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INTRODUCTION

You are welcome to this chemistry course. The eowifi enhance your
capacity in the knowledge of industrial developmdihie knowledge of
chemical technology is quite essential and impesaparticularly in the
modern era of industrialisation in the world. Afog has been made to
cover the necessary outline as prescribed thy National Open
University of Nigeria.

The course has been packaged in such a thay you will learn the
course using the open learning system tedesigavailable at NOUN.
We wish you success in the course and hope yodimdllit interesting

and useful.

WHAT YOU WILL LEARN IN THIS COURSE

The course is entitled “Industrial Chemical Teclogyl 1.” It intends to
expose you to the modern practice of chemioperations in the
industry. Industrial chemical technology care llescribed as the
scientific background of techniques used tme tchemical industries.
Therefore, Industrial Chemical Technology 1lllwserve as a basis for
which the knowledge of transforming raw materiabiproduct could be
built, as most operation in the industry hts do with heat and mass
transfer processes. Also, in this course, ywil learn about unit
operations which involve most process stepat tare described by
theories based on conservation of mass, energingndse. Lastly, you

will also be exposed to the principles apdactice of some chemical
technology equipment available in the industry.

OBJECTIVES

The important objectives of this course are sumsedrbelow. That is,
on completion of the course, you should be able to:

. list the day to day problems of chemical techn@algoperations
in industries

. discuss heat and mass transfer processes as akparts of most
chemical processes

. analyse the differences between heat and massdraperations

. mention some of the various unit operatiooltainable in the
industry

. identify chemical technology equipment.
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COURSE MATERIALS

There are three different sets of course enads that will be used for
this course.

I. A course guide which spells out the broadhiebf the industrial
chemical technology course.

il The study units with detailed learning infation. Each study
unit has a set of performance objectives along wiitier relevant
learner’s guide. Thus, the course is divided iotar foroad units,
each unit having sub-sections.

iii. A set of recommended chemical process tekoand relevant
websites are listed at the end of each study unit.

STUDY UNITS

Module 1

Unit 1 Heat Transfer Process

Unit 2 Mass Transfer Process

Unit 3 Unit Operations

Unit 4 Chemical Technology Equipment



MAIN

CONTENTS PAGE
MOAUIE L o e e 1

Unit 1 Heat Transfer Process .............oovvvnan 1

Unit 2 Mass Transfer Process ..........ccovvvvevnnnn. 10
Unit 3 Unit Operations...........cccovveiiiiieiieennns 23
Unit 4 Chemical Technology Equipment........... 35




CHM 316 MODULE 1

MODULE 1

Unit 1 Heat Transfer Process

Unit 2 Mass Transfer Process

Unit 3 Unit Operations

Unit 4 Chemical Technology Equipment

UNIT 1 HEAT TRANSFER PROCESS
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Heat
3.2 Definition of Heat Transfer
3.3 Basic Laws Governing Heat Transfer
3.4 Modes of Heat Transfer
3.4.1 Conduction
3.4.2 Convection
3.4.3 Radiation
4.0 Conclusion
5.0 Summary
6.0 Tutor- Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Heat transfer is a discipline that is coneer with the generation,
conversion, and exchange of thermal energy andidedaeen physical
systems. It is classified into various mecdk@as: heat conduction,
convection, thermal radiation, and transfer of ggpdry phase changes.
Engineers and industrial technologists also comglietransfer of mass

of differing chemical species, either cold or hotachieve heat transfer.
While these mechanisms have distinct charattay, they often occur
simultaneously in the same system.

Heat conduction, also called diffusion, ise thldirect microscopic
exchange of kinetic energy of particles tiglouthe boundary between
two systems. When an object is at a different teatpee from another
body or its surroundings, heat flows so thithe body and the
surroundings reach the same temperature, at which {hey are said to
be in a state of thermal equilibrium. Suspontaneous heat transfer
occurs from a region of high temperature doother region of lower
temperature according to the second law of thermaxhycs.

1
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Heat convection occurs when bulk flow of a fluiciggor liquid) carries
heat along with the flow of matter in the fluid. & flow of fluid may be
forced by external processes, or sometimes dravitational fields) by
buoyancy forces caused when thermal energgareds the fluid (for
example in a fire plume), thus influencings iown transfer. The latter
process is sometimes called "natural convetticAll convective
processes also move heat partly by diffusidmother form of
convection is forced convection. In this case tfeid is forced to flow

by use of a pump, fan or other mechanical means.

The final major form of heat transfer is kpadiation, which occurs in
any transparent medium (solid or fluid), botay also occur across
vacuum (as when the sun heats the eartldiaRon is the transfer of
energy through space by means of electrontimgn@aves in much the
same way as electromagnetic light waves trangjat.liThe same laws

that govern the transfer of light also govern theéiant transfer of heat.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. discuss how heat flows from a higher to lower terafure
. analyse heat exchange in the body

. explain what happens when a body is heated or doole
. state clearly the laws of thermodynamics.

3.0 MAIN CONTENT
3.1 Heat

Heat is defined as the transfer of thernemergy across a well-defined
boundary around a thermodynamic system. It aischaracteristic of a
process and is not statically contained in matter.

Heat (denoted by the symbol Q) may be seen as bowgdahat appears
when a system changes its state due toifferetice in temperature
between the system and its surroundings. Thus giform of energy in
transit.

If heat flows into a system from the surroundirthg, quantity is said to
be positive and conversely, if the heat #ovirom the system to the
surroundings it is said to be negative. In otherdso

Heat received or gained by the system = +Q

Heat rejected or released or given-out by the gysteQ

Heat released by one substance = Heat gained llyearsubstance.
2
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3.2 Definition of Heat Transfer

Heat transfer may be defined as the trarmanis of energy from one
region to another as a result of temperature gnadie

In engineering contexts, however, the term heastea has acquired a
specific usage, despite its literal redundamafy the characterisation of
transfer. In these contexts, heat is taken sgnonymous to thermal
energy. This usage has its origin in the historiic@rpretation of heat as

a fluid (caloric) that can be transferred by vasicauses, and that is also
common in the language of laymen and everyday life.

Fundamental methods of heat transfer inclumenduction, convection,
and radiation. Physical laws describe the abiglur and characteristics
of each of these methods. Real systems o#ghibit a complicated
combination of all. Heat transfer methods arsed in numerous
disciplines, such as automotive engineeringermhal management of
electronic devices and systems, climate cgntmosulation, materials
processing, and power plant engineering.

Various mathematical methods have been degdlopo solve or
approximate the results of heat transfer sipgstems. Heat transfer is a
path function (or process quantity), as opdosto a state quantity;
therefore, the amount of heat transferred ainthermodynamic process
that changes the state of a system depends onhab\wrbcess occurs,

not only the net difference between the iahitand final states of the
process. Heat flux is a quantitative, veelorrepresentation of the heat
flow through a surface.

Heat transfer is typically studied as part @ general chemical
engineering or mechanical engineering curriculuTypically,
thermodynamics is a prerequisite for heat transferses, as the laws of
thermodynamics are essential to the mechanigmheat transfer. Other
courses related to heat transfer include energyassion, thermofluids,
and mass transfer.

The transport equations for thermal energyu(fer's law), mechanical
momentum (Newton's law for fluids), and mass tran@fick's laws of
diffusion) are similar and analogies amongesth three transport
processes have been developed to facilitatediqgiion of conversion
from any one to the others.
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3.3 Basic Laws Governing Heat Transfer

(@) First Law of Thermodynamics:This law is based on the law of
conservation of energy. It states that energy eaconverted
from one form to another, but cannot be ate@ or destroyed.
Thus, heat lost by one body is equivalent heat gained by the
other body if there is heat transfer process.

(b)  Second Law of Thermodynamicsit states that “heat will flow
naturally from one reservoir to another atl@aver temperature,
but not in opposite direction without assistance.”

This law establishes the condition for thé&edion of energy
transport as heat postulates that the flov eaergy as heat
through a system boundary will always be direction of lower
temperature (or along negative temperature gradient

(c)  Third Law of Thermodynamics: The law can be considered in
connection with the determination of entropy molecular
disorder, the greater the disorder or freedom motions of the
atoms or molecules in a system, the gredter entropy of the
system. The third law states that “the eroof a perfect
crystalline substance is zero at the absolute @etemperature.”

As the temperature increases, the freedom mmitions also
increases. Thus, the entropy of any subssanabove OK is
greater than zero. The importance of therdthiaw of
thermodynamics is that it allows us to deiee the absolute
entropies of substances.

3.4 Modes of Heat Transfer
The fundamental modes of heat transfer are:

I. Conduction il. Convection iii. Radiation

3.4.1 Conduction

Conduction is the transfer of heat from opart of a substance to
another part of the same substance, or from ongtaute to another in

physical contact with it, without appreciable degment of molecules

forming the substance.

(@) Thermal Conduction

On a microscopic scale, heat conduction @ccas hot, rapidly moving
or vibrating atoms and molecules interact hwibheighboring atoms and

4
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molecules, transferring some of their energy (hieatfiese neighboring
particles. In other words, heat is transtrrby conduction when
adjacent atoms vibrate against one another,a® electrons move from
one atom to another. Conduction is the meggnificant means of heat
transfer within a solid or between solid objectsharmal contact. Fluids
especially gases are less conductive; the hamem of heat transfer is
simple. The Kkinetic energy of a molecule as function of temperature.
These molecules are in a continuous random mokohasging energy

and momentum. When a molecule from a highemperature region
collides with a molecule from the low temguere region, it loses
energy by collisions. In liquids, the mechanisnheét is nearer to that

of gases. However, the molecules are moresety spaced and
intermolecular forces come into play.

