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   HEAT TRANSFER 

Classification of heat flow process:- When two objects at different temperatures are brought 

into thermal contact, heat flows from the object at higher temperature to the object at lower 

temperature. The mechanisms by which the heat may flow are 

(i) conduction, 

(ii) convection and 

(iii) Radiation. 

i. Conduction When heat flow through a body without any observable motion of 

matter, the type of heat flow is called conduction. 

Mechanism: In metallic solids, thermal conduction results from the unbound 

electrons (which is similar to the electrical conductivity). In solids that are poor 

conductor of heat and in liquids the heat is conducted by the transport of momentum 

of the individual molecules along the temperature gradient. In gases the conduction 

occurs by the random motion of the molecules, so that heat is “diffused” from hotter 

regions to the colder ones. Examples: Heat flow through the brick wall of a furnace 

or the metal wall of a tube. 

Convection When heat flows by the transfer of matter, the type of heat flow is called 

convection. In this case the heat flows by actual mixing of warmer portions with the cooler 

portions of the same material. Convection is restricted to the flow of heat in fluids. Heat 

flows through fluid by both conduction and convection and it is difficult to separate the 

two methods because of the eddies set up by the change of density with  temperature. 

Examples Transfer of heat by the bodies of turbulent flow and by the current of warm air 

from a room heater flowing across the room. 

ii. Natural and forced convection: The forces used to create convection currents in 

fluids are two types.  

Natural convection: When a fluid is heated the warmer part becomes lighter than the cooler 

part. Due to this difference in density the cooler (higher density) fluid moves down wards and 

the warmer (lighter density) move upwards and thus forming convection current. Thus heat is 

transferred with mass. This method of heat transfer is called natural convection. 

Forced convection: If the current (or movement of fluid) is caused not by the density 



The Pioneer Pharmacy Institute of Punjab 

 

 

                                  ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA 

difference but by some agitator or by some mechanical devices then the type of heat flow 

associated with it is called forced convection. 

Radiation When heat is transferred through the space by electromagnetic waves the type of 

flow of heat is called radiation heat flow. When radiation is passing through empty space, it is 

not transformed into heat or any other form of neither energy, nor it is diverted from its path. 

If the radiation falls on a matter the radiation energy will be transmitted (i.e. pass through the 

matter), reflected or absorbed. Only the energy that is absorbed is converted into heat energy. 

Fourier’s law Fourier’s law states that the rate of heat flow through a uniform material is 

proportional to the area perpendicular to the heat flow (A), the temperature drop (dt) and 

inversely proportional to the length of the path of flow. Consider an area A of a wall of 

thickness L. Let the temperature be uniform over the area A on one face of the wall. Both 

sides of the wall has a temperature gradient. If a thin thickness dL, parallel to the area A, be 

taken at some intermediate point in the wall, with a temperature difference of dt across such a 

layer, then Fourier’s law may be represented by the equation: 

dQ/d  = kAdt/dL 

Where k = proportionality constant If the temperature gradient dt/dL does not vary with time 

(this case is observed at steady state of heat flow) then the rate of heat flow is constant with time   

dθ /dQ =constant = KAdt/dL 

Since normally we know only the temperature at the two faces of the wall hence integrating the 

Fourier’s equation: q dL/A = -kdt On integration, if t1 is the higher temperature than t2. by 

rearranging we get q = kA ∆ dt/L 

RADIATION Any solid body at any temperature above absolute zero radiates energy. This 

radiation is an electromagnetic phenomenon and takes place without the necessity of any 

medium. The approximate range of wavelengths for infra-red radiation (or heat rays) is 0.8 to 

m.400 In industries, most of the cases, the thermal radiation corresponds to wavelengths m. 

from 0.8 to 25 The Black Body Not all substances radiate heat at same rate at a given 

temperature. So a theoretical hot body is defined, which is called ‘black body’. 

Definition: A ‘black body is defined as that body which radiates maximum possible amount 

of energy at a given temperature. 

Example: It has been shown that the inside of an enclosed space, at a constant temperature 

throughout, viewed through an opening so small that the amount of energy escaping through 
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the opening is negligible, corresponds to a black body. 

