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Short Description

Descripción: Qns related to bioprocessing...



Description


Medium Formulation/ Biochemical Stoichiometry 1.



The following culture medium is used to support a cell density of 20g/l of dry cell: Glycerol (HOH2C-CHOH-CH2OH) (NH4)2SO4 MgSO4.7H2O KH2PO4 Na2HPO4 Trace minerals



50 g/l 10 1.5 3.2 3.0 Adequate



What is the limiting nutrient in this medium?



2.



The growth of baker’s yeast (S. cerevisiae) on glucose may be simply described by the following equation: In a batch reactor of volume 105 L, the final desired yeast concentration is 50gdw/L (gdw is gram dry cell weight). Using the above reaction stoichiometry: (a) Determine the concentration and total amount of glucose and (NH4)2SO4 in the nutrient media. (b) Determine the stoichiometric yield coefficients Yx/S (biomass/glucose) and Yx/O2 (biomass/oxygen). Yield coefficient Yx/I is defined as the ratio of mass of x to mass of substrate I. (c) Determine the total amount of oxygen required. (d) If the rate of growth is 0.7 gdw/l.h, determine the rate of oxygen consumption (g O2/l.h). (e) Calculate the heat removal requirements for the reactor.



Growth Kinetics A simple batch fermentation of an aerobic bacterium growing on methanol gave the following results shown in the table: Time (h) 0 2 4 8 10 12 14 16 18 Calculate



(i) (ii) (iii) (iv)



x (g/l) 0.2 0.211 0.305 0.98 1.77 3.22 5.6 6.15 6.2



Maximum specific growth rate (µmax) Growth yield (Yx/S) Mass doubling time (tD) Specific growth rate (µ) at t=10h



Estimate also, the saturation constant (KS).



S (g/l) 9.23 9.21 9.07 8.03 6.8 4.6 0.92 0.077 0.0



Principles of Bioreactors 1.



Consider a 1000L CSTR in which biomass is being produced with glucose as the substrate. The microbial system follows a Monod relationship with µm=0.4h-1, Ks=1.5g/L, and the yield factor Yx/S=0.5 g biomass/g substrate consumed. If normal operation is with a sterile feed containing 10 g/L glucose at a rate of 100 L/h: (a) (b) (c)



What is the volumetric biomass production rate (g/L-h) at steady state? If recycle is used with a recycle stream of 10 L/h and a recycle biomass concentration five times as large as that in the reactor exit, what would be the new specific biomass production rate? Explain any difference between the values found in parts (a) and (b).



2.



The growth of Aerobacter cloacae follows the Monod model with µmax=0.5h-1 and Ks=2g/L using glucose as a limiting substrate. Aerobacter cloacae is being cultivated in a chemostat, with a sterile feed of flow rate, F=100 L/h and glucose concentration in the feed, S0=50g/L. Given that Yx/S=0.5 g-cells/gglucose, (i) what size fermenter will give the maximum volumetric rate of cell production? (ii) what are the substrate and cell concentrations of the optimum fermenter in (i)? (iii) if the exiting flow from the fermenter in part (i) is fed to a second chemostat, what should the size of the second fermenter be in order to reduce the substrate concentration to 1 g/l?



Mass Transfer Coefficient A value of kLa = 30 h-1 has been determined for a fermenter at its maximum practical agitator rotational speed and with air being sparged at 0.5 L gas/L reactor volumemin. E. coli with a qO2 of 10mmol O2/g-dry wt-h are to be cultured. The critical dissolved oxygen concentration is 0.2 mg/l. The solubility of oxygen from air in the fermentation broth is 7.3 mg/L at 300C. (a) What is the maximum concentration of E. coli that can be sustained in this fermenter under aerobic conditions? (b) What concentration could be maintained if pure oxygen was used to sparge the reactor?



