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Pharmaceutical engineering is concerned with the study of industrial
processes in which raw ‘materials are changed or separated into
oharmaceutically useful products such as drugs and excipients. A wide |
variety of processes are involved in these conversions. Some of them
are as follows. ' ' 5 PN AL
- _ | _ - vt

1. Production of dosage forms : Conversion of drugs (chemicals

as raw materials) into medicines, (dosage, forms),‘_}.vhich are _suit_-%p}é :fﬂ-ﬁ
‘use by the paticnt. Example is conversion of diclofenac sodium 1nto
dosage. forms such as tablets, capsules, suspensions and injections. i

N
_1“.'1, ’

2. Production of bulk drugs : Chemicals (raw materials _aﬁrpiﬂ_

ii‘i"f'IE iy

converted into drugs. For example, salicylic acid is acetylated to_Jg})__g!a_i_p
acetylsalicylic acid (aspirin). This area is EQGWn fﬁs_'prpdyl(;itﬂign&:éf;g#!ﬁ
Drugs. Conversion of chemicals into intermediates, which in tur_r}l_;gilfg

. used for production of drugs in commercial scale, ts also ‘inc__l.u_dcd in this
arca. AP onas e TR T T O R

. st b it s Gt

3. Production of antibiotics : Manufacture ot‘é,djz;pgs i(a_{‘l}iblﬁl.ls‘;s
: ; ; P = | R RO LTV AP T o AL
using. microbes with the ajd of p;;cursors_ns_anq}hcgz area of, intcrest 10

s k¥

YD RS P ey

the pharmacist.. This area is known as j;;{"}nc_ntgt:{qp H{cqhﬁqi{pgym'lfpr

example, penicillin G 1s produced using 'Pen'fcilifﬁgrz:' {chlry'so.gemml ':.Y”iltl?
AT A | LR T s e ] it e TR ARE T P (o DR EH LTI
the aid of precursor, phenylacetic acid.

_ LRI

4. Production of biologicals : Extraction.of drugs, from.,animals,
plants and minerals from native .raw .materials.;into,.purified ,(or. 5¢ ni-
purified) products,are of interest to the pharmagist.; Sgme,examples ate
vaccines, insulin. streptokinase and. recombinant DNA technology prod-
ucts. & - ‘ gl

1r.
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Each process is developed systematically from a laboratory scale to

‘pilot scale and finally to an industrial scale. In each case, process is

- undertaken by employing a number of cquipment. The areas of interest

with reference to equipment are: .
- design '
- fabrication
— assembly
- operation
- maintenance

Similarly, each process has to be followed scrupulously in terms of:
= effectivity ' .
©— efficiency | 3 '
= vahdity .
- safety g ‘_ _ .
- economy '

Effectiveness refers to the quality of what is to be actually accom-

- plished. - Efficiency means accomplishing tasks with @ minimum of

wasted material, time and money. In the popular management cliché.

‘efficiency is doing things right, while effectiveness is doing right

things.

Validation is defined as a procedure that demonstrates the ability of

consistently producing a product with the established specifications un-
der ideal conditions. N

~ Safety refers to the protection of products, personnel, factory ete.

‘Prevention of accidents and protection from fire constitute important

aspects.  Sufficient care should be exercised so that human factor is

removed from the hazards by making protection a permanent and auto-
matic.

Economy refers 10 the protection of factory from financial problems,
The industrial activity essentially involves the conversion of raw materi-
als into value added products. The steps are initiated for the optimization
of parametcrs for an operation and process. so that economy works out
for the factory as well as customer (or consumer). Standard Operating

Proccdures (SOPs) are helpful to obtain a quality product coupled with
cconomy. | | |

Therefore, a broad understanding of the basic principles involved in a

process. knowledge about-the construction, working and skills in han-

dling them are of vital importance. This chapter provides the basic

ei
1
i
|

maceutical engincering. i g b
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nformation and prerequisites that arc necessary for understanding phar-

#

- UNIT OPERATIONS AND UNITPRO(ESSES L
Normally, every process involves a ‘series of steps. ‘Each step is
performed individually. This approach is an ccpnomlca_l unyof 9?33_“12'
ing a given task.

Unit Opcerations i
Each chemical process [requently COnsists of ‘a fewer number of
distinet individual steps. Lach step is called wunit. operation. ..

l2ach unit operation is bascd on one type of _}sc:en_tlﬁ_ci prmmplc_.. A
few examples of unit operations and -underlying: principles are listed
bclow. '

T

Drying : It is a unit operation used to remove .liquid or moisture
from solids by evaporation with the aid of heat. For ﬂcxan}plgz fir)img
process is employed to remove excess moisture (above “equilibrium

moisture content) from the wet granules in the pr.olductionj of tablch

Size reduction : This is a unit operation in which drugs (-}fggc}_a_b}c or
chemical origin) are reduced to smaller pieces, coarse par;rlc.lc‘s or finc
powder. This process 1s extensively uﬁsed in the manuf}}clgre of.talcum _
powders and tooth powders (cosmletic_J{_nd'llstry).

Distillation : It is a unit operation of converting 'ifquidinto vapour
by heating and rcconverting vapour again int(;.lic.luid by cn.ndcnf;mg the
vapour. This unit opcration is uscd.for obtaining cssential ols frlom
various parts of the plants. Example is lemon-grass oil (perfume industry).

