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ABSTRACT 

Liquid phase mixing and holdup are two important 

parameters required for the modelling and consequent 

evaluation of the performance of anaerobic fluidized bed 

bioreactors. Few papers have appeared in recent times, 

attempting to characterize liquid phase mixing and holdup 

in simulated biological reactors. But, the peculiar nature 

of biological systems as regards in situ gas production, 

which is difficult to simulate, mean that results from 

simulated studies need to be verified against active 

biological system. One of the problems hindering this 

verification is finding suitable tracer for use, in 

determining the axial liquid dispersion coefficient, with 

microbial system. 

In this work, the effects of superficial liquid and 

gas velocities in the ranges 0.0084 to 0.0351 cm/s and 

0.054 to 0.335 cm/s respectively, on axial liquid 

dispersion coefficient (D2) and liquid holdup (eL), were 

studied in an anaerobic column bioreactor, of 3.81 cm 

internal diameter, containing flocculent strains of 

Saccharomyces cerevisiae. The strains used are Y6 and NCYC 

1026. The gas velocities were calculated from the ethanol 

concentrations and were varied by varying the glucose feed 

rate. Since D and eL were determined from the liquid 

residence time distribution, a search for a tracer 

suitable, for use with the yeast, was conducted. In 

addition the performance of the bioreactor was studied 

under the same liquid and gas flow conditions. 

Five tracers, methyl violet, methyl green, aniline 

blue, fluorescein and dextran blue, were tested at three 

stages. In the first stage, shake flask fermentations were 

performed. Methyl violet was found to affect yeast 

metabolism by hindering it while methyl green promoted 

yeast metabolism. These tracers were also partly lost due 

to adsorption on cells surfaces. Fluorescein, aniline blue 
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and dextran blue had no significant effect on the yeast 

metabolism, but the optical density of fluorescein was 

affected by pH changes. This necessitated the 

recalibration of fluorescein solutions, taking into 

consideration the effect of pH. 

In the second stage, anaerobic batch fermentations 

were performed in a one liter LH batch fermenter. All the 

tracers used, aniline blue, fluorescein and dextran blue, 

did not affect the bioconversion. But, aniline blue was 

completely lost after eight hours of fermentation. On the 

other hand, the concentrations of fluorescein and dextran 

blue remained unchanged for the entire fermentation 

period. 

In the third stage, fluorescein and dextran blue were 

tested in column anaerobic bioreactor containing 

flocculent yeast, strain Y6. Both fluorescein and dextran 

blue were, in turn, injected into the column and the 

response determined at a point downstream. The results 

indicated that fluorescein was absorbed by the yeast floes 

and the response curves had very long tails; only about 

9.7% of the tracer injected was recovered. On the other 

hand, dextran blue was not absorbed and its recovery was 

over 70%. Therefore, dextran blue was chosen for use as 

tracer, for the purpose of determining the liquid 

residence time, in the bioreactor. 

Study of the performance of the bioreactor were 

performed with inlet glucose concentrations of 30, 50 and 

70 g/1 and liquid flow rates of 5.75, 12, 18 and 24 ml/min 

respectively. The results have indicated that the reactor 

was similar to tower fermenters reported in the 

literature. Biomass concentrations of about 48 and 63 g/1 

were obtained for strains NCYC 1026 and Y6 respectively. 

The fluidized bed height ranged from 49 to 129 cm 

throughout the course of the experiments. Ethanol 

productivity, based on liquid volume, was in the range 

28.76 to 138.37 g/(l.hr). Ethanol concentrations in the 
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range 9.2 to 31.6 g/1 were obtained. Glucose consumption 

was over 80% for all conditions except at inlet glucose 

concentration of 70 g/1 and liquid flow rate of 24 ml/min, 

where it was 76%. Ethanol yield was over 67% in all cases, 

except at inlet glucose concentration of 70 g/1 and liquid 

flow rate of 24 ml/min, where it was 48%. 

