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1. Reactors Used for the Treatment 

of Wastewater

• Wastewater treatment ,involving physical unit operations and 
chemical and biological unit processes, is carried out in vessels or 
tanks commonly known as '' reactors.'' The types of reactors that are 
available and their applications are introduced in this section. 

Types of reactors :
• The principal types of reactors for the treatment of wastewater are 

(1) the batch reactor, (2) the complete mix reactor [ also known as 
continuous-flow  stirred-tank reactor (CFSTR)], (3) the plug-flow 
reactor (also known as a tubular-flow reactor), (4) the packed-bed 
reactor, and (5) the fluidized-bed reactor. Brief description of these 
reactors are presented below.

• 1. Batch Reactor: In the batch reactor, flow is neither entering nor 
leaving the reactor. The liquid contents of the reactor are mixed 
completely. Batch reactors are often used to blend chemicals or to 
dilute concentrated chemicals.
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• 2. Complete-Mix Reactor: In the complete-mix reactor, it is 
assumed that complete mixing occurs instantaneously and 
uniformly throughout the reactor as fluid particles enter the 
reactor. Complete mixing can be accomplished in round or 
square reactors if the contents of the reactor are uniformly 
and continuously redistributed. The actual time required to 
achieve completely mixed conditions will depend on the 
reactor geometry and the power input.

• 3. Plug-Flow Reactor: Fluid particles pass through the reactor 
with little or no longitudinal mixing and exit from the reactor 
in the same sequence in which they entered. The particles 
retain their identity and remain in the reactor for a time equal 
to the theoretical detention time. This type of flow is 
approximated in long open tanks with a high length-to-width 
ratio in which longitudinal dispersion is minimal or absent, or 
closed tubular reactors. 
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• 4. Packed-Bed Reactors: The packed-bed reactor is filled 
with some type of packing material, such as rock, slag, 
ceramic, or plastic. With respect to flow, the packed-bed 
reactor can be operated in either the downflow or upflow
mode. Dosing can be continuous or intermittent (eg. 
trickling filter). The packing material in packed-bed 
reactors can be continuous or arranged in multiple 
stages with flow from one stage to another.

• 5. Fluidized-Bed Reactors: The fluidized-bed reactor is 
similar to the packed-bed reactor in many respects, but 
the packing material is expanded by the upward 
movement of fluid (air or water) through the bed. The 
expanded porosity of the fluidized-bed packing material 
can be varied by controlling the flow of the fluid.
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Application of Reactors:
• Operational factors that must be considered in the 

selection of the type of reactor to be used in the 
treatment process include:

• 1. The nature of the wastewater to be treated
• 2. The nature of the reaction (homogeneous or 

heterogeneous)
• 3. The reaction kinetics governing the treatment 

process
• 4. The process performance requirements
• 5. Local environmental conditions.
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Hydraulic Characteristics of reactors:

• Complete-mix and plug reactors are two types 
used most commonly in the field of wastewater 
treatment. The hydraulic flow characteristics of 
complete-mix and plug-flow reactors can be 
described as varying from ideal and nonideal, 
depending on the releationship of the incoming 
flow to outgoing flow. Ideal and nonideal flow 
are described in the following discussion.
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Ideal flow in complete-mix and plug-flow reactors:
• The ideal hydraulic flow characteristics of complete-

mix and plug-flow reactors are illustrated on the 
next figure (a-1) in which a dye tracer response 
curves are presented for pulse (slug-dose) and step 
inputs (continuous injection). t is the actual time 
and Ʈ is equal to the theoretical hydraulic detention 
time.

• Ʈ = V/Q
• where Ʈ = hydraulic detention time, T
• V= volume of the reactor, L3

• Q= volumetric flow rate, L3T-1
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• If a pulse input of a conservative ( non reactive) tracer is 
injected and dispersed instantaneously in an ideal-flow 
complete-mix reactor, with a continuous inflow of clear water, 
the output tracer would appear as shown in the previous 
figure (a-2).