(b) Steady State Conduction

Steady state conduction (see Fourier's law) isra ff conduction that
happens when the temperature difference dyivthe conduction is
constant, so that after an equilibration tinthe spatial distribution of
temperatures in the conducting object does doange any further. In
steady state conduction, the amount of heat egtersection is equal to
amount of heat coming out.

(c) Transient Conduction

Transient conduction (see heat equation) a&ccwhen the temperature
within an object changes as a function ohet Analysis of transient
systems is more complex and often calls the application of
approximation theories or numerical analysis by potar.

Fourier's Law of Heat Conduction

Fourier's Law of heat conduction is an engpir law based on
observation and states that ‘The rate ofwflef heat through a simple
homogeneous solid is directly proportional te area of the section at
right angles to the direction of heat flow, anadb@ange of temperature

with respect to the length of the path of heat flow

Mathematically, it can be represented by the eqoati

QA dt
dx
Where, Q = Heat flow through a body per unitwaits), W
A =Surface area of heat flow (perpendicular to theation of
flow) m’
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dt= Temperature difference of the faces of block (bgemeous
solid) of thickness
‘dx’ through which heat flowsC or K and
dx = Thickness of body in the direction of flow, m.
Thus, Q=-k.Adt
dx

Where, k = Constant of proportionality dans known as thermal
conductivity of the body.

The —ve sign of k is to take care of tkdecreasing temperature along
with the direction of increasing thickness tler direction of heat flow.
The temperature gradient dx/dy is always tiegaalong positive x
direction and, therefore, the value Q becomes +ve.

3.4.2 Convection

Convective heat transfer, or convection, is thedfer of heat from one

place to another by the movement of fluids, a pgedkat is essentially
transferred of heat via mass transfer. Thkem fluid means any
substance that deforms under shear stressinciudes liquids, gases,
plasmas, and some plastic solids.) Bulk nmotiof fluid enhances heat
transfer in many physical situations, such as betwsesolid surface and

the fluid. Convection is usually the dominafdrm of heat transfer in
liquids and gases. Although sometimes discusas a third method of
heat transfer, convection is usually used to deedhe combined effects

of heat conduction within the fluid (diffusion) duheat transference by

bulk fluid flow streaming. The process of transgwytfluid streaming is

known as advection, but pure advection isteam that is generally
associated only with mass transport in fluidsich as advection of
pebbles in a river. In the case of heat transféuids, where transport

by advection in a fluid is always also accompairogdransport via heat
diffusion (also known as heat conduction)e tlprocess of heat
convection is understood to refer to the swh heat transport by
advection and diffusion/conduction.

Free, or natural, convection occurs when bulk flagtion (steams and
currents) are caused by buoyancy forces tmsult from density
variations due to variations of temperature the fluid. Forced
convection is a term used when the streams andrdsrin the fluid are
induced by external means—such as fans, stirredspamps—creating

an artificially induced convection current.

Convective heating or cooling in some circumstamoag be described
by Newton's Law of cooling: "The rate of abeloss of a body is
proportional to the difference in temperatures leetthe body and its

6
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surroundings.” However, by definition, the validdalyNewton's Law of
cooling requires that the rate of heat Idssm convection be a linear
function of ("proportional to") the temperaturdifference that drives

heat transfer, and in convective cooling théssometimes not the case.
In general, convection is not linearly depamd on temperature
gradients, and in some cases is stronglylimear. In these cases,
Newton's Law does not apply.

3.4.3 Radiation
Thermal radiation

A red-hot iron object transfers heat to tkerrounding environment
primarily through thermal radiation.

Thermal radiation is energy emitted by matter astebmagnetic waves

due to the pool of thermal energy that ailltter possesses that has a
temperature above absolute zero. Thermal tiadipropagates without

the presence of matter through the vacuum of space.

Thermal radiation is a direct result of the randomovements of atoms
and molecules in matter. Since these atoms andcoiekeare composed

of charged particles (protons and electron$kir movement results in
the emission of electromagnetic radiation, cwhicarries energy away
from the surface.

Unlike conductive and convective forms of themansfer, thermal
radiation can be concentrated in a small spot ygugflecting mirrors,
which is exploited in concentrating solar owgeneration. The
properties of radiant heat in general, are simdahose of light. Some

of these properties are:

(i) It does not require the presence of a nstemedium for its
transmission

(i) Radiant heat can be reflected from the sedaand obeys the
ordinary laws of reflection

(i) It travels with velocity of light

(iv) Like light, it shows interference, diffracticand polarisation etc.

(v) It follows the law of inverse square.

The wavelength of heat radiations is longean that of light waves;
hence they are invisible to the eye.
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4.0 CONCLUSION

Heat transfer is the common phenomenon in sevarabperations such
as evaporation, drying and crystallisation, condaas, distillation etc;
employed in the transformation of raw maferidnto products in the
industry.

The physical and chemical steps in a pocese set with the help of
combined knowledge and experience of engine@mdustrial chemists,
technologists and cost experts to producepraduct. The individual
operations have some common phenomena andbased on the same
scientific principles. For instance, consider twamples of distillation
processes which are petroleum distillation atieé production of
alcoholic beverages. In the first case, @l separated into its many
components, with the lightest at the top and theiest on the bottom.

In the latter, the gas is enriched in ethanol, Wihsclater re-condensed.

5.0 SUMMARY

You have learnt from this unit that heat tlse energy transferred from
one body or system to another as a result of ardifice in temperature.

Heat always migrates from the hotter objeéot the cooler object, never
the other way around. Heat is transferred by threthods: conduction,
convection, and radiation. Conduction requirdge physical contact of
two objects. In the case of a wall, heat sduwted through the layers
within the wall from the warmer side to theooler side. Convection is
heat transfer due to fluid or airflow. A common exde is when warm

air rises (or cool air falls) on a wall’'smside surface, inducing air
movement. Heat is transferred by radiationemvhsurfaces exchange
electromagnetic waves, such as light, infraredataati, UV radiation or
microwaves. Radiation does not require anyidfl medium or contact,
but does require an air gap or other trarsg medium between the
surfaces exchanging radiation. Radiation exchacgars between two
surfaces when one is warmer than the otaed they are in “view” of
each other; i.e., there is nothing between theswéaces. Also, several

laws such as thermodynamics law, Fourier’'s laweattitonduction, law

of cooling were discussed.

6.0 TUTOR-MARKED ASSIGNMENT

I Define the following terms: (a) Heat (b) Heat transfer
(c) Thermodynamics.

. Enumerate the basic laws which govern heatsfiem

iii.  Name and explain briefly the various modese#t transfer.

iv.  What is the significance of heat transfer?
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V. How does conduction heat transfer differ frooonvective heat
transfer?
VI. State Fourier’'s Law of heat conduction.

7.0 REFERENCES/FURTHER READING

Chang, R. (2002).Chemistry (7" ed.). New York: McGraw- Hill Inc.
p. 743.

http://en.wikipedia/wiki/ heat transfer.

Rajput, R.K. (2006 Heat and Mass TransferS. Chand & Company
Ltd. pp. 1-24.
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1.0 INTRODUCTION

In unit 1, you learnt about heat transfer as on@fasic operations in
the industry and this occurs as a result tefnperature gradient. In this
unit, you will learn about mass transfer gqass. Unlike heat transfer
which has to do with temperature gradient, magsstes is as a result of
concentration gradient. In a system consistiig one or more
components whose concentrations vary from tpdm point, there is
natural tendency for the transport of differentcsee from the region of

high to those of low concentrations. Thubge tprocess of transfer of
mass as a result of the species concentratidference in a system/
mixture is called mass transfer.

10
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain briefly the term mass transfer

. list the various modes of mass transfer

. state Fick’s Law of diffusion

. differentiate between mass concentration and noolacentration
. list several examples of mass transfer operation.

3.0 MAIN CONTENT
3.1 Mass Transfer

Mass transferis the net movement of mass from one locationallg
meaning a stream, phase, fraction or comgoném another. Mass
transfer occurs in many unit operation pe3eS, such as absorption,
evaporation, adsorption, drying, precipitatiomembrane filtration, and
distillation. Mass transfer is used by diffler scientific disciplines for
different processes and mechanisms. The phiase&eommonly used in
engineering and applied sciences for physipabcesses that involve
diffusive and convective transport of chemicspecies within physical
systems.

Some common examples of mass transfer processtseaggaporation

of water from a pond to the atmosphere, the patibe of blood in the
kidneys and liver, and the distillation of alcohlol.industrial processes,
mass transfer operations include separation cleémical components in
distillation columns, absorbents such as dwmrtdy adsorbents such as
activated carbon beds, and liquid-liquid ecticn. Mass transfer is
often coupled to additional transport processasn&iance in industrial
cooling towers. These towers couple heat sfean to mass transfer by
allowing hot water to flow in contact with hottar and evaporate as it
absorbs heat from the air.

3.2 Modes of Mass Transfer

The mechanism of mass transfer depends greatlyeodyinamics of the
system in which it occurs. Like those of heat tfanghere are different
modes of mass transfer. These are:

0] Mass transfer by diffusion

(i)  Mass transfer by convection
(i)  Mass transfer by change of phase

11
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3.2.1 Mass Transfer by Diffusion (Molecular b Eddy
Diffusion)

The transport of water on a microscopic lews a result of diffusion
from a region of high concentration to a regiooo¥ concentration in a
system/mixture of liquids or gases is calleablecular diffusion. It
occurs when a substance diffuses throughayerl of stagnant fluid and
may be due to concentration, temperature pogssure gradients. In a
gaseous mixture, molecular diffusion occurse dto random motion of
the molecules.

When one of the diffusing fluids is in tulent motion, the eddy
diffusion takes place. Mass transfer is more réyyi@ddy diffusion than

by molecular diffusion. An example of an wddliffusion process is
dissipation of smoke from a smoke stack. Turbuleraeses mixing and

transfer of smoke to the ambient air.

