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Introduction: 

 Course Outcomes: Upon completion of the course student shall be able:  To know various   unit 

operations used in Pharmaceutical industries. 

  To understand the material handling techniques.   

  To perform various processes involved in pharmaceutical manufacturing process. 

  To carry out various test to prevent environmental pollution.  

  To appreciate and comprehend significance of plant lay out design for optimum use of        resources.  

  To appreciate the various preventive methods used for corrosion control in Pharmaceutical      industries. 

CHAPTER 1: Flow of Fluids 

What is Fluid Flow? 

Fluid Flow is a part of fluid mechanics and deals with fluid dynamics. Fluids such as gases and liquids in 

motion are called fluid flow. It involves the motion of a fluid subjected to unbalanced forces. This motion 

continues as long as unbalanced forces are applied. 

For example, if you are pouring water from a mug, the velocity of water is very high over the lip, moderately 

high approaching the lip, and very low at the bottom of the mug. The unbalanced force is gravity, and the flow 

continues as long as the water is available and the mug is tilted. 

Types of Fluid 

Following are the types of fluid: 

1. Ideal fluid 

2. Real fluid 

3. Newtonian fluid 

4. Non-Newtonian fluid 
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5. Ideal plastic fluid 

6. Incompressible fluid 

7. Compressible fluid 

Ideal fluid: A fluid is said to be ideal when it cannot be compressed and the viscosity doesn’t fall in the 

category of an ideal fluid. It is an imaginary fluid which doesn’t exist in reality. 

Real fluid: All the fluids are real as all the fluid possess viscosity. 

Newtonian fluid: When the fluid obeys Newton’s law of viscosity, it is known as a Newtonian fluid. 

Non-Newtonian fluid: When the fluid doesn’t obey Newton’s law of viscosity, it is known as Non-

Newtonian fluid. 

Ideal plastic fluid: When the shear stress is proportional to the velocity gradient and shear stress is more 

than the yield value, it is known as ideal plastic fluid. 

Incompressible fluid: When the density of the fluid doesn’t change with the application of external force, 

it  is known as an incompressible fluid. 

Compressible fluid: When the density of the fluid changes with the application of external force, it is 

known as compressible fluid. 

Characteristic of Ideal fluid:- 

(a) It is incompressible 

(b) It is non-viscous 

(c) Flow of ideal fluid is irrational 

(d) It is capable of exhibiting steady flow 

Stream line flow:- Flow of a liquid fluid  is said to be streamlined if the velocity of a molecule, at any 

point, coincides with that of the preceding one. 

https://byjus.com/physics/shearing-stress/
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Tube of flow:- A bundle of streamlines having same velocity of fluid elements, over any cross-section 

perpendicular to the direction of flow, is called a tube of flow 

.Laminar flow:- It is a special case of streamline flow in which velocities of all the molecules on one 

streamline is same throughout its motion. 

 Turbulent flow:- Whenever the velocity of a fluid is very high or it rushes past an obstacle so that  there is a 

sudden change in its direction of motion, the motion of fluid becomes irregular, forming eddies or whirlpools. 

This type of motion of fluid is called turbulent flow. 

The Reynolds number is the ratio of inertial forces to viscous forces within a fluid which is subjected to 

relative internal movement due to different fluid velocities. A region where these forces change behavior is 

known as a boundary layer, such as the bounding surface in the interior of a pipe. A similar effect is created by 

the introduction of a stream of high-velocity fluid into a low-velocity fluid, such as the hot gases emitted from 

a flame in air. This relative movement generates fluid friction, which is a factor in developing turbulent flow. 

Counteracting this effect is the viscosity of the fluid, which tends to inhibit turbulence. The Reynolds number 

quantifies the relative importance of these two types of forces for given flow conditions, and is a guide to when 

turbulent flow will occur in a particular situation.   

https://en.wikipedia.org/wiki/Ratio
https://en.wikipedia.org/wiki/Inertia
https://en.wikipedia.org/wiki/Viscous
https://en.wikipedia.org/wiki/Boundary_layer
https://en.wikipedia.org/wiki/Viscosity


 

 

A.Sai Roja, MLRIP 

 

This ability to predict the onset of turbulent flow is an important design tool for equipment such as piping 

systems or aircraft wings, but the Reynolds number is also used in scaling of fluid dynamics problems, and is 

used to determine dynamic similitude between two different cases of fluid flow, such as between a model 

aircraft, and its full-size version. Such scaling is not linear and the application of Reynolds numbers to both 

situations allows scaling factors to be developed. 

With respect to laminar and turbulent flow regimes: 

 laminar flow occurs at low Reynolds numbers, where viscous forces are dominant, and is 

characterized by smooth, constant fluid motion; 

 turbulent flow occurs at high Reynolds numbers and is dominated by inertial forces, which tend to 

produce chaotic eddies, vortices and other flow instabilities.  

                     The Reynolds number is defined as  

Re = ρ μ D/ η 

where: 

 ρ is the density of the fluid (SI units: kg/m3) 

 u is the flow speed (m/s) 

 D is the diameter of the tube (m) 

 μ is the dynamic viscosity of the fluid (Pa·s or N·s/m2 or kg/(m·s)) 

 ν is the kinematic viscosity of the fluid (m2/s). 

 In boundary layer flow over a flat plate, experiments confirm that, after a certain length of flow, a 

laminar boundary layer will become unstable and turbulent. This instability occurs across different 

scale and with different fluids, usually when Rex ≈ 5×105,[11] where x is the distance from the 

leading edge of the flat plate, and the flow velocity is the freestream velocity of the fluid outside the 

boundary layer. 

For flow in a pipe of diameter D, experimental observations show that for "fully developed" flow, laminar 

flow occurs when Re < 2300 and turbulent flow occurs when Re > 2900. At the lower end of this range, a 

https://en.wikipedia.org/wiki/Dynamic_similitude
https://en.wikipedia.org/wiki/Laminar_flow
https://en.wikipedia.org/wiki/Turbulence
https://en.wikipedia.org/wiki/Eddy_(fluid_dynamics)
https://en.wikipedia.org/wiki/Vortex
https://en.wikipedia.org/wiki/Density
https://en.wikipedia.org/wiki/SI_units
https://en.wikipedia.org/wiki/Flow_speed
https://en.wikipedia.org/wiki/Dynamic_viscosity
https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/Kinematic_viscosity
https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/Boundary_layer
https://en.wikipedia.org/wiki/Reynolds_number#cite_note-FOOTNOTEIncroperaDeWitt1981-12
https://en.wikipedia.org/wiki/Freestream
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continuous turbulent-flow will form, but only at a very long distance from the inlet of the pipe. The flow in 

between will begin to transition from laminar to turbulent and then back to laminar at irregular intervals, 

called intermittent flow. This is due to the different speeds and conditions of the fluid in different areas of the 

pipe's cross-section, depending on other factors such as pipe roughness and flow uniformity. Laminar flow 

tends to dominate in the fast-moving center of the pipe while slower-moving turbulent flow dominates near 

the wall. As the Reynolds number increases, the continuous turbulent-flow moves closer to the inlet and the 

intermittency in between increases, until the flow becomes fully turbulent at Re > 2900.  This result is 

generalized to non-circular channels using the hydraulic diameter, allowing a transition Reynolds number to 

be calculated for other shapes of channel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Hydraulic_diameter
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What is a manometer? 

A manometer is can be used at any applicative process where the pressure of a fluid needs to be 

measured. 

The five basic types of manometers are: 

1. U-Tube Manometer: 
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. It has the capability of measuring both positive and negative suction pressures. It utilizes the principle of 

specific gravities for measuring the suction pressure. This type of manometer generally has a liquid whose 

specific gravity is greater than that of the fluid whose suction pressure is to be measured. 

2. Differential U-Tube Manometer: 
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This type of manometer is slightly different from the normal U Tube manometer. Here the open end is also 

closed, what that means is both the ends of this type of manometer are closed really becomes a tool of 

importance where the pressure is to be measured directly. This manometer type has fluid or liquid filled at 

different pressures on both ends. 

3. Inverted U – Tube manometer: 

This type of manometer as the name suggests has an inverted U-shaped tube. It is used to measure differences 

in low pressure between two points, where the high level of accuracy is desired. it is filled with liquid on the 

ends. The space between liquids is filled with air. This air can be expelled or admitted into the apparatus using 

a tap. This is done to adjust the pressure difference to obtain an accurate reading. 

http://closed.it/
http://desired.it/
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The equation for the same  

Equating the pressure at the level XX'(pressure at the same level in a continuous body of static fluid is 

equal), 

On the left-hand side: 

Px = P1 – rg(h+a) 

On the right-hand side: 

Px‘ = P2 – (rga + rmgh) 

Since Px = Px’ 
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P1 – rg(h+a) = P2 – (rga + rmgh) 

P1 – P2 = (r – rm)gh 

If the manometric fluid is chosen in such a way that rm << r then, 

P1 – P2 = rgh. 

4. Micro Manometer: 

Micromanometer is a great tool used in fluid statics. It is a modified form of a simple manometer. It has one 

limb which is larger in cross-section. It is a device which is used to measure very minute pressure differences 

with high accuracy. 

5. Inclined Manometer: 

This a high precision and high accuracy type of manometer. It is used to measure the minuscule amount of  
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If the manometer, instead of being vertical, is set at an angle θ to the horizontal, then a pressure difference 

corresponding to a vertical difference of levels x gives a movement of the meniscus s = x/sinq along the 

slope. 

If θ is small, a considerable magnification of the movement of the meniscus may be achieved. 
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Angles less than 5 deg are not usually satisfactory because it becomes difficult to determine the exact 

position of the meniscus. One limb is usually made very much greater in cross-section than the other. 

When a pressure difference is applied across the manometer, the movement of the liquid surface in the 

wider limb is practically negligible compared to that occurring in the narrower limb. If the level of the 

surface in the wider limb is assumed constant, the displacement of the meniscus in the narrower limb needs 

only to be measured, and therefore only this limb is required to be transparent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What is Bernoulli’s Principle? 

Bernoulli’s principle states that the total mechanical energy of the moving fluid comprising the gravitational 

potential energy of elevation, the energy associated with the fluid pressure and the kinetic energy of the fluid 

motion, remains constant. 

Bernoulli’s principle can be derived from the principle of conservation of energy. 

Bernoulli’s Principle Formula 

https://byjus.com/physics/law-of-conservation-of-energy/
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Bernoulli’s equation formula is a relation between pressure, kinetic energy, and gravitational potential energy of a fluid in 

a container. 

The formula for Bernoulli’s principle is given as: 

p + 1/2 ρ v2 + ρgh =constant 

Where, 

 p is the pressure exerted by the fluid 

 v is the velocity of the fluid 

 ρ is the density of the fluid 

 h is the height of the container 

Bernoulli’s equation gives great insight into the balance between pressure, velocity, and elevation. 

Related Articles: 

 Fluid Dynamics 

 Continuity Equation 

Bernoulli’s Equation Derivation 

Consider a pipe with varying diameter and height through which an incompressible fluid is flowing. The relationship 

between the areas of cross sections A, the flow speed v, height from the ground y, and pressure p at two different points 1 

and 2 is given in the figure below. 

https://byjus.com/physics/kinetic-energy/
https://byjus.com/physics/fluid-dynamics/
https://byjus.com/physics/continuity-equation/
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Assumptions: 

 The density of the incompressible fluid remains constant at both the points. 

 Energy of the fluid is conserved as there are no viscous forces in the fluid. 

Therefore, the work done on the fluid is given as: 

dW = F1dx1 – F2dx2 

dW = p1A1dx1 – p2A2dx2 

dW = p1dV – p2dV = (p1 – p2)dV 

We know that the work done on the fluid was due to conservation of gravitational force and change in kinetic energy. The 

change in kinetic energy of the fluid is given as: 

dK=1/2m2v22−1/2m1v21=12ρdV(v22−v21) 

The change in potential energy is given as: 

https://byjus.com/physics/potential-energy/
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dU = mgy2 – mgy1 = ρdVg(y2 – y1) 

Therefore, the energy equation is given as: 

dW = dK + dU 

(p1 – p2)dV = 12ρdV(v22−v21) + ρdVg(y2 – y1) 

(p1 – p2) = 12ρ(v22−v21) + ρg(y2 – y1) 

Rearranging the above equation, we get 

p1+1/2ρv21+ρgy1=p2+1/2ρv22+ρgy2 

Principle of Continuity 

According to principle of continuity 

If the fluid is in streamline flow and is in-compressible then we can say that mass of fluid passing through 

different cross sections are equal. 

 

From the above situation, we can say the mass of liquid inside the container remains the same. 

The rate of mass entering = Rate of mass leaving 

The rate of mass entering = ρA1V1Δt—– (1) 

The rate of mass entering = ρA2V2Δt—– (2) 
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Using the above equations, 

ρA1V1=ρA2V2 

This equation is known as the Principle of continuity. 

Suppose we need to calculate the speed of efflux for the following setup. 

 

Using Bernoulli’s equation at point 1 and point 2, p+12ρv21+ρgh=p0+12ρv22v22=v21+2p−p0ρ+2gh 

Generally, A2 is much smaller than A1; in this case, v1
2
 is very much smaller than v2

2
 and can be neglected. 

We then find, v22=2p−p0ρ+2gh 

Assuming A2<<A1, 

We get, v2=2gh−−−√ 

Hence the velocity of efflux is 2gh−−−√ 

Bernoulli’s Principle Use 
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Bernoulli’s principle is used for studying the unsteady potential flow which is used in the theory of ocean 

surface waves and acoustics. It is also used for approximation of parameters like pressure and speed of the 

fluid. 

The other applications of Bernoulli’s principle are: 

Venturimeter: It is a device which is based on Bernoulli’s theorem and is used for measuring the rate of 

flow of liquid through the pipes. Using Bernoulli’s theorem 

  

 

Working of an aeroplane: The shape of the wings are such that the air passes at a higher speed over the upper  

surface than the lower surface. The difference of air speed is calculated using Bernoulli’s principle to create a 

pressure difference. 

When we are standing on a railway station and a train comes we tend to fall towards the train. This can be     

explained using Bernoulli’s principle as the train goes past, the velocity of air between the train and us increases. 

Hence, from the equation, we can say that the pressure decreases so the pressure from behind pushes us towards the 

train. This is based on the Bernoulli’s effect. 

When a fluid is flowing through a pipe, the fluid experiences some resistance due to which some of the energy of the 

fluid is lost. 

https://byjus.com/physics/acoustics/
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venturi meter: 

Venturi meters are flow measurement instruments which use a converging section of pipe to give an increase in 

the flow velocity and a corresponding pressure drop from which the flowrate can be deduced. They have been in 

common use for many years, especially in the water supply industry. 
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Figure 1. Classical Vetituri meter design. (From B. S. 7405 (1991) Fig. 3.1.4, with permission of 

B.S.I.) 
For incompressible flow if the Bernoulli Equation is applied between two planes of the tappings, 

 

where p, ρ and ū are the pressure, density and mean velocity and the subscripts 1 and 2 refer to the upstream and 

downstream (throat) tapping planes. 

From continuity 

 

where  is the volumetric flowrate and D and d the pipe and throat diameters. 

Combining Eqs. (1) and (2) 

 

 

where β is the diameter ratio, d/D. In reality, there is a small loss of total pressure, and the equation is multiplied by 

the discharge coefficient, C, to take this into account: 

 

where Δp is the differential pressure (≡p1 − p2). The discharge coefficient of a Venturi meter is typically 0.985, but 

may be even higher if the convergent section is machined. Discharge coefficients for uncalibrated Venturi meters, 

together with corresponding uncertainties, are given in ISO 5167-1: 1991. 
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If the fluid being metered is compressible, there will be a change in density when the pressure changes from p1 to 

p2 on passing through the contraction. As the pressure changes quickly, it is assumed that no heat transfer occurs and 

because no work is done by or on the fluid, the expansion is isentropic. The expansion is almost entirely longitudinal 

and an expansibility factor, ε, can be calculated assuming one-dimensional flow of an ideal gas: 

(5) 

 

where τ is the pressure ratio, p2/p1, and κ the isentropic exponent. The expansibility factor is applied to the flow 

equation in the same way as the discharge coefficient. 

Various forms of construction of a Venturi meter are employed, depending on size, but all are considerably more 

expensive than the orifice plate. However, because most of the differential pressure is recovered by means of the 

divergent outlet section, the Venturi causes less overall pressure loss in a system and thus saves energy: the overall 

pressure loss is generally between 5 and 20 per cent of the measured differential pressure. The Venturi meter has an 

advantage over the orifice plate in that it does not have a sharp edge which can become rounded; however, the 

Venturi meter is more susceptible to errors due to burrs or deposits round the downstream (throat) tapping. 
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Rota meter 

  

A rotameter is made up of a tapered tube and a float inside it. The glass tapered tube has a scale on the surface or a 

scale is placed adjacent to it, according to purpose. 