‘Evaporation : 1t is a unit operation which ‘in\*qjxie-s__frc_c_,jt:.sc_apc "of »
vapour from the surface of a liquid E)clow is Bo;lm_g pmnt: For
example. evaporation technique is ‘ezstenSl?'el)’___l{%Cd for co_n;cntral~1ng 1hc

. syrup in the manufacture of sugar (sugar mﬁdustry). ks |

-

The advantage is that eagh. unit operation 1s a common .u.:chniq}xc
and cmployed*-%ﬁ diverse chemical and phal:maccuticzfl_ md_us-trtcs. 'l' nrﬂ
“example, the operation of mass transfer 1s -mvoh'fc".d In l?un'l‘ldiﬁc.:auon.
cvaporation, distillation, extraction and drying. ‘The unit operation of
drying is used in the following industries. '

(1) Pharmaccutical industry : In-the production ol tablets, the
powdered mass 1s converted into wet mass, which is subsc-
quently dried in order 10 obtain frce flowing dry granules.

/
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In the manufacture of herbal drug extracts, a large number of
plants are used. The piant extracts are dried in order to ¢xtend
the shelf life. Otherwise, the product may deteriorate.  For
example. in the preparation of belladonna dry extract [P, liquid
~extract of belladonna is dried completely.  Otherwise -t gets
deteriorated. |

(2) Food industry : Grapes, cashew, almunds and other types of
" fruits are dried to obtain drv fruits. These products have ex-
tended storage hfe

(3) Sugar industry :.The crystals of sugar are dried to remove
residual water, so that the sugar will be dry and free flowing.

Unit operations are deCd on both science and experience.  The
theory and practice must be combined judiciously for achieving profi-
cn.m.} in handling equipment. -

Lnit Process

Unir p:oc.c.‘-‘*w lS defined as the one In ‘which several unit operations
are mmbmcd in a sequence to '1ch|eve the objectives of a chemical or
plu mal Process.

Unit procccs-Ph)sncaI process : Consider tlu. example of manufac-
ture of common salt. The unit operations involved are:

i Lo

Lo

Transportation of Transfer
fluds and solids | ‘1" of heat

i skl == mrrre R

Screening i MEprmiriers

- Evaporation

|

‘ Drying | < | Filtration | «—— | Crystallisation |

bmt process—Chemlcal process Consider the pmductlon ol para-

cetamol from bcnzene

| n'it'ratioﬁri _ | |
- . Nitrobenzene
HNO3 / H2S04, 1 h e

Benzene -

reduction
Al/ H2S04, 10 h

acetylation ,
Paracetamol — p-Aminophenol

acetic anhydride /
sulphuric acid

Sequence of reactions for the production of paracctamol (or acetaminophen).

Ch-l INI')HS'I'RMI. PROCESSING AND BASIC I’RINCIPLF.S 5

“
o

In the above process, three unit processes arc involved.  These are

nitration. reduction and acctylation. Each unit process is in turn made of

a_number of unit operations. For example. in the nitration of benzene 10

nitrobenzene. the unitf Opcratlons mvolvcd are:
ﬁ R

-
=l

Heating o 80°C | e——
for 1 hour

m _— Crysta Il:satnon

These: u.amplcs llluslmtc that unit operations ar\.. lmud) used 1o
conduct the physical steps such as: - -

: ~
Fluid flow Heat transfer - Fluid flow
Charging of Cold brine is passed Addit' on of
nitric acid into to reduce the sdlphuric acid
the reactor temperature to 15°C |
il ‘Heat transfer ';lduc;gi;lr? :; | i

benzene in
small quantities

b ]

=

s I’ru.p'lmtlon of the reactants,
2. Scparation and purification of the ploducts

3. Recycling of the unconverted reactants.

4. Comrollmg, of th. cnergy transfer into or out of the chemical
reactor.

Thus; several steps: are carried in a sequentml order to achieve a
Process Lfﬁucnl]y and t..conomlcally |

i - “
- ._'1‘:" b % ; - i =y
¥ d -r & i

UNlT OPERATIONS—SCIENTIFIC FOUNDAT]ONS

A large number of unit operations are simultancously | handlcd in a
chemical process. Hence, the knowledge of the clementary physmdl and
chemical laws (Figure 1-1) is essential for the application of scu.nl:m.
principles and techniques. Some of these laws are: | '

Basic_l_aws. Laws of conservation of matlers’ & . oo et
Laws of conscwatlon of cnergy 5 ok g B

" Special laws: Universal gas Iaws (ldeal gas equation).
Dalton’s law of partizk pressurcs
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_ Spccml laws are dlscusscd in detail in dlliuem books mentioned in
blblaograph) The basic laws are h:ghlu.,htcd beluw A

UNIT OPERATIONS

Govemed by physical
and chemical laws

Governed by

Basic Laws _
Laws of conservation

Maite/ s weirgv
Material balance | Energy balance
input = output input = output

for all forms of
encrgy

~ Estimated

- Considered

| (a) malal'conc. '
(b) mole fraction, X»

(a) heat
*(b) mechanical
(c) electncal
(d) chemical
(e) radiation

@

Ligure 1-1. Scientific foundations in unit
opcrations.  Basic laws are included.

Basic Laws
The general law ofconservauon can bt. applwd to 'm\. proccsq [t s
'en:ploycd in engineering in the form of:

(a) Material balance
(b) .Energy balance

Material balance : The law of conservation of matter states that
material cannot be destroyed or created. it can be clmntmd from one
form to another. ' '

[n other words, the material entering, a process must cither accumus-
late or leave the process. The given input must be accounted for an
output. The principle of material balance can be applied to an equip-

in
[
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ment, or to the entire process or any part of ‘it. A simple account of
material balance |

INPUT | OUTPUT
; Amount of Amount of - | Amount of
raw materials changed + unchanged

| -, materials o materials

Radioactive process is an e\ccptlon bt,cnuse it does not obcy the
material balance calculations.

