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Short Description

Descripción: The determination of KLa of a fermenter is essential in order to establish its aeration efficiency and to q...



Description


Bioreactor Bioprocessing



PRACTICAL 4 Determination of KLa Objective To understand the method to determine KLa value (non-fermentative method) Introduction The determination of KLa of a fermenter is essential in order to establish its aeration efficiency and to quantify the effects of operating variables on the provision of oxygen. To monitor the increase in dissolved oxygen over an adequate range, it is necessary to first decrease the oxygen level to a low value. Two methods can be employed to achieve this lowering of the dissolved oxygen concentration; non-fermentative and fermentative. Non-fermentative method (Dynamic gassing-out) In this technique, the O2 concentration of the solution is lowered by gassing the liquid out with the nitrogen gas, so that the solution is “scrubbed” free of O2. Aeration is then initiated at a constant air flow rate and the increase in dissolved O2 tension (DOT) is monitored using dissolved O2 electrode. During batch fermentation, KLa can be determined using non-fermentative method. To determine the KLa, shut off air supply valve and set the agitation speed at 50. Follow the decrease in DO with time and when the DO drop about 20% saturation, open the valve for air supply and increase agitation speed to the set level (100, 300, 600 rpm). From the data of CL against time, KLa can be calculated according to the method as described below. Plot of ln (C*- CL) versus t will produce a straight line where the slope is equal to K La. The rate of oxygen transfer from the bubble air to the liquid phase may be described by the equation: dCL /dt = KLa(C* - CL ) where CL is the concentration of dissolved O2 in the fermentation broth, in mmoles dm-3; t is time in hours; dCL /dt is change in O2 concentration over a time period, i.e. the O2 transfer rate, in mmoles O2 dm-3h-1 ; KL is the mass transfer coefficient (cm h-1 ); a is the gas/liquid interface area per liquid volume (cm2cm-3); KLa is the volumetric transfer coefficient, in reciprocal time, h-1; C* is the saturated dissolved O2 concentration, in mmoles dm-3. Materials Bioreactor, distilled water, stopwatch, oxygen, and nitrogen gas.
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Results Agitation speed: 100rpm DO (%) C*- CL 18.8 81.2 30.7 69.3 45.3 54.7 57.2 42.8 68.4 31.6 74.7 25.3 79.2 20.8 80.5 19.5 84.6 15.4 88.7 11.3 91.6 8.4 94.7 5.3 95.8 4.2 96.3 3.7 96.3 3.7



Time (min) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15



ln (C*- CL ) 4.40 4.24 4.00 3.76 3.45 3.23 3.03 2.97 2.73 2.42 2.13 1.67 1.44 1.31 1.31



ln (C*- CL ) against Time (min) [100rpm] 5.0 4.5 4.0
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y = mx + c y = -0.2366x + 4.6989 m = -0.2366 KLa = 0.2366 X 60 = 14.196 h-1
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Agitation speed: 300rpm DO (%) C*- CL 48.2 51.8 80.5 19.5 91.8 8.2 93.5 6.5 95.9 4.1 96.0 4.0 96.2 3.8 96.2 3.8



Time (min) 1 2 3 4 5 6 7 8



ln (C*- CL ) 3.95 2.97 2.10 1.87 1.41 1.39 1.34 1.34



ln (C*- CL ) against Time (min) [300rpm] 4.5 4.0 3.5
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y = mx + c y = -0.3454x + 3.6004 m = -0.3454 KLa = 0.3454 X 60 = 20.724 h-1
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Agitation speed: 600rpm DO (%) C*- CL 66.8 33.2 90.4 9.6 93.8 6.2 95.1 4.9 95.7 4.3 95.7 4.3



Time (min) 1 2 3 4 5 6



ln (C*- CL ) 3.50 2.26 1.82 1.59 1.46 1.46



ln (C*- CL ) against Time (min) [600rpm] 4.0 3.5
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y = mx + c y = -0.3666x + 3.298 m = -0.3666 KLa = 0.3666 X 60 = 21.996 h-1
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Agitation speed (rpm) 100 300 600



KLa (h-1) 14.196 20.724 21.996



K La (h -1) against Agitation Speed (rpm) 25
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Discussion Non-fermentative method to determine KLa value There are several models which can be used to determine KLa. All models used to evaluate KLa assume ideal mixing of the two phases in the bioreactor and a negligible resistance of the gas phase to oxygen transfer across the interface. This experiment uses the nonfermentative/dynamic gassing out method, which gives the following oxygen mass transfer model: dCL /dt = KLa(C* - CL ) …where CL is the dissolved oxygen concentration and C* is the saturated dissolved oxygen concentration in the solution. Aeration to an active culture is briefly turned off and the unsteady-state mass balance of oxygen was tracked. H. Taguchi and A. E. Humphrey first developed this method in 1966 by using the respiratory activity of growing microorganisms in the fermentor. The volumetric mass transfer coefficient, KLa, indicates the rate of oxygen used for fermentation, taking into account all oxygen-consuming variables in the bioreactor. KLa values are used in scaling up from laboratory scale to pilot scale or production scale bioreactors. The determination of the KLa value for fermentation is important in order to maintain adequate transfer of oxygen in a bioreactor, for laboratory scale use or when scaling up to a larger process.
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Possible cause of error in determination of KLa by using dynamic gassing out technique



Relationship between dissolved oxygen concentration and time in dynamic gassing out method: Point A shows level of DO before it was consumed (air supply off); Point B represent air is pumped into the culture and the dissolved oxygen concentration increases as a function of time; Point C represent steady-state value. There are two possible cause of error in this method. First, when the air supply is turned off, the dissolved oxygen concentration at point B has to be above the critical dissolved oxygen concentration (Ccritical). If the dissolved oxygen concentration is below Ccritical, anaerobic metabolism will occur rather than the aerobic metabolism. Second, this method requires an oxygen probe with fast response time; neglecting these facts will result in less accurate outcome. Transfer of oxygen from a gas phase to a liquid phase is complicated by presence of cells, product formation, ionic species, and antifoaming agents. These can alter bubble size and liquid film resistance, which affect oxygen solubility. Resulting KLa values are different from those predicted from correlations for oxygen absorption into water. Therefore, it is important to have a reliable method for measuring KLa in fermentation systems. Relationship between agitation speed and dissolved oxygen concentration The faster the agitation speed (rpm), the shorter the time to reach saturated level of dissolved oxygen concentration. Conclusion Through this experiment, I become aware and understood about the method to determine KLa value (non-fermentative method).
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