3.2.2 Mass Transfer by Convection

Mass transfer by convection involves transtegtween a moving fluid
and a surface, or between two relatively immiscildeing fluids. The
convective mass transfer depends on the transpapépies and on the
dynamic (laminar or turbulent) characteristic§ the flowing fluid. A
good example is the evaporation of ether.

3.2.3 Mass Transfer by Change of Phase

Mass transfer occurs whenever a change from ome peanother takes
place. The mass transfer in such a caseaur®ccdue to simultaneous
action of convection and diffusion. Some examptes a

(i)  Hot gases escaping from the chimney rise by coreeaind then
diffuse into the air above the chimney.

(i)  Mixing of water vapour with air duringevaporation of water
from the lake surface (partly by convecti@nd partly by
diffusion).

(i)  Boiling of water in open air; there is firdransfer of mass from
liquid to vapour state and then vapour mdssn the liquid
interface is transferred to the open air bgnvection as well as
diffusion.

3.3 Mass Transfer Operations

When a system contains two or more components wimsgentrations
vary from point to point, there is a naturendency for mass to be
transferred, minimising the concentration di#feces within a system.

12
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The transport of one constituent from a regionighér concentration to
that of a lower concentration is called mass tramsf

The transfer of mass within a fluid mixture or &s@ phase boundary is
a process that plays a major role in many indugirizcesses. Examples
of such processes are:

0] Dispersion of gases from stacks.

(i)  Removal of pollutants from plant dischargstreams by
absorption or adsorption.

(i)  Stripping of gases from waste water.

(iv)  Neutron diffusion within nuclear reactors.

(v)  Air conditioning.

(vi) Gas absorption.

(vii)  Distillation.

(viii) Extraction.

(ix) Adsorption.

(x)  Drying.

Many of day-by-day air experiences also imgolmass transfer, for
example:

() A lump of sugar added to a cup of coffegentually dissolves
and then eventually diffuses to make the conceatramiform.

(i)  Water evaporates from ponds to increase the huoflppassing-
air-stream.

(i) Perfumes present a pleasant fragranceichvhis imparted
throughout the surrounding atmosphere.

3.4 Properties of Mixtures

Mass transfer always involves mixtures. @ouently, we must
account for the variation of physical propertiesalimormally exist in a

given system. When a system contains three more components, as
many industrial fluid streams do, the probldmecomes unwieldy very
quickly. The conventional engineering approatth problems of multi-
component system is to attempt to reduce thempi@sentative binary

(two components) systems.

In order to understand the future discussioles us first consider

definitions and relations which are often diséo explain the role of
components within a mixture.

13
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3.5 Concentration of Species

Concentration of species in multi-componentxtore can be expressed

in many ways. For species A, mass concéotratdenoted byp.iS
defined as the mass of A, per unit volume of the mixture.

m,
p= W mmmmmmmmmmmmmmmmmeseeeeeeeeoe (1)

The total mass concentration dengitg the sum of the total mass of the
mixture in unit volume:

p=Z,pi

wherepis the concentration of species i in the mixture.

Molar concentration of, A, ,Cis defined as the number of moles of A
present per unit volume of the mixture.

By definition,

massofA

Numberof moles= ,
molecularweightof A

N\ =M, 77 ; (2)

\% M,
For ideal gas mixtures,
p VvV
n= > [from Ideal gas law PV = nRT]
RT
n
CA: \A/ - pA
RT

14



CHM 316 MODULE 1

where R is the partial pressure of species A e tmixture. V
volume of gas, T is the absolute temperature, argdtie universal gas
constant.

The total molar concentration or molar degnsitf the mixture is given

by
C = Z C
i
3.6
Velocities

In a multi-component system the various specielsngiimally move at
different velocities; and evaluation of velgciof mixture requires the
averaging of the velocities of each species present

If vis the velocity of species i with respea stationary fixed
coordinates, then mass-average velocity for di+ooinponent mixture
defined in terms of mass concentration is,

Similarly, molar average velocity of the mixtwé is defined as

C

For most engineering problems, there will be littierence inv * and
v and so the mass average velocity, will be used in all further
discussions.

The velocity of a particular species relative te thass-average or molar
average velocity is termed as diffusion velocity.

Diffusion velocity =v, - v

The mole fraction for liquid and solid mixés, x., and for gaseous

mixtures, Y., are the molar concentration of species divided by the
molar density of the mixtures.

15
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Y= C(-A: (liquids and solids).
W Cé (gases).

The sum of the mole fractions, by definition mugtial 1;

(i.e.) =1
D%

Similarly, mass fraction of A in mixture is;

Pa
We=  p

3.7 Diffusion Flux

Just as momentum and energy (heat) transfers haveméchanisms for
transport - molecular and convective, so darass transfer. However,
there are convective fluxes in mass transfer, evea molecular level.

The reason for this is that in mass transfer, whentnere is a driving

force, there is always a net movement of the mhaagarticular species
which results in a bulk motion of molecules. Of s®) there can also be
convective mass transport due to macroscopic fhoton.

The mass (or molar) flux of a given species is@arequantity denoting

the amount of the particular species, in eitheassor molar units, that
passes per given increment of time throughurat area normal to the
vector.

3.7.1 Diffusivity

An empirical relation for the diffusional naol flux, first postulated by
Fick, often referred to as Fick's first lawdefines the diffusion of
component A in an isothermal, isobaric system.dibusion in only the
Z-direction, the Fick’s rate equation is

dc,
dz

J=-D.

16
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where D, is diffusivity or diffusion coefficient fo component A

diffusing through component B, and .dd dZ is the concentration
gradient in the Z-direction.

A more general flux relation which is noestricted to isothermal,
isobaric system could be written as

dya
J. =-CDB dZz

Fick’'s Law proportionality, D, is known as mass diffusivity (simply
as diffusivity) or as the diffusion coefficient. bhas the dimension of

L? / t, identical to the fundamental dimensiomf the other transport
properties: Kinematic viscosityn = (4 /p) in momentum transfer, and
thermal diffusivity,a (= k /p Cp) in heat transfer.

Diffusivity is normally reported in cfi sec; the Sl unit being“hs or
m’s”,
Diffusivity depends on pressure, temperatuasd composition of the

system.

In table 1, typical range of values of.[are given for gas, liquid, and
solid systems.

Diffusivities of gases at low density aremabt composition
independent, while they increase with tempgeatand vary inversely
with pressure. Liquid and solid diffusivitieare strongly concentration
dependent, while they increase with temperature.

Table 1: General Range of Values of Diffusivity

Type of System Diffusivities Range (1)
Gases 5x10-6 - 1x10
Liquids 100 -10°
Solids 5x10-14- 1x10°

In the absence of experimental data, senuréieal expressions have
been developed which give approximation, somest as valid as
experimental values, due to the difficulties endetgd in experimental
measurements.
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3.7.2 Diffusivity in Gases

Pressure dependence of diffusivity is given by

1
DX —(for moderate ranges of pressures, up to 25

p
atm).
And temperature dependency is according to

3
Dax T /2

Diffusivity of a component in a mixture ofomponents can be
calculated using the diffusivities for the varidaisary pairs involved in
the mixture. The relation given by Wilke is

1
D,-mixture = ' y'
Vi + Y5 + o "
D1_2 D1_3 Dl
-n

Where Di-mixture is the diffusivity for component 1 in the gas noise; D
1-nis the diffusivity for the binary pair, compent 1 diffusing through

component n; andy,’ is the mole fraction of component n ine tlgas
mixture evaluated on a component —1 — free bdsas,i$

Y2

3.7.3 Diffusivity in Liquids

Diffusivity in liquid is exemplified by the valuegiven in table 1. Most
of these values are nearer to 07 / sec, and about ten thousand times
lower than those in dilute gases. This attarsstic of liquid diffusion
often limits the overall rate of processescraing in liquids (such as
reaction between two components in liquids).

In chemistry, diffusivity limits the rate ofcid-base reactions; in the
chemical industry, diffusion is responsibler fehe rates of liquid-liquid
extraction. Diffusion in liquids is important becauit is slow.

Certain molecules diffuse as molecules, whdthers which are
designated as electrolytes ionise in soluticarsd diffuse as ions. For
example, sodium chloride (NaCl), diffuses in wasMNa *and C.ions.
Though each ion has a different mobility, the eleat neutrality of the
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solution indicates the ions must diffuse at theesaate; accordingly, it
is possible to speak of a diffusion coefficient foolecular electrolytes

such as NaCl. However, if several ions aes@nt, the diffusion rates
of the individual cations and anions must be cargid, and molecular
diffusion coefficients have no meaning.

Diffusivity varies inversely with viscosity wm the ratio of solute to

solvent ratio exceeds five. In extremelyghhi viscosity materials,
diffusion becomes independent of viscosity.

3.7.4 Diffusivity in Solids

Typical values for diffusivity in solids areshown in table 1. One
outstanding characteristic of these values their small size, usually
thousands of time less than those in aidiquvhich are in turn 10,000
times less than those in a gas.

Diffusion plays a major role in catalysis and ipontant to the chemical
engineer and industrial chemist. For metaiisg diffusion of atoms
within the solids is of more importance.

3.7.5 Diffusion in Solids

In certain units operations of chemical engineesuch as in drying or
in absorption, mass transfer takes place dmtwa solid and a fluid
phase. If the transferred species is digdiedbuuniformly in the solid
phase and forms a homogeneous medium, the diffugithre species in
the solid phase is said to be structurepeddent. In this case
diffusivity or diffusion coefficient is direction tndependent
At steady state, and for mass diffusion which dependent of the solid
matrix structure, the molar flux in the zredtion according to Fick's
Law is given by:
dCA
N=-D.s dz =cConstant,

Integrating the above equation,
D (C 1-C 2)
AB A A
z

N, =

which is similar to the expression obtainéar diffusion in a stagnant
fluid with no bulk motion (i.e. N = 0).