4dvamagcs The mass balance calculations can prowdc mtormatnon
such as yield value (practical and theoretical) and percent recovery.
Currently, validation of processes and equipment has become lmportant
in the certification of International Organisation’ for Standardisation

g (ISO). Mass balance calculations haw assumed central place ln thc
' current industrial development.

“Estimation of material balance : In a chemical reaf:tion, ‘material
balance can be accounted by measuring the amount of all the compo-
nents (conslztucnls) Normall} the amount is expressed in concentration
units; moles/litre, molal units, mole fraction units, % w/v % wiw ctc.
Some of them are reported for rcady reference.

Mole : In a chemical reaction, the molecular unit is gram mole or

pound mole. Some important eXp:Lsslons &"L molal units and mole

[raction units. -

= In the mass balance calculatlom. moln.. is a better tr..rm and used
tra.quently For an individual component, mcle is defined as quantity of

that substance whose mass is numerically equal to its moh.cul.zr weight.

-* | mass in grams
.. -~ Gran-moles of a substance = —~—m——ou—

molecular weight

JE‘U
These values-are useful while selecting the amount of each lnbrcdlent

to be added to the rcaction mixture based on the sto:chxometrlc equation

and coefficients. For example, x grams of’ oxygen gas has been math-
ematically c\prc:s:,ed as: |

| x grams of C:iygen X grams
sz.!bc'r of moles = ————- SN Rl SRS
| molecular welg,hl of oxygen 32

Average molecul..lr Wclbhl When a mixture of substances s tnvolved

In a reaction, the average molecular weizht of the mncturt, may be
writlen as:

\:‘

(1)
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' o o Wy + Wy 4 | SRR TR *' e
Average molecular . . - ¢ e By
weight of mixture, | |

o W, W, W,
e
M, M, M,

v.here W Wb ¥, ete. are lhc weights of individual componems a, b, ¢

M, My, M. etc are the molecular weights of components a, b, .
EIC. |

Mol'aiit) [-or mdmdual components, molallty 1S L\prcssed as:

r | | " number of moles of substance
' _Aaff)/aliry, MY b s (

~number of kg of medaum (solvent)

')

)

The umt Is mol 1\5 It s des*:g:.natcd' as m. Molahty (mohl)

notation i1s frequently used in theoretical SIUdIC‘i The advantages are
| _ o

enumcmtt.d below.

(a) It does not clmm,c with lemptmture . contraction or expan-

sion of a liquid with temperature does not 'I“u..l the calculations.

(b) The weight of solvem (reaction medium) is cons: :dered. Volum:.
has no mﬂuence since it is not precisely known always.

Mole fraction : For individual component, mole t'rac_:_lion 1S e\~
pressed as: Lt ' " '

' " number of moles of one constituent
Mole ﬁ‘acn'on of A, XA = —~ il

) -—I--v---—ﬂ--—----‘nlrnl—- o e A wis c m

total number of molcs ol all constituents o

lt 1s dLSIgndlEd as .\, Onc constituent may be solute. Fot'll number

of moles of all the constituents refers to moles of solutes and solvents.
Itis in gcneral notations as: |

Mole fraction of A, ;\’:_,_== , — S

n,

-*'r- nb 4+ H{, 4

where n,, np. n. ete., are the number of moles of individual components
a: b, ¢, ete, i

Lr IH

('h-1 mnusmmn lruocmsm(, AND BA%I(_ PRINC‘IPI I-S 9,

The sum of the mble fractions of all ccmponents must bc t.qual to

unity. Mole fraction is used frequently in experiments lmolvm;_, theo-

retical considerations. The advantage of mole fraction notauion is that it

expresses the relationship bctween thc react'mts and other components In
a simple and direct way. |

Encrpy bulancc : Encrgy is lhe capacu)f to e\:crt a l'orce through a
distance and manifests itself in var:ous forms.

The unit of cnergy in Sl system Is J (Joule). The energy per unit
mass s known as specific energy, which has the unit of J/kg. Engineer-
Ing processes involve: (a) conversion of eners: gy from one form to another
(b) transfer of energy from place to place (c) storage of energy in various
forms utilizing a working substance. The hrst law ofthermodvmlmcs 1S

a statement of conservation ‘of energy. It e\prc?-sscs the fact that Cnergy

cannot be created or dcstmved lhou::h cnergy can be transported from
one Lmd to another.

The fany n/ conservation ufr_'ncv &) ‘\l’ltCS that ht. energ,v output must
be same as lht. cnergy input in a chemical proces*

The uu.wv balance equation must mclude all pc> of cnergies.
* heat " * mechanical e]z.ctrlcal
. * chemical * radiation

When one kind of energy is dcslroycd or consunnd.. an cqual amount
of another khind must be formed. g 3

App/mmam . The prmuplt_ of LOIlSE:l‘VHIIOn oft.nvw 1S applled ina
numhcx of instances. A few of them are mentioned here.

(1) In the study of fluid flow. Bernoulli's lheorcm 1s applied, which
Is & special case of the law of consr"rvauon oi cnergy.