Tapered tube: 

The tapered tube is placed vertically in the flow channel with a conical shape inside. The quantity measured is 

defined by the height of float going up. Glass tubes are used for both liquid and gas measurement. Metallic tubes are 

used where the process fluid with high temperature and pressure. 

Float: 

Stainless steal floats are commonly used, there are different types of metals from lead to aluminium used as floats. A 

float material, shapes are also varied according to applications considering density. 
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Fluid enters from the bottom of the tapered tube, then some of the fluid strikes directly into the float bottom and 

others pass aside the float. Now the float experience two forces in opposite direction, darg force upward and 

gravitational force downward. 

Fluid flow moves the float upward against gravity. At some point, the flowing area reaches a point where the 

pressure-induced force on the floating body exactly matches the weight of the float. The float will find 

equilibrium when the area around float generates enough drag equal to weight - buoyancy. 

As the float weight and gravity are constant, the distance float displaced upward is proportional to the flow 

velocity of the fluid passing through the tapered tube. 

Measuring Principles of Variable Area Flowmeters: 

 

However, the difference in this application is that the value inside the radicand is constant since the pressure 

difference will remain constant and the fluid density will likely remain constant as well. Thus, k will change in 

proportion to Q. The only variable within k relevant to float position is the flowing area between the float and 

the tube walls. 

Advantages: 

 No external power needed 

 Simple Reliable Design 

 Can Measure Liquid or Gas Flows 

 Scale is approximately linear 

 It can measure flow rates of corrosive fluid 

 Better rangeability 
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 Low cost and low pressure drop 

Disadvantages: 

 It should be mounted vertically 

 And requires lining mounting 

 Uncertainty of measurement 

 Difficult to handle the glass type 

Pitot tube: 

Pitot tube is widely used for velocity measurement in aircraft.its basic principle can be understood from 

fig.6(a) if biunt object is placed in the fiow channel,the velocity of fiuid at the point just before it,will be 

zero.Then considering the fiuid to be incompressible ,from eqn (2),we have 
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Unit operation in which the average size of solid pieces of food is reduced by the application of – grinding 

– compression – impact forces  

Related terms   

Homogenization or Emulsification o Reduction in size of globules of immiscible liquids  

Atomization o Size reduction of liquids by droplets  

Extrusion, Agglomeration or Forming o Size enlargement  

Benefits  

Increase in the surface area to volume ratio  

Increases the rate of drying, heating, or cooling  

improves the efficiency and rate of extraction of liquid components  

When combined with screening, a predetermined range of particle sizes is produced which is important for 

the correct functional or processing properties of some products  Eg. Icing sugar, spices, corn starch A 

similar range of particle sizes allows more complete mixing of ingredients Eg. Dried soup and cake mixes  

Theory Three types of forces – Compression – Impact – Shearing or Attrition forces  

Stress is applied to a food; the resulting internal strains are first absorbed to cause deformation of the 

tissues. Amount of energy needed to fracture a material is determined by its hardness and tendency to crack 

– in turn depends on the structure of the material; Fewer the lines of weakness, the higher are the energy 

input needed to cause fracturing.  
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Harder material absorb more energy and require a greater energy input to create fractures. Extent of size 

reduction, the energy expanded and the amount of heat generated depend on both the size of the forces that 

are applied and the time that material is subjected to the forces. Compression forces are used to fracture 

friable or crystalline materials. Combined impact and shearing forces are necessary for fibrous foods. 

Shearing forces are used for fine grinding of softer foods.  

Factors influencing the energy input  

 Moisture content  

 Heat sensitivity- Determines the permissible temperature rise and the necessity to cool the mill  

 Quantum of the forces that are applied 

  Time that material is subjected to the forces  

Equations for energy requirement determination  

Kicks law – Energy required to reduce the size of particles is directly proportional to the ratio of the 

initial      size of a typical dimension to the final size of that dimension  

E = Kk ln (Df/Dp)  

E – Energy required per mass of feed  

Kk – Kick’s constant  

Df – Average initial size of feed  

Dp – Average size of product  

Df / Dp – Size reduction ratio  

Grinding of coarse particles in which the increase in surface area per unit mass is relatively small, Kick's Law is a 

reasonable approximation  

• Rittinger’s law – States that the energy required for size reduction is proportional to the change in 

surface area of the pieces of  
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• For the size reduction of fine powders, in which large areas of new surface are being created, Rittinger's 

Law fits the experimental data better.  

Bond’s law  

• The work required to form particles of size Dp from very large feed is proportional to the square root of 

the surface to volume ratio of the product  

• P/f = 0.3162 wi 1 1 √Dp √ Df P – Power in kW f – feed rate, t/hr Dp – 80% of the product passes through 

mesh of dia Dp, mm Df – 80% of feed passes through mesh of dia, Df, mm Wi – Work index. 
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Hammer Mill 

 

BALL MILL: 

A ball mill also known as pebble mill or tumbling mill is a milling machine that consists of a hallow 

cylinder containing balls; mounted on a metallic frame such that it can be rotated along its longitudinal 

axis. The balls which could be of different diameter occupy 30 -50% of the mill volume and its size 

depends on the feed and mill size. The large balls tend to break down the coarse feed materials and the 

smaller balls help to form fine product by reducing void spaces between the balls. Ball mills grind material 

by impact and attrition. 
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The degree of milling in a ball mill is influenced by; 

Residence time of the material in the mill chamber. 

The size, density and number of the balls. 

The nature of the balls (hardness of the grinding material) 

Feed rate and feed level in the vessel. 

Rotation speed of the cylinder. 

 

Several types of ball mill exist. They differ to an extent in their operating principle. They also differ in their 

maximum capacity of the milling vessel, ranging from 0.010 litres for planetary ball mill, mixer mill or 

vibration ball mill to several 100 litres for horizontal rolling ball mills. 

Pharmaceutical uses of Ball Mill 

The small and average capacity Ball mills are used for the final grinding of drugs or for grinding 

suspensions. 

http://pharmapproach.com/ball-mill/correct-cascade-ofaction-of-a-ball-mill-in-operation/
http://pharmapproach.com/ball-mill/correct-cascade-ofaction-of-a-ball-mill-in-operation/
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The maximum capacity Ball mills are used for milling ores prior to manufacture of pharmaceutical 

chemicals. 

Advantages of Ball Mills    

It produces very fine powder (particle size less than or equal to 10 microns). 

It is suitable for milling toxic materials since it can be used in a completely enclosed form. 

Has a wide application. 

It can be used for continuous operation. 

It is used in milling highly abrasive materials. 

Disadvantages of Ball Mills 

Contamination of product may occur as a result of wear and tear which occurs principally from the balls 

and partially from the casing. 

High machine noise level especially if the hollow cylinder is made of metal, but much less if rubber is 

used. 

Relatively long milling time. 

It is difficult to clean the machine after use. 

 

FLUID ENERGY MILL: 
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SIEVES 

 

Sieves for pharmaceutical testing are constructed from wire cloth with square meshes woven from wires of 

brass bronze stainless steel …etc 

1.Number of sieve:No of meshes in a length of 2.54cm in each transfer direction parallel to the wires. 

2.Nominal size of aperture:Distance between the wires.length of the side of the square aperture.(in mm ) 

3.Nominal diameter of the wire:Made of suitable diameter in order to give a suitable aperture and sufficient 

length 

4.Approximate % sieving area:The area of the meshes as a percentage of the total area of the 

sieve.Generally the sieving area is kept with in the range of 35-40% in order to give suitable strength to  

the sieve 

5.Tolerance average aperture size:Fine sieves cannot be woven with same accuracy 
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SIEVE SHAKER: 
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AIR SEPARATOR: 

 

BAG FILTER: 
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Mechanism of mixing: 

The most common classification of mixers, however is based on the type of dosage form they are used to handle. A 

brief summary of mixing process in relation to the type of dosage form is presented below 

1. Mixing for solids 

Physical properties that effect the ease of mixing are: 

(a) Material density 

(b) Particle size and distribution 

(c) Wettability 

(d) Stickiness 

(e) Particle shape / roughness 

The most preferred types of mixers for solid mixing are Tumble mixers and Fixed shell mixers. Tumble 

mixers operate on the principle of bulk transport and shear. The mixing efficiency has a direct co-relation 

with the speed of rotation of tumble blender. Three types of most commonly used blenders are illustrated 

below: 

A – Double cone blender, B – V blender and C – Bin blender 

Fixed shell mixers are equipments in which the material is held in a stationary container and mixing is 

brought about by means of moving screws, paddles or blades. The ribbon blender consists of a relatively 

long trough like shell with a semicircular bottom, usually opening at the top and fitted with helical blades. 

The blades produce a continuous cutting and shuffling of charge by circulating the charged powder from 

end to end of the trough as well as rotationally. 

2. Mixing of liquids 

Mixing occurs in two stages: 

(a) Localized mixing which applies sufficient shear to the particles of the fluid 
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(b) A general movement sufficient to take all parts of the material through the shearing zone and to ensure 

a uniform final product. 

Mixing mechanisms fall essentially into four categories: 

1. Bulk Transport – movement of a relatively large portion of material being mixed from one location in 

the system to another. 

2. Turbulent flow – Characterized by the fluid having different instantaneous velocities at the same instant 

of time. The temporal and spatial velocity differences resulting from turbulence produce randomization of 

fluid particles. 

3. Laminar Flow – Streamline flow that is encountered most commonly in highly viscous liquids. 

4. Molecular diffusion – Primary mechanism responsible for mixing at the molecular level which results 

from the thermal motion of molecules. Governed by Fick's fist law of diffusion, 

dm/dt = - DA dc/dx 

Where, 

dm/dt – rate of transport of mass across a surface area 

D – Diffusion Co-efficient 

A – Area across which diffusion is occurring 

dc/dx – Concentration gradient 

Mixing as a process can either be carried batch to batch or can be continuous. Impellers, Air-jets, Fluid-jets 

and Baffle mixers are the major types of equipment used for batch mixing. Impellers operate using a 

combination of radial, axial and tangential flow. These might be classified into two further types, 

Propellers and Turbines, the former being used for low viscosity liquids while the latter for high viscosity 

ones. 

3. Mixing of semi-solids 

The mechanisms involved in mixing semi solids depend on the character of the material which may show 

considerable variation. Many semi solids form neutral mixtures having no tendency to segregate although 

sedimentation may occur. Three most commonly used semi solid mixers are 
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(a) Sigma blade mixer – Contains two blades which operate in a mixing vessel which has a double trough 

shape, the blades moving at different speeds towards each other. Used for products like granulation masses 

and ointments. 

(b) Triple-roller mill – The differential speed and narrow clearance between the roller develop high shear 

over small volumes of material. The roller mills are generally used to grind and completethehomogeneityof 

ointments. 

(c) Planetary mixers – it utilizes a mixing arm rotating about its own axis and also about a common axis 

usually the centre of the mixing wheel. The blades provide the kneading action, while the narrow passage 

between the blades and the wall of the can provides shear. 

Mixer Selection 

Factors to be taken into consideration while selecting a mixing equipment include, 

(a) Physical properties of materials to be mixed such as density, viscosity and miscibility 

(b) Economic considerations – operating efficiency, cost and maintenance 

One of the first things to determine is if the process is intended to be a batch or a continuous process, each 

of which can have its advantages and drawbacks depending on the load to be used. Size is considered 

keeping in mind the optimal working volume, fill level and residence time. The optimal working volume 

would depend on the construction of the mixer. It generally lies between 50 to 70 percent of the maximum. 

Similarly, too much of fill would lead to low mixing and hence fill level becomes important. Residence 

time which is defined as the amount of time ingredients are in the mixer and is a particularly important 

determinant of the size of a continuous mixer. Choice of agitators determines the efficiency in breaking up 

lumps/agglomerates and serves to add shear aiding the final dispersion. A brief table showing various 

agitator types and their respective uses in shown below. 

1. Ribbon - For Powders, granules, some slurries, mainly free flowing 

2. Paddle - For Powders, granules, some slurries, free flowing, light pastes 

3. Sigma - For Sticky materials, thick pastes and slurries 
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PLANETARY MIXER 
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CHAPTER 2: Crystallisation 

Introduction: 

Crystallization is the (natural or artificial) process for the formation of solid crystals from a homogenous 

single phase solution.  

Crystallization is also a chemical solid-liquid separation technique, in which isolation of a solute from the 

liquid solution to a pure solid crystalline phase occurs.  

Generally, crystallization is the last chemical purification step. More than 80% of the substances used in 

pharmaceuticals, fine chemicals, agrochemicals, food and cosmetics are isolated or formulated in their solid 

form.  

For crystallization to take place, a solution must be "supersaturated".  

Crystallization is based on the principles of solubility : Compounds (solutes) tend to be more soluble in hot 

liquids (solvents) than they are in cold liquids.  

If a saturated hot solution can cool, the solute is no longer soluble in the solvent and forms crystals of pure 

compound.  

Impurities are excluded from the growing crystals and the pure solid crystals can be separated from the 

dissolved impurities by filtration.  

EQUILIBRIUM, SOLUBILITY AND PHASE DIAGRAM  

Equilibrium in crystallization processes is reached when the solution is saturated and the equilibrium 

relationship for bulk crystals is the solubility curve.  

Figure shows the solubility curve as a function of temperature.  
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Most materials follow curves similar to curve 1 for KNO3; that is their solubility increases more or less 

rapidly with temperature.  

A few substances follow curves like curve 2 for NaCl, with little change in solubility with temperature. 

Other have what is called an inverted solubility curve (curve 3 for Ce2 (SO4 )3), which means that their 

solubility decreases as the temperature is raised.  

EQUILIBRIUM, SOLUBILITY AND PHASE DIAGRAM  

The solubility characteristic of a solute in a solvent is by far the most important property for determining  

(1) the best method for causing crystallization and 

 (2) the ease or difficulty is growing crystals. 

Crystallization by cooling is only attractive for compounds having a solubility that decreases rapidly with 

decreasing temperature above ambient temperature. For instance, for NaCl, crystallization by cooling would 

be undesirable because the solubility decreases only by about 10% when the temperature decreases from 100 

until 0
 o
C. For most soluble inorganic compounds, cooling by evaporation is the preferred technique.  

Many important inorganic substances crystallize with water of crystallization. In some systems, several 

different hydrates are formed, depending on the concentration and temperature and phase equilibrium in such 

systems can be quite complicated. 
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Crystallization from solution can be thought of as a 3 step processes which are : 

Supersaturation -The formation of supersaturated solution  

Nucleation - The formation of crystal nuclei.  

Crystal growth - The growth of the nuclei to larger size Supersaturation  

Supersaturation refers to a state in which the liquid (solvent) contains more dissolved solids (solute) than can 

ordinarily be accommodated at that temperature.  

Based on Ostwald-Mier’s, the field of supersaturation consists of three regions and the relationship between 

supersaturation and spontaneous crystallization led to the diagrammatic representation.  

The regions of supersaturation are described as follows  

 

The stable (undersaturated) zone – Crystallization is impossible. The solutions have concentrations lower than 

the solubility curve at a specific temperature, are considered as being undersaturated. In such solutions, any 

crystals present will re-dissolve.  

The metastable (supersaturated) zone Spontaneous nucleation does not occur. However existing crystals may 

grow if a surface on which growth can occur is present.  

The unstable or labile (supersaturated) zone – Spontaneous nucleation is probable and so the growth. Nuclei 

are formed spontaneously from a clear solution.  
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The upper dashed line is referred to as the super-solubility line and denotes the temperatures and 

concentration where spontaneous nucleation occurs.  

Supersaturation can be achieved using several methods.  

These include :  

Changing solution temperature (cooling crystallization)  

Evaporation of solvent (evaporative crystallization), 

Changing the solvent composition (antisolvent crystallization).  

Chemical reactions (reactive crystallization/precipitation)  

Each process has its possibilities and limitations. 
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Caking of crystals leads to a great deal of negative impact on the quality of products leading to extra cost to    

restore the products to its original state before caking. It is therefore an undesired phenomenon that should be 

investigated and inhibited. 

This review considers particle issues (particle science and technology) in a crystallization view (crystallization 

science and engineering). 

1. Characterization. Caking indices and the relevant characterization methods are classified. Their advantages 

and disadvantages are summarized. Particularly, potential novel characterization methods, e.g. image analysis 

technique and its application in analysis of caking ratio, are discussed. 

2. Mechanisms. Caking process is organized into three stages: moisture sorption, then liquid bridge, and 

finally crystal bridge. The mechanisms are reconsidered with recent studies (e.g. mass transfer, adhesion effect 

of liquid bridge, kinetic of crystal caking) and crystallization science (e.g. nucleation and growth theory, 

polymorphism, and phase transition). 

3. Prevention. Based on particle and crystal engineering, prevention of crystals caking is discussed through 

controlling ambient conditions (relative humidity, temperature, liquids screening, and pressure) and improving 

anticaking property of crystals (particles size, particles shape, impurity, and anticaking agent). 

