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Abstract:

Fermentation is a metabolic process carried out by microorganisms like
yeast or bacteria and involves the conversion of sugars into other
compounds such as acids, gases, or alcohol. This process is widely used in
food production, and also utilized in industrial processes to produce
various chemicals and pharmaceuticals. It is a fundamental aspect of
biotechnology, food science, and microbiology, playing a crucial role in
the production of many everyday products.

Mixing is crucial in fermentation to ensure even distribution of nutrients,
oxygen supply for aerobic processes, efficient contact between
microorganisms and substrate, heat dissipation, and prevention of
stratification, ultimately leading to optimal product quality and yield. This
book provides a deeper understanding on the various mechanisms
employed for agitation in stirred tank fermenters, such as impellers,
baffles, and spargers. Also, analyzing the power consumption associated
with stirring and mixing operations, including factors such as impeller
design, rotational speed, and viscosity of the fermentation broth.

The primary aim of this book is to be a comprehensive volume for stirring
and mixing topic, ensuring that students not only grasp the fundamentals
but also explore into the depths of understanding. With clear explanations
and comprehensive notes, this book attempt to clarify the path toward
mastery in this interesting topic.
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PREFACE

Fermentation is a metabolic process carried out by microorganisms like yeast or bacteria
and involves the conversion of sugars into other compounds such as acids, gases, or
alcohol. This process is widely used in food production, and also utilized in industrial
processes to produce various chemicals and pharmaceuticals. It is a fundamental
aspect of biotechnology, food science, and microbiology, playing a crucial role in the
production of many everyday products.

Mixing is crucial in fermentation to ensure even distribution of nutrients, oxygen
supply for aerobic processes, efficient contact between microorganisms and substrate,
heat dissipation, and prevention of stratification, ultimately leading to optimal
product quality and yield. This book provides a deeper understanding on the various
mechanisms employed for agitation in stirred tank fermenters, such as impellers,
baffles, and spargers. Also, analyzing the power consumption associated with stirring
and mixing operations, including factors such as impeller design, rotational speed, and
viscosity of the fermentation broth.

The primary aim of this book is to be a comprehensive volume for stirring and mixing
topic, ensuring that students not only grasp the fundamentals but also explore into the
depths of understanding. With clear explanations and comprehensive notes, this book
attempt to clarify the path toward mastery in this interesting topic.

xvii
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INTRODUCTION

“Mixing and Stirring in Aerated Stirred Tank Bioreactors” is primarily dedicated to
comprehending and refining the details of stirring and mixing operations within
aerated stirred tank batch fermenters, critical for enhancing microbial cultivation
efficiency and bioprocess performance.

The first chapter serves as an introduction to bioreactors and their varied types,
elucidating their respective functions. It also offers a concise overview of aerated stirred
tank batch bioreactors, the focal point of this book. Subsequent chapters explore into
the nuances of stirring and mixing, describe on the processes and mechanisms involved,
and shedding light on the consequences of inadequate mixing.

Chapter three navigates through the agitation components within stirred tank
fermenters, including impellers, spargers, and baffles. It further explores the fluid
dynamics within the fermenter, analyzing flow patterns, turbulence, and shear stress
distribution to optimize mixing efliciency.

The subsequent chapter studies the power consumption entailed in stirring and
mixing operations, examining factors such as impeller design, rotational speed, and
fermentation broth viscosity. Additionally, it provides comprehensive insights into
mixing time and residence time distribution, facilitating the evaluation of homogeneity
attainment within the fermentation broth.

The final chapter, explore into mass transfer, elucidating the transfer of mass from
oxygen bubbles to cells. This encompasses the calculation of parameters such as oxygen
transfer rate (OTR), oxygen uptake rate (OUR), and K a. It elucidates the pivotal
role of mixing in facilitating heat transfer within the fermenter, thereby maintaining
optimal temperature conditions crucial for microbial growth and metabolic activity.

Collectively, these chapters form a comprehensive framework for understanding
and optimizing bioreactor operations, paving the way for enhanced efficiency and
productivity in various biotechnological applications.