Example: A steel rectangular container having wallémin thick is

used to store hydrogen gas at elevated ymessThe molar

concentrations of hydrogen in the steel at thedmaind outside surfaces

are 1.2kg mole/fand zero respectively. Assuming the diffusion
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coefficient for hydrogen in steel as 0.248 Xifi/s, Calculate the molar
diffusion flux for hydrogen through the steel.

Solution: Given Z= 16mm= 0.016m,.& 1.2kg mole/m C., =0, D, =
0.248 x10°’m’/s

Assuming one dimensional and steady statediton, the molar
diffusion flux rate in the steel is given by Fické&sw of diffusion

D (C 1-C 2)
A A

Molar diffusion Flux = = Ab i
N4
= 0248x10° (1.2-0)
0.016
=18.6
x 10

12kg mole/s.nd
3.7.6 Diffusion in Process Solids

In some chemical operations, such as hetapmges catalysis, an
important factor, affecting the rate of réawct is the diffusion of the
gaseous component through a porous solid. €ffective diffusivity in

the solid is reduced below what it could be a free fluid, for two
reasons. First, the tortuous nature of thath pincreases the distance,
which a molecule must travel to advance igerg distance in the solid.
Second, the free cross — sectional arearemtricted. For many catalyst
pellets, the effective diffusivity of a gassoccomponent is of the order

of one tenth of its value in a free gas.

If the pressure is low enough and the poege small enough, the gas
molecules will collide with the walls morere§uently than with each
other. This is known as Knudsen flow or HKsen diffusion. Upon
hitting the wall, the molecules are momentarilyabsd and then given

off in random directions. The gas flux is reducgdte wall collisions.

By the use of the kinetic flux, the concentratisadient is independent

of pressure; whereas the proportionality constantrfolecular diffusion

in gases (diffusivity) is inversely proportionalpoessure.

Knudsen diffusion occurs when the size of the o the order of the
mean free path of the diffusing molecule.

3.7.7 Transient Diffusion

Transient processes, in which the concentratai a given point varies
with time, are referred to as unsteady stptecesses or time -—
dependent processes. This variation in concentrigiassociated with a

variation in the mass flux.
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These generally fall into two categories:

) The process which is in an unsteady statdy auring its initial
startup.

i)  The process which is in a batch operatithroughout its
operation.

In unsteady state processes, there are the@bles - concentration,
time and position. Therefore the diffusion processst be described by
partial rather than ordinary differential equations

Although the differential equations for unsteadtetdiffusion are easy

to establish, most solutions to these eqnatidhhave been limited to
situations involving simple geometries and rmary conditions, and a
constant diffusion coefficient.

Many solutions are for one-directional massndfer as defined by
Fick’'s second law of diffusion:

0C, &C 4

- AB

ot 0z2

This partial differential equation describes a paissituation in which
there is no bulk—motion contribution, and theraaschemical reaction.

This situation is encountered when the diffusideesaplace in solids, in
stationary liquids, or in system having equimolaumter diffusion. Due

to the extremely slow rate of diffusion witth liquids, the bulk motion
contribution of flux equation (i.e., N ) approaches the value of
zero for dilute solutions; accordingly thisyseem also satisfies Fick's
second law of diffusion.

The solution to Fick's second law usuallyshane of the two standard
forms. It may appear in the form of a dngmetric series which
converges for large values of time, or itayminvolve series of error

functions or related integrals which are masiitable for numerical
evaluation at small values of time. Thesdutsmns are commonly
obtained by using the mathematical techniquesmdirsgion of variables

or Laplace transforms.

4.0 CONCLUSION

Mass transfer phenomena can now be obseimednany fields of
industry. In particular, separation processeg)ich make up the vast
majority of industrial production proceduresye governed by the
physics of mass transfer, and their desigrd aptimisation depend
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heavily on knowledge in this field. Gas aipsion, distillation,
extraction, adsorption, drying are all parts of snansfer processes.

5.0 SUMMARY

In this unit, you have learnt that massndfar is the net movement of
mass from one location, usually meaning eeast, phase, fraction or
component, to another and, the process of tran$feass is as a result

of the species concentration difference in a systexture. In industrial
processes, mass transfer operations includqera#on of chemical
components in distillation columns, absorbemtisch as scrubbers,
adsorbents such as activated carbon beds, and-liquid extraction.

Mass transfer occurs in many unit operatiprocesses, such as
absorption, evaporation, adsorption, dryingecppitation, membrane
filtration, and distillation. Also, other mosleof mass transfer are
diffusion, convection and change of phase.sMadransfer always
involves mixtures.  Consequently, concentratiahffusivity in gases,
liquids and solids were equally discussed. An eicgdirelation for the
diffusional molar flux, first postulated byick and, accordingly, often
referred to as Fick’s first law is also mentioned.

6.0 TUTOR-MARKED ASSIGNMENT

I Explain briefly the term mass transfer.
. Enumerate application of mass transfer.
ii. List the various modes of mass transfer.

V. State Fick’s law of diffusion.

V. Define molar concentration.
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http://www.msubbu.in/hi/mt/
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1.0 INTRODUCTION

Every industrial chemical process is based umt operations (physical
treatment) and unit process (chemical treatmdn produce
economically desired product from specific rawaterials. The raw
materials are treated through physical stéps make them suitable for
chemical reaction. So, knowledge of unit agpiens like ‘mixing and
agitation of liquid’ and "heat flow’ is very muclenessary. The subject

Unit Operations is based on fundamental lasrsd physicochemical
principles. Unit operation gives idea aboutiesce related to specific
physical operation; different equipments-itssige, material of
construction and operation; and calculation \rious physical
parameters (mass flow, heat flow, mass balanceepand force etc.).
Examples of unit operations are: heat floflyid flow, mixing, drying,
absorption, evaporation, adsorption, distillatio condensation,
crystallisation,  vapourisation, leaching, sepam extraction,
sedimentation, filtration, crushing e.tc.

2.0 OBJECTIVES

At end of this unit, you should be able to:

. define a unit operation and unit process
. differentiate between unit operation and unit pssce
. list some examples of unit operation.
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3.0 MAIN CONTENT
3.1 Unit Operation

A unit operation is any part of potentialljnultiple-step process which
can be considered to have a single functiin.is a basic step in a
process. Unit operations involve bringing dygical change such as
separation, crystallisation, evaporation, filba etc. For example, in

milk processing: homogenisation, pasteurisati@hjlling, and

packaging are individual unit operations whiete connected to create

the overall process. A process may have many eitations to obtain

the desired product.

Historically, the different chemical industries weegarded as different
industrial processes and with different prites. Arthur Dehon Little
(1916) propounded the concept of "Unit Oper®' to explain
industrial chemistry processes.., Wiliam H.W&al Warren K. Lewis

and Wiliam H. McAdams (1923), explained thatriety of chemical
industries have processes which follow thenesaphysical laws. They
summed-up these similar processes into umiéeraions. Each unit
operation follows the same physical laws amdy be used in all
chemical industries. The unit operations form tredamental principles

of chemical technology.

After preparing raw materials by physical atreent, these undergo
chemical conversion in a reactor. To perform chahgonversion basic
knowledge of stoichiometry, reaction Kkineticthermodynamics,
chemical equilibrium, energy balance and mésdance is necessary.
Many alternatives may be proposed to des@mnreactor for a chemical
process. One design may have low reactort, cbat the final materials
leaving the unit need higher treatment cogtile separating and
purifying the desired product. Therefore, tleeonomics of the overall
process also play a vital role to select a suitalirnative design. Each
chemical process consists of series of adsentiat are organised
systematically to achieve the goal. The physicdl @remical steps in a
process are set with the help of combined knowleahgkexperience of
engineers, industrial chemists, technologists ssconomists to produce

a product. The individual operations have &omommon phenomena
and are based on the same scientific pilegipe.g. heat transfer is the
common phenomenon in evaporation, drying and dfigstaon.

A process designer designs a chemical process basbe following:

(1) Efficiency of process and equipments
(2) Safety with respect to the process, rahemicals, finished
products and long term effect on environment
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(3) Financial viability of the products as demandedh®s/purchaser.
The following are some examples of physical proegss
(@) Sugar Manufacture:

Sugar cane— crushing — sugar extraction— thickening of syrup—
evaporation of water — sugar crystallization — filtration —
drying— screening— packaging.

(b)  Pharmaceutical Manufacture:

Formulation of chemicals, mixing, granulatien drying of granules—
screening— pressing tablet> packaging.

(c) Salt Manufacture:

Brine transportation— evaporation — crystallization — drying —
screening— conveying— packaging.

On the other hand conversion of starch to dextwiethe help of acid
catalyst is a typical chemical reaction whighvolves transportation of
raw materials, physical steps of mixing theactants, heat transfer,
reaction kinetics, fluid flow, separation of protijgoroduct purification,

drying, screening, conveying and packaging.

In pharmaceutical curriculum, knowledge of turoperations is very
much relevant particularly with respect formulated drug products
andbasic drugs.

3.2 Unit Process

A unit process is a step in manufacturing which chemical reaction
takes place, e.g. the oxidation of paraxylenereptethalic acid is a unit

process, the hydrogenation of vegetable oil ghee is a unit process.
Others include, nitration, sulphonation, hydrofotatipn e.t.c.

Unit operations and unit processing form the maingmples of all kinds

of chemical industries and are the foundatioh designs of chemical
plants, factories, and equipment used.

3.3 Industrial Processes

Large processes are broken into unit operation order to make them
easier to analyse. The key thing to rememhbbout them is that the
conservation laws apply not only to the pss as a whole but also to
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each individual unit operation. Examples aicls processes are
discussed below.