A potential method of simulating crystal caking behavior based on discrete element method (DEM) and 

caking mechanisms is presented. With the aid of simulation, the enhanced design of particle and crystal 

engineering would be available, which could be a key to control these factors systematically. 
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Evaporation: Emission of water vapour by a wet or a free surface of water, in liquid or solid state at a 

temperature below boiling point.  

Evaporation from water and other wet surfaces is a continuous process. The rate per unit area ah which water 

vapour leaves the wet surface depends upon the properties of the overlying air and the supply of heat to the 

evaporating surface. Evaporation occur owing to di f fusion, convection or wind or wind action. As long as 

the vapour pressure of the air is below saturation vapour pressure at corresponding water temperature, 

diffusion will continue. Convection will occur when the water is warmer than the air. Convective loss will 

usually be associated with wind action which is most effective when the wind flow is turbulent. The factors 

which directly influence evaporation are as follows:  

1.2.1 Heat surplus  

The principal source of heat is the radiation from the sun, sky and other neighbouring radiative bodies. 

However, it should be noted that changes in the amount of heat supplied or removed from the evaporating 

surface will not  

be reflected wholly in changes in the rate of evaporation. The heat supply will also cause changes in the 

temperature of the water thereby affecting the counter radiation and sensible heat losses.  

1.2.2 Differences in vapour pressure.  

Other factors remaining constant, evaporation is proportional to the difference between the pressure of the  

saturated vapour at the existing water temperature and the vapour pressure of the air.  

1.2.3 Temperature.  

Since the saturation vapour pressure depends upon temperature the evaporation rate is greatly affected by both 

air and water temperatures.  
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Along with above, Viscosity of feed, Formation of scales and deposits, Temperature diffecerence, Rate of 

stirring/agitation, Size of the evaporating surface affect evaporation rate. 
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Economy of an evaporator:  

The performance of a steam-heated evaporator is measured in terms of its capacity and economy. Capacity is 

defined as the number of kilogram of water vaporized per hour. Economy (or steam economy) is the number 

kilogram of water vaporized from all the effects per kilogram of steam used.  
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Heat Transfer: 

Heat transfer is commonly encountered in many aspects of our life. 

The most common example is the human body, which is constantly rejecting heat to its surroundings, and 

human comfort is closely tied to the rate of this heat rejection. We try to control this heat transfer rate by 

adjusting our clothing to environmental conditions. 

Many ordinary household appliances are designed, in whole or in part, by using the principles of heat 

transfer. 

 electric or gas range, 

 the heating and air-conditioning system, 

 the refrigerator and freezer, 

 the water heater, 

 the iron, and 

 the computer, 

 the TV 

Homes are designed to be energy-efficient homes. This is done the basis of minimizing heat loss in winter 

and heat gain in summer. 

Heat transfer plays a major role in the design of many other devices: 

 car radiators, 

 solar collectors, 

 various components of power plants, and 

 spacecraft. 
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The optimal insulation thickness in the walls and roofs of the houses, on hot water or steam pipes, or on 

water heaters is again determined on the basis of a heat transfer analysis with economic consideration. 

Heat transfer mechanisms are simply ways by which thermal energy can be transferred between objects, and 

they all rely on the basic principle that kinetic energy or heat wants to be at equilibrium or at equal energy 

states. There are three different ways for heat transfer to occur: conduction, convection, and radiant 

heat (often referred to as radiation, but that's a more general term that includes many other phenomena).There 

is a related phenomenon that transfers latent heat called evapotranspiration. 

Conduction 

Conduction is the simplest heat transfer model in terms of being able to create a mathematical explanation for 

what is happening. It is the movement of kinetic energy in materials from higher temperature areas to lower 

temperature areas through a substance. The molecules will simply give their energy to adjacent molecules 

until an equilibrium is reached. Conduction models do not deal with the movement of particles within the 

material. 

Convection 

 

Figure 2. Air over land heats faster than air over water, leading to convection which feels like a cool ocean 

breeze.  

https://energyeducation.ca/encyclopedia/Heat_transfer
https://energyeducation.ca/encyclopedia/Conduction
https://energyeducation.ca/encyclopedia/Convection
https://energyeducation.ca/encyclopedia/Radiant_heat
https://energyeducation.ca/encyclopedia/Radiant_heat
https://energyeducation.ca/encyclopedia/Radiation
https://energyeducation.ca/encyclopedia/Latent_heat
https://energyeducation.ca/encyclopedia/Evapotranspiration
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Convection is heat transfer through fluid (like air or water) motion. The difference between conduction and 

convection is the motion of a material carrier; convection is the movement of the thermal energy by moving 

hot fluid (as opposed to making other material hot by wiggling atoms). Usually this motion occurs because of 

differences in density. Warmer particles are less dense, so particles with higher temperature will move to 

regions where the temperature is cooler and the particles with lower temperature will move to areas of higher 

temperature. The fluid will remain in motion until equilibrium is reached. 

   Radiation 

 

Figure 1: Campfires emit radiant "energy" and is felt as "radiant heat".
[5]

 

Heat transferred by radiation is called radiant heat. Like light, radiant heat is radiant energy, and does not 

necessarily require a medium to carry it. This form of energy transfer is facilitated through a type 

of electromagnetic radiation.
[6]

 All moving charged particles emit electromagnetic radiation. This 

emitted wave will travel until it hits another particle. The particle that receives this radiation will receive it as 

kinetic energy. Particles will receive and emit radiation even after everything is at the same temperature, but 

it's not noticed due to the fact that the material is at equilibrium at this point. 

This type of heat transfer is particularly important in the setting the temperature of Earth. Radiation, as heat 

transfer, is how the Earth gets energy from the sun. Radiation is also important for the greenhouse effect. 

 

 

https://energyeducation.ca/encyclopedia/Fluid
https://energyeducation.ca/encyclopedia/Air
https://energyeducation.ca/encyclopedia/Water
https://energyeducation.ca/encyclopedia/Atom
https://energyeducation.ca/encyclopedia/Heat_transfer_mechanisms#cite_note-5
https://energyeducation.ca/encyclopedia/Radiation
https://energyeducation.ca/encyclopedia/Light
https://energyeducation.ca/encyclopedia/Radiant_energy
https://energyeducation.ca/encyclopedia/Electromagnetic_radiation
https://energyeducation.ca/encyclopedia/Heat_transfer_mechanisms#cite_note-6
https://energyeducation.ca/encyclopedia/Charge
https://energyeducation.ca/encyclopedia/Wave
https://energyeducation.ca/encyclopedia/Cross_section_of_the_Earth
https://energyeducation.ca/encyclopedia/Greenhouse_effect
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Fourier’s law: 

 Fourier’s law states that the negative gradient of temperature and the time rate of heat transfer are 

proportional to the area at right angles of that gradient through which the heat flows. Fourier’s law is the 

other name of the law of heat conduction. 

 Newton’s law of cooling and Ohm’s law are a discrete and electrical analogue of Fourier’s law. 

 Differential Form of Fourier’s Law 

  Fourier’s law differential form is as follows: 

q=−k▽T 

Where, 

 q is the local heat flux density in W.m
2
 

 k is the conductivity of the material in W.m
-1

.K
-1

 

 ▽T is the temperature gradient in K.m
-1

 

https://byjus.com/physics/ohms-law/
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In one-dimensional form: 

qx=−kdTdx 

Integral form 

 

Where, 

∂Q∂t is the amount of heat transferred per unit time 

 dS is the surface area element 

When the same equation is given in the differential form, which is the basis of heat equation derivation: 

Q△t=−kA(△T△x) 

Where, 

A is the area of the cross-sectional surface 

ΔT is the temperature difference between the endpoints 

Δx is the distance between two ends 

Fourier’s law in terms of conductance 

△Q△t=UA(−△T) 

Where, 
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 U is the conductance 

Fourier’s Law Derivation 

The derivation of Fourier’s law was explained with the help of an experiment which explained the Rate of 

heat transfer through a plane layer is proportional to the temperature gradient across the layer and heat 

transfer area. 

Rateofheatconduction∝(area)(temperaturedifference)thickness 

Let T1 and T2 be the temperature difference across a small distance Δx of area A. k is the conductivity of the 

material. Therefore, in one dimensional, the following is the equation used: 

Qcond=kAT1−T2Δx=−kAΔTΔx 

When Δx → 0, following is the equation in a reduced form to a differential form: 

Qcond=−kAΔTΔx 

The three-dimensional form the Fourier’s law is given as: 

q⃗ =−k▽T 

HEAT TRANSFER BY CONDUCTION, CONVECTION AND RADIATION: 

Heat Transfer 

Heat energy can be transferred from one body to the other or from one location in a body to the other. Study of 

the techniques and methods adopted to transfer heat energy is known as ‘Heat Transfer’. To facilitate heat 

transfer between 2 bodies there needs to be a temperature difference between them.This means that these bodies 

must be a 2 different temperatures one higher than the other to allow heat to flow from one body to the other. 

This means that no heat transfer occurs between 2 bodies which are at the same temperature. At the same time, it 

is very important to note that heat only flows from a body at higher temperature to a body at a lower 

https://byjus.com/physics/thermal-conductivity-unit/
https://byjus.com/physics/thermal-conductivity-unit/
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temperature. Although this may look obvious, this law is very important from the point of view of 

thermodynamics. 

Case Study: Cup of Tea 

 

Let us say that you have prepared a cup of tea for yourself. The tea is very hot say at 80°C and so you leave it in 

a room with a temperature of 25 ° C for some time to cool down. This is the first law of heat transfer. Heat 

transfer will only take place between 2 bodies when they have a substantial temperature difference. 

Now, after some time you come back to find that the tea in the cup has cooled down to say 50°C and you have a 

sip of the same. This is the second law of heat transfer. Heat will only flow from a body at higher temperature to 

a body at a lower temperature. It is not possible to have a scenario where the heat flows from the room at 25° c 

to the cup of tea at 80° C and heat it even further. 

These techniques and methods discussed below are observed in nature and thus have been generalized for all 

things while under consideration for the purpose of the study. However, no observation against these has been 

ever recorded or observed thus establishing their credibility as truthful and applicable at all times. 

Heat transfer takes place in 1 of the three ways namely: Conduction, Convection and Radiation We will discuss 

each of these methods in detail. 
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Conduction 

Conduction is the method of transfer of heat within a body or from one body to the other due to the transfer of 

heat by molecules vibrating at their mean positions. The bodies through which the heat transfer must be in 

contact with each other. There is no actual movement of matter while transferring heat from one location to the 

other. 

Conduction occurs usually in solids where molecules in the structure are held together strongly by 

intermolecular forces of attraction amongst them and so they only vibrate about their mean positions as they 

receive heat energy and thus pass it to the surrounding molecules by vibrations. 

Convection 

Convection is the mode of heat transfer which occurs mostly in liquids and gases.In this method, heat transfer 

takes place with the actual motion of matter from one place within the body to the other. Often when we boil 

water we have seen bubbles and currents develop in the water on careful observation. 

This is an apt example of the convection process. The hot water at the bottom becomes lighter and moves 

upwards forcing the cold and denser water at the top to come down and thus get heated up. 
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Radiation 

Radiation is another form of heat transfer. It does not require any medium and can be used for transfer of heat in 

a vacuum as well. This method uses electromagnetic waves which transfer heat from one place to the other. The 

heat and light from the sun in our solar system reach our planet using radiation only. 

In fact, radiation is the most potent method of heat transfer. In winters when we sit near a fire we feel warm 

without actually touching the burning wood. This is possible by radiation only. 

 

The above example effectively demonstrates the 3 methods of heat transfer 

 

Based on the design characteristics indicated above, there are several different variants of heat exchangers 

available. Some of the more common variants employed throughout industry include: 

Shell and tube heat exchangers 
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Double pipe heat exchangers 

Plate heat exchangers 

Condensers, evaporators, and boilers 

 Shell and Tube Heat Exchangers: 

 The most common type of heat exchangers, shell and tube heat exchangers are constructed of a single tube   

or  series of parallel tubes (i.e., tube bundle) enclosed within a sealed, cylindrical pressure vessel (i.e., shell). 

The design of these devices is such that one fluid flows through the smaller tube(s), and the other fluid flows 

around its/their outside(s) and between it/them within the sealed shell. Other design characteristics available 

for this type of heat exchanger include finned tubes, single- or two-phase heat transfer, countercurrent flow, 

cocurrent flow, or crossflow arrangements, and single, two, or multiple pass configurations. 

A close-up view of a heat 

exchanger tube bundle. 

Image Credit: Anton Moskvitin/Shutterstock.com 

https://www.thomasnet.com/products/shell-tube-heat-exchangers-26641001-1.html
https://www.thomasnet.com/products/heat-exchanger-tube-bundles-8962607-1.html
https://www.thomasnet.com/products/finned-tube-heat-exchangers-26632000-1.html
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Double Pipe Heat Exchangers: 

A form of shell and tube heat exchanger, double pipe heat exchangers employ the simplest heat exchanger 

design and configuration which consists of two or more concentric, cylindrical pipes or tubes (one larger tube 

and one or more smaller tubes). As per the design of all shell and tube heat exchangers, one fluid flows 

through the smaller tube(s), and the other fluid flows around the smaller tube(s) within the larger tube. 

The design requirements of double pipe heat exchangers include characteristics from the recuperative and 

indirect contact types mentioned previously as the fluids remain separated and flow through their own 

channels throughout the heat transfer process. However, there is some flexibility in the design of double pipe 

heat exchangers, as they can be designed with cocurrent or countercurrent flow arrangements and to be used 

modularly in series, parallel, or series-parallel configurations within a system. For example, Figure 4, below, 

depicts the transfer of heat within an isolated double pipe heat exchanger with a cocurrent flow 

configuration. 

Figure 4 – Heat Transfer in a Double Pipe Heat Exchanger 

 

https://www.thomasnet.com/products/double-pipe-or-double-wall-heat-exchangers-26631507-1.html
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Plate Heat Exchangers 

Also referred to as plate type heat exchangers, plate heat exchangers are constructed of several thin, 

corrugated plates bundled together. Each pair of plates creates a channel through which one fluid can flow, 

and the pairs are stacked and attached—via bolting, brazing, or welding—such that a second passage is 

created between pairs through which the other fluid can flow. 

The standard plate design is also available with some variations, such as in plate fin or pillow plate heat 

exchangers. Plate fin exchangers employ fins or spacers between plates and allow for multiple flow 

configurations and more than two fluid streams to pass through the device. Pillow plate exchangers apply 

pressure to the plates to increase the heat transfer efficiency across the surface of the plate. Some of the other 

types available include plate and frame, plate and shell, and spiral plate heat exchangers. 

 

A close-up view of a plate type heat exchanger. 

https://www.thomasnet.com/products/plate-heat-exchangers-26639005-1.html
https://www.thomasnet.com/products/platefin-heat-exchangers-26639815-1.html
https://www.thomasnet.com/products/plate-frame-heat-exchangers-26640003-1.html
https://www.thomasnet.com/products/plate-shell-heat-exchangers-97004975-1.html
https://www.thomasnet.com/products/spiral-plate-heat-exchangers-37324837-1.html
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Condensers, Evaporators, and Boilers 

Boilers, condensers, and evaporators are heat exchangers which employ a two-phase heat transfer 

mechanism. As mentioned previously, in two-phase heat exchangers one or more fluids undergo a phase 

change during the heat transfer process, either changing from a liquid to a gas or a gas to a liquid. 

Condensers are heat exchanging devices that take heated gas or vapor and cool it to the point of 

condensation, changing the gas or vapor into a liquid. On the other hand, in evaporators and boilers, the heat 

transfer process changes the fluids from liquid form to gas or vapor form. 

 

 

 

 

https://www.thomasnet.com/products/condensers-17321704-1.html
https://www.thomasnet.com/products/evaporators-26551200-1.html
https://www.thomasnet.com/products/boilers-6101307-1.html
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CHAPTER 3: Drying 

Introduction: 

The term drying refers generally to the removal of moisture from a substance. It is one of the oldest, most 

commonly used and most energy consuming unit operation in the process industries. Drying is often 

necessary in various industrial operations particularly in chemical process industries to remove moisture from 

a wet solid, a solution or a gas to make it dry and choice of drying medium is depends on the chemical nature 

of the materials.  

