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Application Background 

 Dissolved gases can be an obstacle in different processes, 
a health hazard and an environmental emissions problem. 
 

 Volatile organics (VOCs) are toxic even in small amounts. 
Benzene has an OSHA permissible exposure limit of 1 
ppmv for an 8-hour period. 

 
 Acid gases are toxic, and they are highly corrosive as well. 

 
 H2S gas is flammable, toxic, colorless, and a safety risk for 

plant personnel. NIOSH recommends time weighted 
average (TWA) exposure for an 8-hour day of 10 ppmv 

 
 For various reasons, unique to each process, the removal 

of dissolved gases is often necessary. 
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Application Background 

 Conventional gas removal involves the use of a tower 
filled with packing. 
 

 A vacuum is pulled within the tower which allows the 
dissolved gases to be removed and into an off-gas. 
 

 Unfortunately, tower packing is susceptible to fouling 
by oil, grease, and suspended solids. 
 

 De-oiling, filtration, and chemical pretreatment is 
required to remove  oil, grease, and suspended solids 
levels to a couple of ppm prior to degasification. 
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New Development 

 A new technology to remove dissolved gases from 
solution without the need for pretreatment has been 
developed. 
 

 Microbubbles are used to capture dissolved gases 
from a solution. The microbubbles act like sponges, 
and are introduced in a series of separation cells. 
 

 The novel technology can degasify produced water, 
containing high levels of oil and suspended solids, 
because it lacks problematic packing that can plug or 
scale. 
 

 Counter-current gas flow ensures stripping gas is used 
efficiently. Longer contact time allows the 
microbubbles to absorb more contaminant gases. 
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Technical Background 

 
 Microbubbles (50-150 microns) are introduced at the bottom of the vessel 

 
 Dissolved gases diffuse into rising microbubbles, because of the disequilibrium 

outlined by Henry’s Law. 
 

 Upon reaching the surface, the microbubbles pop, releasing absorbed gases into the 
headspace where they are constantly swept away. 
 

 The microbubbles provide the surface area needed for the gas-liquid interface. 
Bubbles rise slowly allowing contact time for the mass transfer to take place. 
 

 Introducing new and fresh microbubbles provides a constant gas disequilibrium 
within the unit. 
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Absorption Mechanism 

Henry’s Law: 
Pi=Ki(T)*Ci 

 
 
 
 
 
 

 
 

Henry’s Law Constant 
for the Gas 

 

 
 
 
 

 
 

Concentration of 
Dissolved Gas in Liquid 
Phase 

 
 
 
 
 

 
 

Partial Pressure of Gas 
in Gas Phase in 

Contact with Liquid 
 
 
 
 
 
 
 

 Henry’s Law: At constant temperature, the amount of a gas 
that dissolves in a liquid is directly proportional to the partial 
pressure of that gas in equilibrium with that liquid.  
 

 The disequilibrium is achieved by the absence of contaminant 
gases such as BTEX, H2S, and CO2 within the microbubbles 
therefore driving the dissolved gases into them. 

 
 The microbubbles increase the surface area between phases, 

which increase the gas removal. 
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Henry’s Law: 
 
Pi/Ci=Ki(T) 

 
 
 
 
 
 

 
 

 The Henry’s Law coefficient represents the partition ratio, 
at equilibrium, of the dissolved gas between the bulk 
liquid and gas phases. 
 

 The ratio is independent of the concentration of dissolved 
gas in the bulk liquid. This means the technology works at 
both high dissolved gas concentrations (thousands of ppm) 
and low dissolved gas concentrations (ppb); a wide 
flexibility. 
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Temperature Dependence 

Henry’s Law: 
 
Pi/Ci=Ki(T) 

 
 
 
 
 
 

 
 

 The magnitude of the Henry’s Law 
constant dictates to what extent dissolved 
gases partition into the rising 
microbubbles. 
 

 As temperature increases, the constant 
increases. Physically, this means that more 
dissolved gasses partition into the 
microbubbles proportionally. 
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Acid Gas Removal Mechanism 

 The removal of acid gases is dependent on pH.  
 

 Optimum removal is carried out at reduced pH 
conditions, so the equilibrium favors the 
gaseous species in solution.  
 

 If the pH is too high, ionic forms will be 
favored, which aren’t removable by the 
absorption based process. 
 

Gas species 
removed in absorption. 
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Acid Gas Removal Mechanism 

 Acid is dosed to lower the pH of the process fluid to 
facilitate stripping. 
 

 CO2 removal is optimized at a pH of 6 to 6.5 
 

 H2S removal is optimized at a pH of 5 to 5.5 
 

 Optimal pH ranges are application-specific and a 
function of the inlet water chemistry, temperature, 
removal goals, downstream chemistry and OPEX. 
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Alkalinity Reduction 

 The removal of acid gases by acidification-stripping 
provides a reduction in alkalinity due to bicarbonate 
conversion to CO2. 
 

 For instance, for every CO2 molecule that is stripped, a 
bicarbonate ion (HCO3

-) was converted to CO2. 
 

 For processes requiring pH adjustment, this can provide 
cost savings. Rather than remove the buffering conjugate 
base ion(s) chemically downstream, they can be stripped 
upfront. 

Alkalinity reduced by stripping. 
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Stripping Gas 

 The type of stripping gas does not have an impact on performance because it 
doesn’t affect the Henry’s Law coefficient of the species being stripped.  
 

 As long as the stripping gas is pure, meaning it doesn’t contain significant amounts 
of the gas being stripped (i.e. CO2, H2S, BTEX, etc.). The partition coefficient of each 
gas is independent of the other gas species present and solely a function of the 
temperature and type of liquid. 
 

 Different stripping rates were tested to observe the relationship with dissolved gas 
removal. As expected, dissolved gas removal was enhanced by using more stripping 
gas. 
 

 The off-gas stream is removed from the vessel and can be treated for reuse, treated 
and discharged or disposed by flaring 
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Empirical Performance Curves Slide 14 of 17 

 80% of BTEX can be removed with 4.7 SCF/Bbl 
 Performance is optimized at higher temperatures. 
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Empirical Performance Curves Slide 15 of 17 

 80% of CO2 can be removed with 5.5 SCF/Bbl. 
 Performance is optimized at higher temperatures. 
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Conclusions 

 Absorption based gas stripping provides a unique fouling-resistant solution to degasifying 
produced water. 

 
 A variety of different dissolved gasses can be removed. The technology does not require a 

specific stripping gas or chemicals to work. Lower vessel profile is a plus. 
 

 Testing showed that more than 80% of targeted dissolved gases, such as CO2 , H2S, and 
BTEX were removed. The removal performance is easily adjustable based on the process 
needs. 
 

 Benefits of using this technology include safer use of downstream equipment due to H2S 
and BTEX reduction, corrosion mitigation, meeting air emissions and effluent water 
discharge regulations. 
 

 Lowering downstream chemical consumption and sludge generation on chemical 
softening as well as improving downstream membrane longevity provide OPEX savings. 
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