,."'...(2) L mrg,y is converted from one form to another. This prmmple IS

used in the working of a pump whereinikinatic energy 1s con-
verted into pressure head for pumping ‘the liquids. "'

(3) Energy losses due to fnctlon can be accounted, while a ﬂmd 1S

{lowing thmug__,h pipes. It is also: ht.lpful f**r' adoptms:, suitable
measures to reduce losses. _ g U e

(4) «Sice efficiency, and economy are lmportam parameturs for -any

process (chcmiml or physical), energy Calf"ulauons and balanc-
ing have assumed importance. When enc. gy 1s obtained from

non-renewable sources, bdlmcmg of energy wnll bt, a critical
Lactor, b

iy

ey
-

iR
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- Some Basic Concepts

Rate of a process or reaction : The ratc cf a reaction can be
understood by studying the time course changes in the concentration. In
general, rate is expressed mathematically as a differential equation:

dQ - dF driving force

Rate,of reaction = : -— = —- (5)
: . R resistance
where () = quantity being transferred or reacted
{ = tune | |
= driving force
R = resistance i  wal TR YR

Accordingto t‘:quationl (5), the r_'at_g;' éi_t which a"system approaciies
equilibrium may be expressed as the combined effect of two factors.
These are: gt ' -

(@) Potential factor : It indicates the driving force necessary to make

(proceed) the reaction.

U (b) Resistance ﬁxctc)r : 18 indic_ates ;he'"capacily to impedc the speed
for a given potential. "

[n the example of heat transfer from the hotter end of the iron rod to
the colder end. the driving force is the difference in temperature (47).
‘At the same time. iron also offers certain amount of resistance to heat
flow, on account of poor thermal conductivity. el

Steady state and unsteady state : In a system, if the operating
conditions arc varying with time, then such a system 1s said to be in
unsteady state or transient state. ' '

For example, consider a tank of cold water. A coil in which constant

pressure of steam is maintained is immersed in the tank. During the heat

difference. between the coil and water do not remain same with time.

Similarly, thermal resistance Dbetween the coil and water changes with
tine. | ‘

transfer through the coil, the operating conditions such as temperature

A system is said to be at steady state, if the conditions do not vary
with time.. ' "

For example, consider water in a pipe is flowing under two condi-
tions. (A) Water entering the tank at constant temperature and flow rate.
(B) A jacket in which steam is maintained. at constant temperature

surrpunds-'_tlie pipe. Condition may vary from section to section along
the pipe, but at any one cross section, it does not vary with time.

CCh-l- INDUSTRIAL PROCESSING AND BASIC PRINCIPLES _ Il

DIMENSIONS, UNITS, SYSTEMS AND INTER-CONVERSIONS

For the purpose ol measurement (dimensions), three systems have
been used, namely:

Cgs system (centimetre-grame-second) - Also Known as metric svstem
Fps system (foot-pound-second)-—Also known as British system
Mks or SI (metre-kilogram-sccond)—Maodern system

The basic quantities identifted for this purpose are length, mass, time
cte. These are expressed in various ways in different systems. Some of
the important principles in dimensions are given in Figure 1-2. '

The units mentioned in any system for expressing the physical quan-
tittes are Known as fundamental units ov primary units.

For example, length is expressed as centimetre in cgs system, foot in
ps system and metre in mks system. The ofticial international system of
units is the SI system (Systeme Internationale d'Units) and ‘commonly
employed in engineering and science. The basic units in SI system are
given in Table 1-1. Primary units arc the basis for obtaining derived
LUnits.,

secondary units or derived -units are those that are made by the
inclusion of primary units. | i

For example, acceleration is a seéondary unit. It is expressed as
lunglhftime:. Other examples of derived units in SI units are given in
Fable 1-2. For these units. alternative base units aresgiven in B part of +
Appendix 11, | . T, Y

TABLE 1-1

| Basic Units in SI System
e T M T

Measurement/Quantity Eindt 180 g Svimbal
Length (L) . Metre . m-
Mass (m) Nilogram - ﬂ ke

Time (1) | " Sccond AR Yo sop
Amount of substance . Mole e i 3 “mol

] 'l't:m[_v.:rnlurc | | REECRREL ' K

Llectric current Ampere | A \
Luminous intensity Candela ! cd

“ﬂmwmm
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All physical quantitics consist of two parts.

1. . Unit

pound. grams).

2. Numbc:
om. Lwo, thru: ctc)

I'hese two p:mk mgulhc they - make a physical guantity,
cssential to specify both the parts. whenever a physical qlmnm) 1S

e»:presscd in the engineering.

S‘upplwumm 'y Unity

angles., ru;pcum.ly

| Primary or fundamental units
1 Choice is arbitrary
Examples are:
length; mass, time,
temp or any other

A UNIT
cm, m, f,
g.Kg. Ib,
fi S, S, S,
- & | | Celcius,
|.Kelvin, |
- Fahrenheit

A number |
One, two,
three etc.

SYSTEMS

FPS: older (f, Ib, s)

Derived or secondary units
Examples are:

| acceleration and.volume l _

i o

A number {”

One, two, minutes,
three etc. " Cubic centimetre

CGS: older, mdety familiar (cm a, S)

S! (MKS) current, commonly used (m, Kg, s)

d (m. Kg. s) |

!

Figure 1-2. Unit systems and relevant w avs ol expressing a quantity .

It indicates about the qmmny and gives the standard by
. which it is measured (meplc are centimetre, foot. second,

It denotes the number of units needed (examples are

I

Two supplumman units are at present de-
fined. the radian and the steradlan which are the units of plane and solid

A UNIT ,' l

]

and also their inter-conversions.
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Applications 8 | BN cc.semi:il to be conversant“with all the svstems
In pharmaceutical engineering, it is
necessary o handle a large aumber of physicochemical ‘data; while
selecting the night kind ot materials for a process. Most of the literature
data are available in the older svstems such as cgs and fps systems.
Vheretore, it is necessary to be expert in all the systems of units.

