the end and filled the tube with the 
hydrated polymer. We custom-machined a piston to fit 
in the tube to provide a constant pressure and avoid 
pitting. Using a nitrogen cylinder, we could apply 
constant head pressure to the system and measure the 
mass of the water squeezed through the filter. We 
planned to vary pressures and create a curve to 
determine the efficacy of increased pressure at 
dehydrating the sample.  We could test a very wide 
range of pressures from 20-1000 psig including a large 
safety factor.  Although the test apparatus is ready to 
be assembled, our testing has been delayed due to the 
community spread of SARS-CoV-2 .   
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(Top) and 
Sintered steel 
filter (bottom)  Further testing into the possibility of using a poly(N-
isopropyl acrylamide) (NIPAM) in this system was also planned.  
NIPAM is a stimulus-responsive “smart” polymer that can change 
from a gelled to ungelled state due to heating it past its lower 
critical solution temperature (LCST).  This could potentially reduce 
the pressures needed to recover the water used in the desiccant 
systems, further improving the system. 

NIPAM in solution (left) and after reaching LCST (right) 
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