XXi
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CHAPTER 1

INTRODUCTION TO BIOREACTOR

1.1  BIOREACTORS AND THEIR TYPES

A fermentation tank, also known as a bioreactor, provides an enclosed environment for
the controlled growth of microorganisms, facilitating optimal conditions for maximum
production of desired products while preventing contamination. The organisms within
it thrive under ideal pH, temperature, oxygen, and other environmental conditions.
In the chemical industry, such vessels are referred to as reactors, and fermenters are a
specific type of bioreactor.

Bioreactors come in various types based on their shape, aeration capability (aerated
or anaerobic), and operation mode (batch or continuous). Table 1 summarizes the
different types of bioreactors along with their descriptions, advantages, and applications.
Typically, bioreactors are cylindrical vessels with hemispherical tops and/or bottoms,
ranging in size from a few liters to cubic meters. They are commonly constructed
from stainless steel or glass. Unlike traditional composting systems, bioreactors allow
for more precise measurement and control of various parameters throughout the
fermentation process. The size of bioreactors varies significantly, spanning from micro-
scale (a few cubic millimeters) to plant-scale (up to 500 m®). Examples include shake
flasks (100-1000 ml), laboratory fermenters (1-50 liters), pilot-scale units (0.3-10
m’), and industrial-scale facilities. For instance, a stirred tank bioreactor is designed to
enhance oxygen transfer and carbon dioxide removal through increased surface area,
critical for supporting microbial cultures.
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CHAPTER 2

STIRRING AND MIXING

2.1 INTRODUCTION

Mixing is fundamental in bioprocessing; it eliminate non-uniformities in fluid
properties such as concentration and temperature. Whereas, the agitation process
in fermentation plays crucial roles by ensuring uniformity in the broth, preventing
concentration gradients, and enhancing mass transfer. In the fermentation process,
mixing serves as a crucial tool to ensure the contents of the vessel, often called the
broth or liquid, are evenly distributed. Just filling the fermenter with a nutrient-rich
medium is not enough. Without proper mixing, cells may quickly deplete nutrients in
their immediate area, subsequently leading to uneven growth.

Mixing accomplishes this by moving materials around and allowing components to
blend. Complete mixing is achieved when every part of the vessel has an equal chance
of containing any particular component. Mixing is usually carried out in a cylindrical
stirred tank bioreactor, where the base of the tank is rounded at the edges rather than
angled (Figure 2). The purpose of this is to eliminates sharp corners and pockets into
which fluid currents may not penetrate and discourage formation of stagnant regions.
The efficiency of mixing in stirred tanks is influenced by the shape of their base. Figure
3 illustrates various base shapes used in these tanks.
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CHAPTER 3

AGITATION COMPONENTS: AGITATOR/IMPELLER,
AIR SPARGER AND BAFFLE

Mixing is an essential part of fermentation processes. There are two sources of fluid-
mixing energy in a fermentation process; mixing impellers provide circulation of fluids
through the tank, and the expansion and velocity of air passing through a fermenter
imparts fluid motion. The diagram in Figure 4 illustrates a bioreactor equipped with
mixing apparatus, including an impeller, air sparger and baffle, to ensure effective

mixing.
/ Tank
[ e o
Baffle
\_
A
Impeller

Figure 3.1: (a) Typical configuration of a stirred tank, (b) The main three (3) mixing
equipment in a stirred tank: (i) Impeller; (ii) Sparger and (iii) Baffle.

(Figure 4(a) was adapted from Pauline M. Doran (2013), whereas Figure 4(b) was
self-captured in the laboratory)
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CHAPTER 4

POWER REQUIREMENT FOR MIXING

4.1 INTRODUCTION

Stirrer power requirements in bioreactors play a crucial role in determining the efficiency
and cost-effectiveness of bioprocess operations. The power needed to drive the stirrers
is influenced by various factors such as the size of the bioreactor, the viscosity of the
fluid being stirred, the desired mixing intensity, and the design of the stirrer itself.