Rates of radiation: If the radiation energy emitted by a hot body is plotted against the wave 

lengths emitted then graphs of the nature shown in the fig will be obtained. The total amount 

of radiation emitted by a black body would be given by integrating the curves of the figure 

(Effect of temperature on amount and distribution of black-body radiation) The result is 

the Stefan-Boltzmann law  q = b A T4 . 

where q = energy radiated per hour (BTU/hr) 

A = area of radiating surface (sqft) 

T = absolute temperature of the radiating surface 

R (Rankine) = t 0F + 460 For black bodies the value of b = 0.174 x 10 –8 Btu / (hr sqft 0F 4) 

No actual body radiates quite as much as the black body.The radiation by any actual body can 

be expressed as b A T4bq = where b is the emissivity of the body. 

The emissivity is a fraction less than 1 and is the ratio of the energy emitted by the body in 

question to that emitted by a black body at the same temperature.  When a radiant energy falls on 

a cooler body either the energy is reflected or transmitted or absorbed. The fraction of the 

radiation energy falling on a body that is absorbed is , the absorptivity, which is always less than 

1. If the reflected energy can represented by be neglected then the energy absorbed by any body 

is equal to the radiation falling on it. It can be shown that the absorptivity of a given substance at 

a given temperature and its emissivity at the same temperature must be equal. equal to 1. Since 

the Therefore the black body absorbs all the radiation falling on it – an important property of 

black body. for a given surface at a given temperature varies some what with the value of 

wavelength of the radiation involved. To avoid complication due to this the concept of gray body 

has been introduced. The absorptivity of a gray body at a given temperature is constant for all 

wavelengths of radiation. When a small black body of area A and temperature T2 is completely 

surrounded by a hotter black body of temperature T1, the net amount of heat transferred from the 

hotter body to the colder body is, therefore the algebraic sum of the radiation from the two 

bodies, so that Stefan’s law may be written for this case as… q = b A (T1 4– T2 4 ) 

Tubular heater 

Tubular heaters consists of circular tubes, one fluid flows through the inner tube, while the 

other flows through the outside space. The heat transfer takes place across the wall of the tube. 

Construction: It consists of a bundle of parallel tubes, which are relatively thin-walled. The 
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ends of these tubes are fitted to two tube-sheets B1 and B2. The bundles of parallel tubes are 

enclosed in a cylindrical shell or casing (C, made of cast iron) to which the tube-sheets (B1 

and B2) are fitted. Two distribution chambers D1 and D2 are provided at each end of the 

casing (C). Cold fluid inlet (H) is fitted with distribution chamber D2 and hot fluid outlet (I) is 

fitted with the distribution chamber D1. Steam inlet F, steam outlet K(called vent) and 

condensate outlet G are fitted to the shell. 

Working: Steam is introduced through the steam inlet F into the space surrounding the parallel 

tubes. Heat is transferred to the cold liquid inside the tubes and steam is condensed. The condensate 

is removed through condensate outlet G placed at the bottom of the casing. Non-condensable gases, 

if any, escapes through the vent K provided at the top of the shell. The fluid to be heated is pumped 

through the cold fluid inlet (H) in to distribution chamber D1, flows through the tubes and collects 

in the distribution chamber D2. Heat is transferred from the steam to the cold fluid through the 

metal wall. The hot fluid leaves the heater through outlet. 

Advantages: Large heating surface is packed into a small volume. 

Disadvantages: (a) The velocities of the fluid flowing through these tubes are low because of large 

crosssectional area or surface area. 

(b) The expansion of the tubes and shell takes place due to difference in temperatures. This 

may lead to loosening of the tube sheets form the casing. 

  Initial cost and maintenance costs are very high  

Liquid-to-liquid heat interchanger  

Construction: 

Construction is same as that of single-pass tubular heater, only difference is that it contains baffles 

to lengthen the path of flow of outer liquid. A set of parallel tubes are fitted to two tube-sheets at 
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two ends. The tubes and the tube-sheets are placed inside the shell. Cold liquid inlet is fitted to the 

left-hand side distribution chamber and outlet is fitted with the right-hand side of the distribution 

chamber. Hot liquid is entering through the right-hand top side of the shell and leaving the shell 

through the outlet placed on the top, left-hand side of the shell. Baffles consists of circular metal 

sheet, with one side cut away. Baffles are placed inside the shell at appropriate places. Baffles 

have perforation on it through which the tubes pass.  