• In the case of an ideal plug-flow reactor, the reactor is initially 
filled with clear water before being subjected to a pulse-flow 
reactor or step input of tracer. If an observer were positioned 
at the outlet of the reactor, the appearance of the tracer in the 
effluent for a pulse input, distributed uniformly across the 
reactor section, would occur as shown in the previous figure 
(b-1). If a continuous step input of tracer were injected into 
such a reactor at an initial concentration Co, the tracer would 
appear in the effluent as shown in the previous figure (b-2).
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Nonideal flow in a complete-mix and plug-flow reactors:
• In practice, the flow in complete-mix and plug-flow 

reactors is seldom ideal. For example, when a reactor is 
designed, how is the flow to be introduced to satisfy the 
theoretical requirement of instantaneous and complete 
dispersion? In practice, there is always some deviation 
from ideal conditions, and it is the precautions taken to 
minimize these effects that are important. Nonideal flow 
occurs when a portion of the flow that enters the reactor 
during a given time period arrives at the outlet before the 
bulk of the flow that entered the reactor during the same 
time period arrives. Nonideal flow is illustrated in the 
previous figure (a and b).
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2. Mace Balance Analysis

• The mass-balance analysis is based on the principle that 
mass is neither created nor destroyed, but the form of  
the mass can be altered (eg. liquid to gas). The mass-
balance analysis affords a convenient way of defining 
what occurs within treatment reactors as a function of 
time. The control volume is used to identify the actual 
volume in which change is occurring. In most cases, the 
system and control volume boundaries will coincide. For 
a given reactant, the general mass-balance analysis is 
given by

• Accumulation = inflow - outflow + generation

• (dC/dt)*V = QCo - QC + rcV
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Where:
• dC/dt = Rate of change of reactant concentration within 

the control volume
• V  = Volume contained within control volume
• Q  = Volumetric flow rate into and out of control volume
• C  = Concentration of reactant leaving the control 

volume
• Co = Concentration of the reactant entering the control 

volume
• r  = Rate constant of the reaction

• In case of steady-state condition, the rate accumulation 
is zero (dC/dt = 0)
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3. Reaction Kinetics

• The rate of a chemical reaction depends on the 
activity of the reacting species and the temperature 
of the system. The rate of a reaction is expressed as 
the change in the concentration of a constituent with 
time. In the following discussion, the term rA is used 
to represent the reaction rate. A negative or positive 
sign for the reaction rate indicates that species A is 
either disappearing or appearing, respectively. The 
following mechanistic reaction is used to develop the 
reaction rate.

• aA + bB → products
• rA = -k [A]a[B]b
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where:
• rA = reaction rate, mol/l.s
• k = reaction rate constant, units vary depending 

on reaction order
• a,b = constants, unitless
• order of  the reaction = a + b
• For zero-order reacton : rA = -k
• For first-order reaction: rA = -k[A]
• For second-order reaction: rA = -k[A][B] and so 

on.
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4. Modeling Ideal Flow In Reactors

• Modeling of the hydraulic characteristics of reactors is 
important because the results can be used to determine 
the actual amount of time a given volume of water will 
remain in the reactor and its average age. In turn, the 
average ages can be related to the degree of treatment 
achieved, based on the applicable kinetics.

Batch reactor with reaction:
• 1. Accumulation = inflow - outflow + generation
• 2. (dc/dt)V = 0 + 0 + rV
** for first order reaction: r = -kC

• C/Co = e-kt
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Ideal flow in complete-mix reactor with 
reaction:
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• 1. Accumulation = inflow - outflow + generation

• 2. (dc/dt)V = QCo - QC + rV

** for first order reaction: r = -kC, for steady state: 
dc/dt =0

then QCo - QC -kCV = 0

Co = C(1+kƮ)
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where:

• C= concentration of the tracer in the reactor at 
time t

• Co = initial concentration of the tracer in the 
reactor

• t = time

• Q = Volumetric flow rate

• V = reactor volume

• Ʈ = theoretical detention time V/Q
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Thank you
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