In general, larger bioreactors require more power to achieve proper mixing compared
to smaller ones. This is because larger volumes of fluid present higher resistance to
movement, requiring stronger agitation to ensure uniform mixing. Additionally, highly
viscous fluids, such as those containing high concentrations of biomass or certain
chemicals, also require more power to overcome the resistance to flow. The design
of the stirrer, including the shape and size of the impeller blades, also affects power
requirements. Different impeller designs are suited for different applications, with
some being more efficient at mixing viscous fluids or creating high levels of turbulence.

To calculate the power required for stirring in a bioreactor, factors such as the speed of
the stirrer, the torque on the stirrer shaft, and any losses due to friction in the motor
gearbox and seals must be considered. This power requirement can be determined
experimentally by measuring the induced torque on the stirrer shaft. Overall,
understanding stirrer power requirements is essential for optimizing bioprocess
operations, as it directly impacts energy consumption, process efficiency, and ultimately,
the economic viability of bioreactor-based production processes. Table 8 summarizes
the factors for efficient mixing while minimizing energy consumption.

51
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CHAPTER 5

MASS TRANSFER

5.1 INTRODUCTION

Mass transfer in bioreactors is a fundamental process that plays a pivotal role in
numerous biotechnological applications, encompassing fermentation, cell culture, and
microbial growth. It involves the movement of mass, such as oxygen, nutrients, and
waste products, between different phases within the bioreactor system, including gas-
liquid, liquid-solid, or liquid-liquid interfaces. Efficient mass transfer is essential for
providing essential nutrients to cells, facilitating metabolic processes, and removing
metabolic by-products, thereby influencing cell growth, viability, and productivity.
Understanding and optimizing mass transfer phenomena are critical for enhancing
bioreactor performance, improving process efficiency, and maximizing the yield and
quality of desired biotechnological products. The efficient mass transfer in bioreactor
system is very important due to:

i.  Cellular Metabolism
Cells within a bioreactor require a continuous supply of nutrients and oxygen to
sustain their metabolic activities. Mass transfer ensures the delivery of essential
nutrients and oxygen to the cells, facilitating cell growth, proliferation, and
metabolism. Adequate mass transfer rates directly influence the rate of cellular
metabolism and, consequently, the production of desired biotechnological
products.

ii. Oxygen Supply
Oxygen is a crucial substrate for aerobic organisms and plays a vital role in various
cellular processes, including energy production through respiration. Efficient
mass transfer of oxygen from the gas phase to the liquid phase ensures an adequate
supply of oxygen to cells, preventing oxygen limitation and enabling optimal
growth and metabolism.

71
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CONCLUSION

In core, “Mixing and Stirring in Aerated Stirred Tank Bioreactors” serves as a detailed
guidebook dedicated to resolving the details of stirring and mixing operations within
aerated stirred tank batch fermenters, pivotal for increasing microbial cultivation
efficiency and overall bioprocess performance.

Understanding stirring and mixing operations in aerated stirred tank batch fermenters
enhances efficiency in microbial cultivation and bioprocess performance, leading to
increased productivity. This optimization ensures homogeneity in the fermentation
broth, resulting in higher-quality products meeting industry standards. Additionally, it
reduces costs by decreasing energy consumption and resource utilization. Knowledge
of power consumption and agitation components enables better process control, aiding
in informed decision-making for maximizing productivity. Understandings into mass
transfer dynamics drive technological advancements in bioreactor design, fostering
more efficient and sustainable systems. Ultimately, leveraging this knowledge enhances
industry competitiveness by improving efficiency, reducing costs, and delivering high-
quality products, positioning bioprocess industries for success.

In summary, the insights provided in this book offer a range of benefits, from
enhancing efficiency and product quality to reducing costs and driving technological
advancements, ultimately positioning bioprocess industries for success in a competitive
landscape.

91
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Also, analyzing the power consumption associated with stirring and mixing:
operations, including factors such as impeller design, rotational speed, and:
viscosity of the fermentation broth. ]

The primary aim of this book is to be a comprehensive volume for stirFing and:
mixing topic, ensuring that students not only grasp the fundamentals but alse:
explore into the depths of wnderstanding. With clear explanations and:
comprehensive notes, this book attempt to clarify the path toward mastery in:
I__}]tlrs interesting topic. :
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