3.3.1 Mixing

Mixing can be termed as the preparation of mixtafreubstances either

in solids, liquids, or gaseous form. It &n essential part of most
production processes in chemical and alliedlustries covering all
processing stages from the preparation of reagenie final blending

of products. The equipment used depends on theenatuhe materials

and the degree of mixing required. Mixingogess can be considered
under three stages.

(@) Gas Mixing: Specialised equipment is seldom needed for mixing
gases, which mix easily because of their l|e¥gcosities. The
mixing given by turbulent flow in a lengtlof pipe is usually
sufficient for most purposes. Turbulent proemst such as
orifices or baffles can be used to incredbe rate of mixing. In
most cases, in-line mixers are always used.

b) Liquid Mixing: The following factors must be taken into account

when choosing equipment for mixing liquids:

(1) Batch of continuous operation.

(i)  Nature of the process whether is miscible iomiscible
liquids or dispersion liquid.

(i)  Degree of mixing required.

(iv)  Physical properties of the liquid, partictijathe viscosity.

(v)  Whether the mixing is associated with othgperations
such as reaction, heat transfer e.t.c.

(c) Solids and Pastes:Mixing of solid is carried out by using
various types of highly specialised equipmeftch equipment
include cone blenders which are used fore frilowing solids,
ribbon blender for dry solid and for blenglinliquids with solid
while Z- blade mixers and pan mixers areedusfor kneading
heavy pastes and dough.

3.3.2 Agitation

Agitation refers to the induced motion of a mateneaa specified way,
usually in a circulatory pattern inside some sbxantainer. Agitation
involves both homogeneous and heterogeneowsseph while mixing is
used for heterogeneous phase. For examplderwaa a cup can be
agitated but cannot be referred to as mixé&tlus, agitation is not the
same as mixing.
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3.4 Separation Processes

There are different types of separation pees. These include:
distillation, extraction, absorption, membraneadition, and so on. Each
of these can also be used for purification, to veyylegrees.

(@) Separation by Flashing

A mixture of two liquids or a liquid andapour can be separated by
passing it to a flash drum at a fixed temapure and pressure. The
mixture is allowed to reach equilibrium (or nedy &nd then the vapour
exits the top and the liquid exits the bottom @& tlium. This separates

the components somewhat, provided that th@mpeéeature is chosen
between the boiling temperatures of the corepts of the mixture at
the pressure of the drum. The degree ofars¢ipn depends on the
composition of the mixture, the concentration§ the species in the
mixture, and the temperature and pressure. Ha\atg slich as fugacity
data or even vapour pressures for simple modelegRaoult's Law are
invaluable when choosing the operating conditions.

When a solution boils, the resulting gas g8ll a mixture, but the
gaseous mixture will in general have more tbke lower-boiling
compound than the higher-boiling compound. réfere, a higher-
boiling compound can be separated from toeel-boiling compound

by simply allowing a part of the solutioro tboil and another part to
remain as liquid.

(b) Distillation

Distillation is the most widely used separati process in the chemical
industry. It is also known as fractional distilatior fractionation. It is
normally used to separate liquid mixturesointwo or more vapour or
liquid products with different compositions.

Distillation is an equilibrium stage operatiotn each stage, a vapour
phase is contacted with a liquid phase and mdssnsvapour to liquid

and from liquid to vapour. The less volatilbeavy or high-boiling
components concentrate in the liquid phadee tmore volatile, light
components concentrate in the vapour. By usingiplelstages in series

with recycle, separation can be accomplished.
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Operating Principles

Condenser
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Fig.1l: Schematic Representation of the Operatg Principles of
Distillation

The feed to a distillation column may beyuld, vapour, or a liquid-
vapour mixture. It may enter at any poimt the column, although the
optimal feed tray location should be deteedinand used. More than

one stream may be fed to the system, and moreoti@product may be

drawn.

A column is divided into series of stages. Theseespond to a cascade
of equilibrium stages. Liquid flows down the coluifinom stage to stage
and is contacted by vapour flowing upward.

Traditionally, most columns have been built froreed of distinct trays
or plates, so these terms end up beingneskg interchangeable with

28



CHM 316 MODULE 1

stages. Each tray in a distillation column is desi@jto promote contact
between the vapour and liquid on the stafestillation can be
conducted in a packed column (just as alsorpcan be done in a
trayed column), but we will focus on trayed colunfmisthe present. A
schematic illustration of the operating principtéslistillation is shown

in Fig.1.

The product leaving the top of the colums c¢alled the overhead
product, the overhead, the top product, tfstillate, or distillate
product. Distillate product may be liquid orapour (or occasionally
both) depending on the type of condenserd.usdost of the time the
distillate flow rate is assigned the symbol D, #mel composition xor

Yo.

The product leaving the bottom of the colunm called the bottom
product or bottoms, and given the symbol B, witmpaosition x.

In some situations, notably petroleum refining, onenore intermediate
or "sidedraw" products may be removed from the mwolu

Vapour leaving the top of the column passes thraugbat exchanger,

the condenser, where it is partially or Hgtacondensed. The liquid
which results is temporarily held in the woelator or reflux drum. A
liquid stream is withdrawn from the drum and retdro the top tray of

the column as reflux (R or L) to promote separation

The portion of the column above the feed tray Ikedahe rectification

section. In this section, the vapour is enricheddrytact with the reflux.

The portion of the column below the feedaytris called the stripping
section. The liquid portion of the feed s=vas the reflux for this
section.

The operating pressure of the column is typicablgtoolled by adjusting
heat removal in the condenser.

The base of the column is typically used asreservoir to hold liquid
leaving the bottom tray. A heat exchanger, theaieh is used to boil

this liquid. The vapour which results, the boil{}f) is returned to the
column on one of the bottom three or four trays.

In normal operation, there are five handidg®mt can be adjusted to
manipulate the behaviour of a distillationluton — the feed flow, two
product flows, the reflux flow, and the bap flow (or re-boiler heat
input).
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A normal column has a temperature gradient a pressure gradient
from bottom to top.

Distillation, like flashing, is a process whi is generally used to
separate a mixture of two or more liquids basetheir boiling points.

However, what happens in a distillation columngsentially a series of

flashes, which are connected with recycle psooThe liquid from each
tray comes to equilibrium (ideally) with the vappand the vapour rises

up to the next tray and the liquid falle the tray beneath it. Each tray
has a different temperature because a retbadn the bottom and a
condenser at the top maintain a temperature gradeeoss the column

(in certain separation setups one of these compemnenomitted).

The net result is, like flashing, more dfiet lower-boiling compound(s)
will exit at the top of the column, and maoof the higher-boiling
compound(s) will fall to the bottoms. Sinddistillation is multiple
flashes in a row, it is typically more effwe than a single flash,
although the latter may be sufficient depegdion the purpose.
Distillation columns are standard for many typeseyarations because

it is relatively inexpensive for its efficacyDistillation has a limit,
however; non-ideal mixtures can form azeotsopd&n azeotrope is a
point at which when the solution boils, thepour has the same
composition as the liquid. Therefore no farthseparation can be done
without another method or without using some spéacks.

Two examples of distillation processes are petraléistillation and the
production of alcoholic beverages. In the firste;asl is separated into

its many components, with the lightest at the tog the heaviest on the
bottom. In the latter, the gas is enriched ethanol, which is later
recondensed.

(c) Gravitational Separation

Gravitational separation takes advantage o thell-known effect of
density differences. Something that is less denbél@at on something

that is denser. Therefore, if two immisciblguids have significantly
different densities, they can be separated diyply letting them settle,
then draining the denser liquid out via tlhettom. Note that the key
word here is immiscible; if the liquids are solubieeach other, then it is
impossible to separate them by this method.

This method can also be used to separate solids from a liquid
mixture, but again the solids must not be solubkhe liquid (or must
be less soluble than they are as present in tidi@w).
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(d) Extraction

Extraction is the general practice of takisgmething

liquid and forcing it to become dissolved in anotliguid. This is done
by taking advantage of theelative solubility of a compound between
two liquids. For example, caffeine must be extrddtem coffee beans

or tea leaves in order to be used in beveragesasichffee or soda. The

common method for doing this is to use

which is able to dissolve caffeine as if it werggaid. Then, in order to

take the caffeine out, the temperature is lowel@adring

in carbon dioxide) and water is injected. The sysiethen allowed to

reach equilibrium. Since caffeine is more ubtd in water than it is in
carbon dioxide, the majority of it goes into theteva

Extraction is also used for purificatio

with a pollutant, the pollutant can be estead with another, clean
stream. Even if it is not very soluble, will still extract
pollutant.

Another type of extraction is acid-base etiom, which is useful for
Another type of extraction is

moving a basic or acidic compound from a polar eef\(such as water)

to a non-polar one. Often, the ionised form ofdhel or base is soluble

in a polar solvent, but the non

reverse is true for the non
manipulate where the majority of the compound @il up, we alter or
adjust the pH of the solution by adding acid orebas

For example, suppose you wanted to extrdabrile (F) from water

into benzene. First, you would add acid, apse when astrong acid is
into benzene. First, you would a _ _ _ _
added to the solution it undergoes the follavireaction with fluoride,
which is practically irreversible:

F 1L HO" wHF 1 HO

The hydrogen fluoride is more soluble in benzera tfuoride itself, so

it would move into the benzene.

solutions could then be separated by density sy are immiscible.

The termabsorption is a generalisation of extraction that cavolve

_ liquid instead of liquid-liquid). However, the idea
different phases (gas-liquid instead of liquid
are still the same.

(e) Membrane Filtration

A membrane is any barrier which allows one subgtdaogass through
it more than another. There are two gendsgles of membrane
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separators: those which separate based on thefdize molecules and
those which separate based on diffusivity.

