Pharmaceutics –II (Unit Operation)    Unit-1                              BOP-232

STOICHIOMETRY- Introduction

· Unit Operation

· Unit processes

· Material balance and energy balance

· Primary and secondary quantities

· Equilibrium state

· Rate process

· Steady and Unsteady state
· Basic laws

Automated process control system
· Process variable

· Temperature

· Pressure 
· Flow level and their measurement

· Elements of automatic process control  

· Introduction to reactors
· Stoichiometry =  Stoichion + Metron 
                                  = Element + Measure 
Difinition-Quantitative relationship among reactants and products are called stoichiometry. 

·  It is a Branch of chemistry
· Includes Material balance, Energy balance, chemical law of combining weight, gas law, chemical equilibrium, Laws of  kinetics
· Stoichiometry problems are easily solved when amounts of substances are converted from mass (in units of g, kg etc), volume (L), into moles. 
· Amounts in moles depend on how the chemical formula or the chemical reaction equations are written. 
· Chemical reaction equations are the basis for reaction stoichiometry, but when the reactants are not stoichiometric mixtures, some reactants will be in excess whereas others will be in limited supply. 
· The former is called excess reagents whereas the latter are called limiting reagents. 
                              Consider: 4NH3 + 5O2 ( 6H2O +   4NO 
· Reaction that many conversion factors exist:
· 4 mol NH3/5 mol O2, 6 mol H2O/4 mol NH3, etc
· In words, this tells us that for every 4 moles of NH3, 5 moles of O2 are required, etc.
· “Stoichiometry” refers to the relative quantities of moles.  It also refers to calculations that make use of mole ratios.
What is a "Unit Operation"?

· A unit operation is any part of potentially multiple-step process which can be considered to have a single function. 
· Unit operations are the operations where no chemical reactions are involved .
· They involve only physical process  E.g. combustion of coal, Transfer of heat
                                                 C + O2    ----→ CO2
· Examples of unit operations include:

· Separation Processes

· Purification Processes

· Mixing Processes

· Reaction Processes

· Power Generation Processes

· Heat Exchangers
· Distillation, 
· Fluid flow,
· Mass transfer
· Evaporation, 
· Filtration, 
· Drying,
· Humidification, 
· Size separation, 
· Size reduction etc.
· In general the ductwork between the processes is not explicitly included, though a single pipe can be analyzed for purposes of determining friction loss, heat losses, pressure drop, and so on.

· Large processes are broken into unit operations in order to make them easier to analyze. The key thing to remember about them is that the conservation laws apply not only to the process as a whole but also to each individual unit operation.

· The unit operations are the fundamental principles of chemical engineering.

· Chemical engineering unit operations consist of five classes:

1. Fluid flow processes, including fluids transportation, filtration, solids fluidization
2. Heat transfer processes, including evaporation, condensation
3. Mass transfer processes, including gas absorption, distillation, extraction, adsorption, drying
4. Thermodynamic processes, including gas liquefaction, refrigeration
5. Mechanical processes, including solids transportation, crushing and pulverization, screening and sieving
Unit process

· Unit process is defined as the one in which several  objectives of unit operations are combined in a sequence to achieve the objectives of a chemical or physical process
·  For example,filtration crystallization, drying , evaporation  all these done in a sequential manner
· It deals with the chemical changes that occur with the physical changes
E.g. combustion of coal                               C + O2    ----→ CO2
· Combustion of fuel
· Oxidation
· Reduction
· Nitration
· Esterification 
· Alkylation
Unit Process are classify in to two process

1-Physical process

2- Chemical process

1-Physical process -example- manufacturing of common salt from sea water
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2- Chemical process- Example -Production of Paracetamol from benzene. 