Working: The hot liquid is pumped from the left-top of the shell. The fluid flows through the 

shell (i.e. outside of the tubes) and moves down directly to the bottom (due to baffle), again 

moves up – like this it flows from the left to right-hand side of the shell. Baffles increases the 

velocity of the hot fluid outside the tubes, which creates more turbulence. This reduces the 

film thickness at the outside of the tube and thus increases the film coefficient and thus heat 

transfer increases. The baffles also get heated and add to the heat transfer to cold liquid. The 

cold liquid is pumped through the inlet at the left-hand side distribution chamber. The liquid 

passes through the tubes and gets heated. The heated liquid is collected from the righthand side 

distribution chamber. 

DOUBLE-PIPE HEAT INTERCHANGER 

In a liquid-to-liquid heat interchanger, the fluid to be heated is passed only once through the tubes 

before it is discharged, i.e. single pass. The heat transfer in this case is not efficient. In double-

pipe heat interchanger number of pass can be increased as desired.  

Construction: In this case two pipes are used – one is inserted into the other. Cold fluid is 

passed though inner tube. The outer pipe acts as a jacket for the circulation of hot fluid. All 

jacketed sections are interconnected Normally the number of pipe-sections are few. The length 

of the pipe is also less. The inner tubes may be made of glass and standard iron. The pipes are 

connected with standard return bends and the pipes are stacked vertically. The pipes may have 

longitudinal fins on its outer surface for better heat transfer. 
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Working: The hot liquid is pumped into the jacketed section. It is circulated through the 

annular spaces between them and carried from one section to the next section. Finally it leaves 

the jacket. In this process the pipes get heated. The liquid to be heated is pumped through the 

inlet of the inner tube. The liquid gets heat up and flows through the bend tube into the next 

tube-section and finally leaves the exchanger. 

Limitation: Double-pipe heat interchanger is economical when the heating surface area is less 

than 9 m2. 

EVAPORATION 

Definition: Theoretically, evaporation means simply vaporization from the surface of the 

liquid. Evaporation is an unit operation by which a solvent is evaporated from a solution by 

boiling the liquor in a suitable vessel and withdrawing the vapor, leaving a concentrated liquid 

residue. 

Objective of evaporation: To make a solution more concentrated. Generally extracts are 

concentrated in this way. 

Factors affecting evaporation: 

(i) Temperature: Heat is necessary to provide the latent heat of vaporization, and in 

general, the rate of evaporation is controlled by the rate of heat transfer. Rate of heat transfer 

depends on the temperature gradient. Many pharmaceutical agents are thermolabile. So the 

temperature that will cause the least possible decomposition should be used. e.g. Many 

glycosides and alkaloids are decomposed at temperature below 1000C. e.g. Hormones, 

enzymes and antibiotics are extremely heat sensitive substances. 
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e.g. Malt extract (containing enzyme) is prepared by evaporation under reduced pressure to 

avoid loss of enzymes. Some antibiotics are concentrated by freeze-drying. 

(ii) Temperature and time of evaporation: Exposure to a relatively high temperature 

for a short period of time may be less destructive of active principles than a lower temperature 

with exposure for a longer period. Film evaporators used a fairly high temperature but the time 

of exposure is very short. An evaporating pan involves prolonged heating. 

(iii) Temperature and moisture content: Some drug constituents decompose more 

rapidly in the presence of moisture, especially at a raised temperature (by hydrolysis). Hence, 

evaporation should be carried out at a low controlled temperature, although the final drying 

can be performed at higher temperature when little moisture remains. e.g. Belladonna Dry 

Extract is an example of this type. 

(iv) Type of product required: Evaporating pans or stills will produce liquid or dry 

products, but film evaporators will yield only liquid products. So a dilute extract can be first 

concentrated in a film evaporator and then the concentrated extract may be died in an 

evaporating pan. 

(v) Effect of concentration: As the liquor becomes concentrated, the increasing 

proportion of solids results in elevation of the boiling point of the solution. This leads to a 

greater risk of damage to thermolabile constituents and reduction of the temperature gradient. 