Three basic methods of drying are used today 1) sun drying, a traditional method in which materials dry 

naturally in the sun, 2) hot air drying in which materials are exposed to a blast of hot air and 3) freeze drying, 

in which frozen materials are placed in a vacuum chamber to draw out the water. The fundamental nautre of 

all drying porcess is the removal of volatile substances (mainly moisture) from mixture to yield a solid 

product. In general drying is accomplished by thermal techniques and thus involves the application of heat, 

most commonly by convection from current of air. Throughout the convective drying of solid materials, two 

processes occur simultaneously namely, transfer of energy from the local environemnt in the dryer and 

transfer of moisture from within the solid. Therefore this unit operation may be considered as simultaneous 

heat and mass transfer operation. Drying processes and equipment may be categorised according to several 

criteria, incuding the nature of material and the method of heat supply and the method of operation. For 

example In the sugar industry washed and centrifuged sugar crystals are dried to get finisehd product for 

packing. Drying is an important operation in food processing. Milk is dried in a spray chamber to produce 

milk powder. All the above examples indicates that wet material loses moisture in direct contact with hot 

air/gas. The hot air/gas supplies the energy required for drying and also carries away the moisture released by 

the solid. For heat sensitive materials much of the resistance to drying resides within the material. Unduly 

high heat and mass transfer rates applied at the surface only result in overheating or over drying of the surface 

layer resulting in quality problems without major increase in the drying kinetics. The rate of migration of the 

moisture from within the solid to the evaporation front often controls the overall drying rate. Therefore, 
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drying may be defined as an operation in which the liquid, generally water, present in a wet solid is removed 

by vaporization to get a relatively liquid free solid product. Drying of a solid does not demand or ensure 

complete removal of the moisture. Sometimes it is desirable to retain a little mositure in the solid after drying. 

Dryer and drying process selection for a specific operation is a complex problem, and many factors have to be 

taken into account. Though, the overall selection and design of a drying system for a perticular material is 

dictated by the desire to achieve a favourable combination of a product quality and process. 

Mechanism of Drying: 

 

Drying does not mean only removal of the moisture but during the process, physical structure as well as the 

apperance has to be preserved. Drying is basically governed by the principles of transport of heat and mass. 

When a moist solid is heated to an appropriate temperature, moisture vaporizes at or near the solid surface and 

the heat required for evaporating moisture from the drying product is supplied by the external drying medium, 

usually air or a hot gas. Drying is a diffusional process in which the transfer of moisture to the surrounding 

medium takes place by the evaporation of surface moisture, as soon as some of the surface moisture 

vaporizes, more moisture is transported from interior of the solid to its surface. This transport of moisture 

within a solid takes place by a variety of mechanisms depending upon the nature and type of the solid and its 

state of aggregation. Different types of solids may have to be handled for drying crystalline, granular, beads, 

powders, sheets, slabs, filter-cakes etc. The mechanism of moisture transport in different solids may be 

broadly classified into (i) transport by liquid or vapour diffusion (ii) capillary section, and (iii) pressure 

induced transport. The mechanism that dominates depends on the nature of the solid, its pore structure and the 

rate of drying. Different mechanisms may come into play and dominate at different stages of drying of the 

same material. The following term are commonly used in designing of drying systems. Moisture content of a 

substance which exerts as equilibrium vapour pressure less than of the pure liquid at the same temperature is 

refered to as bound moisture. Moisture content of the solid which exerts an equillibrium vapour pressure 

equal to that of pure liquid at the given temperature is the unbound moisture. 

The moisture content of solid in excess of the equilibrium moisture content is refered as free moisture. During 

drying, only free moisture can be evaporated. The free moisture content of a solid depends upon the vapour 

concentration in the gas. The moisture contents of solid when it is in equilibrium with given partial pressure of 

vapour in gas phase is called as equilibrium moisture content. Similalry, the moisture content at which the 
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constant rate drying peroid ends and the falling rate drying period starts is called critical moisture content. 

During the constant rate drying period, the moisture evporated per unit time per unit area of drying surface 

remains constant and in falling rate drying period the amount of moisture evporated per unit time per unit area 

of drying surface continuously decreases. 

 

 

 

 

 

 

Drying curve • Drying curve is the plot of the drying rate Φ or N versus the remaining water content X. Water 
content X is expressed as kg of water per kg of dry matter. Drying process of a material can be described as a 

series of steps in which drying rate plays a key role. • Following figure shows typical drying rate curve for a 
constant drying conditions. 

Point B represents equilibrium temperature conditions of the product surface. • Section B to C of the curve, 
known as the constant rate periods, represents removal of unbound water from the product. • The water acts as 
if the solid is not present. The surface of the product is very wet and water. And the water activity is equal to 

one. • The constant rate period continues as long as the amount Constant rate period 

In the constant-rate period, the water is being evaporated from what is effectively a free water surface.The rate 

of removal of water can then be related to the rate of heat transfer, if there is no change in the temperature of 

the material and therefore all heat energy transferred to it must result in evaporation of water. The rate of 

removal of the water is also the rate of mass transfer, from the solid to the ambient air. These two - mass and 

heat transfer - must predict the same rate of drying for a given set of circumstances. 

5. • The falling rate period is reached when the drying rate starts to decrease, and the surface water activity 

falls to less than one. • The rate of drying is governed by the internal flow of liquid or vapor.This point is 
represented by C in the figure. • At this point there is not enough water on the surface to maintain a water 

activity value of one. Falling rate period 

6. • The falling rate period can be divided into two steps. • First falling drying rate • Second falling drying rate 

7. A first falling drying rate occurs when wetted spots in the surface continually diminish until the surface is 

dried (Point D). First falling drying ra 

 

https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-5-638.jpg?cb=1548079607
https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-6-638.jpg?cb=1548079607
https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-7-638.jpg?cb=1548079607
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8. • Second falling rate period begins at point D when the surface is completely dry.The plane of evaporation 

recedes from the surface. • Heat required for moisture removal is transferred through the solid to the 

vaporization of moisture in the solid and the vapor moves through the solid into Second falling drying rate 

9. • The amount water removed in this period can be relatively small compared to the constant rate and first 

falling rate period. • However this period may take much longer than constant rate period because the drying is 

slow. 

https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-8-638.jpg?cb=1548079607
https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-9-638.jpg?cb=1548079607
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10. Drying rate experiments can be simply done by measuring the weight change during drying.The material to 

be dried is placed on the tray.The tray is suspended from a balance and exposed to air flow in drying tunnel. 

Drying rate experimen 

11. Water removed/time can be easily determined 

12. Drying time 

13. Drying rates, once determined experimentally or predicted from theory, can then be used to calculate 

drying times so that drying equipment and operations can be designed. In the most general cases, the drying 

rates vary throughout the dryer with time as drying proceeds, and with the changing moisture content of the 

material. So the situation is complicated. Calculation of DryingTimes 

14. However, in many cases a simplified approach can provide useful results. One simplification is to assume 

that the temperature and RH of the drying air are constant. In this case, for the constant-rate period, the time 

needed to remove the quantity of water which will reduce the food material to the critical moisture content Xc 

(that corresponding to the end of the constant-rate period and below which the drying rate falls) can be 

calculated by dividing this quantity of moisture by the rate. 

15. In this case, for the constant-rate period, the time needed to remove the quantity of water which will reduce 

the food material to the critical moisture content Xc (that corresponding to the end of the constant-rate period 

and below which the drying rate falls) can be calculated by dividing this quantity of moisture by the rate. 

16.  Xo is the initial moisture content and Xc the final moisture content (the critical moisture content in this 

case) both on a dry basis, w is the amount of dry material in the food and (dw/dt) const is the constant- drying 

rate. 

17. Where the drying rate is reduced by a factor f then this can be incorporated to give: Dt = w (DX)/ f(dw 

/dt)const. and this has to be integrated piecemeal down to X = Xf where subscript f denotes the final water 

content, and f expresses the ratio of the actual drying rate to the maximum drying rate corresponding to the free 

surface-moisture situation. 

https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-10-638.jpg?cb=1548079607
https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-11-638.jpg?cb=1548079607
https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-12-638.jpg?cb=1548079607
https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-13-638.jpg?cb=1548079607
https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-14-638.jpg?cb=1548079607
https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-15-638.jpg?cb=1548079607
https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-16-638.jpg?cb=1548079607
https://image.slidesharecdn.com/dryingrate-190121140245/95/drying-rate-17-638.jpg?cb=1548079607
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Tray Dryer  

Tray dryers usually operate in batch mode, use racks to hold product and circulate air over the material. It 

consists of a rectangular chamber of sheet metal containing trucks that support racks. Each rack carries a 

number of trays that are loaded with the material to be dried. Hot air flows through the tunnel over the racks. 

Sometimes fans are used to on the tunnel wall to blow hot air across the trays. Even baffles are used to 

distribute the air uniformly over the stack of trays. Some moist air is continuously vented through exhaust 

duct; makeup fresh air enters through the inlet. The racks with the dried product are taken to a tray-dumping 

station. 

 

Drum Dryer 

 In drum dryers, a liquid containing dissolved solids or slurry carrying suspended solids forms a thin layer on 

the outside surface of a large rotating drum. For a single drum unit thickness of the film can be controlled by 

an adjustable scraping blade. In case of a double drum unit thickness can be controlled by the gap between the 

drums. A gas, normally air may be blown over the surface for rapid removal of moisture. The rotation of the 

drum adjusted so that all of the liquid is fully vaporized and a dried deposit can be scrapped off with the help 
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of flexible or adjustable knife. This type of dryer mainly handles the materials that are too thick for a spray 

dryer and too thin for a rotary dryer. The solid collects on an apron in front of the knife and rolls to a 

container or to a screw conveyor. The operation of the drum drier is continuous. The drum is rotated 

continuously by a gear driven by a pinion that receives its motion through a belt, a chain, or a reduction gear 

from. The speed of the drum may be regulated by a variable-speed drive to adopt the speed to any slight 

variation in the feed quality. The speed of the drum regulated depending upon the nature of materials (i.e wet 

or dry), if the product material is wet/dry quite a distance before the knife is reached, the speed should be 

decreased/increased. The design of the components is similar to that of drum filter. The knife may be held just 

against the surface. It may be brought closer by turning the adjusting wheels. The knife supports may be 

turned through part of a circle so that the angle of the blade of the knife relative to the drum surface may be 

selected for the greatest shearing effect. In recent years, double drum dryers have replaced single drum dryer 

in several applications, due to their more efficient operation, wide range of products and high production 

rates. 

 

Fluidised Bed Dryer: 
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Fluidised Bed Dryer Fluidized bed dryer consist of a steel shell of cylindrical or rectangular cross section. A 

grid is provided in the column over which the wet material is rests. In this type of dryer, the drying gas is 

passed through the bed of solids at a velocity sufficient to keep the bed in a fluidized state. Mixing and heat 

transfer are very rapid in this type of dryers. The dryer can be operated in batch or continuous mode. Fluidized 

bed dryer are suitable for granular and crystalline materials. If fine particles are present, either from the feed or 

from particle breakage in the fluidized bed, there may be considerable solid carryover with the exit gas and bag 

filters are needed for fines recovery. The main advantage of this type of dryer are: rapid and uniform heat 

transfer, short drying time, good control of the drying conditions. In case of rectangular fluid-bed dryers 

separate fluidized compartments are provided through which the solids move in sequence from inlet to outlet. 

These are known as plug flow dryers; residence time is almost the same for all particles in the to another, and 

often the last compartment is compartments. But the drying conditions can be changed from one compartment 

fluidized with cold gas to cool the solid before discharge. 
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Vacuum Dryer  

The agitated vacuum dryer is one of the most versatile in the range and is similar in principle to a pan dryer. 

The dryer essentially consists of a jacketed cylindrical vessel arranged for hot water, steam or a suitable 

thermal fluid flow through the jacket for heating. Doors are provided on the shell, at the top for loading the 

feed material and at the bottom for discharging. The dryers are available in variety of sizes. The entire drying 

chamber is well machined to insure small clearance with the agitator blade. Thus ensures proper shuffling of 

the material and avoids localized over heating. Due to the agitation of the product in the agitated vacuum 

dryer the drying time is substantially reduced. A choice of the agitator design which can be arranged with or 

without heating depends on the material characteristics and process requirements. While designing the shell 

one has to consider the external pressure and the shaft designing includes fatigue consideration. Designing 

the impeller needs consideration of characteristics of the material before and after drying. 

Spray Dryer: 

The spray-drying process can be divided into four sections: atomization of the fluid, mixing of the droplets, 

drying, and, removal and collection of the dry particles (Figure 2). Atomization may be achieved by means of 

https://www.chemengonline.com/solids-drying-basics-and-applications/?printmode=1#Figure2
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single-fluid or two-fluid nozzles, or by spinning-disk atomizers. The flow of the drying gas may be 

concurrent or countercurrent with respect to the movement of droplets. Good mixing of droplets and gas 

occurs, and the heat- and mass-transfer rates are high. In conjunction with the large interfacial area conferred 

by atomization, these factors give rise to very high evaporation rates. The residence time of a droplet in the 

dryer is only a few seconds (5–30 s). Since the material is at wet-bulb temperature for much of this time, 

high gas temperatures of 1,508 to 2,008C may be used, even with thermolabile materials. For these reasons, 

it is possible to dry complex vegetable extracts, such as coffee or digitalis, milk products, and other labile 

materials without significant loss of potency or flavor. The capital and running costs of spray dryers are high, 

but if the scale is sufficiently large, they may provide the cheapest method. 

 

Freeze dryer: 
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Distillation is a process that separates two or more components into an overhead distillate and bottoms. The 

bottoms product is almost exclusively liquid, while the distillate may be liquid or a vapor or both. The 

separation process requires three things. First, a second phase must be formed so that both liquid and vapor 

phases are present and can contact each other on each stage within a separation column. Secondly, the 

components have different volatilities so that they will partition between the two phases to different extent. 

Lastly, the two phases can be separated by gravity or other mechanical means. Distillation differs from 

absorption and stripping in that the second phase is created by thermal means  
It is important to note that distillation is not a chemical reaction but it can be considered as a physical 

separation process. An illustration describing the laboratory setup that is generally used to execute this 

process is provided below. 

https://byjus.com/chemistry/chemical-reactions/
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The distillation performed on a laboratory scale often uses batches of the liquid mixture whereas industrial 

distillation processes are generally continuous, requiring a constant composition of the mixture to be 

maintained. 

Role of Raoult’s Law and Dalton’s Law 

The temperature at which the vapor pressure of a liquid becomes equal to the pressure of the surrounding 

area is known as the boiling point of that liquid. At this temperature point, the liquid is converted into its 

vapor form via the formation of vapor bubbles at its bulk. 

It is important to note that the boiling point of the liquid changes with the pressure around it. For example, 

the boiling point of water at sea level is 100oC but its boiling point at an altitude of 1905 meters is 93.4oC 

(since the atmospheric pressure is relatively lower at high altitudes). 

For a mixture of liquids, the distillation process is dependent on Dalton’s law and Raoult’s law. As 

per Raoult’s law, the partial pressure of a single liquid component in an ideal liquid mixture equals the 

product of the vapor pressure of the pure component and its mole fraction. According to Dalton’s law of 

partial pressures, the total pressure exerted by a mixture of gases is equal to the sum of the partial pressures 

of all the constituent gases. 

When a mixture of liquids is heated, the vapor pressure of the individual components increases, which in turn 

increases the total vapor pressure. Therefore, the mixture cannot have multiple boiling points at a given 

composition and pressure. 

https://byjus.com/chemistry/daltons-law-of-partial-pressure/
https://byjus.com/chemistry/raoults-law/
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Why is it Impossible to Completely Purify a Mixture by Distillation? 

At the boiling point of a mixture of liquids, all the volatile constituents boil. However, the quantity of a 

constituent in the resulting vapor is based on its contribution to the total vapor pressure of the mixture. This is   

why the compounds with higher partial pressures can be concentrated in the vapors whereas the compounds 

having low partial pressures can be concentrated in the liquid. 

Since a component in the mixture cannot have zero partial pressure, it is impossible to obtain a completely 

pure sample of a component from a mixture via distillation. However, samples of high purity can be obtained 

when one of the components in the mixture has a partial pressure which is close to zero. 

Types of Distillation 

https://byjus.com/chemistry/partial-pressure/
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Some important types of distillation include: 

Simple distillation 

Fractional distillation 

Steam distillation 

Vacuum distillation 

Air-sensitive vacuum distillation 

Short path distillation 

Zone distillation 

        Simple Distillation 

Simple distillation involves heating the liquid mixture to the boiling point and immediately condensing the 

resulting vapors. 

This method is only effective for mixtures wherein the boiling points of the liquids are considerably different 

(a minimum difference of 25oC). 

The purity of the distillate (the purified liquid) is governed by Raoult’s law. 

Fractional Distillation 

Fractional distillation is often used to separate mixtures of liquids that have similar boiling points. It involves 

several vaporization-condensation steps (which takes place in a fractioning column). This process is also 

known as rectification. The apparatus required to perform a fractional distillation on a mixture is listed below. 

 Round-bottom flask or distilling flask 

 A source of heat, which can be a fire or a hot bath. 

 Receiving flask to collect the condensed vapors 

 Fractioning column 

 Thermometer to measure the temperature in the distilling flask 

 Condenser 

 Standard Glassware. 

https://byjus.com/chemistry/fractional-distillation/
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        When heated, the liquid mixture is converted into vapors that rise into the fractioning column. The vapors  

now cool and condense on the walls of the condenser. The hot vapors emanating from the distilling flask now 

heat the condensed vapor, creating new vapors. 