Benzene    
        Nitration 
Nitrobenzene
                                         H2SO4/ HNO3

Paracetamol   
       Acylation                      p-aminophenol 

Material balance and energy balance

Material balance

· Law of conservation of mass: 
· It states that, material can not be destroyed or created it can be changed from one form to another.
· It states that the total mass of material entering in system in a fixed period of time must equal the mass of all leaving materials plus the any mass accumulation that has taken place in the system.
· E.g C (10 g )+ O2    ----→ C(10 g)O2
· A simple account of material balance is     
INPUT Material =OUTPUT Material
· The amount is expressed in concentration units moles/litre , molal unit, mole fraction, unit %w/v ,%v/v ,%w/w          
Energy balance

· The law of conservation of energy states that energy is indestructible and that the total amt of energy entering a given system must equals that is leaving plus any accumulation within in the system.
· Form of energy-Heat, Electrical, chemical, Mechanical, radiation etc. 
· The  first law of thermodynamics is a statement of conservation of energy
· The law of conservation of energy states that the energy output must be same as the energy input in a chemical process
                                Simply, INPUT Energy =OUTPUT Energy
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 Unit of energy

Calorie :  it is heat required to raise temp. of one gram of air-free water from 15 to 160 C at one normal atm pressure.

British thermal unit: it is heat required to raise temp. of one pound of air-free water from 60 to 610 F at one normal atm pressure.
Centigrade heat unit: it is heat required to raise temp. of one pound of air-free water from 15 to 160 C at one normal atm pressure      
Measurement of energy      
· Heat capacity:  it is the amt of heat required to raise the temp. of a set amt (unit mass) of a material by 1 degree of temp.
· Specific heat : it is the ratio of the heat capacity of the body to the heat capacity of an equal Wt of water at 150C. Sp heat =  heat capacity of unit mass/ heat capacity of unit mass of water at 150 C.
· Molar heat capacity = M.W* Heat capacity*Δt 
 PRIMARY & SECONDRY QUNATITIES
· The units in which physical quantities are measured are divided into two groups 
· Primary units: the fundamental quantities are known as a primary units.
· E.g. mass, length, time, temp, force.
· Secondary units: these are the units derived from the primary units.
· E.g  Area, Flow rate, Velocity, Density, viscosity. 
Equilibrium state
· System that are undergoing change spontaneously do so in a definite direction .If left to themselves , they will eventually reach a state where apparently no further reaction takes place such a state is called an equilibrium state
· In any physical or chemical reaction at the state  the molar concentration of reactant is equal to the molar concentration of product, that state is called as equilibrium state
· Many chemical reactions are reversible and if it is allowed to proceed for sufficient length of time, a situation will arise wherein the pdt will react each other to produce the reactants and the state of equilibrium is established, such that reaction velocity is same in both the direction.
· Eg.  Saturated solution of salt
· CaSO4 (s)   
CaO (s)  + SO2 (g)
· A phase may be defined as a homogeneous substance viewed independently of its shape and size.
· E.g. of one phase : Rain drops, water in  tank or water in river 
· E.g. of two phase : Mixture of salt and water
· E.g. of three phase: Liq water, saturated steam and ice may all exist together at the triple point.
Rate of reaction

Objectives
· To understand that a chemical reaction involves collisions between particles
· To be able to describe the four factors which will affect the rate of a chemical reaction?
· The study of rates of changes in physical and chemical system is called kinetics.
· Kinetics may be divided in to two parts Chemical and Physical.
· The rate of most physical processes is proportional to a quantity called a driving force. 
                                                         E.g.   A 

