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Outline 

 Supercritical Fluids 

 Decaffeination 

 Beverage Carbonation 

 Cryogenic Freezing 

 Water Treatment 



Supercritical Fluids 

Phase Diagram of Carbon Dioxide What Is Supercritical Carbon 
Dioxide? Applied Separations, Inc., 5 
Aug. 2010. Web. 21 Apr. 2015. 
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Supercriticality 
Reference: at end of presentation 



CO2 vs. Other Supercritical Fluids 
Solvent Critical Temperature 

(ºC) 
Critical Pressure (bar) 

Carbon Dioxide 31.1 73.8 

Chlorotrifluoromethane 28.9 39.2 

Propane 96.7 42.5 

Cyclohexane 280.3 40.7 

Toluene 318.6 41.1 

Perchloroethylene 347 47.6 

Methylene Chloride 237 61 

Water  374.2 220.5 

 Dry Cleaning 

 Spray Paint 

 Coffee Decaffeination 

 Perchloroethylene 

 Chlorofluorocarbon or propane 

 Water, Methylene Chloride 

Reference: at end of presentation 



Choose CO2 as a SC Fluid 

 Safe, environmentally friendly 

 Recyclable 

 Inexpensive/readily available 

 No residue 

 Mild conditions for supercriticality 

 Tunable 

 Servicing the environment by using CO2 

Venus’s atmosphere is 96.5% 
CO2 and the average 
temperature and pressure 
are 467ºC & 93 bar, meaning 
the atmosphere on Venus is 
made up of supercritical 
CO2! 

Reference: at end of presentation 



Market for Coffee 

 The coffee industry is valued at $100 billion annually; 
$19 billion just in the US 
 Largest worldwide commodity after crude oil 

 Worldwide, we drink 500 billion cups of coffee per year 

 Decaffeinated coffee accounts for about 12% of 
worldwide consumption 

 Certified coffee farms dropped from 43% to 24% 
between 1996 and 2010 because of demand 

 There are about 1,200 chemical compounds in coffee 
with about half contributing to flavor 



Coffee Decaffeination 
 Caffeine is a nonpolar, 

hydrophilic molecule 

Water as a solvent 

 Organics as solvents 

 Supercritical CO2 is tunable 
 Selectively dissolve caffeine 
 Increasing pressure increases 

the density and makes the 
supercritical CO2 simulate 
greater polarity 
 

Caffeine Molecule 



Water as a Solvent—Swiss Water Process 

 Uses clean water 

 Wastes a set of coffee beans 

Reference: at end of presentation 



Beans amount to 95% of cost 
Water waste is a major source of “anti-

greenness” 

Reference: at end of presentation 



Supercritical CO2 Decaffeination 

Without the use of 
water, extraction will 
result in solid 
caffeine byproduct 
when CO2 is 
depressurized into a 
gas. 

Reference: at end of presentation 



Market for Beverage 
Carbonation 

 Dominant use of CO2 in the 
food industry 

 Solution of carbon dioxide 
gas in liquid water 

 

 Why? 

 Creates “bubbly effect” 

 Acts as a preservative 

 
Reference: at end of presentation 



Carbonation Process 

 Carbonator or 
Saturator used 
to carbonate 
water 

 Carbonated 
water mixed 
with syrups 
and additives 

Reference: at end of presentation 



Cryogenic Freezing 

• Defined as freezing at -75F or 
below. 

• CO2 injected as high pressure 
liquid 

• Instantly expands into gas 
and tiny solid particles called 
“snow” 

• Solids are driven into surface 
of the food 

• The refrigeration effect 
occurs due to the latent heat 
of sublimation 

Reference: at end of presentation 



Cryogenic Freezing vs. 
Mechanical Freezing 

Reference: at end of presentation 



CO2 Water Treatment: pH Control 

• CO2 is inert & non-corrosive 
• Gradual pH level changes vs. rapid 

strong acid changes 

• Secondary products are safe for 
the environment vs. mineral acids 

Reference: at end of presentation 



Summary 

 Abundant source of CO2 in atmosphere 

 Various uses for CO2 

 All greener methods than current methods 
 Readily available 
 No hazardous byproducts during usage 
 Can be used with existing systems and materials 
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