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ABSTRACT

The treatment of textile waste water was conducted by using biological aerobic process. The design features of
bioreactors may be categorized on the basis of mass transfer aspects and the mechanical aspects of bioreactor. The
differences in geometric dimension attributes often result in dissimilar mass transfer, shear dynamics and mixing
inside the bioreactor, that lead to disparities in cell growth. Experiments to evaluate the mass transfer
characteristics were conducted to determine the nutrient requirements of the culture. The aimis to study the k a of
the bioreactor of different scales which is used as a main parameter for scaling up of cell culture process. The
fungal used for the studies are Asperigillus Terrus and Asperigillus fumigates which are isolated from the textile
waste sludge. The results of these characterization studies were used to define the scale up strategy for process.
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INTRODUCTION

The analysis of bioreactor performance determinenkegns of mixing time and mass transfer coeffic{@ht The
k,a values are dependent on factors such as agitedten gas velocity, bubble size, temperature, gg@sging
system and cell morphology (2). The cells are eslpdnin shake flasks (1L) by sub culturing the cellery 2-3
days once they attain the transfer criteria esthbli for these steps. These cells are then udedused to inoculate
the 5L bioreactor. Cells are grown in this bioreadbr 2-3 days. To understand the effect of thgsemetrical
differences on hydrodynamic properties of the Msssharacterization experiments were performea dédta from
these experiments was used to decide the stardiragneters for operation of the large-scale bioogaghen scaled
up. Scale-up is a complex problem in industriesal&ap methods based on aeration efficiency hawen be
traditionally used in the bioreactor field. The qaeters for scale-up are volumetric mass transfefficient, Power
consumption per unit volume, Impeller tip velocityjxing time. The oxygen transfer rate is dependgidn the
volumetric mass transfer coefficient and the dgviarce, C*- G, (where G, is the dissolved oxygen concentration
and C* is the oxygen saturation concentration & liquid phase at the gas-liquid interface)akestimation was
done using the static gassing out method (3). Aaéed earlier, the volume of the bioreactor waimg to be high
because of the higher dilution. Hence there isrgelavolume of culture that is away from the impellbBlence
estimating the ja for different volume was done to provide an ustierding of mass transfer to set both the
starting conditions and the final conditions in tiech. The rate of oxygen transfer from air bubliteliquid in a
batch stirred bioreactor was given by the relatigms

dC
E=la(c-¢) (1)
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The oxygen transfer rate (OTR) was determined utiegstatic gassing out method (4). The changdassotied
oxygen concentrationC, in the liquid phase was detected using a polaptucaoxygen probe. At different
combinations of airflow rates and stirrer speeddexribed earlier, the dissolved oxygen concaatraC, profile
with respect to time was graphed. THa was then determined by the slope obtained fronséimei logarithmic plot
of time, the dissolved oxygen saturation conceiatnain the liquid. The solubility of oxygen in tharoth is a
function of the media composition, temperature prebsure. The dependency with temperature andypessan be
qguantified accurately enough by applying Henry\s.léddlowever, the dependency with the medium comjuosis
rather difficult to describe and is normally negézt The medium composition maintained wa$iRO, (1.6),
NaHPQ, (0.6), NH; NO; (1.0), NaCl (0.5), MgS©7H,0 (0.1), CadG 2H,0 (0.1) in g/l. The relative magnitudes
of the various mass-transfer resistances depernileooomposition and rheological properties of fhaitl, mixing
intensity, bubble size, interfacial adsorption.sé¢ady state there is no accumulation of oxygesmgitlocation in
the bioreactor; therefore, the rate of oxygen femérom the bubbles must be equal to the rate xyfgen
consumption by the cells. The efficiency of gastiimass transfer depends to a large extent onhhacteristics
of bubbles in the liquid medium. Bubble behavigosgly affects the value of &, some properties of bubbles affect
mainly the magnitude k whereas others change the interfacial area. Soodbles have correspondingly slow
bubble-rise velocities; consequently they stayhia liquid longer, allowing more time for the oxygndissolve.
Small bubbles therefore create high gas hold-ufinel as the fraction of the fluid volume in theceor occupied
by gas. Because the total interfacial area for eryfyansfer depends on the total volume of gafiénsystem as
well as on the average bubble size, high massfalamates are achieved at high gas hold-ups. Undemal
operating conditions, a significant fraction of theygen in fermentation vessels in contained inghs hold-up.
The temperature of aerobic fermentations affecth Hte solubility of oxygen and the mass-transfegfficient k .
Increasing temperature causest€drop, so that the driving force for mass trané$ reduced. At the same time,
diffusivity of oxygen in the liquid film surroundgnthe bubbles is increased, resulting in an ineréas. For
temperatures £C to 40C increase in temperature is more likely to incegth® rate of oxygen transfer. Abové@0
the solubility of oxygen drops significantly, adsely affecting the driving force and rate of masssfer. The

bioreactor maintained at %5 the volumetric oxygen mass-transfer coefficikpi is usually high. Oxygen transfer
is influenced by the presence of cells in fermeotabroths; the nature of the effect depends onsphexies of
organism, its morphology and concentration. Ceith womplex morphology generally lead to lower sfan rates.
Cells interfere with bubble break-up and coalesegnells, proteins and other molecules which adabidms-liquid
interfaces also causeterfacial blanketing. Then concentrations of cells, substrates and ptsdimange throughout

batch fermentation, hence the valuekgfa can also vary. Shear rate is essential becauseanganisms, bio-flocs
and other suspended solids are susceptible to dathagis dependent on the prevailing shear radeassociated
shear stress (5).