K

B
· Rate of reaction dQ/dt = k* (B) / (A)
· Rate of reaction dQ/dt = dQ/dφ = ∆F/ R.
· Where, Q= Quantity being transferred, ∆F = driving force, t or ф = time, R = Resistan
· A chemical reaction involves a collision between particles.
· The particles collide and make new substances
· The particles which react are called the reactants
· The substances which are made are called the products 
· There are four things that we can change to make the reaction go faster.
They are 
· Temperature
· Surface area
· Concentration
· Using a catalys
· Steady state and unsteady state.
· When in any system the parametres such as pressure and temperature, not changed with time is called steady state.
· It is a process in which there is no change in conditions ( P, T, composition) or rates of flow with time at any given point in the system.
· When these changes with time are  called as unsteady state
· All other processes than the steady state are known as a unsteady state.
                                      E.g.  Flow of water at given section at constant temp, constant rate
 Basic law  
· The general law of conservation can be applied to any process or in unit operation.
· It is employed in engineering in the form of-
1. Material balance.
2. Energy balance
THE GAS LAWS
· Gas laws are applicable to perfect (ideal) gases only.
Assumption 
· 1. The distance between particles is sufficiently great, i.e. Intermolecular forces are negligible.
· 2. Volume of molecules themselves is negligible as compare to total volume. 
· Boyle’s law:  it states that for a given mass of an ideal gas, the product of the pressure and volume is constant at a constant temp.
                                        P * V = constant , P1V1= P2V2=K1(at constant T)
Charle’s Law:  He found that when a gas was heated at constant pressure, the volume increased in proportion to the increase in temp.
                                                V    ά   T ( at constant pressure)
                                                    V/T = constant.
Gay lussac’s Law:  He found that when a gas of fixed volume was heated, the pressure increased in proportion to the increase in temp.
                                                P     α    T  (at constant volume)
                                                              P/T  = constant
· The perfect gas law is combination of Boyle’ law, Charle’s Law and Gay lussac,s Law.
                                              PV  = nRT 
                                                                           Where
                                                                                         n= number of moles of gas
                                                                                         P = Ab. Pressure
                                                                                         V  = Volume of n moles of gas
                                                                                         R  = proportionality constant
Dalton’s law
· In a mix. Of gases, the partial pressure of any one of the component gases can be defined as the pressure that component gas would exert if it alone were present in the same vol. and at the same  Temp. as the original mix.
· The law states that the total pressure of mix of ideal gases equals the sum of the partial pressure of the component gases.
                                           P  =  Pa  + Pb  + Pc  +……..Px.
· A corollary to Dalton’s Law: It states that the mole fraction of component gas in a mix of ideal gases equals the partial pressure of the component divided by the total pressure.
Xa = na/na +nb  + nc   +  …… = Pa/P
Pa V =  naRT 
(Pa  + Pb  + …….) V   =  (na  +  nb  +  … ) RT.
na/N =Pa/P  = Xa.
                                                                                        Mole fraction = pressure fraction.
Amagat’s Law :  
· The pure component volume of a component gas in a mix of gases is defined as the vol which would be occupied by that component gas if it alone were present at the same temp and pressure as the original mix.
· Amagat’s law states that the total vol. occupied by a gaseous mix equals the sum of the pure component volumes.
                                                   V =   Va  +Vb  + Vc   +  ………………
· A corollary to Amagat’s law states that the mole fraction of a component gases equals the pure component vol of that gas divided by the total volume of the mix.
Xa  =   Va/V  = na/ N.
                    Standard condition:
· P = 760 mmHg
· V = 22.4 lit, 359 ft3
· n =  1 gram mole
· R = 1.987 cal/ gram-mole.K 
· T =  00 C
Automated process control system

