
ThermoFisher Scientific, through the lead of Jason Brown, has 
commissioned a design team at Utah State University (USU) to create a 
mechanical foam breaker capable of being used in a single use bioreactor 
setup. The goal of this design team is to find mechanical methods of foam 
breaking for reactors of 30 L volume and 300 L volume to reduce the need 
for chemical antifoam agents which, in concentrations higher than 1% total 
volume, can lead to higher optical densities and lower protein yield [1]. 
Four total designs have been selected for research and testing: a 
mechanical cone (derived from ThermoFisher), vibrational belt, sonic horn, 
and an air knife. The conical foam breaker has thus far shown to be the 
most effective out of the mechanical foam breaking methods, showing a 
50% decrease in foam height. 
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The protocol developed for testing the foam breaking capabilities of a 
given method began by mixing 1.5 grams of F68 pluronic with 30 L of 
water in a bioreactor bag. The reactor impeller was then turned on to 
generate foam for 2 minutes to create approximately 6 inches of foam. 
This procedure was repeated for the vibrating belt and the conical foam 
breaker. The vibrational belt was purchased from Enshey Electric, and 
the mechanical cone was designed by the team in Solidworks and 
printed with ABS plastic. Future testing will be conducted under the 
same methods with the sonic horn and  the air knife. Once each 
mechanical device has been tested individually, they will be tested 
together to compare with the previous results. Upon deciding which 
mechanical design performs better in the pluronic solution, testing will 
proceed with an in-vivo E.coli culture.

The effects of the vibrating belt were below the level of the water, 
causing an increase of foam height. After raising the belt above the 
level of the foam, the effects were negligible to the level of the 
foam. However, there was a noticeable decrease in foam height of 
the control using the inverted cone. The bar graph above shows 
the height of the foam measured at a baseline height, with the 
impeller shifted downward in the bioreactor bag, and with the 
inverted cone attached to the shaft. There was measured  50% 
difference in foam height using the inverted cone. While this is a 
significant reduction, other tests will be completed in order to 
ensure the accuracy of these results. Some issues occurring with 
the design include the impellers being pushed down by the cone. 
The test where the cone was held out of solution was conducted in 
an attempt to control for this error. Future adjustments will be 
made to minimize the effects of the improper alignment of the 
impeller.
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Figure 1: Concept of 3D printed conical mechanical foam 
breaker
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Figure 6: Measured foam height in bioreactor before and after 
mechanical breaking with the cone

Figure 2: Solidworks design of initial cone 
concept used for printing

Figure 3: Image of the baseline foam 
height in the 30 L bioreactor

Figure 5:  Mechanical foam breaker cone 
design that fits inside the bioreactor bag,  
connected to the inner shaft  
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The expected result is to reduce the level of foam by 60% before 2022. 
Leading toward this goal, the sonic horn and the air knife methods will 
become more developed and tested individually. The sonic horn will be 
designed to fit into the bioreactor bag through a 3 inch port. This will be 
attempted by either printing parts out of malleable plastics or by 
manufacturing parts that are smaller than the 3 inch port hole on the 
bioprocessing bag. As for the air knife, which is currently used in industry 
to remove fluids and particles off of a given surface [2], will be used as a 
method of creating enough pressure across the surface to break the top 
foam layer. This would allow for minimal interactions with the bioreactor 
(which would help to  maintain sterility) and would potentially be 
compatible with existing air supplies in industrial settings. After 
individual testing has been completed, each method will be tested 
simultaneously to see how the results compare to the individual tests. 

Figure 4: Height of the foam 
produced after the cone was 
connected to the inner shaft
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Figure 7: Air knife schematic [3] Figure 8: Concept of sonic horn design