       Many such vaporization-condensation cycles take place and the purity of the distillate improves with every 

cycle. An illustration depicting a fractional distillation setup is provided below. 

 

Commonly used condensers in laboratories include Liebig condensers and Graham condensers. 

 

 

Evaporation: Emission of water vapour by a wet or a free surface of water, in liquid or solid state at a 

temperature below boiling point.  
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Evaporation from water and other wet surfaces is a continuous process. The rate per unit area ah which water 

vapour leaves the wet surface depends upon the properties of the overlying air and the supply of heat to the 

evaporating surface. Evaporation occur owing to di f fusion, convection or wind or wind action. As long as 

the vapour pressure of the air is below saturation vapour pressure at corresponding water temperature, 

diffusion will continue. Convection will occur when the water is warmer than the air. Convective loss will 

usually be associated with wind action which is most effective when the wind flow is turbulent. The factors 

which directly influence evaporation are as follows:  

1.2.1 Heat surplus  

The principal source of heat is the radiation from the sun, sky and other neighbouring radiative bodies. 

However, it should be noted that changes in the amount of heat supplied or removed from the evaporating 

surface will not  

be reflected wholly in changes in the rate of evaporation. The heat supply will also cause changes in the 

temperature of the water thereby affecting the counter radiation and sensible heat losses.  

1.2.2 Differences in vapour pressure.  

 Other factors remaining constant, evaporation is proportional to the difference between the pressure of the  

saturated vapour at the existing water temperature and the vapour pressure of the air.  

1.2.3 Temperature.  

Since the saturation vapour pressure depends upon temperature the evaporation rate is greatly affected by 

both air and water temperatures.  

Along with above, Viscosity of feed, Formation of scales and deposits, Temperature diffecerence, Rate of 

stirring/agitation, Size of the evaporating surface affect evaporation rate. 
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Steam Distillation 

 Steam distillation is often used to separate heat-sensitive components in a mixture. 

 This is done by passing steam through the mixture (which is slightly heated) to vaporize some of it. The  

process establishes a high heat-transfer rate without the need for high temperatures. 

 The resulting vapor is condensed to afford the required distillate. 

The process of steam distillation is used to obtain essential oils and herbal distillates from several aromatic 

flowers/herbs. 

Vacuum Distillation 

Vacuum distillation is ideal for separating mixtures of liquids with very high boiling points. 

In order to boil these compounds, heating to high temperatures is an inefficient method. Therefore, the pressure 

of the surroundings is lowered instead. 

The lowering of the pressure enables the component to boil at lower temperatures. Once the vapor pressure of 

the component is equal to the surrounding pressure, it is converted into a vapor. 

These vapors are then condensed and collected as the distillate. The vacuum distillation method is also used to 

obtain high-purity samples of compounds that decompose at high temperatures. 

Air-Sensitive Vacuum Distillation 

For compounds that are sensitive to air and readily react with it, the vacuum distillation process is carried out 

but the vacuum must be replaced with an inert gas once the process is complete. Such a process is often 

referred to as air-sensitive vacuum distillation. 

https://byjus.com/chemistry/steam-distillation/
https://byjus.com/chemistry/noble-gases-physical-chemical-properties/


 

 

A.Sai Roja, MLRIP 

 

Short Path Distillation 

Short path distillation is used to purify a small quantity of a compound that is unstable at high temperatures. 

This is done under lowered pressure levels and generally involves the distillate traveling a very small distance 

before being collected (hence the name ‘short path’). The reduced distance traveled by the distillate in this 

method also reduces the wastage along the walls of the apparatus. 

Zone Distillation 

The process of zone distillation involves the partial melting of a substance and the condensation of the 

resulting vapors to obtain a pure distillate. This is carried out in a long container with the help of a zone 

heater. 

Important Applications 

The method of distillation has a considerable history, dating back to 3000 BC. Evidence suggests that the 

distillation of alcohol was developed as far back as the 9th century. Some important applications of distillation 

are listed below. 

 Distillation plays an important role in many water purification techniques. Many desalination 

plants incorporate this method in order to obtain drinking water from seawater. 

 Distilled water has numerous applications, such as in lead-acid batteries and low-volume 

humidifiers. 

 Many fermented products such as alcoholic beverages are purified with the help of this method. 

 Many perfumes and food flavorings are obtained from herbs and plants via distillation. 

 Oil stabilization is an important type of distillation that reduces the vapor pressure of the crude 

oil, enabling safe storage and transportation. 

 Air can be separated into nitrogen, oxygen, and argon by employing the process of cryogenic 

distillation. 

 Distillation is also employed on an industrial scale to purify the liquid products obtained from 

chemical synthesis. 

 

 

 

 

There are several methods for producing WFI-Water for Injection, with multiple-effect distillation and vapor 

compression as the two primary methods recognized by the FDA. Both are established methods, offering 

differing advantages dependent on the proposed application. 
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Vapor Compression Distillation 

VC System is also known as thermocompression / vapor recompression or thermal / mechanical vapor 

compression. It is a technology similar to the evaporation systems used for the water desalination (Vapor 

compression is also a common term in the refrigeration industry). 

Furthermore, the VC system can be powered by either steam or electric heating, and have a minimal 

feedwater quality requirement due to lower operating temperature.  

VCD units are driven by a more mechanical process than MED, involving a compressor and other moving 

parts to compress steam and increase its pressure/temperature for evaporation.  

Multiple Effect Distillation 

ME System is a well-know method. Multiple-effect stills are mainly noted for their multiple column design 

which re-uses steam energy through the process, requiring minimal moving parts, but requiring cooling water 

for final distillation of product. 

 

Producing Water for Injection from Vapor Compression distillation 

The advantage of a higher efficiency (low cost by quantity produced in comparison to MED) 

Thermocompressor or thermal recompression still, produces Water for Injection, the reliable compendial 

distilled water for pharmaceutical applications. 

As a result, many products benefit from WFI, such as LVP or SVP (Large volume / Small Volume 

Parenteral), any injectable product as well as washing medias and special solutions where 

quality factors (such as the sterility, elimination of the pyrogens and of the chlorine solvents with low 

molecular weight) 

economical factors (low running costs) are critical for the success of the pharmaceutical process. 
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CHAPTER 4: Filtration 

Introduction: 

Filtration Introduction The separation of solids from a suspension in a liquid by means of a porous medium or 

screen which retains the solids and allows the liquid to pass is termed filtration. In general, the pores of the 

medium are larger than the particles which are to be removed, and the filter works efficiently only after an 

initial deposit has been trapped in the medium .The moisture content of solid in excess of the equilibrium 

moisture content is refered as free moisture. During drying, only free moisture can be evaporated. The free 

moisture content of a solid depends upon the vapour concentration in the gas. The moisture contents of solid 

when it is in equilibrium with given partial pressure of vapour in gas phase is called as equilibrium moisture 

content. Similalry, the moisture content at which the constant rate drying peroid ends and the falling rate 

drying period starts is called critical moisture content. During the constant rate drying period, the moisture 

evporated per unit time per unit area of drying surface remains constant and in falling rate drying period the 

amount of moisture evporated per unit time per unit area of drying surface continuously decreases. 

The most important factors on which the rate of filtration then depends will be: (a) The drop in pressure from 

the feed to the far side of the filter medium. (b) The area of the filtering surface. (c) The viscosity of the 

filtrate. (d) The resistance of the filter cake. (e) The resistance of the filter medium and initial layers of cake . 

Types of filtration: 

1- Cake filtration Where the proportion of solids in suspension is large and most of the particles are collected 

in the filter cake which can subsequently be detached from the medium. 

2- Deep bed filtration Where the proportion of solids is very small , as for example in air or water filtration , 

the particles will often be considerably smaller than the pores of the filter medium and will penetrate a 

considerable depth be for being captured .  
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Surface filtration: It is a screening action by which pores or holes of the medium prevent the passage of solids. 

The mechanisms, straining and impingement are responsible for surface filtration. For this purpose, plates with 

holes or woven sieves are used. Example is cellulose membrane filter. 

26.2.2 Depth filtration: This filtration mechanism retains particulate matter not only on the surface but also at 

the inside of the filter. This is aided by the mechanism entanglement. It is extensively used for clarification. 

Examples are ceramic filters and sintered filters. 

 Advances in sintered metal filters: 

• Filtration technology utilizing sintered metal media provides excellent performance for separation of 

particulate matter. Sintered metal filter media are widely used in the chemical process, petrochemical and power 

generation industries. 

• Advances in filtration technology include the development of continuous processes to replace old batch 

process technology. Liquid/solids filtration using conventional leaf filters is messy and hazardous to clean and 

require extended re-circulation time to obtain clean product. Traditional gas/solids separation systems such as 

cyclones, Electro static precipitators and disposable filters are being replaced by sintered fiber metal filtration 

systems. 

• Sintered metal filters should be operated within the design parameters to prevent premature blinding of the 

media due to fluctuations in process operations. Use of flow control assures the filter will not be impacted with 

a high flow excursion. Filter efficiency increases as the filter cake forms. The cake becomes the filter media and 

the porous media acts as a septum to retain the filter cake. Filter cakes can be effectively washed in-situ and 

backwashed from the filter housing. A gas assisted pneumatic hydro pulse backwash has proven to be the most 

effective cleaning method for sintered porous metal filters. 

• Sintered metal filters can be fully automated to eliminate operator exposure and lower labour costs while 
providing reliable, efficient operation. 

 

 

Rate of Filtration 

The analysis of filtration is largely a question of studying the flow system. The fluid passes through the filter 

medium, which offers resistance to its passage, under the influence of a force which is the pressure differential 

across the filter. Thus, we can write the familiar equation: 

Rate of filtration = driving force/resistance 

Resistance arises from the filter cloth, mesh, or bed, and to this is added the resistance of the filter cake as it 

accumulates. The filter-cake resistance is obtained by multiplying the specific resistance of the filter cake that is 

its resistance per unit thickness, by the thickness of the cake. The resistances of the filter material and pre-coat 
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are combined into a single resistance called the filter resistance. It is convenient to express the filter resistance 

in terms of a fictitious thickness of filter cake. This thickness is multiplied by the specific resistance of the filter 

cake to give the filter resistance. Thus the overall equation giving the volumetric rate of flow dV/dt is: 

dV/dt = (AΔP)/R 

As the total resistance is proportional to the viscosity of the fluid, we can write: 

R = μr(Lc + L) 

Where, R is the resistance to flow through the filter, Δ is the viscosity of the fluid, r is the specific resistance of 

the filter cake, Lc is the thickness of the filter cake and L is the fictitious equivalent thickness of the filter cloth 

and pre-coat, A is the filter area, and ΔP is the pressure drop across the filter. 

 If the rate of flow of the liquid and its solid content are known and assuming that all solids are retained on the 

filter, the thickness of the filter cake can be expressed by: 

Lc = wV/A 

where w is the fractional solid content per unit volume of liquid, V is the volume of fluid that has passed through 

the filter and A is the area of filter surface on which the cake forms. 

The resistance can then be written; 

                                                              R = μr[w(V/A) + L)]                                               (7.6) 

and the equation for flow through the filter, under the driving force of the pressure drop is then: 

                                                       dV/dt = AΔP/μr[w(V/A) + L]                                             (7.7) 

 Eq. (7.7) may be regarded as the fundamental equation for filtration. It expresses the rate of filtration in terms of 

quantities that can be measured, found from tables, or in some cases estimated. It can be used to predict the 

performance of large-scale filters on the basis of laboratory or pilot scale tests. Two applications of Eq. (7.7) are 

filtration at a constant flow rate and filtration under constant pressure. 

 26.3.1 Constant-rate Filtration: In the early stages of a filtration cycle, it frequently happens that the filter 

resistance is large relative to the resistance of the filter cake because the cake is thin. Under these 

circumstances, the resistance offered to the flow is virtually constant and so filtration proceeds at a more or less 

constant rate. Eq. (7.7) can then be integrated to give the quantity of liquid passed through the filter in a given 

time. The terms on the right-hand side of Eq. (7.7) are constant so that integration is very simple: 

 dV/Adt = V/At = ΔP/μr[w(V/A) + L] 

or                                                   ΔP = V/At x μr[w(V/A) + L]             
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Factors affecting filtration: 

1.The temperature 

             When filtered, the low temperature of the suspension, viscosity, slow filtration. The viscosity of the liquid 

is the exponential function of temperature, which increases with the temperature decreased. Warming is 

the most simple and effective to reduce the viscosity of the measures, but the temperature is too high, easy 

to make lipid oxidation, hair oil filter temperature is generally less than 70 degrees. 

2.The operating pressure 

                 Mao impurities in the oil mostly incompressible impurities, powerful operating pressure, the filtration rate 

is also large. If oil suspended solids by the colloidal material composition, so as to increase the pressure 

within the gap becomes smaller cake, filtration resistance gradually increased filtration rate decreased 

rapidly, so the pressure must be determined according to different situations. 

3.Suspension concentration 

              The concentration of large, multi-residue, so that production of each batch operation cycle effective   filtration 

time is reduced, affecting production. For continuous operation of the vacuum filter, the concentration of large 

generating cake more evenly, and easy to clean up, little effect on yield. 

 4.Filter media and filter aid 

                Filter media choices affect the filtered oil to clarify the extent and cake discharge is smooth using a filter 

medium for the oil industry and more organizations like media. Common shares 20 yarn 5-8 canvas, twill and 

ordinary white cotton muslin and so on. also used 130 #, 240 #, 260 #, 261 # and 828 # polyester cloth vinyl 

on filter cloth and other synthetic products. Number Jingwei shares more for crude oil filter, a small number o 

cheesecloth or muslin cloth. In addition, they often use stainless steel wire woven mesh, 30-40 pores/cm 

screen for crude oil filter, 140-180 cells/cm bleached oil filter for filtering. 
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Filtration Equipment: 

  The basic requirements for filtration equipment are: 

- mechanical support for the filter medium, 

- flow accesses to and from the filter medium and 

- provision for removing excess filter cake. 

 In some instances, washing of the filter cake to remove traces of the solution may be necessary. Pressure can 

be provided on the upstream side of the filter, or a vacuum can be drawn downstream, or both can be used to 

drive the wash fluid through. 

Plate and frame filter press: In the plate and frame filter press, a cloth or mesh is spread out over plates 

which support the cloth along ridges but at the same time leave a free area, as large as possible, below the cloth 

for flow of the filtrate. This is illustrated in Fig. 7.2 (a). The plates with their filter cloths may be horizontal, 

but they are more usually hung vertically with a number of plates operated in parallel to give sufficient area. 

 Filter cake builds up on the upstream side of the cloth, which is the side away from the plate. In the early 

stages of the filtration cycle, the pressure drop across the cloth is small and filtration proceeds at more or less a 

constant rate. As the cake increases, the process becomes more and more a constant-pressure one and this is the 

case throughout most of the cycle. When the available space between successive frames is filled with cake, the 

press has to be dismantled and the cake scraped off and cleaned, after which a further cycle can be initiated. 

 The plate and frame filter press is cheap but it is difficult to mechanize to any great extent. Variants of the 

plate and frame press have been developed which allow easier discharging of the filter cake. For example, the 

plates, which may be rectangular or circular, are supported on a central hollow shaft for the filtrate and the 

whole assembly enclosed in a pressure tank containing the slurry. Filtration can be done under pressure or 

vacuum. The advantage of vacuum filtration is that the pressure drop can be maintained whilst the cake is still 

under atmospheric pressure and so can be removed easily. The disadvantages are the greater costs of 

maintaining a given pressure drop by applying a vacuum and the limitation on the vacuum to about 80 kPa 

maximum. In pressure filtration, the pressure driving force is limited only by the economics of attaining the 

pressure and by the mechanical strength of the equipment. 
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Filter leaf: 

Working Of The Pressure Leaf Filter 

Leaf Filters are ideal for Solid-Liquid Separation & work on principle of Precoating & pressure. Pre coating is 

done with the help of suitable filter aid about 0.5 to 1% ( Bleaching earth , supercel, Hyflo, super flo etc.) 

mixed with the liquid to be filtered. Unfiltered liquid is pumped into the filter vessel. Initially the filter aid 

starts forming a precoat layer on both sides of the filter leaves, until then cloudy material comes out of the 

Filter. Once the layer is formed , Pressure starts developing, restricting the impurities. Clear liquid flows from 

both sides into the leaves ( filter elements), flows along the tubular channel & gets discharged from Bottom of 

the leaf. All the leaves are mounted on a common manifold. The leaves start getting choked on both the sides 

by impurities forming cake, which is in wet form. Once the leaves get chocked completely, the pressure rises 

to 3-4 Kg/cm² & the output flow almost stops. 