An example of the first type of membranepagator is your everyday
vacuum cleaner. Vacuum cleaners work by takingritaden with dust

from your carpet. A filter inside the vacuum thegpts the dust particles

(which are relatively large) and allows thar to pass through it (since
air particles are relatively small). A larger-scafeeration that works on

the same principle is calledabric filter or "Baghouse”, which is used

in air pollution control or other applicatonwhere a solid must be
removed from a gas.

Some fancy membranes exist which are able to sepaydrogen from

a gaseous mixture by size. These membrarees hery small pores
which allow hydrogen (the smallest possibleoleoule, by molecular
weight) to pass through by convection, but otheleaudes cannot pass
through the pores and must resort to diflusi(which is comparatively
slow). Hence a purified hydrogen mixture resultstanother side.

Membranes can separate substances by th#fisidity as well, for
example water may diffuse through a certéaype of filter faster than
ethanol, so if such a filter existed it could bediso enrich the original
solution with ethanol.

3.5 Purification Methods

In order to bring any product to market, i# necessary to purify it
adequately. Without purification, people could giek from eating such
foods; side effects could occur in industwhich would cause safety
concerns, or a scientist's research could be ofai@ld. Fortunately there
are several methods that are commonly used purification. The
separation processes mentioned above are ofterfarsiis purpose, as

are the following two processes.

(@) Adsorption

This should not be confused with absorptiagsorption is a process
which separates components by their relative adbeess to a surface.

An adsorption column is essentially a pipe fillethaa certain material.
When the contaminant flows by, it will bind to thmaterial, and in this

way the fluid flowing by is cleaned. Adsogo is therefore a surface
phenomenon.

A major disadvantage to this method is thhe material will always
have asaturation pointafter which no more contaminant can latch on to

32



CHM 316 MODULE 1

it. At this point, the process of purification stopnd therefore the spent
material must be replaced by new material.

(b) Re-Crystallisation

Re-crystallisation is the purification of stdsxces by taking advantage
of changes in solubility with respect to temperatWe take advantage

of this by dissolving an impure compound atiten lowering the
temperature slowly. The solubility of most lido substances increases
with temperature, so decreasing the temperatuteatlse the solubility

of both the impurities and the substance b® purified to decrease.
However, since there is likely much more tife impure substance
present than impurities, the impure substanceew#éintually crystallise

out long before the impurities. Therefore, lcagy as the temperature is
not lowered too quickly, the impure substangis crystallise out in a
purer form, while most impurities will remaiin solution. A
disadvantage to this method is that it takes a tong to perform, but it

is often the most effective method for ohi@j a pure sample of a
product.

4.0 CONCLUSION

Most unit operations are based mechanicalponu the fundamental
transport processes of mass transfer, heatsfer, and fluid flow
(momentum transfer). Unit operations based on fla&thanics include

fluid transport (such as pumping), mixing/agadn, filtration,
clarification, thickening or sedimentation, gd#dication, and
centrifugation. Operations based on heat transfdude heat exchange,
condensation, evaporation, furnaces or kilns, dryoooling towers, and

freezing or thawing. Operations that are based assrtransfer include
distillation, solvent extraction, leaching, aljgion or desorption,
adsorption, ion exchange, humidification orhuwaidification, gaseous
diffusion, crystallisation, and thermal diffasi Operations that are
based on mechanical principles include scrggnigolids handling, size
reduction, flotation, magnetic separation, andtedstatic precipitation.

The study of transport phenomena providesurdéfying and powerful
basis for an understanding of the different ungragions.

5.0 SUMMARY

You have learnt from this unit that every indudtclaemical process is

based on unit operations (physical treatmesich as mixing, drying,
absorption, evaporation, adsorption, distdlat condensation,
crystallization, vaporization , leaching, sej@n, extraction,
sedimentation, filtration, crushing as well amit processes (chemical
treatment) such as oxidation, hydrogenation, atlgma polymerisation,
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nitration etc; produce economically a desired pobditom specific raw
materials. The raw materials are treated througisiphl steps to make

it suitable for chemical reaction. So, knodge of unit operations like
mixing and agitation of liquid and heat flow is yenuch necessary.

6.0 TUTOR-MARKED ASSIGNMENT

I What is unit operation?

. Differentiate between unit operation and unit pesce
iiil.  List examples of industrial processes.

iv.  What is distillation?

V. Differentiate between adsorption and absorption.
vi.  Give several examples of unit operation.
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1.0 INTRODUCTION

In units 1 and 2, heat and mass transfarewdiscussed in relation to
industrial chemical technology respectively. Lmit 3, various unit
operations were discussed and it is spetificatated that every
industrial chemical process is based on umterations (physical
treatment) and unit process (chemical treatimdén produce
economically a desired product from specifiaw materials. The raw
materials are treated through physical stéps make them suitable for
chemical reaction and this involved the usk different types of
equipment for the objectives to be realisdd. this unit, some of the
equipment available in carrying out such umiperations will be
discussed.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. list some chemical technology equipment availabtarfdustrial
development
. state the relevance of this equipment to the imgust
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3.0 MAIN CONTENT

3.1 Chemical Technology

Chemical technology can be described as the shetgichniques used
in the chemical industry. It is the scienoé those operations which
convert raw materials into desired products an industrial scale,
applying one or more chemical conversions.e Tloute along which a
raw material is converted to products is lagical coupling of
interconnected operations terms industrial processgech involve unit
operation and unit process (see unit 3).

3.2 Chemical Technology Equipment

These are equipments used in facilitating iovolved in the
transformation of raw materials into productEhe equipment helps in
transfer of heat and mass from one point to anatherder to achieve
production processes. The first steps in racgss, such as the
mechanical operations of grinding or crushinge often followed by
physical treatments such as mixing, heatiegaporating, distilling,
condensing e.t.c. are carried out via chemieschnology equipment.
Some of these equipments are discussed below.

3.2.1 Heat Exchangers

In general, a heat exchanger is a devicaclwhs used to facilitate the
exchange of heat between two mixtures, frome hotter one to the
cooler one. It is any equipment which trensfthe energy from a hot
flud to a cold fluid, with maximum rate énminimum investment and
running costs. Heat exchangers very often inveteam because steam

is very good at carrying heat by convection, araldb has a high heat
capacity so itwillnot change temperature mash as another working
fluid would. In addition, though steam can be exgpemto produce, it is

likely to be relatively less expensive congato other working fluids
since it comes from water. Examples of heat exchengre:

) Intercooler and pre-heater

1)) Condenser and boilers in steam plant

i)  Condensers and evaporators in refrigerationsun
Iv)  Regenerators

V) Radiators

vi)  Oil coolers e.t.c.
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Tubular Heat Exchangers

A tubular heat exchanger is essentially a&kghd around a pipe. The
working fluid (often steam) enters the jackeh one side of the heat
exchanger and leaves on the other side.ddnghe pipe is the mixture
which you want to heat or cool. Heat is exchangedugh the walls of

the device in accordance to the second Iafw thermodynamics, which
requires that heat flow from higher to lower tengteres. Therefore, if

it is desired to cool off the fluid in the pipegtivorking fluid must be

cooler than the fluid in the pipe.

Tubular heat exchangers can be set up ip tways: co-current or
counter-current. In a co-current setup, the workiagl and the fluid in

the pipe enter on the same side of thet hmeachanger. This setup is
somewhat inefficient because as heat is ewdd the temperature of
the working fluid will approach that of the fluid the pipe. The closer

the two temperatures become, the less heat caxchargged. Worse, if

the temperatures become equal somewhere én niiddle of the heat
exchanger, the remaining length is wasted bec#ugsevo fluids are at
thermal equilibrium (no heat is released).

To help counteract these effects, one can usergemourrent setup, in
which the working fluid enters the heat exuper on one end and the
fluid in the pipe enters at the other end. As golaation for why this is
more efficient, suppose that the working fluid attkr than the fluid in

the pipe, so that the fluid in the pipe is heatedThe fluid in the pipe

will be at its highest temperature when it exits bieat exchanger and at

its coolest when it enters. The working fluid wadllow the same trend
because it cools off as it travels the length efékchanger. Because it's
counter-current, though, the fact that the workingl cools off has less

of an effect because it's exchanging heath wiooler, rather than
warmer, fluids in the pipe.

3.2.2 Distillation Towers

Large scale industrial distillation applicatoninclude both batch and
continuous fractional, vacuum, azeotropic, ative, and steam
distillation. The most widely used industrial ajgplions of continuous,
steady-state fractional distillation are intrpkeum refineries,
petrochemical and chemical plants and natural gasepsing plants.
Industrial distillation is typically performed iadge, vertical cylindrical
columns known asdistillation towers or distillation columns with
diametres ranging from about 65 centimetres 16 metres and heights
ranging from about 6 to 90 metres or more. Wherptbeess feed has a
diverse composition, as in distilling crude oitjdid outlets at intervals

up the column allow for the withdrawal of differdractions or products
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having different boiling points or boiling nges. The lightest products
(those with the lowest boiling point) exitom the top of the columns
and the heaviest products (those with the highathlg point) exit from

the bottom of the column and are often echlithe bottoms. A typical
industrial distillation tower diagram is shown iigF2.

=
E [—
o ¥ Dverhead
2 = Product
E- Y Fead
Bl
&
— “Aapor kettla
Reboiler
=

Steam to and from
" rahailer tube bundle
Bottoms

Bottoms Product
liquid

Fig.2: Diagram of a Typical Industrial Distillatio n Tower

Industrial towers use reflux to achieve a renccomplete separation of
products. Reflux refers to the portion of the carsdl overhead liquid
product from a distillation or fractionatiobower that is returnedto the
upper part of the tower as shown in the schemaigrdm of a typical,
large-scale industrial distillation tower. Idsi the tower, the down
flowing reflux liquid provides cooling and mdensation of the up
flowing vapours thereby increasing the efinmg of the distillation
tower. The more reflux that are provided far given number of
theoretical plates, the better the tower'pasgion of lower boiling
materials from higher boiling materials. Atatively, the more reflux
that is provided for a given desired separatioa féwer the number of
theoretical plates required.