Transport Phenomena You have been asked to consult on the production of vinegar (acetic acid) by the aerobic oxidation of ethanol using Acetobacter suboxydans. The stoichiometry of the reaction is: C2H5OH + O2 CH3COOH + H2O The oxygen required for cell growth is negligible compared to the oxygen required for acetic acid production. The fermenter in the production plant has the following characteristics: the fermenter is equipped with two sets of standard flat blade turbine impellers and 4 baffle plates. The relevant dimensions of the fermenter are: Fermenter diameter, Dt = 3.0m Impeller diameter, Di = 1.5m Baffle plate width, Wb = 0.3m Liquid depth, HL = 5.0m The fermenter is being operated at a rotation speed of n = 1.0 rps and an aeration rate F = 0.236 m3s-1 to maintain the dissolved oxygen concentration at CL = 0.02atm. The fermentation broth is essentially Newtonian having a viscosity, µ = 0.02 kg.m.s-1 and the broth density is ρ = 1200 kg m-3. You may assume that the saturated oxygen concentration in the broth, C* = 0.21atm. Calculate: (a) Power requirements, P, for ungassed system (kJ s-1) (b) Power requirements, Pg, when aerated (kJ s-1) (c) Volumetric oxygen transfer coefficient, Kv (kg-mol h-1 m-3 atm-1) If oxygen transfer rate is the limiting factor for the production of vinegar in this fermenter, predict the maximum productivity of acetic acid in kg m-3 h-1. For a flat-blade turbine impeller:



where Pg V Vs Kv



= gassed power (H.P.); 1 H.P. = 745.7 J s-1 = volume of liquid (m3) = nominal (superficial) air velocity based on empty crosssectional area of vessel (m h-1) = volumetric oxygen transfer coefficient (kg-mol h-1 m-3 atm-1)



Scale-up As the resident biochemical engineer with an industrial pharmaceutical company, you have been asked to consult on the following problem. The production scale fermenters are used to produce an antibiotic, which employs a mycelia organism. There is evidence in these fermenters that fluid shear is a critical parameter that influences the antibiotic formation. It has been proposed to you that design calculations be performed so that the shear at the impeller tip be doubled from that of the present operating conditions. There are diverse opinions as to how the fermenters should be designed to increase the shear. In addition to doubling the shear at the impeller tip, you have been asked to elucidate quantitatively the following suggestions: (a) The plant manager who is presently in charge of the fermenters states the following: He does not want to change the horsepower of the electric motor which is presently on the fermenter. If this constraint must be also be fulfilled, what would you do to the impeller diameter and speed? (b) The director of research states that the obvious way to double the shear is to double the impeller speed also. If this is done, what would be the consequences of the approach on power requirement and impeller diameter? (c) A very astute plant operator suggests that you decrease your impeller diameter to 75% of the present impeller. If this is done, what must be the changes in the impeller speed and power requirement? Briefly discuss the considerations needed to implement each of the above suggestions, and your opinion of the suitable modification necessary.



Medium Sterilization A continuous steriliser with a steam injector and a flash cooler will be employed to 3 -1 sterilise medium continuously with a flow rate of 2 m h . The time for heating and cooling is negligible with this type of steriliser. The typical bacterial count of the 12 -3 medium is about 5x10 m , which needs to be reduced to such an extent that only one organism can survive during two months of continuous operation. The heatresistant bacterial spores in the medium can be characterised by an Arrhenius 39 -1 5 -1 coefficient (kd0) of 5.7x10 h and an activation energy (Ed) of 2.834x10 kJ kmol . The steriliser will be constructed using a pipe with an inner diameter of 0.102 m. Steam at 600 kPa (gage pressure) is available to bring the steriliser to an operating temperature of 1250C. The physical properties of this medium at 1250C are ρ= 1000 -3 -1 -1 kg m and µ= 4 kg m h . (i)



What length should the pipe be in the steriliser assuming ideal plug flow?



(ii) What length should the pipe be in the steriliser if the effect of axial dispersion is considered?
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