" TABLE 122 |
- Some Derived Units in ST System

Measvrement/ Unit Syvmbol
Qur.mfm

: [‘orce - ' newton N
nergn jmllb ' "
Power | o walt %
Pressure | 'pazszc;.nl Pa
Frequeney . herts [z
[-lectnic i:h:;lry.c’_ ~coulomb 5ot
lectrical potential - - volt V
Flectrical resistance ohin -0

Inter Converstons

Any quantity can be converted (rom one system to othet by the use

of c_omcmon factors. - 4 "

5

Conversion jm.'fm' is a pure number and simply the ratio of the
e

magnitude of the unit in one system to tlmt of the corresponding unit in

~the other’system.

.
:-*ﬁr

Conversion factors are slmplx multiplication factors.
the length expressed in fps systent'is 10 feet.
S1system, the conversion Factm' s 0.5048. |

For example,
To convert it from fps to
o) 1001 =), .)04!5 metre.

i ()43 ¥ l() >04 ll'lt.[I'C'

| chtc [0 fect -4

-l.'

[t s almus Setter to make a ;m.nml -picture of a anit, which will me
a L:ILL fieure (i.e.. nymber).  Then the conversion factor should be
'1pphul as direct pmpmtmn..tlm Or mwm. ['HOpOIIl()n'Il“‘lt)’ This can be

-||luxtl..1tul here. _ - .

I the above example. the conversion factor is 0.3048. Metre (inks

- system) has higher magnitude compared to feet (fps system). Therefore,

metre has a small nuimber compared-to the corresponding number in feet.
Hence, foot has to be multiplied by the conversion factor to get metre.
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h-u.'."l
L™

10 feet = 10 x conversion factor = 10 x 0.3048 = 3.048 metre®

Conversely, metre should be divided by conversion factor 1o obiain

fect. For example. '
g | .
3.048 metre = —w—— x 3,048 == 10 feet.
0.3048

Inter-conversion between SI osystem and cgs system s simple. be-
cause both use same standards for time and temperature. Mass can be
converted from one systemn to the other. Some conversion factors for
primary and sccondary units between different s¥stemis are in tables |
and 2 of Appendix 1.

Temperature is normally denoted in degrees by Celsius ("C). or
Fahrenheit (°F) or Kelvin (K) seale. The thermodynamic [emperature
scale is called the Rankine scale, in which the temperature is denoted by .
degrees Rankine. Their relationships are given in Table 3 of Appendix
Hi. - "

Sfafrram.

s | S S T O, (ST L T W - o S

" — —_---.——_-hﬁl—.-lﬂ_—.. P A il B i D .

Practice Problem 1-1.  The unit of viscosity in the egs system is the poise.
: . - : ; . : o g :
which is equal to 1 dy.s'em=. I the Muid has a Viscosity ol 0.20 poise. caleulate
the corresponding value in SI units (2a-s).

Solution: Data -The units are:

* dv.s 2
Poise = e Ll
cme Cm s,

The \'ibt'-'{]ﬁil} in S Unil.\ ilnd 1S Cl]l]\'l"l'?{i{][‘l 1lo IHI."\L' “nilh N\ th “Ti“fﬂ
as: | |
Ny hgemees Ry
e . e £t ). . . . - ..
Viscosiy = Pary = - e T e
}{_ v a n-ll. _ hﬂql'l]- '.‘-n-l

E‘I

Theconversion factor can be determined as follows. I'rom the comversion
Table of Appendix 1L the following factors are obtained.

L g = (1/1000) kg; 1 em = (1/100) m:
By substituting the above terms for units’

Z iR (171000) kg 100 kg -. .l&kg*

BT TS OO i SN L gteion ot R o mam e s TR s s w o S5 ().l LE/"]-:.’

cenes s » (1/100) m i *I OO(f m x § 10 m.y

0.20 poisc = 0.2 x 0.1 Pass = 0.02 Pa-s

Practice Problem 1-2. The density of tale is reported as 2.7 g/ml. LiXpress
the same in S1 system (hg/m?).

Solution: The given unit of density is g/ml is 1o be comverted to ke/m>. g/

ml is also cqual to g/cm?. From the conversion Table 1 of Appendis 1':, the

following factors arc obtained.

3 4

{ i,_:
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e (1T000) ke: T em? = (17100) m?,
Ihe comversion factor may be obtained as follows.

3 (171000) Kp 1000000 ke 1000 kg :*
o s P T % mEun s s - e e = OO0 Kprmy
emt 100y m? 1000 m? m-’ i

Ihe comversion factor = 1000

270 e'ml 1000+ 2.7 keim? = 2700 ke/m?,
Practice Problem -3, In the literature. mass transfer coelficients in the pas
: . ' . . % . ' .

phase are ofien reported in terms of tb-maol‘h-fi=-atm.  Determine the conversion

factor by swhieh the above must be multiplied in order to obtain the correspond-

. . )

g value of Kgmol/ssm=-Pa,

Solution: The given units units into which converted
lb-mol kemol

= e T N E W e e e s R — . e T

'{'.
)

hefi<-atm. | s'm2-Pa

L1

From conversion Table 1T of Appendix 111, the following conversion fastors
can be obtained. | | -

b s 04336 kp: 17 = 0093 mh = 60 ¢ 60 st atm, F1.01325%10% Pa,

Substituting the values in the equation gives:

BT 0.43306 lfg-nml
it 009 W <G00y 1015 T
s . ll.-l:"iSLr(:ﬁ“F;g*:nc-ﬂ 0.4550 kg'mol.
093 300071 01325 105w w330 3307 10° mis
= 1337108 he/m=-h-Pa. . ’

. . B ‘ iyt ' - | i
Lhe canversion factor for Ib/it=-h-am. - 1,337 x 10% kg/m*Ii Pa.