AUTOMATION:-
· Means the use of machines and equipments for performing physical and mental operations in a production process in place of human being.
· Automation is designed to streamline and improve the accuracy and efficiencey of the medication use process
· Is a system of doing work where material handling , production process and product designs are integrated through mechanism of thoughts and efforts to achieve a set regulating & controlling system.
· Is the result of  Industrialization , driven by the need  to increase productivity & to achieve consistent quality products
· It can be done at various levels of manufacturing system-
· Handling of raw materials, semi-finished goods or finished goods
· During production process (efficient  machines are used )
· In Inspection and Quality control operations.
Objective of automation
· Reducing costs 
· Improving operating efficiencies
· Growing revenues
· Enhancing safety and quality
· Integrating and managing data
· Providing outstanding customer service
AUTOMATION IN PHARMACEUTICAL INDUSTRY
·  Basic purpose of AUTOMATION in Manufacturing industry is:-
·  To increase Productivity.
· Improve quality of products & to reduce waste.
· To reduce the costs.
· For safe handling of Hazardous substances.
·  To take heavy work from workers.
·  Regulation is a major consideration for Automation as it ensures compliance with safety considerations and guidelines.
Advantages of Automation:-
·  It provides better quality of goods and service.
·  It causes reduction in direct labor costs.
· There is effective control on operation.
·  There is greater accuracy, more output and greater speed.
·  The production planning and control is to be done in the beginning only
· The working conditions can be improved
·  Safety of workers is improved.
·  Minimization of wastage
·  The service to the consumer is enhanced.
· The quality of product improves as human input is minimized
Disadvantages of Automation:-
· Large capital investment is required.
· The maintenance cost is very high because maintenance labor of high caliber is required.
· It can create unemployment.
· Continuous power supply is required.
· Large inventories are required.
· Any breakdown , anywhere would lead to complete shut down.
· Requires highly skilled manpower.
· There are restrictions in designing and construction of the building.
Classification of industrial and laboratory automation-:
·   PROCESS AUTOMATION- deals mainly with handling of raw materials in forms such as liquids or powders. E.g. in oil refinery, oil& gas and chemical industries.
·  DISCRETE AUTOMATION- essentially deals with assembly of parts requiring high levels of mechanical motion to produce consumer electronics products and products for the automotive industries.
· Pharmaceutical  industry is hybrid of both Process and discrete manufacturing processes-
·  Process Automation system applies in the Primary manufacturing of API (Active  Pharmaceutical Ingredients)
·  Both Process & Discrete automation are applied in the secondary manufacturing of formulation and packaging (i.e. in compounding , filling , washing, leveling   machine and packing.
 GENERAL AUTOMATIC CONTROL SYSTEM- 
In heat exchange process-
·  In this process, the in flowing liquid is to be heated to the required  temperature steam flowing through heating coils.
·  The temperature of exit flow is affected by the processes variable such as-temperature and flow rate of the flowing liquid, temperature and flow rate of the steam, heat capacity of the fluids, and heat loss from the  vessel and mixer speed. 
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Type of system in heat exchange process- 
· Open loop system 
· Closed loop control system-
· Feed back control system 
· Feed forward control system
· Open loop system- Are those in which information about the controlled variable (like temperature ) is not used to adjust any of the system inputs to compensate for variation in the processes variables. 
· Closed loop control system- Is one where control variable is measure and the result of this measurement is used to manipulate one of the processes variables, such as steam flow
· Closed loop feed back system –In this system, information about the controlled variables is feed back as the basis for control of a process variable by a human operator (manual control) or by use of instruments (automatic control). 
·  In manual control system an operator periodically measures the  temperature of liquid. If for example, the temperature is below the desired value, he increases the steam flow by opening the valve slightly. 
· For automatically controlled system  a temperature sensitive device is used to produce a signal proportional to the measured temperature .this   signal is feed to controller which compare it with a preset desired valve  (set point ). If differences exist, the controller changes the opening of the steam control valve to correct the temperature 
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Closed loop feed forward control –
·  In this process disturbances are measured and compensated without waiting for a change in the controlled variable to indicate that a disturbance has occurred. This type of control is useful when the final controlled variable cannot be used
PROCESS MEASUREMENT 
         Instrument for Measuring Vacuum :
·  Compression gauge- Simple manometer. 
· Thermal (Pirani type) gauge. 
· Ionization gauge
·  Diaphragm gauges
·  Radiometer gauges 
Compression gauge e.g. McLeod Instruments –
· In this instrument a pool of mercury is arranged so that by raising a reservoir or by turning the   instrument, it seals off a pocket of vacuum space & then compress it into a known compression ratio .it can read down to 10-4 to 10-6 torr. 
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Thermal (Pirani type) gauge-
·  Gauges are based on the fact that energy lost from a heated wire in a partial vacuum is a function of the concentration of the residual molecules and therefore the absolute pressure. 
·  The total energy lost consists of-
a. Radiation 
b. Heat conduction from the ends of wire into the supports or leads and 
c. Energy lost as a result of the average energy of the incident molecules being smaller than that of those leaving the wire, i.e. they become heated and release  energy anyway .
·  (a) and (b) are functions of temperature only but (C)  is directly influenced by the no. of molecules present                                                                          . [image: image6.jpg]