 

The Pump is stopped & steam /air pressure is applied from the top ( without dropping the filter pressure) to 

filter the material around the leaves held up in the tank & to squeeze the cake further & reduce the liquid 

retention in it . The hold up unfiltered liquid in the conical portion is taken back. 

 

In PLF the cake can be dried by steam /hot air & then discharged from the bottom with the help of 

mechanical/pneumatic leaves vibrator. The whole operation of cake drying takes 30-45 min, & cake discharge 

takes 5-10 min. 

For wet cake discharge water spray nozzles are provided. 
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Rotary drum filter:  

The technique is well suited to slurries, and liquids with a high solid content, which could clog other forms of 

filter. The drum is pre-coated with a filter aid, typically of diatomaceous earth (DE) or Perlite. After pre-coat 

has been applied, the liquid to be filtered is sent to the tub below the drum. The drum rotates through the 

liquid and the vacuum sucks liquid and solids onto the drum pre-coat surface, the liquid portion is "sucked" by 

the vacuum through the filter media to the internal portion of the drum, and the filtrate pumped away. The 

solids adhere to the outside of the drum, which then passes a knife, cutting off the solids and a small portion 

of the filter media to reveal a fresh media surface that will enter the liquid as the drum rotates. The knife 

advances automatically as the surface is removed. 

Generally, the main process in a rotary vacuum drum filter is continuous filtration whereby solids are 

separated from liquids through a filter medium by a vacuum. The filter cloth is one of the most important 

components on a filter and is typically made of weaving polymer yarns. The best selection of cloth can 

increase the performance of filtration. Initially, slurry is pumped into the trough and as the drum rotates, it is 

partially submerged in the slurry. The vacuum draws liquid and air through the filter media and out the shaft 

https://en.wikipedia.org/wiki/Slurry
https://en.wikipedia.org/wiki/Diatomaceous_earth
https://en.wikipedia.org/wiki/Perlite
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hence forming a layer of cake. An agitator is used to regulate the slurry if the texture is coarse and it is settling 

rapidly. Solids that are trapped on the surface of the drum are washed and dried after 2/3 of revolution, 

removing all the free moisture. 

During the washing stage, the wash liquid can either be poured onto the drum or sprayed on the cake. Cake 

pressing is optional but its advantages are preventing cake cracking and removing more moisture. Cake 

discharge is when all the solids are removed from the surface of the cake by a scraper blade, leaving a clean 

surface as drum re-enters the slurry. There are a few types of discharge which are scraper, roller, string, 

endless belt and pre coat. The filtrate and air flow through internal pipes, valve and into the vacuum receiver 

where the separation of liquid and gas occurs producing a clear filtrate [5]. Pre coat filtration is an ideal 

method to produce a high clarity of filtrate. Basically, the drum surface is pre coated with a filter aid such as 

diatomaceous earth (DE) or perlite to improve filtration and increase cake permeability. It then undergoes the 

same process cycle as the conventional rotary vacuum drum filter however, pre coat filtration uses a higher 

precision blade to scrape off the cake [4]. 

The filter is assessed by the size of the drum or filter area and its possible output. Typically, the output is in 

the units of pounds per hour of dry solids per square foot of filter area. The size of the auxiliary parts depends 

on the area of the filter and the type of usage. Rotary vacuum filters are flexible in handling variety of 

materials therefore the estimated solids yield from 5 to 200 pounds per hour per square foot. For pre coat 

discharge, the solid output is approximately 2 to 40 gallons per hour per square foot.[3]Filtration efficiencies 

can also be improved in terms dryness of filter cake by significantly preventing filtrate liquid from getting 

stuck in the filter drum during filtration phase. Usage of multiple filters for example, running 3 filter units 

instead of 2 units yields a thicker cake hence, producing a clearer filtrate. This becomes beneficial in terms of 

production cost and also quality 

https://en.wikipedia.org/wiki/Rotary_vacuum-drum_filter#cite_note-komline.com-5
https://en.wikipedia.org/wiki/Rotary_vacuum-drum_filter#cite_note-Sparks2012-4
https://en.wikipedia.org/wiki/Rotary_vacuum-drum_filter#cite_note-Haug1999-3
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META FILTER: 
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CATRIDGE FILTERS: 
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SEITZ FILTER: 
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HEPA FILTERS: 

High-efficiency particulate air (HEPA), also known as high-efficiency particulate absorbing and high-

efficiency particulate arrestance, is an efficiency standard of air filter.[3] 

Filters meeting the HEPA standard must satisfy certain levels of efficiency. Common standards require that a 

HEPA air filter must remove—from the air that passes through—at least 99.95% (European Standard) or 

99.97% of particles whose diameter is equal to 0.3 μm; with the filtration efficiency increasing for particle 

diameters both less than and greater than 0.3 μm. 

 Direct Impaction: Large contaminants, such as certain types of dust, mold, and pollen, travel in a straight 

path, collide with a fiber, and stick to it. 

Sieving: The air stream carries a particle between two fibers, but the particle is larger than the gap, so it 

becomes ensnared. 

Interception: Airflow is nimble enough to reroute around fibers, but, thanks to inertia, particles continue on 

their path and stick to the sides of fibers. 

https://en.wikipedia.org/wiki/Air_filter
https://en.wikipedia.org/wiki/HEPA#cite_note-3
https://en.wikipedia.org/wiki/Micrometre
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Diffusion: Small, ultrafine particles move more erratically than larger ones, so they’re more likely to hit and 

stick to fibers. 

Theory and mechanism  

The working principle is based on centrifugal force that makes particles move toward bowl wall of the 

centrifuge. This force is usually expressed with number of earth gravities (g). The process of particles 

sedimentation depends on several factors. There is a direct correlation between rate of sedimentation and size 

of particles, speed of centrifugation, density difference between liquid and solid phase of solution and an 

inverse relation with fluid viscosity.  
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Figure 1. Particle in rotation.  

Figure 1 shows how the particles move in rotation. The centrifugal acceleration of the particles means that the 

force initiates particle movement outward from the axis of rotation. Centrifugal acceleration occurs the radial 

position (r) of the particles and the square of the angular velocity (⍵). In figure 1 shows that angular velocity 

is calculated using the tangential velocity (uθ) and radial position. The force acting on a particle increases, 

when the acceleration increasing. That cause a sedimentation of the particles at the axis of the rotation. Radius 

is depending of the shape and type of the rotor of the centrifuge. Basically, if centrifuges rotor is fixed angle 

rotor there are two different values for radius. Fixed angle rotor means that tubes are in same position during 

centrifugation and the rotational speed cannot affect them. The other options are a swinging bucket 

centrifuge,where tubes hanging in the rotor. In that kind of centrifuge radius is depending on rotational speed. 

When rotational speed higher, also the radius is increasing. Centrifuges with tubes are generally used in 

laboratory scale, not in downstream processing. 

Calculations  

Relatively centrifugal force (RFC) is the unit, which is used when is question of centrifugal force. Generally 

used revolutions per minute (RPM) is not a valid unit, because the force depends on the radius of the 

centrifuge. sedimentation rate is directly related to the features of particles, namely size and mass. Particles 

that are bigger in size than 5 µm accumulate at the bottom due to gravitational force, whereas if the size is 

smaller the process can be described with Brownian motion. That is why the smaller particles are, the stronger 
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centrifugal force is required for sedimentation. In that case, the required force can be described with equation: 

 

Classification: 

All modifications of centrifuges can be distinguished into two main types: sedimentation and filtering 

centrifuges. In sedimentation centrifuges the centrifugal force is used to separate solids from liquids or two 

liquids with different densities. Sedimentation centrifuges include decanter, disk-stack, solid-bowl basket and 

tubular bowl centrifuges, which will be described below. Filtering centrifuges use centrifugal force to pass a 

liquid through a filtration media, such as a screen or cloth while solids are captured by the filtering media. 

Sedimentations centrifuges There are many different types of sedimentation centrifuges and the best centrifuge 

type can be chosen on the basis of application and specificity of the process. Disc bowl centrifuge or disc stack 

centrifuge was first invented in order to separate cream in milk production industry. These centrifuges usually 

used for separation of two liquids or liquid and relatively low suspended solid phase. This centrifuge is 

composed by a vertical rotor with several conical discs on it. These systems of conical spacers allow to 

increase the sedimentation area. During rotation, centrifugal forces make denser solids move towards the bowl 

of the centrifuge where they then can be collected. Decanter centrifuge is sedimentation centrifuge, which 

consists out of a horizontally oriented bowl in a shape of a cone with a conveying scroll inside. The main 

working principle is related to the differences of densities of the liquids as denser liquids will drop to the 
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bottom wall of the centrifuge. Conveying scroll creates a liquid pool, solids settle to the bowl wall and then 

transported by a conveying scroll to the end of a bowl where they are collected, whereas less denser liquid 

returns back to the pool. To prevent accumulation of solid particles on the scroll and reach optimal retention 

time for the separation, difference in rotational speeds of bowl and scroll is used in decanter centrifuges. 

Hydrocyclone is one type of sedimentation centrifuges. It differs from other sedimentation centrifuges so that it 

does not have any rotation parts. The centrifugal force form, when suspension is pumped to colon with high 

speed. Because of the shape of the colon the suspension start to swirl, which occur the separation of the solid 

particles to the walls of the colon. The liquid material stays in the centre of the colon. The solid particles are 

removed of the bottom of the colon and clarified liquid material in the top. Hydro cyclones is generally used in 

continuous processes. Solid-bowl centrifuge is a good example about the batch-type centrifuge. It consists of 

the one basket and it is generally used of collection particles of low concentration suspensions. In addition, it is 

also a good method to separate fine particles from liquid material, because of large diameter and high g forces. 

Filtration centrifuges Filtration centrifuges similar as sedimentation centrifuges, but they are based on the 

filtration of the liquid material. Mechanism of the filtration centrifuge is the same as in other centrifuges thus 

the separation is based on the centrifugal force. The difference is that filtration centrifuges has the filtration 

material, for example slots, holes, a porous membrane or filtrate cloth depending of the application and the 

purpose of the process. Filtration centrifuges are in different types as sedimentation centrifuges. Filtration 

centrifuges can work as in continuous process as in batch process depending of the type of the centrifuge. 

Generally, filtration centrifuges are used in continuous processes, because the higher throughput capacity is 

often needed in industrial processes. Filtration centrifuges can be used for separation of the suspension with 

high solid material concentration, because of the filtration material. Solid particles form a cake on the filtration 

material. The solid material can be washed in centrifuge with water if centrifuge is equipped with rinsing 

system. That help for example to get all residual material out of solid material. In addition to centrifugal force, 

many other things affect to the centrifugation of the material with filtration centrifuge, for example cake 

thickness, viscosity, screen area and the filtration material. If the cake growth too big on the filtration material, 

it can be removed during process. Batch process is more flexible in that case, but in some filtration centrifuges 

is possible to cut the cake decreasing rotation speed during continuous process when solid material drop to the 

bottom of centrifuge. 
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NON PERFORATED BASKET CENTRIFUGE: 
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Semi-continuous centrifuge: 

 

 

 

 

 

Super centrifuge: 
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CHAPTER 5: Industrial hazards and safety 

Introduction: 

Hazard is a term associated with a substance that is likelihood to cause injury in a given environment or 

situation.  

Industrial Hazard may be defined as any condition produced by industries that may cause injury or death to a 

personnel or loss of product or property  

Safety in simple terms means freedom from the occurrence of risk or injury or loss.  

Industrial Safety or Employee Safety refers to the protection of workers from the danger of industrial 

accidents.  

Toxic and corrosive chemicals, fire, explosions and personnel falling into accidents are the major health and 

safety hazards encountered in the operations of chemical and pharmaceutical related industries. Identification 

of the hazards and employing the protective measures to control the hazards are important to protect the 

people from their consequences. Accident prevention needs systematic and technical study of every aspect of 

the plant design and operation. Today’s industry employs user friendly machinery, which can withstand 

human error and equipment failure. Plant safety differs from the traditional approach of prevention of 

accidents in a number of ways:  There is more concern with accidents that arise out of technology.  

There is more emphasis on foreseeing hazards and taking action before accidents occur.  There is more 

emphasis on systematic methods of identifying hazards and estimating that probability that they will occur 

and their consequences.  

There is concern with accidents that cause damage to plants and loss of profit.  Traditional practices and 

standards are looked at more critically.  

FIRE AND EXPLOSION HAZARDS  

Spontaneous combustion and non-explosion proof electrical equipment is the potential ignition source. The 

effects of fire on people take the form of skin burns due to explosion to thermal radiation. The severity of the 

burns depends on the intensity of fire and the explosion time. Fire occurs in the industry more frequently than 

explosion and toxic release, although the consequences in terms of loss of life are generally less. Therefore, 
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fire might be less hazardous. Fire can take several different forms including jet fires, pool fires and boiling 

liquid expanding vapour explosion.  

The causes for Fire and Explosion are:  

1. Improper storage of flammable liquids and gases or combustible wastes.  

2. Smoking in the factory premises by the workers.  

3. Defective heating equipment, electrical equipment and wiring.  

4. Leakage of explosive gases and ignition of combustible gases.  

5. Inadequate protection of electrical motors.  

         6. Sparking of electric wires and equipment.  

Control of Fire and Explosion Fire protection is an important part of good house keeping, since a single fire 

or explosion can spread to the adjoining units. Fire protection provisions are applicable to bulk drug 

industries, whether synthetic, biological or microbiological. Government regulations are available for safety 

and fire protection. Careful plant layout and judicious choice of construction materials can reduce fire and 

explosion hazards. Hazardous operations should be isolated by conducting them in separate buildings. Fire 

resistance brick-walls or reinforced concrete walls can limit the effects of an explosion. The roof is designed 

to lift easily under an explosive force. Possible sources of fire are reduced by eliminating the unnecessary 

ignition sources such as flames, spark, heated materials, matches, smoking, welding, cutting and static 

electricity. The installation of sufficient fire alarms, temperature alarms, fire-fighting equipments and 

sprinkler systems must be specified in the design.  

BUILDING CONSTRUCTION Buildings should be constructed such that fire cannot be spread from one 

building to another. When combustible construction is involved, fire wall cutoffs should be provided. The 

cutoffs should be standard, firewall of at least 13 inch of brick or of equal construction with all door 

openings properly protected with single or double automatic fire doors.  

EXIT POINTS Every factory or working space should be have at least two exit points from each storey. The 

exit points of adequate capacity should be provided so as to enable the employees to reach a place of safety 

outside the building, in case of fire. Equipment should be designed to meet the specifications and codes of 

recognized authorities such as Indian Standards Association, American Petroleum Institute (API) and 
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American Society of Testing Materials. Every type of mechanical device should be examined periodically by 

a competent person.  

FIRE ALARM EQUIPMENT Fire alarm systems are placed in conspicuous locations in all parts of the 

plant for promptly notifying the fire brigade and for exit of the employees. The systems operate on 

electrically supervised circuit. They should be preferably located near exits.  

FIRE EXTINGUISHERS Fire extinguishers are installed inside the hose. These are designed for 

extinguishing the incipient fires.  

  

Classification of fires: Depending upon the extinguishing methods the fire has 

been divided into five categories:  

Class ‘A’ Fires: These fires originate from ordinary combustible materials such as wood, paper rags, rubber 

and rubbish. These fires are controlled using water or solutions containing large percentage water which 

produces quenching and cooling effects.  

Class ‘B’ Fires: These fires are originated from oils, greases, flammable liquids etc. The extinguishing agent 

should produce a blanketing or smoothening effect. Class ‘B’ fires can be fought with foam, Carbon-di-oxide.  

Class ‘C’ Fires: These fires are originated in electrical equipment. The extinguishing agent produces a non-

conducting property. Class ‘C’ fires can be extinguished with carbon-di-oxide and dry chemical powder 

extinguisher.  

Class ‘D’ Fire: Fires that occur with combustible metals such as Magnesium, Titanium, Lithium, Sodium etc. 

These fires can be extinguished only by dry powder extinguisher.  

Class ‘E’ Fire: Fires involving electricity in any form. These fires can be extinguished with dry chemical 

powder and Carbon-di-oxide. Extinguishers are designed and located suitably for all classes of fires 

depending on the requirements.  

Type of Extinguishers: a. Soda-Acid b. Water-Gas / Light Water c. Foam d. Halon or Halogenated Hydro 

Carbon e. CO2 Extinguisher f. Dry powder Operation of fire extinguisher: a. Soda Acid Extinguisher: This 

extinguisher consists of a cylindrical container made up of steel lined with lead. The charge of the 

extinguisher consists of Sulphuric Acid and a solution of Sodium bi carbonate. The Sulphuric acid may be in a 

tube or bottle sealed of fitted with a loose lead stopper. The extinguisher is a turnover type if it is not fixed 
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with a discharge tube. When the extinguisher is brought into action due to mix-up of the acid with alkali, 

carbon-di-oxide gas is formed together with sodium sulphate.  