Practicec Problem 1-4. The overall coctlicient of heat transfer is 200 BBtu/
%, v . ~ L + r
h-lt=-1 . Convert the same into SI units |W/m<.K].

£

Solution:
_ | | SV - S | W
Lhe enenunits of - - into units of - —= e
' ! : . . N
il F . - | m--K :_

The Bua's equivalent in SEunits is bso while Ms is equal to W, Therefore, J/
s as considered n place of W for obtaining conversion factor. |
' g

B J
masaesass o QPN 0 R
2 v Y ‘ M g
h 1= = sk

L rom the conversion tables T & 3 of Appendix 1L the following relations
ships can be obtaned. |

LB TOAST-10Y 10 b h = 60 > 00 s 1 15 9.290% (- m=: 1) w (1/1.8) K
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T . ey actors into the above equation gives: e : ; 3R _ | N ;
Substituting the adove cony : :‘““T lld:‘{l " l . I'he dimensionless cequations are derived from basic laws mathemati-
Bl T | SRR T cally, no matter however complicated they may be. An equation in
el 60 ~ 60 » 9.290 x 1072 1/1.8 s:m>K which all terms have same dnmcnsmns 1s Known as dmrens:orm!lv homo-
1035 103 1~ 1.8 189918 J geneous equation, . | %
ol » 9900 » 102 emak o A%Id vmeK For example, consider cquation for Reynolds number.
5.6787 J'ssm=K | . i .
: . o aiiiits S 68T i ' - D“p |
Since Jis = Wit can be lI'lCllIt.de in the uhujw CXpresston to get uinls 5.6 Rc; B R A | (9).
W/m=-K. Therefore, the conversion factor = 5.6787. s < T TR B ;7 g, wuw o
| S ) I R | | ’ _ i |
200 Buh-tt=-°F = 200 x 5. h787 W/m=K = [135.74 W/m ___}‘_*_______ where D = dmmc,tcr of the pipec,m " |
- | | v ! ” u = velocity of flow. m/s "
: | - p = density of the fluid, kg/ /m?
' P UATlOVb ANl) ANAL. \bl |
D[V]Fh%[()\S—FORMlJLAF Q | N = VISCOSLY ofthc ﬂmd Pa's
*- Dlmlmsmﬂdl Formulae “ Cons:dcr the units in the numerator in equation (9)
A dmn.m:wm! formula is a -formula that explains the way i which . i A o e ‘k | ﬂ
fundamental units enter into the operation.. N _ g -. an Sk 5 . Rg
-~ Dimensional formula expresses the quantity in secondary units. lor - FET T et m> - sm i
example. tie dimensional tbrmgla_ fqr acceleration 1s: 4 Consider the units in the d'cnomhiatéfih'"'cq'u'alion (9).
@) =443 = o btk v Bl N i s et e (40)
= length ~ time™ | | L

A ) Since, Pa = kgm s?, it can be subsulutcd in cquation (10)
E:quation (6) can be explamed Qs tollowa Accceleration is detined as N _

kg g AT T A
velocity per ugul nmc n = - ... o
| | ©oveloeity 7 _ m X g m-s
" | ars Hl;;ljte_ | -'fg Thcr_cfom, cquation (9) may be»writlcn_'a's: s
' o ) 'r | | /ln 5 . — ; .
unit time. Therefore, accelera osble kg
Velocity is defined as 2 dlstance per e - ot Tl o dlmCI‘lSl onlcss numb er
non can be wmten as: | K . | I\Q/ L ok
[a] = Dnbtam.e (lmﬂ_th) o “ s (8) chcc cquanon (9) 15 LonSIdcrcd as dlmens:onless cquation:
( R it 4 N,
time » time . | T N Consrdcr another cqunllon as' a varlanon For examp'le, {alling of a
The svmbol [t} means the dimensional formula ol the quantity of ‘u’. body In tlmc L, can bc C\prcssud as o |
Applications : Dimensional lbrmulac are used in order to convert the 5o o S R (’/a)gi‘? Lh pl T ) (1)

secondary units of one system into another. In these calculations.
conversion factors are used cautiously. Then, the physical quantity t
obtained 1n another system.

where § = vertical distance, lenglh
1 = initial velocity, distance/time
_ _ . [ = (Im¢ '
: Vel ' 1 g

acceleration due to gravity, distance/time?.
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In equat:on (1), fll‘bt and sccond ta,rms arc expressed separately as
fcilows - | ¥
ut = velouty X time l l distance (length)
- .,
=T e e X IINIC
dlstan(:t. (lcng*h) 2 C time?
= e e X LI
time

= Jistance (length) = distance (lchgth)
Cuch term bas the units of length.  Equation (11) can be made
dirnensionless by dividing by ‘S°. |
R ut: oy gf?
[ = —— + —» - (12

in cquation (i2), the. dnmenmons get cancelled and each term s
atmensionless.

€1 he advantages of dimensionless equations are:

. Unit of any syst'cm (cgs or fps or SI) can be used without

1! troducing conversion factors.  For example, length in cither

meties or feet can be substituted in equation (11).

<. imennonless equations are based on theoretical principles. They
contan variables affecting the physical process.

vricsensienai Fquations

chmensional equation is defined as an equation, which contains
terin:s ot varying dimensions as it is obtained by empirical methods.