In general concentrated solutions will have increased viscosity, causing thicker boundary 

layers, and may deposit solids that may build up on the heating surface that reduce heat 

transfer. All these problems may be minimized by turbulent flow condition. 

EVAPORATING PAN 

Construction: The apparatus consists of a hemispherical, or shallow pan, constructed from a 

suitable material such as copper or stainless steel and surrounded by a steam jacket. The 

hemispherical shape gives the best surface/ volume ratio for heating, and the largest area for 
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separation of vapor. The pan may have a mounting , permitting it to be tilted to remove the product, 

but the shallow form makes this arrangement somewhat unstable, and an outlet at the bottom, is 

common. 

Working: The dilute solution is taken in the pan. Steam is introduced through the steam inlet 

into the jacket to heat the pan. In these evaporators the movement of the liquid results from 

convection currents set up by the heating process. The concentrated liquid is collected through 

the outlet placed at the bottom of the pan. 

Advantages: 

(a) It is simple and cheap to construct. 

(b) It is easy to use, clean and maintain. 

Disadvantages: 

(a) Having only natural circulation, the overall coefficient of heat transfer will be poor 

and solids are likely to deposit on the surface, leading to decomposition of the 

product and a further deterioration in heat transfer. 

(b) Also many products give rise to foaming. 

(c) The total liquor is heated over all the time, which may be unsatisfactory with 

thermolabile materials. 

(d) (d)The heating surface is limited and decreases proportionally as the size of the pan 

increases. 

(e) (e)The pan is open, so the vapor passes to the atmosphere, which can lead to 

saturation of the atmosphere. 

(f) Only aqueous liquids can be evaporated in these pans. 

(g) Pan evaporation cannot be done under reduced pressure. 

Can only be used for thermolabile products. 

EVAPORATING STILLS 

Construction: It consists of a jacketed evaporating pan with a cylindrical cover that connects 

it to a condenser. The over all assembly is called still. The cover is clamped with the 

evaporating pan. 
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Working: The dilute liquid is fed into the still, the cover is clamped. Steam is introduced into 

the jacket. The liquid is evaporated and condensed in the condenser and collected. The product 

(i.e. concentrated liquid) is collected through the product outlet. 

Advantages: 

(a) Simple construction and easy to clean and maintain. 

(b) The vapor is removed by condensation which 

(i) speeds evaporation 

(ii) reduces inconvenience and 

(iii) allows the equipment to be used for solvents other than water e.g. ethanol. 

(c) A receiver and vacuum pump can be fitted to the condenser, permitting operation 

under reduced pressure and, hence, at lower temperature. 

Disadvantages: 

(a) Natural convection only 

(b) All the liquor is heated all the time 

(c) The heating surface is limited. 

Uses: 

(a) Aqueous and other solvents may be evaporated 

(b) Thermolabile materials can be evaporated under reduced pressure. 

(c) Removing the still head it is convenient for evaporating extracts to dryness. 

SHORT TUBE EVAPORATOR (Basket type vertical short tube evaporator) 

Construction and Principle 
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Construction: The evaporator is a cylindrical vessel. The lower portion of the vessel consists 

of a nest of tubes with the liquor inside and steam outside– this assembly is called calendra. 

The specifications of calendria are as follows: Tube length: 1 – 2 m Tube diameter: 40 – 80 

mm Diameter of evaporator: 2.5 m Number of tubes: 1000 The feed inlet is at the top of the 

calendra. The product outlet is placed at the bottom of the evaporator. Steam inlet and outlet is 

placed from the side of the calendria. 

Working: The feed is introduced through the feed inlet and the liquor is maintained at a level 

slightly above the top of the tubes (of calendra), the space above this is left for the 

disengagement of vapor from the boiling liquor. The liquor in the tubes is heated by the steam 

and begins to boil, when the mixture of liquid and vapor will shoot up the tubes (in a similar 

manner to that of a liquid that is allowed to boil to vigorously in a test-tube). This sets up a 

circulation, with boiling liquor rising up the smaller tubes of the calendria and returning down 

the larger central downtake. The product is collected through the product outlet. 

 

Advantages: 

1. Use of tubular calendria increases the heating area, possibly by a factor of 10 to 15 

compared to that of an external jacket. 