H2So4 + 2NaHCo3 -------- Na2So4 + 2H20  

The carbon-di-oxide gas produced gives the pressure to throw about 6 meters jet of the solution. The sodium 

sulphate takes not part in putting out the fire. Two types of Soda acid extinguisher are available – invertible 

and non invertible. It is suitable for ‘A’ class fire only.  

b. Water Gas/Light Water Extinguisher: This is an effective alternative for Soda acid fire extinguisher and 

employs more advanced technology for safer fire fighting. Ideal for ‘A’ class fire. It consists of one gas 

cartridge filled with CO2 and outer container (main body) is filled with fresh water. During operation CO2 

gas is released which provides the necessary pressure to throw water in the form of a powerful jet. Available 

in invertible as well as non-invertible types. Operation: Take the extinguisher to the fire. Remove the 

discharge from the housing. Strike the knob. Direct the water to the fire.  

c. Foam Extinguishers: These are available as only invertible type. There are three types of foam:  

1. Chemical Foam Extinguishers: The inner container of a foam type extinguisher contains generally 

Aluminium Sulphate (acidic) dissolved in clean water while the outer container houses a solution that contains 

Sodium BiCarbonate (Alkali) with foam stabilizer. Aluminium Sulphate and Sodium bi-Carbonate produce 

foam and Carbon-di-Oxide. Foam withstands heat and prevent re-ignition of surfaces already covered. Foam 

also spreads freely over the surface of the blazing liquid. So foam is more effective than an inert gas.  

2. Mechanical Foam: Usually contains a 3 to 6% solution of stabilized protein base substance in water that is 

aerated to produce foam. This is cheaper and easily available. Stabilizer normally used is Ferrous Sulphate. 

Protein based substances used are animal hoof and horn meal and hydrolysed blood and sodium hydroxide 

solution.  

3. Detergent Foam: This is again aerated detergent solution in water. At present usage is limited due to: (a) 

Poor heat response (b) Poor stability Operation of Foam Extinguishers Take the extinguisher to the scene of 

fire. Pull the nozzle up, turn it right and let it rest on the Cap. Invert (only portable model) the extinguisher 

and direct the jet to the fire.  

d. HALONE - 1211 (BCF) Extinguishers: It is the safest and most effective vaporizing extinguisher for use 

on A, B, C and E class fires. It is non-toxic, non-conductive, odourless, colorless and transparent liquid and 
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has no adverse effect on the materials on which it is applied. It is discharged as a semi-liquid jet a high nozzle 

velocity and vaporizes rapidly and penetrates fires in the form of mist. The high nozzle velocity has the 

advantage of a long throw, enabling its use from a safe distance. When Halone-1211 is discharged on a fire, 

the heat of the fire decomposes Halone-1211 and the product of this decomposition, particularly, bromine, 

interferes with the process of combustion and puts off the fire quickly.  

e. Carbon di Oxide (CO2 ) Extinguishers: Carbon di oxide is a colorless gas which is one and half times 

heavier than air. It is filled in the extinguisher as liquid by the application of pressure (50 kg/cm 2 and at a 

temperature of 15.5 C) Carbon di oxide extinguishes the fire by replacing some of the oxygen in the air, so 

that it does not support combustion, (Blanketing effect). The high velocity with which the gas is released and 

the sudden cooling effect plays an important part in extinguishing the fire. It is a non-conductor of electricity. 

So it can be effectively used for electrical fire. A small cylinder of liquid CO2 during vaporization expands 

450 times. The expansion ratio of carbon-di-oxide is 8.5 cubic feet per pound. Operation of CO2 

Extinguisher: Take the extinguisher close to the fire. Remove safety pin. Remove the discharge horn from the 

clip. Open the valve. Direct the gas at the base of the fire.  

f. Dry Powder Chemical: Extinguisher contains 90% sodium-bicarbonate in fine powder form and the rest 

is made of other chemical which will improve fluidity, non caking and water repellant properties. The dry 

powder extinguishes the fire by blanketing it. It has no cooling effect. The dry powder is very effective for 

fires that react with water and carbon di oxide. The charge constitutes dry powder with a sodium carbonate 

base filled in outlet container. A carbon di oxide cartridge is placed inside the inner container screwed on to 

the inner side of the cup assembly with the sealing disc. The main container assembly is fitted with a syphon 

tube. The interior shape of the extinguisher is so designed that CO2 expels practically 98% of the contents. 

Composition of the Material: Sodium bicarbonate : 97% Magnesium Sulphate : 1-1/2% Magnesium 

Carbonate : 1% Tricalcium phosphate : ½ % Operation of the Extinguisher: Take the extinguisher to the fire. 

Remove the discharge tube from the housing. Strike the knob. Direct the powder to the fire   
PREVENTIVE MEASURES  

 Prohibitions of smoking in manufacture areas.  
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 Oxygen present in the flammable atmosphere may be decreased by dilution with inert gases such as 

nitrogen, CO2 , steam or combination of these inert in the form of exhaust gases from fuels, automobile 

engines etc. 

  Hazardous operations should be isolated by conducting them in separate buildings or by the use of brick 

firewalls.  

 Eliminating the ignition sources such as electric sparks, flames (burners, matches and cigarettes lighters), 

heated materials, welding, cutting and static electricity.  

 Factory building should be made of fire resistant materials like steel, ferroconcrete, and brick. and 

reinforced concrete walls 

.  Suitable emergency exits must be there in the factories. Fire alarms, temperature alarms, sensors and fire 

extinguishers should be installed in factory at suitable locations and every body should be made aware about’ 

its use.  

 Adequate venting is necessary and it is advisable to provide protection by using both springloaded valves 

and rupture discs. 

  Proper automatic sprinklers with adequate water supply.  

 Equipment should design to meet the specifications and codes of recognized authorities such Indian 

Standards Association, American Petroleum Institute (API) and American Society of Testing Materials 

(ASME). 

  The design and construction of pressure vessels and storage tanks should follow APT and ASME codes. 

  Every type of mechanical device should be examined periodically by a competent person. 

 
 

Subject: Pharmaceutical Engineering     Unit No: V 

Faculty:                                               Lecture No: 3 

Topic: CHEMICAL HAZARDS              Book Reference: 

CHEMICAL HAZARDS: The bulk drug industry manufacturers products by controlling reactive 

chemicals. The reactivity makes these chemicals to be hazardous. Reactions are always carried out with 
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proper plan so as to face any mishaps. Unfortunately, sometimes chemical reactions get out of control, 

because of several problems. 

 A few of them are:  

 Wrong raw material  

 Raw materials containing trace impurities 

  Changed operating conditions  

 Unanticipated time delays  

 Equipment failure 

  Wrong materials of constructions Such mishaps can be worse, if the chemistry is not fully understood. 

Chloroform, benzene, chlorinated hydrocarbons, low boiling fractions of petroleum, etc, are some of the 

common solvents are used in the extraction of drug principles from plants, purification of synthetic drugs and 

in chemical analysis. They should be handled with care.  

Some definitions:  

Chemical hazards referred here are occupational health hazards. The following definitions improve the 

understanding of concepts:  

Toxicity is the ability of a substance to cause injury to the biological tissue.  

Hazard is a term associated with a substance that is likelihood to cause an injury in a given environment or 

situation. The hazard of a substance depends on:  Its toxicity how is it absorbed, metabolized and excreted, 

how rapidly it acts and its warning symptoms. If the toxicity of a substance is higher, it will be more toxic.  

Its physical characteristics- the manner in which a substance will be encountered in work place. For example, 

a liquid with a high vapour pressure will reach a higher airborne concentration and will be more hazardous 
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than an equally hazardous liquid with a low vapour pressure, Units The following terms are used in the 

measurement of concentration of a hazardous substance present in the air 

.  ppm- parts of vapour (or gas) per million parts of air by volume. 

  mg/m3 - milligram of a substance per cubic meter of air.  mppcf- millions of particles of particulate 

matter per cubic foot of air.  

 

Standard Setting Process  

A list of threshold limit (TLVs) for approximately 800 substances was prepared. The workers should not be 

exposed to the substances more than these limits. The following three categories of TLVs are specified:  

1. Threshold limit value-time weighted average (TLV_TWA): This is the time weighted average 

concentration for a normal 8hr work/day and 40hr work/week to which nearly all workers may be repeatedly 

exposed, day after day, without adverse effects. 

2. Threshold limit value-short term exposure limit(TLV-STEL): This is the highest concentration to which 

workers can be exposed for short periods of time without suffering from (a) irritation, (b) chronic or 

irreversible tissue damage or (c) necrosis of sufficient degree to increase accident proneness, impair self-

rescue or materially reduce work efficiency.  
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3. Threshold limit value-ceiling: This is the concentration that should not be exceeded during any part of the 

working day. The numerical values of the TLVs do not take into account the toxicity that might result from 

skin absorption. It should be emphasized that TLVs are only guidelines and are not intended as absolute 

boundaries between safe and dangerous concentrations. Every occupational health professional should have a 

copy of the current threshold limit values and biological exposure indices. Though many common substances 

are apparently innocuous, prolonged breathing and/or skin contact produce irritation and may bring about 

permanent impairment of health or even death. Many chemicals can cause severe burns, if these come into 

contact with living tissue. Living tissue may be destroyed by the following chemical reactions.  Dehydration 

by strong dehydrating agents.  Digestion by strong acids and bases.  Oxidation by strong oxidizing agents. 

Eyes and mucous membranes of the throat are particularly susceptible to the effect of corrosive dust, mist 

and gases. In addition, many chemicals are very toxic, flammable or detonable.  
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In pharmaceutical industry, dermatitis reactions can be attributed to synthetic drugs, especially to acridines 

and phenothiazine compounds. It has been notices that fair people are generally more susceptible to skin 

irritation than dark people. The only protection from skin reactions is to observe cleanliness and to remove 

the people fr0om the areas as soon as the first sign of skin reactions are noticed. Wherever practicable, 

application of barrier creams before commencing the work has been found useful in protecting individuals. 
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While grinding vegetable drugs, dust evolved is irritating. For example, capsicum and podophyllum affect 

the eyes and irritation is painful. Therefore goggles are to be worn. Some individuals are sensitive to 

ipecacuanha that they develop symptoms of asthma, when exposed even to minute traces of its dust. The data 

of inflammability and detonability of chemicals are available in most handbooks. Hazards due to industrial 

chemicals can be minimized if there is strict observance of safety regulations and protective measures of 

good house-keeping principles, besides their intelligent handling of dangerous chemicals and drugs. 

Management of over-exposure to chemicals:  

While thousands of chemicals are used routinely in industry, the medical management of acute over-

exposure is nonspecific and included in four basic steps (with a few exceptions).  

1. Removal from exposure: Prompt removal of the person from the exposure site is the first step. If rescue 

of a disabled victim is required, rescuers must protect themselves in the contaminated atmosphere. Air 

respirations and lifelines are mandatory first aid. Chemically impervious suits are sometimes worn.  

2. Resuscitation: means restoration of life of one who is apparently dead (collapsed or shocked). If the 

victim is apnoeic, resuscitation must begin as soon as he is taken out of the area. Further supportive care 

should be provided as with any other medical emergency.  

3. Decontamination: A victim whose skin or clothing has been contaminated requires immediate removal of 

garments and shoes. Then vigorous showering with soap and water, including attention to the fingernails and 

scalp is advised.  

4. Symptomatic treatment: Acute over-exposure may result in a variety of signs and symptoms that require 

general supportive medical management regardless of the specific agent. Examples include the control of 

convulsive seizures, treatment of broncho-spasms, dehydration and arrhythmias. There are a few situations, 

in which specific antidotes or management strategies are available. The industry should prepare a list of 

medical management strategies for the hazardous chemicals they handle, so that correct and immediate 

rescue operations can be attempted. 
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MECHANCAL HAZARDS: Accidents usually take place by the combination of unsafe condition & 

carelessness. Accidents are a common feature to most industries ex: coal and other mining industries, 

construction works, etc. 

 • Most of industrial accidents are due to  

1. Faulty inspection  

2. Inability of employee  

3. Poor discipline  

4. Lack of concentration  

5. Unsafe practice  

6. Mental & physical unfitness for job  

7. Faulty equipment or improper working condition  

8. Improper training regarding the safety aspects  

Factors responsible for most of the accidents are:  

1. Human factors 2. Environmental factors  

 HUMAN FACTORS Physical The physical capabilities of worker may not meet the job requirements. His 

visual acuity and/or hearing may be inadequate. 

 Physiological factors  



 

 

A.Sai Roja, MLRIP 

 

 Sex: Men are more prone to accidents than women. According to All India Institute of Hygiene and Public 

Health (AIHPH), the ratio was 24:5 reported accidents in 1946 in Bengal.  

 Age: Younger people are involved more in accidents than older age groups.  

 Time: Minimum at the beginning of the day and more in the late hour due to fatigue of the workers. 

Experience: Around 50% of workers had accidents in their first 6 months of employment and 23% in the 

next 6 months and likewise. So experience is an important factor in occurrence of accidents.  

Working hours: Increased accidents are found whenever the daily or weekly working hours increase.  

ENVIRONMENTAL FACTORS Temperature, poor illumination, noise, unsafe machinery, slippery floors 

and steps. Unguarded balcony edges, low hanging overhead objects, unguarded fast moving machinery, 

flying particles from grinding wheels, improper handling of materials congested workspace, etc.  

PREVENTIVE MEASURES: 1. Building planning for safe working conditions. 

 2. Safe material handling. 

 3. Personnel protection devices.  

1. Building Planning: A good building must have the following facilities in order to avoid accidents.  

a. Floors must be unskid/non-slippery type, plane and must have the properties that they can be easily 

cleaned.  

b. Every employee must have enough space to move and operate. 

 c. Passage between working places must never be obstructed.  

d. Windows must be of adequate dimensions to make full use of daylight. 

 e. Easy access of a worker to the safety switches. f. Proper arrangements of temperature control; like fans, 

A.C., room heaters (in case of cold places).  
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2. Safe material handling:  

a. Careless handling of heavy materials and components is a major source of back and foot injuries.  

b. Full use of mechanical material handling equipment should be made to avoid premature fatigue of 

workers.  

c. All materials handling equipment should be repaired and maintained properly.  

d. Containers or vessels employed to transport liquids should not be defective or leaking as they may contain 

corrosive or inflammable liquids.  

3. Personnel protective devices:  

a. Protective of head by using hard hats/helmets.  

b. Protection of ears by using earmuffs and plugs.  

c. Protection of face by using face marks, face shields.  

PHYSICAL HAZARDS: 1. Heat and cold 2. noise 3. radiation 4. Fire and explosion hazards  

1. Heat and Cold: The common physical hazard in most industries is heat. The direct effects of heat 

exposure are burns, heat stroke and heat cramps. Indirect effects are decreased efficiency and increased 

fatigue. Many industries have local hot spots as ovens and furnaces, which radiate heat. High temperature is 

also found in some industries like mines Eg: Kolar gold mines, the deepest mine of the world, around 11000 

feet deep, is having a temperature of 150o F. physical work under such conditions is very stressful and 

impairs the health and efficiency of the workers. Important hazards due to cold are chilblains, immersion foot 

and frost bite that are due to cutaneous vasoconstriction. These conditions are seen in cold places like 

Kashmir, Ladakh, and Shimla, where temperature goes down to -10 to -20o C. Preventive measures: A 

reasonable temperature must be maintained in each working room. A comfortable temperature is 69oF to 80o   

2. Noise: Noise may be best defined as “wrong sound in the wrong place at the wrong time”. Now a days, 

man is living in an increasingly noisy environment. The 20th century has been described as the „Century of 
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noise‟. Noise has become a very important stress factor in the environment of man. The effects of noise are, 

a. Auditory effects b. Non-auditory effects a. Auditory effects: i. Auditory fatigue: It appears in the 90 dB 

range (unit of loudness or noise) and greatest at 4000Hz. Side effects such as whistling buzzing in the ear are 

common. ii. Deafness: It is the serious pathological effect of noise. It may be temporary or permanent. It 

usually occurs on repeated or continuous exposure to noise around 100dB. b. Non-auditory effect: i. 

Interference with speech and misinterpretation of instruction. ii. Nuisance effects: Workers exposed to undue 

noise may complain of disturbances to their concentration, sleeplessness, and fatigue. Short temperedness is 

also seen in such persons. These effects in turn may cause loss of productivity. iii. Physiological changes: A 

number of temporary physiological changes occur in the human body as a result of noise exposure such as 

rise in B.P., increase in heart rate and breathing and increase in sweating. Preventive measures: a. At source: 

Noise can be reduced at its source by: i. Source of noise can be enclosed with an insulation material or a 

concrete wall. ii. Adequate and regular maintenance of machinery to decrease the noise caused by the lack of 

lubrication and wear and tear. 