Experimental results are correlated by empirical means. Therefore,

dimensional consistency is ignored. Such equatlons are also I\nown as
aimensicnally non-homogeneous equations.

For example the rate of heat loss (by conduction and convcctlon)
from a horizontal pipe to the atmosphere may be written as:

d . _ . (A,S)!N | _
= 05— (135)
A it D )0-25 -
where 7. = loss of heat, Btu/h
A = pipe surface, ft?

4i; = excess of tcmperature of the pipe wall over that of atmos-
phere, °F
D', = diameter of the pipe, in
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The quantitics substituted for the terms must be expressed in the
units mentioned above. For example, D, may be substituted only in

inches. not in feet. . The rcasons arc ‘that the numcrlcal cocf’ﬁcxcnts such
as 0.5, 1.25 and 0. 25 are applicable for those units. ¥

The disadvantage of this cquation is that it has limited ,applicat'ions.'
It is particularly used for calculat:ons of a system under spcmﬁed

conditions. ;
Dimensional Analysis

[n the pharmaccutical engincering, many physical problems have
been solved completely by theoretical and mathematical methods. On

. the other hand, there are still many situations wherein empmcal relation-
nlleS have been established over a period of time; since theoretical

relationships have failed to satisfy experimental results. Common exam-

ples related to these problems are. - fluid ﬂow heat flow and mass
lansfer. -

Dimensional analysis is an jmportant tool to convert the empirical
relationships nto theoretical principles on a rational basis. .

Dimensional analysis assuimes that there must exist a relationship

wnong all the factors 'mt:ctms:, a process. . This technique invo-l_ves the
lollowing steps.

(1) All the. factors are to be ldcnnﬁcd Wthh arg 1mponant in the
problem. [nitial stages, cmpm-cal relationship may be adequate.

(2) These factors are Q,I‘O!.lpt..d together mto fcwer numbers and
c\prcascd as dimensionless groups.

(3) Such aroups are Lntcred into final equation.

(4) Such equations arc correlated to the possible physxcal laws
(5) A possnblc mathematical solution is obtalmd

. [n the above analysis. the first step is to consider the units for the
verification of tactors.  For example, in the experiments on the fluid
lTow, the factors involved are listed bLlOW "

- pipe diameter (D), m wscosuy (), Pas
- velouty (u) m/s density (p), kg/m?

These hctors are arlcd as one-at a time. Then the results arc

combined. [t 1s shown by dimensional analysis zhat these factors must
appear in a dimensionless group as shown' below. _

Dup m ke L ‘k,g  mstkg

st . PR} 3 ' o

" s . m? Pas smPa . nisekg

¢ T rr—— TR e e . o e
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This equation is expressed as Reynolds number. which has no
dimensions.
analysis.  But heat transfer experiments on fluids involve about |1
factors. A total of five different expressions are obtained. Still dimen-

sional analysis could provide a satisfactory equation to describe the heat
transfer process. ' & . '

Advantages : (1) Dimensional analysis reduces drastically the number
of independent variables that effect the problem. '

(2) This analysis does not yield numerical values in the equation.

%

- (3),This helps in constructing dimensionless (dimensionally homo-

4 geneous) equation.

.=(“4) Very uscful for any system of units (cgs or fps or SI).

- Disadvantages : Dimensional analysis is a difficult process, if enough
knowledge is not available about the physics of the situation.

A

x4 STOICI*HOMETRIC EQUATIONS—BALANCING

L

' Stoichiometry: means carrying out of calculations based on quantita-
tive relationships. B g '
&

~ The numerical problems Involving the use of stoichiometric equa-
tions are known as stoichiometric calculations. ' '

A chemical reaction is a symbolic representation of a chemical
- change. Each chemical reaction is expressed in the form of an equation.

This is obtained by balancing the atoms of ecach of the species involved
in the reaction. The initial constituents that take part in the reaction are

called the reactants, and the final constituents that ‘are formed by the
reaction are called the products. For ¢xample, hydrogen and oxygen

r

react to form water. This reaction is expressed as:
_ ~ Skeleton equation: H, + 0, — Hy0 (14)

In equation (14), two hydrogen atoms are present on each side. On
the left side, two oxygen atoms are present and on right side one oxygen
atom 1s present. Moles can be multiplied or divided by smallest possible
integer to obtain a balanced equation. Hence, cquation (14) may be
balanced as: s | ' = LI

Hy + (110, —s 1.0 (15)
" Baianced_eqilalidn:_ 2Hy + O) —> 2H0 (16)

.quation (16) indicates that one mole of hydrogen and half mole of

This example illustrates the success of the. dimensional-
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oxygen combine to form one mole of water. The reaction' may also
takes place in reverse direction. The coefficients 2. .1 and 2 in equation
(10) are called stoichiometric coefficients. BT L S '

According to the law of conservation of mass, total mass of reactants

must be equal to the total mass of products in a reaction. In other-words,

the number of atoms-of each kind in the reactants and products must be
the same. - ' '

A balanced chemical equation indicates the exact number of various
clements participating in the reaction. )

Balancing is done by inspection. Balanced chemical equations are
“quantitative cxpressions of chemical changes. Hence, they enable us to

work out the masses of substances reacting together. A few examples
are given below. : Py '

Applications : (1) Stoichiometric equations (and balancing) helps in
understanding the quantitative relationship between different re-
actants. For example, the ratios 2:1 (equation 16), 1:1 (equation
14) etc. [l R At L R

(2) The amount of reactants to be added for carrying out a reaction
can be determined theoretically. | |

Practice Problem -5, Nilrogcn combines with hydrogen under suitable
conditions to form ammonia. ‘Write the cquation and balance it.