2. The vigorous circulation reduces boundary layers and keeps solids in suspension, so 

increasing the rate of heat transfer. 

3. Condenser and receiver can be attached to run the evaporation under vacuum with 

nonaqueous solvents. 

Disadvantages 

1. Since the evaporator is filled to a point above the level of the calendria, a considerable 

amount of liquid is heated for a long time. The effect of this continual heating can be reduced 
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to some extent by removing concentrated liquor slowly from the outlet at the bottom of the 

vessel. 

2. Complicated design, difficult for cleaning and maintenance. 

3. The head (pressure) of the liquor increases pressure at the bottom of the vessel and, in 

large evaporators where the liquor depth may be of the order of 2 m; this may give rise to a 

pressure of about 0.25 bar, leading to elevation of the boiling point by 5 to 60C. 

FORCED CIRCULATION EVAPORATORS 

Forced circulation evaporators are natural circulation evaporators with some added form of 

mechanical agitation. Different forms of forced circulation evaporators can be designed. An 

evaporating pan, in which the contents are agitated by a stirring rod or pole could be described 

as a forced circulation evaporator. A mechanically operated propeller or paddle agitator can 

be introduced into the downtake of a short-tube evaporator. 

Construction: The evaporator consists of a short tube calendria and a large cylindrical vessel 

(body of the evaporator) for separation of vapor and liquid takes place. The liquor inlet is 

provided at the side of the cylindrical vessel. A pump is fitted in between the calendria and the 

body of the evaporator. A tangential inlet for liquid under high pressure is placed at neck of 

the body of the evaporator. The vapor outlet is placed at the top of the body and it may be 

passed through a condenser to collect the condensed liquid. 
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Working: Feed is introduced through the liquor inlet. Pump will force the liquid through the 

calendria. Steam heats the liquid inside the calendria. As it is under pressure in the tubes the 

boiling point is elevated and no boiling takes place. As the liquor leaves the tubes and enters 

the body of the evaporator through the tangential inlet there is a drop in pressure and vapor 

flashes off from the superheated liquor. The concentrated liquid is pumped out through the 

product outlet and the vapor is collected through the vapor outlet. 

Advantages: Rapid liquid movement improves heat transfer, especially with viscous liquids 

or materials that deposit solids or foam readily. The forced circulation overcomes the effect of 

greater viscosity of liquids when evaporated under reduced pressure. 

Rapid evaporation rate makes this method suitable for thermolabile materials, e.g. it is used in 

practice for the concentration of insulin and liver extracts. 

FILM EVAPORATORS:- Film evaporators spread the material as a film over the heated 

surface, and the vapor escapes the film. Long tube evaporators (Climbing film evaporators) 

Construction and working principle The heating unit consists of steam jacketed tubes, having a 

length to diameter ratio of about 140 to 1, so that a large evaporator may have tubes 50 mm in 

diameter and about 7 m in length. The liquor to be evaporated is introduced into the bottom of 

the tube, a film of liquid forms on the walls and rises up the tubes, hence it is called climbing 

film evaporator. At the upper end, the mixture of vapor and concentrated liquor enters a 

separator, the vapor passes to a condenser, and the concentrated liquid to a receiver. Cold or 

pre heated liquor is introduced into the tube. Heat is transferred to the liquor from the walls 

and boiling begins, increasing in vigor. Ultimately sufficient vapor has been formed for the 
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smaller bubbles to unite to a large bubble, filling the width of the tube and trapping a ‘slug’ of 

liquid above the bubble. As more vapor is formed, the slug of liquid is blown up the tube the 

tube is filled with vapor, while the liquid continues to vaporize rapidly, the vapor escaping up 

the tube and, because of friction between the vapor and liquid, the film also is dragged up the 

tube upto a distance of 5 to 6 metres. 

The heating unit consists of steam-jacketed tubes, having a length to diameter ratio of about 140 

to 1, so that a large evaporator may have tubes 50 mm in diameter and about 7 m in length. The 

liquor to be evaporated is introduced at the top of the evaporator tubes and the liquor comes down 

due to gravity. The concentrate and vapor leaves the bottom. They are separated in a chamber 

where the concentrate is taken out through product outlet and vapor from vapor outlet. 

