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CLAIMS 

 

1.  A method of generating fine bubbles comprising:  

sparging gas into a vessel containing a liquid via at least one sparger positioned within 

the vessel to inject bubbles into the liquid;  

accelerating a portion of the liquid in the vessel via a perforated plate positioned in an 

upper portion of the vessel; and 

breaking the bubbles into fine bubbles using the liquid accelerated from the plate; 

wherein a superficial velocity of the gas phase in the vessel is at least about 30 mm/s. 

2.  The method of claim 1, wherein the superficial velocity of the gas phase in the vessel 

is from about 30 mm/s to about 80 mm/s. 

3.  The method of claim 1, wherein the at least one sparger is a sintered sparger or an orifice 

sparger. 

4.  The method of claim 1, wherein the liquid is accelerated from the perforated plate at a 

velocity of about 8000 mm/s to about 17000 mm/s. 

5.  The method of claim 1, wherein the liquid is accelerated from the perforated plate at a 

velocity of about 12000 mm/s to about 17000 mm/s. 

6.  The method of claim 1, wherein the bubbles injected into the liquid from the sparger 

have a diameter of about 2 mm to about 20 mm. 

7.  The method of claim 1, wherein the bubbles injected into the liquid from the sparger 

have a diameter of greater than about 5 mm to about 15 mm. 

8.  The method of claim 1, wherein the fine bubbles have a diameter of about 0.1 mm to 

about 5 mm. 

9.   The method of claim 1, wherein the sparger is positioned perpendicular to the plate. 

10.  The method of claim 1, wherein the sparger is positioned parallel to the plate. 

11.  The method of claim 1, wherein a top or side surface of the sparger positioned from 

about 50 mm to about 1000 mm from a bottom of the plate. 

12.  The method of claim 1 wherein the gas is substrate comprising at least one C1 carbon 

source and the liquid is growth medium. 

13.  The method of claim 12 wherein a culture of culture of at least one microorganism is 

in the liquid growth medium. 

14.  The method of claim 13 wherein the at least one microorganism anaerobically ferments 

the substrate to produce at least one fermentation product. 
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15.  The method of claim 1 wherein the sparging is via at least two, three, five, or seven 

spargers. 

16.  The method of claim 1 further comprising a gas to liquid mass transfer rate of at least 

125 m3/min. 

17.  The method of claim 1 further comprising a gas to liquid mass transfer rate of from 

about 100 to about 200 m3/min. 

18.  The method of claim 1 further comprising controlling gas flow of gas supplied to the at 

least one sparger. 

19.  The method of claim 1 where in superficial liquid velocity of the liquid phase in the 

vessel is from about 158 mm/s to about 178 mm/s. 

20.  The method of claim 1 wherein the gas holdup is from about 30% to about 35%. 

 

 