EXPERIMENTAL SECTION

MICROORGANISM AND CULTURE MAINTENANCE

In this study the fungal screening was performelowk 10 strains was isolated among them the twgdustrain

shows the maximum ability in decolorizing the dyeese dual fungal strains used for mass trangidiest and was
identified on the basis of morphological charastigss and 16S rDNA sequences were analyzed at NEBler

were Asperigillus Terreus (KJ522845) andAsperigillus Fumigates (KJ522846)(Fig. 1, 2) isolated from textile
effluent collected from Common Effluent Treatmekdr®, Kanchipuram, was used in this study (6). $thain was
grown and maintained on nutrient agar slant at 436culum was prepared by suspending the spores $lant.

Cells were grown in 250 ml Erlenmeyer flasks camitaj 100 ml medium containing glucose - 1.0 mgéast

extract- 0.2 mg/l, peptone - 0.5 mg/l. The cellprsions were aseptically transferred to for furtheadies (7).

MEASUREMENT OF DISSOLVED OXYGEN
The concentration of dissolved oxygen GA fermenters is normally measured usingjssolved-oxygen electrode.
The most common type of DO electrode is the polaplgc electrode. Thelectrode response time can be
measured by quickly transferring the probe fromeaKer containing medium saturated with nitrogerone
saturated with air. It can be measured by makirgje@ change in oxygen partial pressure in the nmeasant
medium and measuring the sensor response.
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Fig 1 SEM image of Asperigillus Terreus Fig 2 SEM image of Asperigillus Fumigates

STATIC GASSING-OUT TECHNIQUE

Bioreactor ka was done by static gassing out method (8, 9}higrtechnique, the oxygen concentration of the
solution is lowered by gassing the liquid out wiitrogen gas, so that the solution is scrubbed dfezxygen. The
deoxygenated liquid is then aerated and agitatedtiam increase in dissolved oxygen was monitorédguthe
dissolved oxygen probe. Assuming that the liquidiédl mixed and there is no oxygen uptake. Intéggaéquation
(1) we get,

Cy de t
f ——= =k a f dt (2)
cf C —CL ]
1 [cr—cf
kia=—In|—F (3)
t Cr— C,
in(C - C)=In(C"~ ) —tlk,a) (4)

DETERMINATION OF MIXING TIME

Mixing time is the time required to achieve a pifad level of homogeneity in the bioreactor. Migitime studies
were conducted by adding sodium hydroxide (0.3Njtsm at the top of the bioreactor and measurimgydhange
in pH. The time taken for the pH to stabilize igatbas the mixing time for the bioreactor at theegi agitation
speed (10).

RESULTSAND DISCUSSION

The oxygen transfer coefficient was calculated koyting a graph ofln { C* — C;) against time (11, 12). The

slope of the graph ik &, and the intercept dih( €* — C). The kLa value obtained for 1l/min of air sparging
was 3.6 to 7.2 Hrfor the agitation of 70 to 150 rpnFi 3a) Similarly for 2.5 I/min at 70 to 150 rpm was2#o
12.6 hr'* (Fig 3b) and 5 I/min 9.0 to 13.32 h (Fig 3c) the values were found to have a highea Kalues due to
baffled configurations which may have reflectediam having comparatively lower K values. Since mixing time
is not playing a major role in the process. Proceamly dependent on & and this clearly defines shear stress
which can damage the cellsven though mixing time cannot be directly useddale up processes because of the
sheer sensitivity, it is performed to understara riixing difference between scales, so that acoghgifeed flow
rates can be modified to avoid any pH and osmglalibck.
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Table 1 Valuesof k_a at variousruns

Air Sparging rate| Agitation | K,a 2
Run No. (/min) pm) | ) | R
1 1 70 3.6 1
2 1 100 4.32| 0.954
3 1 150 7.2 0.962
4 25 70 7.2 0.981
5 2.5 100 9.36 0.97
6 25 150 12.6] 0.979
7 5 70 9 0.978]
8 5 100 10.8 0.96
9 5 150 13.32] 0.94§
5 2
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Fig 3 Valuesof k a at variousair sparging rates(a) 1 1/min (b) 2.51/min (c) 51/min (d) comparison
CONCLUSION
The results of the experimental run showed thaiptioeess set points used in the experimental rukedowell to

propagate the inoculums. The air flow rates antatign were optimized based on the pH and p@ffiles. The
following process trends were found to be comparablthat of the 5L batches. However, based orptbeess
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performance of the seed and production stage,stfaiand that higher flow rate and higher rate ofing leads to
cell death, the cell growth was poor and cell \ligbwas found to be lower than desired range.
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