Advantages of long tube evaporator: Since the movement of the film is assisted by gravity, 

more viscous liquid can be handled by falling film evaporator. 

1. Very high film velocity reduces boundary layers to a minimum giving improved heat 

transfer. 

2. The use of long narrow tubes provides large surface area for heat transfer. 

3. Because of increased heat transfer efficiency, a small temperature gradient is necessary 

with less risk of damage to thermolabile materials. 

4. Although the tubes are long, they are not submerged, as in the short-tube evaporator; so 

that there is no elevation of boiling point due to hydrostatic head. 

Disadvantages 

1. Expense to manufacture and install the instrument is high. 

2. Difficult to clean and maintain. 

3. From the operational point of view the feed rate is critical. If too high, the liquor may be 

concentrated insufficiently, where as, if the feed rate is to low, the film cannot be 

maintained and dry patches may form on the tube wall. 

MULTI EFFECT EVAPORATOR 

In a single effect evaporator steam is supplied for heating the liquor. The total heat is not 

transferred form the steam. So the rest of the heat is wasted. To use that heat efficiently, 

connections are made so that the vapor from one effect serves as the heating medium for the 

next effect. 

1. The dilute feed (liquor) enters the first effect, where it is partly concentrated; it flows to 
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the second effect for additional concentration and then to the third effect for final 

concentration. This liquor is pumped out of the third effect. 

2. In the first effect raw steam is fed in which the vapor pressure in the evaporator is the 

highest, p1. the second effect has the intermediate vapor pressure; i.e. p1>p2>p3. 

This pressure gradient is maintained by drawing the vapor through a vacuum pump and 

condensing after the final effect. 

Depending on the lowering of vapor pressure boiling point of the liquids of 2nd and 3rd effect 

will also be lowered; i.e. T1 > T2 > T3. (iv)In the 2nd effect vapor from the 1st effect (T1 ) is 

heating the liquor (having temperature T2). So there is a temperature gradient (T1 – T2); 

consequently the liquor will be heated. Similar heating will be there in the 3rd effect also. 

Advantages: 

1. Feed moves from high pressure (in effect-2) to low pressure (in effect – 4) 

chambers, so pumping of liquor is not required. 

2. Product is obtained at lowest temperature. 

3. This method is suitable for scale-forming liquids because concentrated product is 

subjected to lowest temperature. 

Disadvantages: It is not suitable for cold feed because, the steam input in effect-1 raises the 

temperature of the feed, and a small amount of heat is supplied as latent heat of vaporization. 

Therefore, amount of vapor produced will be less than the amount of steam supplied. Lower 

amount of vapor in effect-1 produces lower amount of vapor in the subsequent effects. 

Therefore, the overall economy is lower. 
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ECONOMY OF MULTIPLE EFFECT EVAPORATORS 

Assumptions: 

(a) Feed is at boiling point 

(b) Loss of heat is negligible 

In effect-1- 1 Kg of steam transfers its heat to feed. Since feed is at boiling point so the total 

amount of heat is used as latent heat of vaporization. Therefore, 1 kg steam will produce 1 kg 

vapor. 

In effect – 2 1 Kg vapor from effect-1 will transfer heat to the liquor of effect -2. Here also 1 kg 

vapor produce 1 kg vapor from the liquor. 

In effect – 3 1 Kg vapor from effect-II will produce 1 kg vapor in effect-3. 

Therefore, 1 kg steam will produce 3 kg vapor. 

Now, economy of a single effect evaporator = vapor produced/ steam used = 1 kg/1 kg 

=1 Economy of a triple effect evaporator = vapor produced/ steam used = 3 kg/1 kg =3 

 

 DISTILATION 

Distillation may be defined as the separation of the constituents of a mixture including a liquid 

by partial vaporization of the mixture and separate and collect the vapor. Such separation may 

include 

i. one liquid from non-volatile impurities. 

ii. one liquid from one or more other liquids, with which it may be miscible, 

partially- miscible or immiscible. 

In practice it is difficult to distinguish between evaporation, distillation and drying. Based on 

the intention: 

i. when condensation vapor is required the operation is called distillation 

ii. when the concentrated liquid residue is required the operation is called evaporation. 

iii. when the dried solid residue is required as product the process is called drying. 