3. Radiation: A number of industries use radiation and other radioactive substances E.g. manufacturing of 

radioactive plants. X-rays are used both in medicine and industry. Exposure to UV-rays occurs in electric 

welding processes. IR-rays are produced in welding and glass blowing processes, fluoroscopy and gauging of 

thickness. Units of radiation: Roentgen: Unit of exposure. Amount of radiation absorbed in air at a given 

point. Rad: Unit of absorbed dose. It is the amount of radioactive energy absorbed/gram of tissue or any 

material. Rem: Indicates the degree of potential danger to health. 
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Effect of hazards: a. Somatic: Immediate effects include the blistering of skin, dermatitis and blood 

discariasis. A dose of 400 to 500 roentgens in the body is fatal. A dose of 25 to 50 roentgens to the whole 

body affects the WBCs and the cells of the rapidly dividing tissues such as bone marrow. Acute exposure to 

large doses may cause inflammation of skin, heart, liver and kidneys. All these effects are known as radiation 

illness. Chronic effects include malignancies and genetic effects. b. Genetic effects: Chromosomal damage 

and congenital malformation of the offspring may occur. Chromosomal mutation and point mutation may 

also occur. Preventive measure:  Radiation source should be housed in that shields any surrounding area.  

Radiation bandages should be worn.  Periodical medical examination of workers should be conducted.  

Proper use of lead shields and lead rubber aprons. (Lead aprons have 0.5mm thickness. 0.5mm of lead 

decreases the intensity of X-rays by 90%).  

ELECTRICAL HAZARDS: Following are the hazards due to electricity:  

1. Shocks by A.C. and burns by D.C. due to poor indication facilities.  

2. Wiring faults and improperly wired equipments. 

 3. Fire from circuits not properly equipped with fuses and circuit breakers 

. 4. Sparking at loose connections.  
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Preventive measures  

1. Proper maintenance of wiring and equipment.  

2. High voltage equipment should be properly enclosed.  

3. Indication of danger sign at every high voltage terminal.  

4. Any joints in wiring should not be left open.  

5. Good house keeping.  

6. As far as possible the wiring should be outside the production area. 

 7. Workers should avoid working in electric circuits or equipment in wet clothing or shoes.  

8. Water should not be used in dousing electric fires. 
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Factors to be considered while constructing a pharmaceutical plant: 

1. Location of the proposed company 

The size, shape and topology of the site greatly influence the layout design of your plant. The idea is that you 

optimally utilize the available space. This equally determines to a great extent the size and nature of the 

building. 

2. Economic consideration (Cost) 

This can be viewed from two perspectives: the cost of construction and the operating cost. Construction cost 

can be reduced to the barest minimum if you adopt a design that will support minimal material handling 

during production processes. The maintenance cost should also be considered to avoid spending more money 

maintaining the building in the long run. 

3. Factory building 

The shape, size and nature of the proposed factory building also influence the design of your plant layout. 

The layout should be such that it follows the basic regulatory requirements for the construction of a 

pharmaceutical plant. If your factory building is hired, adjustments should be made where necessary to suit 

the needs of your plant and also for optimal utilization of the available floor space. 

4. Nature of product 

The type of layout design to be adopted greatly depends on your line(s) of product. For instance, the layout 

design of an industry that processes raw materials to create Active Pharmaceutical Ingredient (API), 

excipients or ancillary substances used in pharmaceutical formulations will definitely differ from that of a 

industries that processes dosage forms such as tablets, injections etc., from raw materials or intermediate 

products. However, there may be similarity with respect to quality control department, raw material 

quarantine, approved raw materials etc. 

5. Production process 
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The processes that are involved in transformation of raw materials to either semi-finished or finished 

products should be critically considered as it greatly affects the layout design of your proposed company. 

The layout should be such that there is effective and efficient flow of production processes to avoid mix up 

and cross contamination. 

6. Production volume 

Your choice of layout design will also depend on your company’s scale of production. If your company 

engages in large scale production, definitely you will need a layout which will house the raw materials, 

machinery, finished products etc. 

There might be reduced productivity if there is not enough space. Too much space, on the other hand, may 

also reduce productivity and to an extent a waste of capital which should be used in putting other things in 

place. 

7. Nature of equipment and machines 

The type of equipment used during production will also affect how the layout will look like. There are 

usually differences in the requirements of each equipment and machines with respect to space; speed and 

material handling process. The proposed layout should have enough space to accommodate the machines and 

sufficient space should be created between machines to avoid accident during operations. 

8. Repairs and maintenance of machines and equipment 

The design should be such that there is adequate space between machines access to machine parts and 

components during replacement, repair and regular maintenance. 

9. Employees needs and safety 

While designing a layout, the safety of employees should be put into consideration. The layout should not 

expose the workers to dangerous fumes/gases, excess heat etc., and the floor type should be non-slippery and 
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free from obstructions to avoid occupational hazards. Arrangement should also be made for washroom, 

drinking water, and other employee facilities. 

10. Plant environment/climate 

  

Factors like temperature, light, noise, ventilation and other aspects should be duly considered while 

designing a plant layout. The quality of raw materials and/or finished products might be compromised when 

exposed to extreme climatic conditions. 
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Ferrous metals: 

Iron metal is one of the most widely used materials for construction of plants due to its mechanical strength, 

abundant availability and lower cost. Some varieties of iron are: 

1. Cast iron 

2. Steel carbon 

3. Stainless steel 

Non Ferrous metals: 
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Definitions: Corrosion is the deterioration or destruction of metals and alloys in the presence of an 

environment by chemical or electrochemical means. In simple terminology, corrosion processes involve 

reaction of metals with environmental species.  

As per IUPAC, “Corrosion is an irreversible interfacial reaction of a material (metal, ceramic, polymer) 

with its environment which results in its consumption or dissolution into the material of a component of the 

environment. Often, but not necessarily, corrosion results in effects detrimental to the usage of the material 

considered. Exclusively physical or mechanical processes such as melting and evaporation, abrasion or 

mechanical fracture are not included in the term corrosion” With the knowledge of the role of various 

microorganisms present in soil and water bodies, the definition for corrosion need be further widened to 

include microbially influenced factors. Corrosion can be classified in different ways, such as Chemical and 

electrochemical High temperature and low temperature Wet corrosion and dry corrosion. Dry corrosion 

occurs in the absence of aqueous environment, usually in the presence of gases and vapours, mainly at high 

temperatures. Electrochemical nature of corrosion can be understood by examining zinc dissolution in dilute 

hydrochloric acid. Zn + 2HCl = ZnCl2 + H2 Anodic reaction is Zn = Zn++ + 2e with the reduction of 2H+ + 
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2e = H2 at cathodic areas on the surface of zinc metal. There are two half reactions constituting the net cell 

reaction. Environmental effects such as those of presence of oxygen and other oxidizers, changes in flow 

rates (velocity), temperature, reactant concentrations and pH would influence rates of anodic and cathodic 

reactions. 

Even though the fundamental mechanism of corrosion involves creation or existence of corrosion cells, there 

are several types or forms of corrosion that can occur. It should however be borne in mind that for corrosion 

to occur, there is no need for discrete (physically independent) anodes and cathodes. Innumerable micro level 

anodic and cathodic areas can be generated at the same (single) surface on which anodic (corrosion) and 

cathodic (reduction) reactions occur. Each form of corrosion has a specific arrangement of anodes and 

cathodes and specific patterns and locations depending on the type can exist. The most important types are 

Uniform corrosion. Galvanic corrosion, concentration cells, water line attack Pitting. Dezincification, 

Dealloying (selective leaching) Atmospheric corrosion. Erosion corrosion Fretting Crevice corrosion; 

cavitation Stress corrosion, intergranular and transgranular corrosion, hydrogen cracking and embrittlement 

Corrosion fatigue. 

TYPES OF CORROSION: 



 

 

A.Sai Roja, MLRIP 

 

 

Crevice corrosion is a localized attack on a metal adjacent to the crevice between two joining surfaces (two 

metals or metal-nonmetal crevices). The corrosion is generally confined to one localized area to one metal. 

This type of corrosion can be initiated by concentration gradients (due to ions or oxygen). Accumulation of 

chlorides inside crevice will aggravate damage. Various factors influence crevice corrosion, such as. 

Materials: alloy composition, metallographic structure. Environmental conditions such as pH, oxygen 

concentration, halide concentrations, temperature. Geometrical features of crevices, surface roughness. Metal 

to metal or metal to nonmetal type. Filiform corrosion is a special type of crevice corrosion. Pitting corrosion 

is a localized phenomenon confined to smaller areas. Formation of micro-pits can be very damaging. Pitting 

factor (ratio of deepest pit to average penetration) can be used to evaluate severity of pitting corrosion which 

is usually observed in passive metals and alloys. Concentration cells involving oxygen gradients or ion 

gradients can initiate pitting through generation of anodic and cathodic areas. Chloride ions are damaging to 

the passive films and can make pit formation auto-catalytic. Pitting tendency can be predicted through 

measurement of pitting potentials. Similarly critical pitting temperature is also a useful parameter. Uniform 

corrosion is a very common form found in ferrous metals and alloys that are not protected by surface coating 
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or inhibitors. A uniform layer of „rust‟ on the surface is formed when exposed to corrosive environments 

Atmospheric corrosion is a typical example of this type. 

Galvanic corrosion often referred to as dissimilar metal corrosion occurs in galvanic couples where the active 

one corrodes. EMF series (thermodynamic) and galvanic series (kinetic) could be used for prediction of this 

type of corrosion. Galvanic corrosion can occur in multiphase alloys. Eg: - Copper containing precipitates in 

aluminium alloys. Impurities such as iron and copper in metallic zinc. Differential aeration (oxygen 

concentration cell) and ion concentration (salt concentration) cells create dissimilar polarities (anodic and 

cathodic areas) Eg:-Pitting of metals. Rusting of iron. 

Examples:  

a) Brass containing copper and zinc. Since zinc is anodic to copper, selective dezincification occurs in a 

corrosive medium, enriching the cathodic copper in the matrix (colour of brass turns red from yellow).  

b) Graphitization of grey cast iron-graphite being cathodic enhances dissolution of iron in the matrix, leaving 

behind a graphite network. There are several other examples of dealloying besides the above. Tin Bronzes in 

hot brine or steam-Destannification. Precious metal alloys such as gold containing copper or silver – strong 

acids, sulfide environment - preferential dissolution of copper or silver. Cupro-nickel alloys in condenser 

tubes-denickelisation. Localised attack at or nearer to grain boundaries in a metal or alloy can be termed as 

intergranular corrosion. Generally the following factors contribute to intergranular corrosion. Impurities and 

precipitation at grain boundaries. Depletion of an alloying element (added to resist corrosion) in the 

grainboundary area. A typical example is sensitized 18-8 stainless steels when chromium carbide is 

precipitated along grain boundaries. Lowered chromium content in the area adjacent to grain boundaries, 

leads to formation of anodic and cathodic areas. Such intergranular corrosion is common in stainless steel 

welded structures and is referred to as weld decay. Intergranular attack can occur in other alloys as well. For 

example, Duralumin-type alloys (Al – Cu) due to precipitation of CuAl2 

Erosion corrosion is the deterioration of metals and alloys due to relative movement between surfaces and 

corrosive fluids. Depending on the rate of this movement, abrasion takes place. This type of corrosion is 

characterized by grooves and surface patterns having directionality. Typical examples are Stainless alloy 

pump impeller, Condenser tube walls. All equipment types exposed to moving fluids are prone to erosion 

corrosion. Many failures can be attributed to impingement (impingement attack). Erosion corrosion due to 
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high velocity impingement occurs in steam condenser tubes, slide valves in petroleum refinery at high 

temperature, inlet pipes, cyclones and steam turbine blades. Cavitation damage can be classified as a special 

form of erosion corrosion. This is usually caused by formation and collapse of vapour bubbles in liquids 

closer to a metal surface. Typical examples include ship’s propellers, pump impellers and hydraulic turbines. 

Surface damage similar to that of pitting can occur and both corrosion and mechanical factors are involved. 

Corrosion occurring at contact regions between materials under load subjected to slip and vibration can be 

termed Fretting. Such friction oxidation can occur in engine and automotive parts. Fretting is known to occur 

at bolted tie plates on rails. Parameters promoting fretting include: Relative motion between two surfaces. 

Interface under load. Both the above produce slip and deformation of surfaces. Wear-oxidation and 

oxidation-wear theories are proposed to explain fretting corrosion. 

Stress corrosion cracking (SCC) refers to failure under simultaneous presence of a corrosive medium and 

tensile stress. Two classic examples of SCC are caustic embrittlement of steels occurring in riveted boilers of 

steam-driven locomotives and season cracking of brasses observed in brass cartridge cases due to ammonia 

in environment. Stress cracking of different alloys does occur depending on the type of corrosive 

environment. Stainless steels crack in chloride atmosphere. Major variables influencing SCC include solution 

composition, metal/alloy composition and structure, stress and temperature. Crack morphology for SCC 

failures consists of brittle fracture and inter - or trans-granular cracking could be observed. Higher stresses 

decrease time before crack initiation. Tensile stresses of sufficient threshold levels are involved (applied, 

residual or thermal stresses). Hydrogen embrittlement although many a time classified under stress corrosion, 

need be considered separately since the two types respond very differently to environmental factors. Fracture 

of metals and alloys under repeated cyclic stresses is termed fatigue and corrosion under such circumstances 

is corrosion fatigue (reduction of fatigue resistance). Electrochemical factors come into play in many of the 

above corrosion forms. Both thermodynamic and kinetic aspects of electrochemistry of corrosion are 

discussed in the following lectures with respect to both corrosion mechanisms and corrosion protection. 

METHODS OF CORROSION CONTROL  

In the field of combating corrosion botli economic and scientific considerations are involved. The greater knowledge of 

the electrochemiqcal aspects of corrosion science has paved the way for the development of newer techniques for 
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combating corrosion. The methods of corrosion prevention are many and varied. The general classification may be 

given as: 

 

Subject: Pharmaceutical Engineering     Unit No: V 

Faculty: Mrs. M. Sravya                    Lecture No: 8 

Topic: Material handling systems               Book Reference: 

Types 

 Transport Systems 

o Conveyor 

o Intermediate Bulk Containers 

o Drum Handler 

o Others 

 Storage Systems 
o Silos 
o Containers and Drums 
o Racking and Shelving Systems 
o Others 
 Lifting and Positioning Systems 
o Cranes 
o Hoists 
o Lift Tables 
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o Others 
 Stacking and Unit Formation Systems 
o Pallets 
o Crates 
o Palletizers 
o Others 

 

 

Chain conveyor  

Unit + In-/On-Floor + No Accumulation  

Uses one or more endless chains on which loads are carried directly Parallel chain configuration used as 

(chain) pallet conveyor or as a pop-up device for sortation (see Sortation conveyor: Pop-up devices) Vertical 

chain conveyor used for continuous high-frequency vertical transfers, where material on horizontal platforms 

attached to chain link (cf. vertical conveyor used for low-frequency intermittent transfers). 
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Flat belt conveyor  

Unit + On-Floor + No Accumulation  

For transporting light- and medium-weight loads between operations, departments, levels, and buildings 

When an incline or decline is required Provides considerable control over the orientation and placement of 

load No smooth accumulation, merging, and sorting on the belt. 

The belt is roller or slider bed supported; the slider bed is used for small and irregularly shaped items In 

1957, B.F. Goodrich, Co. patented the Möbius strip for conveying hot or abrasive substances in order to have 

“both” sides wear equally. 

 Telescopic boom attachments are available for trailer loading and unloading, and can include ventilation to  

pump conditioned air into the trailer 
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	Figure 1. Particle in rotation.
	Figure 1 shows how the particles move in rotation. The centrifugal acceleration of the particles means that the force initiates particle movement outward from the axis of rotation. Centrifugal acceleration occurs the radial position (r) of the particl...
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	Relatively centrifugal force (RFC) is the unit, which is used when is question of centrifugal force. Generally used revolutions per minute (RPM) is not a valid unit, because the force depends on the radius of the centrifuge. sedimentation rate is dire...
	Classification:
	All modifications of centrifuges can be distinguished into two main types: sedimentation and filtering centrifuges. In sedimentation centrifuges the centrifugal force is used to separate solids from liquids or two liquids with different densities. Sed...
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	Definitions: Corrosion is the deterioration or destruction of metals and alloys in the presence of an environment by chemical or electrochemical means. In simple terminology, corrosion processes involve reaction of metals with environmental species.
	As per IUPAC, “Corrosion is an irreversible interfacial reaction of a material (metal, ceramic, polymer) with its environment which results in its consumption or dissolution into the material of a component of the environment. Often, but not necessari...
	Even though the fundamental mechanism of corrosion involves creation or existence of corrosion cells, there are several types or forms of corrosion that can occur. It should however be borne in mind that for corrosion to occur, there is no need for di...
	TYPES OF CORROSION:
	Crevice corrosion is a localized attack on a metal adjacent to the crevice between two joining surfaces (two metals or metal-nonmetal crevices). The corrosion is generally confined to one localized area to one metal. This type of corrosion can be init...

