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Motivation 
Humans use cooling as mechanism to do things such 
as preserve food, store medicine, as well as air 
condition. Today this is accomplished using the 
vapor compression system. This system is dependent 
on the use of refrigerants that contain 
Hydrofluorocarbons (HFCs). These HFCs have a very 
high global warming potential. Over time these 
refrigerants tend to leak out and into the 
atmosphere, which is a heavy contributor to global 
warming.   
 
Background 
The human population continues to increase at a 
gradual rate, especially with an increase in the urban 
population. With this increase comes an increase in 
the production of refrigerators and other appliances. 
If this trend continues, by the year 2050 air 
conditioner sales will have increased from 1.2 to 4.5 
billion units. In addition to this, there will also be a 
100 Gt increase in carbon dioxide by the year 2050 
as well as 0.5 degree increase in the global 
temperature by the year 2100. There are 
technologies that have been developed to combat 
this issue, but they are inefficient and expensive. 
 
Brayton Electrochemical Refrigerator (BECR) 
The solution that has been introduced is called the 
Brayton Electrochemical Refrigerator. This 
technology has been proven to be much more 
efficient as well have zero global warming potential. 
This system operates in closed system in four parts: 
 

1. Cold cell- A cold chemical reaction takes 
place where electrolytes are cooled. 

2. Cold side HX- Heat is absorbed from the 
cold side where electrolytes are slightly 
heated. 

3. Hot cell- A hot chemical reaction takes 
place where electrolytes are heated. 

4. Hot side HX- Heat is rejected from the hot 
side where electrolytes are cooled down. 

 
 

 
 

 
 

Methods 
Chip Fabrication 
The initial design was created on AutoCAD. The 
design features include four pads which lead to a 
resistor that measures six hundred microns in length 
and three microns in width. This chip was then 
fabricated on a glass substrate using a series of 
processes. This process begins with the substrate 
being coated in NPR-1500 which is a negative 
photoresist. The actual coating is achieved with the 
use of the SCS G3P8 spin coater where a speed of 
3000 RPM is used for a period of 40 seconds. The 
second process involves the Heidelberg Maskless 
Aligner MLA 150 where a pattern is printed onto the 
substrate via exposure from UV light. Following this 
step, you proceed to the metal deposition where the 
Denton Explorer E-Beam Evaporator is used. During 
this step, a deposition of titanium was needed (.05 
kilo angstroms) in order for gold (.6 kilo angstroms) 
to adhere to the substrate better to the substrate. 
When the metal deposition has been completed, it 
then undergoes a dielectric deposition of alumina (.5 
kilo angstroms). After this process is completed, 
resist remover will be applied which removes 
everything but the chip. 



 
 

3-Omega Technique 

This will be used in conjunction with the chip which 
will help with the measurement of the ionic and 
lattice contributions. To perform this technique, you 
attach the chip onto a glass substrate where it is 
covered in the electrolyte solution. From there you 
will attach a current (I) with a frequency of 1𝜔𝜔 to a 
resistor. This will then create the power (P) which 
measures at a frequency of 2𝜔𝜔. In addition to the 
power, the time (T) as well as the resistance (R) also 
measure at the same frequency of 2𝜔𝜔. Now having 
these 3 values you can then multiply the current (I) 
by the resistance (R) which would give you the 
voltage (V). 

  

 
From this graph we can see that the voltage 
responds to a temperature and from that 
temperature we are able to tell the thermal 
conductivity. 

 

Results 
What you are left with is a chip that is ready to be 
applied in the BECR to be able to tell the ionic and 
lattice contributions to thermal conductivity of 
liquid phase electrolytes. 
 

 
 
 

Conclusion 
While the vapor compression system is an efficient 
and cheap alternative, it uses refrigerants which 
have a very high global warming potential. There 
have been advancements in technology to combat 
this problem, but these attempts are too expensive 
as well as inefficient. A better alternative to these 
systems would be the Brayton Electrochemical 
Refrigerator (BECR) which uses electrochemistry 
instead of refrigerants. A chip was fabricated to help 
aid in the measurements of this technique which 
would tell us the thermal conductivity of these 
electrolytes. 
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