EQUILIBRIUM DISTILLATION / FLASH DISTILLATION 

There are two types of distillations that do not involve rectification 

(a) Equilibrium distillation or flash distillation and 

(b) Simple or differential distillation. 

a) Equilibrium distillation or flash distillation This is a single stage operation where a liquid is 
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partially vaporized, the vapors are allowed to come in equilibrium with the residual liquid and 

the resulting vapors and liquid are separated. 

Use: This method is used only when the difference between volatilities of two components is 

very large. 

SIMPLE DISTILLATION 

Objective: Simple distillation is the process of converting a liquid into its vapors which, are 

passed through a cooling surface to condense the vapors. The condensed vapors are reformed into 

liquid which, is collected in a receiver. 

Apparatus for laboratory scale:It consists of a distillation flask with a side arm sloping 

downward that is connected to a condenser. The condensed vapors are collected in a flask called 

‘receiver’. The whole apparatus is made of glass. A thermometer is fitted in the distillation flask to 

note down the temperature at which, the vapors are distilled. Bumping is avoided by adding small 

pieces of porcelain or porous pot before distillation. 

Apparatus for preparation of purified water: The boiler may be made of cast iron but the baffles 

and the condenser tubes that comes into contact with product are made of stainless steel or monel 

metal. The cold water from the water tap enters the still through the inlet, which rises in the jacket 

fitted with a constant level device, the excess of water over flow through the outlet. A portion of 

hot water at 90 to 950C enters into the boiler through a narrow opening – the level of water is 

maintained in the boiler up to overflow level. The water is boiled in the boiler by means of heating 

coils. On heating, the dissolved gases in the condenser are allowed to escape through a small 

opening and only the steam 1 y - x x x0 x1 Heating coils Escape for gases Constant level device 

Distillate Water inlet Water outlet. Distillation unit for purified water Jacket 36 escapes into the 

condensing tubes. Since the dissolved gases are more volatile than water they escape in the first  
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portion of the distillate, therefore, must be rejected. Similarly, the last portion may contain volatile 

portion of the dissolved solid substances in tap water – hence, discarded. 

Application of simple distillation in pharmacy 

i. It is used for the preparation of distilled water and water for injection. 

ii. Many volatile oils and aromatic waters are prepared by simple distillation e.g. Spirit of 

nitrous ether and Aromatic Spirit of Ammonia 

iii. Concentration of liquid and to separate non-volatile solid from volatile liquids such as 

alcohol and ether. 

FRACTIONAL DISTILLATION / RECTIFICATION 

A rectifying unit consists primarily of 

(a) a still or reboiler, in which vapor is generated, 

(b) a rectifying or fractionating column through which this vapor rises in countercurrent 

contact with a descending stream of liquid, and 

(c) a condenser, which condenses all the vapor leaving the top of the column, sending part 

of this condensed liquid (the reflux) back to the column to descend counter to the rising 

vapors, and delivering the rest of the condensed liquid as product. 

As the liquid stream descends the column, it is progressively enriched with the less volatile 
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constituent. The top of the column is cooler than the bottom, so that the liquid stream becomes 

progressively hotter as it descends and the vapor stream becomes progressively cooler as it rises. This 

heat transfer is accomplished by actual contact of liquid and vapor, and for this purpose effective 

contact is desirable. There are different varieties of equipments for rectification 

(a) Plate column: (i) Bubble cap column (ii) Sieve-plate column 

    (b) Packed column. 

The column is divided into sections by means of a series of horizontal plates A. Each plate 

carries a number of short nipples B (or riser). Each nipple is covered by a bellshaped cap C 

that is secured by a spider and bolt with the plate. The edge of the cap is serrated or the sides 

may be slotted. Vapor rises from the plate below through the nipple, is diverted downward by 

the cap, and bubbles out under the serration or through the slots. A layer of liquid is 

maintained on the plate by means of an overflow or down-pipe (F) and the depth of the liquid 

is such that the slots are submerged. The down-pipe, (G) from the plate above, is sealed by the 

liquid on the plate below, so that the vapor cannot enter the down-pipe.  Ordinarily, the liquid 

is delivered at one end of a diameter by the down-pipe from the plate above, flows the other 

end of the same diameter. 