Axial liquid dispersion coefficient and liquid holdup 

were evaluated from the liquid residence time 

distribution. Attempt to determine the liquid holdup by 

draining the liquid content of the bed, failed because gas 

production continued even when liquid flow was stopped and 

the yeast bed blocked the base of the tower, preventing 

the liquid from draining. Measurement of liquid holdup 

using the pressure drop method also failed, because yeast 

escaped into the manometer tubes and gas production 

interfered with manometer readings. Nonetherless, estimate 

of the bed voidage was made using the height difference 

between the fluidized bed and the bed under no flow 

condition. Consequently, the gas holdup and the solid hold 

up were obtained by difference. 

Results from the dispersion study, indicated that the 

axial dispersion coefficient was correlated by the 

following relationship: 

Dz = 7.047lig
0197uL

0-347 

with a goodness of fit of 52.9%, and Dz was given in cm /s. 

Significance testing has shown that the gas superficial 

velocity has little effect on the axial liquid dispersion 

coefficient and as such, for these type of system, the 

dispersion coefficient can be evaluated from the liquid 

velocity alone. Furthermore, axial variation in the 

dispersion coefficient was negligible, due to the weak 

effect of gas velocity on Dz. Values of the dispersion 

coefficient obtained were in the range 0.47x10 to 8.3x10"* 

nr/s and a r e lower than values reported for non-active 
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fluidized beds. 

Results for the liquid holdup indicated that this 

parameter was increased linearly by increased liquid 

velocity and decreased linearly by increased gas velocity. 

The liquid holdup was correlated to liquid and gas 

velocities by the realtionship: 

CL = 0.124 - 0.067ug + 3.85uL 

with a goodness of fit of 75.1%. Significance test also 

indicated that the influence of gas velocity on liquid 

holdup, was marginal and therefore, the liquid holdup can 

be obtained from the liquid velocity alone. The 

correlation of Richardson and Zaki (1954) was also noted 

to fit the data and values of the exponent n were found to 

depend on inlet glucose concentration and strain type. The 

values obtained were in the range 0.227 to 0.528 for 

strain NCYC 1026 and 0.997 for strain Y6 respectively. 

Axial variation in liquid holdup was not pronounced due to 

the weak effect of gas velocity on this parameter. Liquid 

holdup values were in the range 0.111 to 0.243 and are 

generally low, below the value of 0.4 regarded as the 

voidage at minimum fluidization condition. 

The contribution of the gas holdup to the bed voidage 

was found to be significant; a maximum of 59.8% was 

obtained while the minimum was 0.58%. Therefore, this 

contribution depended on the process condition. 

It should be noted that in this system, due to the 

flocculant nature of the yeast, proper fluidization of the 

yeast bed was not achieved inspite of using higher inlet 

glucose concentration of 100 g/1. However when a 3 Molar 

solution of sodium chloride was added into the growth 

medium, fluidization was achieved, but there was total 

inactivation of the bed. 
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0.72, for all the experiments, except at high liquid 

velocity and high inlet glucose concentration when it 

dropped to 0.66. This high solid holdup was probably 

responsible for the high ethanol productivity obtained in 

this bioreactor. 

Table 5.28 Estimates of gas and solid holdups 

Liquid 

velocity, 

uL (cm/s) 

0.0084 

0.0175 

0.0263 

0.0351 

Gas 

velocity, 

ug (cm/s) 

0.054 

0.087 

0.138 

0.099 

0.209 

0.298 

0.186 

0.267 

0.319 

0.279 

0.335 

0.306 

Gas 

holdup, 

Cg (") 

0.001 

0.002 

0.165 

0.049 

0.029 

0.076 

-0.023 

0.013 

0.012 

0.027 

0.077 

0.111 

Solid 

holdup, 

cs (-) 

0.83 

0.84 

0.72 

0.80 

0.78 

0.75 

0.79 

0.76 

0.78 

0.73 

0.71 

0.66 

Contribution of cq to 

bed voidage 

(*) 

0.58 

1.88 

59.78 

24.14 

11.48 

30.40 

0.00 

5.51 

5.41 

10.37 

26.74 

32.17 

5.5.4 Conclusion 

It can be concluded that the liquid holdup, in this 

bioreactor, was affected by changes in both liquid and gas 

velocities. While increases in gas velocity decreased the 

liquid holdup, linearly, increases in liquid velocity 

increased the liquid holdup also in a linear manner. But, 

the error in neglecting the influence of gas velocity on 
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