· Energy  lost can be expressed as-
                                                                  E = α k p (TW-TG ) = α k p Δt watts per sq. cm. 
Where TW & TG are the temperatures of wire and gas respectively and p is pressure. A linear relationship is found between heat loss and pressure over a significant range

Ionization gauge-
·   Consist a triode valve . When the voltages are applied , a stream of electrons   flows from cathode to anode and passes through the grid . 
·  However if residual gas is present , some of the electrons collide with gas molecules and may ionize them positively , these ions will then discharge on the negatively charged grid and an ionization current will flow to earth. 
· The no. of positive ions formed this way is a direct function of the number of molecules present and therefore the pressure. The relationship b/w electron and ionization currents is given by                 P=k1 k2 Ii/Ie 
·   where p=pressure in torr, k1= constant of the instrument  used  and applied voltages, k2= constant for the nature of the gas, Ii= ionization current in µa I e = electron current in mA.
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Diaphragm gauges-
· These are based on the flexing of a diaphragm which can then be operate a mechanical or optical lever.
·  The advantage of these gauges are that they are completely unaffected by the composition of the gas or low pressure vapour but the diaphragm must be impervious to gases.
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Radiometer gauges-
· Knudsen type. – If two parallel plates are suspended in  gas and one of them is heated, then a disbalance of  molecular bombardment results which tend to force the plates apart. 
· This is  significant only when the mean free path of molecules is large relative to the size &spacing of plates. 
· Gas molecules which have made contact with the hotter plate have a higher average velocity than other in the system, including those from the cold plate  & these differences can be calculated from kinetic theory. 
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TEMPERATURE MEASUREMENT 
·  THERMOCOUPLES
·  Resistance thermometers
·  Filled in thermometers
·  Bimetal thermometer
·  Liquid in glass thermometers
· Pyrometers
THERMOCOUPLES- 
Principle – An electric current flows in a continuous circuit of two different metallic wires, if the two junctions are at different temperature. A& B are the two metals &T1&T2 are the temperature of the junction. If t1is the colder junction & thermoelectric current I flows in the direction indicated, metal A is referred to as thermoelectrically positive to metal B. The thermal emf is a measure of the differences in temperature between T2&T1.
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RESISTANCE THERMOMETERS-
·  Based on the inherent characteristics of metals to change in electrical resistance when they undergo a change in temperature.
·  Change in resistance is recorded and electrical resistance is calibrated in units of  temperature.
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Filled in thermometers-
· The filled in system thermometer has a sensitive measuring element (bulb) containing a gas or a liquid which changes in vapour pressure or volume with temperature. 
· This change is communicated through a capillary tube to the bourdon tube or other pressure or volume sensitive device. 
· The bourdon tube responds so as to provide a motion related in a definite way to the bulb temperature.
· System which respond to volume changes are completely filled with a gas or are partially filled with a volatile liquid. 
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BIMETAL THERMOMETERS-
·  The working principle of bimetal thermometer is to utilize two different metals with different thermal linear expansion coefficient. 
· One end is welded on a fixed point; the other end will bend when the temperature changes. This torsion will rotate the pointer to indicate the temperature.
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PRESSURE MEASUREMENT DEVICES-: 3 types -
· Based on measurement of height of liquid column. 
· Based on measurement of the distortion of an elastic pressure chamber.
·  Electrical sensing devices.
1-)  Liquid column pressure measuring device.
 Manometer- in this the pressure being measured is balanced against the pressure exerted by a column of liquid. If the density of liquid is known the height of the liquid columns is a measure of the pressure. These types of device are commonly called manometer
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2-  Elastic element pressure measuring devices- 
·  These are those in which the measured pressure deforms some elastic material (usually elastic) within its elastic limit, the magnitude of the deformation being approximately proportional to the applied pressure.
· These devices may be broadly classified into 3 types-
· Bourdon type e.g. C- spring bourdon 
·  Bellows type 
·  Diaphragm type. 
3- Electric sensing devices-: • e.g.- Strain gauge -: when a wire or other electrical conductor is stretched elastically , its length is increased & its diameter is decreased Both these dimensional changes result in an increases in electrical resistance of the conductor
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Bourdon C Tube                                                                                                 Strain Gauge
AUTOMATION IN TABLET MANUFACTURING
 Benefits of automation in tablet production-
· Improve material handling. 
· Improve specific unit operation- Unit operations in tablet manufacturing-
·  Particle size reduction 
·  Sieving
·  Mixing. 
·  Particle size enlargement. 
·  Drying.
·  Compression. 
· Sorting. 
· Coating. 
·  Packaging. 
· Eliminate or combine processing steps. 
· Incorporate automated process control of unit operation and processes. 
Introduction to reactors
· In chemical engineering, chemical reactors are vessels designed to contain chemical reactions .