Such industrial fractionating towers are alsged in air separation,
producing liquid oxygen, liquid nitrogen, ankigh purity argon.
Distillation of chlorosilanes also enables tipeoduction of high-purity
silicon for use as a semiconductor.

The efficiencies of the vapour-liquid contadevices (referred to as
plates or trays) used in distillation towers aggdglly lower than that of

a theoretical 100% efficient equilibrium stagelence, a distillation
tower needs more trays than the number haoretical vapor-liquid
equilibrium stages.

38



CHM 316 MODULE 1

In modern industrial uses, generally, a pagkimaterial is used in the
column instead of trays, especially when lowespure drops across the
column are required, as when operating under vacuum

This packing material can either be random dumpetipg (1-3" wide)
such as Raschig rings or structured sheet metlids tend to wet the
surface of the packing and the vapours paseoss this wetted surface,
where mass transfer takes place. Unlike conventiomgadistillation in
which every tray represents a separate pahtvapour-liquid
equilibrium, the vapour-liquid equilibrium curve apacked column is
continuous. However, when modeling packed rools, it is useful to
compute a number of theoretical stages tmotde the separation
efficiency of the packed column with respet more traditional trays.
Differently shaped packings have different surfamsas and void space
between packings. Both of these factors affect ipggerformance.

Another factor in addition to the packingaph and surface area that
affects the performance of random or stredturpacking is the liquid
and vapour distribution entering the packedd.b The number of
theoretical stages required for a given sHpar is calculated using a
specific vapour to liquid ratio. If the ligh and vapour are not evenly
distributed across the superficial tower area astiérs the packed bed,

the liquid to wvapour ratio will not be coctein the packed bed and the
required separation will not be achieved. The pagkvill appear not to

be working properly. The height equivalent af theoretical plate
(HETP) will be greater than expected. Theobfgm is not the packing
itself but the mal-distribution of the fluidentering the packed bed.
Liquid mal-distribution is more frequently the pteim than vapour. The
design of the liquid distributors used to introdtice feed and reflux to a

packed bed is critical to making the packipgrform to its maximum
efficiency. Methods of evaluating the effeetiess of a liquid
distributor to evenly distribute the liquidntering a packed bed can be
found in references. Considerable work hanbelone on this topic by
Fractionation Research, Inc. (commonly known as) FRI

Multi-Effect Distillation

The goal of multi-effect distillation is tondrease the energy efficiency
of the process, for use in desalination, or in soases one stage in the
production of ultrapure water. The number effects is proportional to
the Kw-h/m of water recovered figure, and refers foe tvolume of
water recovered per unit of energy compaseith single-effect
distillation. One effect is roughly 636 Kw-h/m

. Multi-stage flash distillation can achieve mothan 20 effects
with thermal energy input.
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. Vapour compression evaporation. Commercial ela@tple units
can achieve around 72 effects with electriealergy input,
according to manufacturers.

There are many other types of multi-effedstilation processes,
including one referred to as simply multiegff distillation (MED), in
which multiple chambers with intervening heakchangers are
employed.

3.2.3 Reactors

Chemical reactors are vessels designed totaiconchemical reactions.
The design of a chemical reactor deals with mdtgdpects of chemical
engineering. Chemical engineers design reactarsatomise net present
value for the given reaction. Designers ensurettieteaction proceeds
with the highest efficiency towards the degiroutput product,
producing the highest yield of product while reqgrthe least amount

of money to purchase and operate. Normalrabipg expenses include
energy input, energy removal, raw materialstgo labour, etc. Energy
changes can come in the form of heating or coopog)ping to increase
pressure, frictional pressure loss (such assspre drop across a 90°
elbow or an orifice plate), agitation, etc.

Both types can be used as continuous reactar batch reactors. Most
commonly, reactors are run at steady-state, bualsanbe operated in a
transient state. When a reactor is first brouglkkhato operation (after
maintenance or in operation) it would be consideoelke in a transient

state, where key process variables changé uiine. Both types of
reactors may also accommodate one or mol&ssdqreagents, catalyst,
or inert materials), but the reagents anddpcts are typically liquids
and gases.

There are three main basic models used to estilmatemost important
process variables of different chemical reactors:

. batch reactor model (batch)
. continuous stirred-tank reactor model (CSTR)
. plug flow reactor model (PFR).

Furthermore, catalytic reactors require separatgrirent, whether they
are batch, CST, or PF reactors, as the many assunsaif the simpler
models are not valid.
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Key process variables include:

. residence timer( lower case Greek tau)

. volume (V)

. temperature (T)

. pressure (P)

. concentrations of chemical species, (G, C,, ... G)
. heat transfer coefficients (h, U).

A chemical reactor, typically tubular reactor, abblke a packed bed such
as multi-bed reactor, multi-tube reactor atdular high pressure
reactor. The packing inside the bed may haatalyst to catalyse the
chemical reaction. A chemical reactor may also Heidised bed.

Chemical reactions occurringin areactor mg exothermic, meaning
giving off heat, or endothermic, meaning abswy heat. A chemical
reactor vessel may have a cooling or heating jamkeboling or heating
coils (tubes) wrapped around the outside of itselewall to cool down

or heat up the contents.

3.2.4 Types of Reactor

a) Continuous Stirred-Tank Reactors (CSTRs) and Hidised
Bed Reactors (FBSs)

A continuous stirred-tank reactor is an idea reactor in which the
reactants are dumped in one large tank,walio to react, and then the
products (and unused reactants) are releamdd of the bottom. In this
way the reactants are kept relatively dilusgy the temperatures in the
reactor are generally lower. This also caaveh advantages or
disadvantages for the selectivity of the tieac depending on whether
the desired reaction is faster or slowernthéhe undesired one. The
schematic descriptions of both the continuatsred-tank (CSTR) and
fluidised bed (FB) reactors are illustrated in Fg.
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Fig.3: Schematic descriptions of Continuous Stirré-Tank Reactors
(CSTRs) and Fluidised Bed Reactors (FBs)

CSTRs are generally more useful for liquikpd reactions than PFRs
since less transport power is required. Howevessgase reactions are
harder to control in a CSTR.

In a CSTR, one or more fluid reagents are introducto a tank reactor
equipped with an impeller while the reacteffluent is removed. The
impeller stirs the reagents to ensure proper rgixdy simply dividing

the volume of the tank by the average volumetowftate through the
tank gives the residence time, or the average atraiuime a discrete
guantity of reagent spends inside the tank. Usiregrical kinetics, the
reaction's expected percent completion can ch&ulated. Some
important aspects of the CSTR are:

I At steady-state, the in-flow rate must equbke mass out-flow
rate, otherwise the tank will overflow or gempty (transient
state). While the reactor is in a transient stagenhodel equation
must be derived from the differential mass and gynéalances.

il. The reaction proceeds at the reaction rassoaated with the
final (output) concentration.

iii.  Often, it is economically beneficial to operaseveral CSTRs in
series. This allows, for example, the fir€iSTR to operate at a
higher reagent concentration and therefore a higdeation rate.

In these cases, the sizes of the reactors mayrhezlva order to
minimise the total capital investment requiréd implement the
process.

\2 It can be seen thatan infinite number ofinitely small CSTRs
operating in series would be equivalent to a PFR.

The behaviour of a CSTR is often approximated odeted by that of a
Continuous Ideally Stirred-Tank Reactor (CISTRAIl calculations
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performed with CISTRs assume perfect mixing. Iftbgidence time is
5-10 times the mixing time, this approximatiowvadid for engineering
purposes. The CISTR model is often used stmplify engineering
calculations and can be used to describe reseaactors. In practice it

can only be approached, particularly in indussiaé reactors.

A fluidised bed reactor is, in essence, TR which has been packed
with catalyst. The same analogy holds between aar€BCSTR as does

between a PFR and a PBR. Unlike CSTRs thouifuidised beds are
commonly used with gasses; the gas is pumpedthe bottom and
bubbles through the catalyst on the way to theotdfet.

b) Plug Flow Reactors (PFRs) and Packed Bed ReactoiBERs)

A plug flow reactor is a (idealised) reactam which the reacting fluid
flows through a tube at a rapid pace, but withbatformation of eddies
characteristic of rapid flow. Plug flow reactoradeto be relatively easy

to construct (they are essentially pipes) but aoblpmatic in reactions

which work better when reactants (or products)ddtde.

Plug flow reactors can be combined with membraparsgors in order

to increase the yield of a reactor. The estdtic diagram is shown in
Fig.4. The products are selectively pulled outhef teactor as they are

made so that the equilibrium in the reacitself continues to shift
towards making more products.

ﬁ I

PFR. z

IMMembrane

N

Iembrane
Eeactor
Fig.4: Schematic Diagram of Plug Flow and Membran&eactors

In a PFR, one or more fluid reagents are pumpexigir a pipe or tube.

The chemical reaction proceeds as the reagentd ttaough the PFR.

In this type of reactor, the changing reaction cagates a gradient with
respect to distance traversed; at the inlet td’ffie the rate is very high,

but as the concentrations of the reagents decesasthe concentration

of the product(s) increases the reaction ralews down. An important
feature of PFR is that a packed bed reagsoressentially a plug flow
reactor packed with catalyst beads. They are dskkiei the majority of
reactions in industry, the reaction requiras catalyst to significantly
progress at a reasonable temperature.
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Bioreactors

A bioreactor is a reactor that utilises eithenanly organism or one or
more enzymes from a living organism to accompliskersain chemical
transformation. Bioreactors can be either CSTRsvfirth case they are
known asChemostat$ or PFRs.