Specification of bubble cap rectification column Column diameter 2 to 15 ft Height few feet to 

over 100 ft Bubble cap diameter 3 to 6 inches Slots in a 3 inches bubble cap may be 1/8 to 

3/32 inch wide ½ to 1 inch height. 

The column is entirely filled with some sorts of material that offers a large surface area supposedly 

wetted by the liquid. A large variety of materials are used among which Raschig rings are popular. A  
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Raschig ring is a hollow cylinder whose length is equal to its diameter. This may be made of metal (by 

sawing sections off a pipe), stone ware, ceramics, carbon, plastics, or other materials. Raschig rings 

are usually dumped at random in the column. 

Advantages: i) Have a low pressure drop per unit of height than bubble cap 

ii) For very small diameters of column, where it would be difficult to get in more than two or three 

bubble caps, a packed column can be used. 

iii) Since Raschig  rings can  be made of any  material, hence packed  columns can be used for 

corrosive materials. 

iv) The amount of liquid held up in the column is low so thermolabile liquid remains in contact 

with high temperature for a short time than bubble cap method. 

Disadvantages 

i. They are relatively inflexible. 

ii. Distribution of liquid uniformly in such packed column is difficult. It is found that, as 

the liquid passes down the tower it tends to concentrate at the walls and leave the center dry. 

DISTILLATION UNDER REDUCED PRESSURE / VACUUM DISTILLATION 

Theroy: Liquid boils when its vapor pressure is equal to the atmospheric pressure. Liquids, 

which are decomposed at their boiling point under atmospheric pressure, can be distilled at a 

much lower temperature than its boiling point if the pressure is reduced on the surface of the 

liquid. Boiling under reduced pressure will also increase the rate of distillation. 
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MOLECULAR DISTILLATION 

Theory / Principle of Molecular Distillation: In a high vacuum distillation operation, where 

the material distills from an evaporating surface to a relatively cool condensing-surface. 

The conditions are such that, the mean free path of the distillating molecules is greater 

than the distance between the evaporating and condensing surface. 

 

Mean free path is defined as the average distance traveled by the molecules in a straight line 

without any collision. 

Characteristics of molecular distillation 

i. Molecules having molecular weight within the range of 300 to 1100 dalton can be 

distilled by this method. [N.B. Low molecular weight (below 300 dalton) molecules 

will re-evaporate again from the condenser surface. High molecular weight 

molecules (greater than 1100 dalton) will not have sufficient volatility.] 

ii. The molecules to be distilled should reach the surface and evaporate. The molecules 

at the bottom of the distilland have to overcome the pressure of the layer above, to 

come to the surface. Hence, the layer should be thin and should be in a state of 

turbulent motion to facilitate the molecules to reach the surface. 

iii. The distilland should be degassed before entering in the still, because at very low 

pressure the dissolved gas will occupy all the space and rate of distillation will be 

reduced. 
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IMPORTANT   QUESTIONs 

A. QUESTION 2MARKS 

1. Give brief about Daltons law. 

2. What is positive or negative deviation? 

3. What is bubble cap columns? 

4. What is role of anti-bumping agent? 

5. Enumerate the factors affecting evaporation. 

6. What is evaporator capacity? 

7. Distinguish between drying or evaporation. 

8. Define specific heat. 

9. What is fourier law? 

10. What is the role of heat exchanger? 

11. What is grey body or black body? 

12. What is finned tubes? 

B. QUESTION 5 MARKS 

1. Differentiate between single effect and multiple effect evaporators. 

2. Describe film evaporators with suitable examples. 

3.What is fractional distillation? Describe its application in pharmacy. 

4. Describe azeotropic distillation using suitable examples. 

5. Discuss steam and electricity as heating media. 

6. Write a note on heat interchangers. 

7. Write a note on tubular heater. 

C. QUESTION 10 MARKS 

1. Discuss the mechanism of heat transfer. Explain the overall heat transfer coefficient. 

2. Explain fouriers law of conduction of heat through a metal wall. 

3. Write construction, working,advantages and disadvantages of forced circulation 

evaporation with external heating element. 

4. Give a note on flash distillation and its application relating vapor and liquid 

composition. 

5. Discuss raoult’s law. Give advantages and application of steam distillation.  
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