Solution: Nitrogen and hydrogen are bi-atomic molecules. The formula of
ammonia is NI3. The reactants and products can be written as:

Skeleton equation: N; 1+_ H> AN (D) .

Nitrogen atoms on both sides of equation (i) can be balanced by multiplying
NIl; by 2. In the next step, hydrogen atoms can be made equal both sidps by™
multiplying H by 3. Now, the balanced cquation becomes: |

Practice Problem 1-6. Carbon combines Wilh'bxygcn lo give carbon
droxide. Write chemical equation and balance it. ‘ % |

Balanced cquation: - N, + FH >’2NH§"

Solution: Carbon normally'cxisw ,i,fl mono-atomic state (C). Oxygen cxists
as diatomic (/13). Carbon dioxide is represented by CO;. Then the skeleton

cquation may be written as: _ ey
‘Skeleton cquation: € + 0y —> CO, . K (1)

The number of clements present con the left-hand side of equation (1) is

equal 1o the right-hand side of the cquation.  Therefore, balanced cquation is
vaime as the skeicton cquation. R
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| Practlce Problem 1-7.  Write the balamed cquation lnr the combustion of
- cthane. -

R

Solution: Combustion mcans completc oxidation of a substance in the
presence of air (oxygen). The products of combustion are normally carbon

dioxide and water. Therefore, the equation of the combustion of cthane may be
written as: T, P . -

Skeleton cquation:  Callg + Oy —> 11,0 + CO; (i)

On the left side ol'cquatioln (i). the numbcr of carbons is two, while on right

hand-side the number of carbon is onc. Therefore, multiply CO; by 2. Then.
cquation (i) can be changed with respect to carbons as:

© CaHg+ 0 —> 10+ 200, (i)
On thc left hand-side of equation (i1), the number of h)drogen dtoms IS SIN,
while on the right hand-side, hydrogen atoms arc two. Therefore, mulltply I1-0

by 3. Then equation (i) changes with respect to hydrogen as:
 ChHg + O3 — 31150 + 2C0> (i)

On et hand-side of equation (iit), the number of oxygen atoms is two.
while on the right hand-side, the oxygen atoms are seven (3 + 4). Thercfore.

| mulhph (;7 b} 772.  Then. equation (iii) can. be changed with respect to
hydrogen as |

Cyllg + (7203 = 3H,0 + 20> ' (iv)

The equation (iv) is balanced. But fractions can be removed by multiplying
the entire equation by 2. Then, the balanced equation is: -

Balanced equation:  2Csllg + 70y =——> 61150 4 J('()-p (V)

The almw cxamplcs illustrated the mt.lhOdb of balancing chemical cqua-
tions.

Practice Problem 1-8. Calculate the mass of oxygen obtained by the

CDH‘[)'LIL dccompos:tlon of 5.0 g of potassnum chlomu, (K =39.1; Cl = 33.5. O
= 16). ' '

Solution: The equation for the given reaction may be written as:
 KCIO3 —> KCl + 0;

Balancing of cquation can be wnh respcul to the number of moles of
ox}gun

2KCIO3; —=> 2KCI + 30; .
In pthcr words, 2 moles of KC/Q3 yield 3 moles of oxygen.

2139.1 +35.5 +3(16)) g of KCIO; yields 3(2 x 16) g of oxygen
' 245.2 ¢ of KCIO; yield 96 g of oxygen

. Ch-1  INDUSTRIAL PROCESSING AND IIASIC- PRINCIPLIES
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5.0 g of KCIO; )'—icld- 7 p of oxyeen

96 x 5.0 |
— = 1,958 g ol oNygen
- IR S

The mass of oxygen obtained is 1,958 g.
_____ e ———————— ——————————————————————————————————————————— e e A i
Glossary of Symbols
A« Pipe surlace. 1+
ces = Centimetresgrame-second,
1) = Pipe diameter, m,
n = Viscosity, Pus.
I o= Driving force.
[ps = Fout-pound-sccond.
¢ = Acceleration due to graviaty. m/se.
M o= Molecular weight of individual components.
mks = Metre-Kilogram-second.
n = Number of moles.
R = Resistance.
R = Ruankine. |
» = Density, kg.-"l113. v ' i
S = Vertical distance. m. | |
SI= Systeme Internationale.
u = Velocity, m/s. C
s MG s |
. W = Weight of individual components.

ru’

=" QUESTION BANK

Each question carries 2 marks

(1) Describe the prmuplc of Slt)thlolel’) mth a suitable L\fumplu

= {2) Ilwhl:th the impmlanu of unit opa.mlmnz. in pharmawumal cngineering

(3) Describe the nmluular concept of stoichiometry.

() Give an expression to caleulate the av crage molecular uughl ol a minture,

(5) How is the raie of a reaction expressed?

(6) Distinguish between steady state and non-steady state.

(7) Distinguish between L.thlmum and stecady state.

(8) Deline the term "dimensionless cquation” with the In.lp ol an example.

(9) Define dimensional cquation. What are its limitations? .
(10) Define the term “dimensionless equation®.  What are its advantages?
Iach question carries S marks.

(1) Describe “unit operation” and “unit process’. Give two examples cach.

.
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(2) Explain the term ‘unit operation®. Describe the basic principles of various
unit operations used in pharmaceutical and other associated industries.
(3) Explain the term ‘mass balance’ and ‘encrgy balance’.

What arc its
“applications? L

(4) Give an account of unit systems and their inter-conversjons.

o