Certain characteristics of a bioreactor mir more tightly controlled
than they must be in anormal CSTR or PFR beceaelidar enzymes
are very complex and have relatively narrow rargjegptimum activity.
These include, but are not limited to:

1. Choice of organism. This is similar to thehoice of catalyst for
an inorganic reaction.
2. Strain of the organism. Unlike normal catdysorganisms are

very highly manipulable to produce more ofhalv you are after
and less of other products. However, also unlikenab catalysts,

they generally require a lot of work to geny significant
production at all.

3. Choice of substrate. Many organisms can setilimany different
carbon sources, for example, but may onlpdpce what you
want from one of them.

4. Concentration of substrate and aeration. Tumbibitory effects
exist which could prevent you from gettingpet product you are
after. Too much substrate leads to ghe&ose effecin which an
organism will ferment regardless of the a&upply, while too
much air will lead tdPasteur Effectand a lack of fermentation.

5. pH and temperature: Bacterial enzymes tend htwe a narrow
range of optimal pH and temperatures, so these beusarefully
controlled.

However, bioreactors have several distinct aathges. One of them is
that enzymes tend to be stereo-specific. Emample, you don't get

useless D-sorbose in the production of vitamin@ yiou get L-sorbose,

which is the active form. In addition, very higloduction capacities are

possible after enough mutations have been indkgedlly, substances

which have not been made artificially or which Wbhe very difficult

to make artificially (like most antibiotics) can beade relatively easily

by a living organism.

All calculations performed with PFRs assume npstream or
downstream mixing, as implied by the term "plugiffo

Reagents may be introduced into the PFRloaations in the reactor
other than the inlet. In this way, a higher effrag may be obtained, or
the size and cost of the PFR may be reduced.
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A PFR typically has a higher efficiency tham CSTR of the same
volume. That is, given the same space-time, aimeautll proceed to a
higher percentage completion in a PFR than in aRCST

For most chemical reactions, it is impossible Fa teaction to proceed

to 100% completion. The rate of reaction rdases as the percent
completion increases until the point where theesyisteaches dynamic
equilibrium (no net reaction, or change in chemsgadcies occurs). The
equilibrium point for most systems is less than%Qmplete. For this
reason a separation process, such as distillaoften follows a
chemical reactor in order to separate angnamging reagents or
byproducts from the desired product. These reageayssometimes be

reused at the beginning of the process, such e iRaber process.

C) Continuous Oscillatory Baffled Reactor(COBR)

It is a tubular plug flow reactor. The mixing in 88 is achieved by the
combination of fluid oscillation and orificdaffles, allowing plug flow
to be achieved under laminar flow conditions with het flow Reynolds
number just about 100.

d)  Semi-Batch Reactor

A semi-batch reactor is operated with both contusuand batch inputs

and outputs. A fermenter, for example, isaded with a batch, which
constantly produces carbon dioxide, and has bt removed
continuously. Analogously, driving a reactioof gas with a liquid is
usually difficult, since the gas bubbles off. THere, a continuous feed

of gas is injected into the batch of auiliy One chemical reactant is
charged to the vessel and a second chemical il adiolely.

e) Catalytic Reactor

Although catalytic reactors are often implementeglag flow reactors,

their analysis requires more complicated imemt. The rate of a
catalytic reaction is proportional to the amb of catalyst the reagents
contact. With a solid phase catalyst andidflphase reagents, this is
proportional to the exposed area, efficienof diffusion of reagents in
and products out, and turbulent mixing orcklathereof. Perfect mixing
cannot be assumed. Furthermore, a catalydiaction pathway is often

multi-step with intermediates that are chemicathyibd to the catalyst;

and as the chemical binding to the catalyst is alsbemical reaction, it

may affect the kinetics.
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The behaviour of the catalyst is also a saeration. Particularly in
high-temperature petrochemical processes, italyare deactivated by
sintering, coking, and similar processes.

3.2.5 Separators

The term separator in oil field terminology desigrsaa pressure vessel

used for separating well fluids produced frooil and gas wells into
gaseous and liquid components. A separator fooleetm production is

a large vessel designed to separate producfioids into their
constituent components of oil, gas and watAr. separating vessel may
be referred to in the following ways: oilnda gas separator, separator,
stage separator, trap, knockout vessel (kndckdrum, knockout trap,
water knockout, or liquid knockout), flash chamffeash vessel or flash

trap), expansion separator or expansion vesselblser (gas scrubber),

filter (gas filter). These separating vessel® normally used on a
producing lease or platform near the wellhead, folthior tank battery

to separate fluids produced from oil and ogaslls into oil and gas or
liquid and gas. An oil and gas separator genenatijydes the following
essential components and features:

1. A vessel that includes (a) primary sapan device and/or
section, (b) secondary “gravity” settling (aegting) section, (c)
mist extractor to remove small liquid pasei&l from the gas, (d)
gas outlet, (e) liquid settling (separating) settio remove gas or
vapor from oil (on a three-phase unit, tlest®n also separates
water from oil), (f) oil outlet, and (g) vem outlet (three-phase

unit).

2. Adequate volumetric liquid capacity to ntke liquid surges
(slugs) from the wells and/or flow lines.

3. Adequate vessel diametre and height or lentgth allow most of

the liquid to separate from the gas so that the exisactor will
not be flooded.

4, A means of controling an oil level ithe separator, which
usually includes a liquid-level controller ana diaphragm motor
valve on the gas outlet.

S. A back pressure valve on the gas outlet ntaintain a steady
pressure in the vessel.
6. Pressure relief devices.

Separators work on the principle that theeeh components have
different densities, which allows them to asty when moving slowly
with gas on top, water on the bottom and oil in thaddle. Any solids

such as sand will also settle in the bottom ofsygarator.
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Other examples of separators are centrifuge, hydtore, liquid- liquid
separators, gas- liquid separators.

3.2.6 Mixers

The several available mixers that are nommallsed for the continuous
mixing of low viscosity fluids include inlinemixer such as simple
mixing tee, and injection mixers. They are staggides which promote
turbulent mixing in pipelines.

In static mixer, materials flowing are mixesblely by redirecting fluid
flow to follow the geometry. The only power requir®r static mixers

is the external pumping power that propele tmaterial through the
mixer. Static mixers employ the principle dafividing the flow and
recombining it in a geometric sequence. dt also called aMotionless
Mixer .

Other types of mixers are stirred tanks Wwhiare mixing vessels fitted
with some form of agitator for blending liquids ameparing solutions.

The overall system design is dependent on manghbias including the
physical properties of fluids, mixer lengthube inner diameter, the
number of elements and their geometrical design.

3.2.7 Crushers

A crusher is a machine designed to reduamel rocks into smaller
rocks, gravel, or rock dust. Crushers may be usedduce the size, or
change the form, of waste materials so they candre easily disposed

of or recycled, or to reduce the size of a solig ofiraw materials (as in

rock ore), so that pieces of different cosifpon can be differentiated.
Crushing is the process of transferring a forceldiag by mechanical
advantage through a material made of molsculleat bond together
more strongly, and resist deformation morbant those in the material
being crushed. Crushing devices hold matebatween two parallel or
tangent solid surfaces, and apply sufficidfotce to bring the surfaces
together to generate enough energy within the ma&tezing crushed so

that its molecules separate from (fracturingy, change alignment in
relation to (deformation), each other. Therliest crushers were hand-
held stones, where the weight of the stgrevided a boost to muscle
power, used against a stone anvil. Querns and rsata types of these
crushing devices.

In industry, crushers are machines which use alrsettace to break or
compress materials. Mining operations use hatss commonly
classified by the degree to which they fragin the starting material,
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with primary and secondary crushers handliogarse materials, and
tertiary and quaternary crushers reducing @agticles to finer
gradations. Each crusher is designed to wuoikh a certain maximum
size of raw material, and often delivers its outjoua screening machine
which sorts and directs the product for Hart processing. Typically,
crushing stages are followed by milling stage&é materials need to be
further reduced. Additionally rock-breakers arei¢gfly located next to

a crusher to reduce oversize material tomgelafor a crusher. Crushers
are used to reduce particle size enough tret the material can be
processed into finer particles in a grinder.

In operation, the raw material (of variouszes) is usually delivered to
the primary crusher's hopper by dump truckgcavators or wheeled
front-end loaders. A feeder device such as an djgexter, conveyor or
vibrating grid controls the rate at which this nieteenters the crusher,

and often contains a preliminary screening devib&kwallows smaller
material to bypass the crusher itself, thus imprg\efficiency. Primary
crushing reduces the large pieces to a size wiintbe handled by the
downstream machinery.

4.0 CONCLUSION

Heat exchangers, distillers, reactors, separatare among the very
many chemical technology equipment available fdustrial processes.
Others are grinder, crusher, autoclave, hydilooe, stirred tank,
compressor, furnace, ejector and column sash tray and packed
columns. All the equipment helps to facilitate protion in the industry.

5.0 SUMMARY

You have learnt in this unit that the ramaterials are treated through
physical steps (unit operation) to make it suitdbtechemical reaction

(unit process) and this involved the use of diffétgpes of equipment

for the objectives to be realised. Consedyentypical equipment such
as heat exchanger, distillation column, react@and separators that are
commonly found in the industries were disedss Others such as
crushers, grinders, mixers are also commonly used.

6.0 TUTOR- MARKED ASSIGNMENT

I What are heat exchangers?

. List some examples of heat exchangers.

lii.  State the different types of reactor.

iv.  Explain briefly the importance of a reactor.

V. With respect to named equipment, discuss tise of equipment
in the industry.
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