· There are three main basic models used to estimate the most important process variables of different chemical reactors:

1. batch reactor model (batch),

2. continuous stirred-tank reactor model (CSTR), and

3. plug flow reactor model (PFR)
· Furthermore, catalytic reactors require separate treatment, whether they are batch, CST, or PF reactors, as the many assumptions of the simpler models are not valid.

· Key process variables include

· Residence time (τ, lower case Greek tau)

· Volume (V)

· Temperature (T)

· Pressure (P)

· Concentrations of chemical species (C1, C2, C3, ... Cn)

· Heat transfer coefficients (h, U)

· Chemical reactor manufacturer [1](h, U)

Batch reactor
· The batch reactor is the generic term for a type of vessel widely used in the process industries. Its name is something of a misnomer since vessels of this type are used for a variety of process operations such as solids dissolution, product mixing, chemical reactions, batch distillation, crystallization, liquid/liquid extraction and polymerization. In some cases, they are not referred to as reactors but have a name which reflects the role they perform (such as crystallizer, or bioreactor).

· A typical batch reactor consists of a tank with an agitator and integral heating/cooling system. These vessels may vary in size from less than 1 litre to more than 15,000 litres. They are usually fabricated in steel, stainless steel, glass-lined steel, glass or exotic alloy. Liquids and solids are usually charged via connections in the top cover of the reactor. Vapors and gases also discharge through connections in the top. Liquids are usually discharged out of the bottom.

· The advantages of the batch reactor lie with its versatility. A single vessel can carry out a sequence of different operations without the need to break containment. This is particularly useful when processing toxic or highly potent compounds.
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Continuous Stirred-Tank Reactors (CSTRs) and Fluidized Bed Reactors (FBs)

· A continuous stirred-tank reactor is an idealized reactor in which the reactants are dumped in one large tank, allowed to react, and then the products (and unused reactants) are released out of the bottom. In this way the reactants are kept relatively dilute, so the temperatures in the reactor are generally lower. This also can have advantages or disadvantages for the selectivity of the reaction, depending on whether the desired reaction is faster or slower than the undesired one.

· 

· CSTRs are generally more useful for liquid-phase reactions than PFRs since less transport power is required. However, gas-phase reactions are harder to control in a CSTR.

· A fluidized bed reactor is, in essence, a CSTR which has been filled with catalyst. The same analogy holds between an FB and CSTR as does between a PFR and a PBR. Unlike CSTRs though, Fluidized beds are commonly used with gasses; the gas is pumped in the bottom and bubbles through the catalyst on the way to the top outlet.
Plug flow reactors (PFRs) and Packed Bed Reactors (PBRs)

· A plug flow reactor is a (idealized) reactor in which the reacting fluid flows through a tube at a rapid pace, but without the formation of eddies characteristic of rapid flow. Plug flow reactors tend to be relatively easy to construct (they're essentially pipes) but are problematic in reactions which work better when reactants (or products!) are dilute.

· Plug flow reactors can be combined with membrane separators in order to increase the yield of a reactor. The products are selectively pulled out of the reactor as they are made so that the equilibrium in the reactor itself continues to shift towards making more product.



· A packed bed reactor is essentially a plug flow reactor packed with catalyst beads. They are used if, like the majority of reactions in industry, the reaction requires a catalyst to significantly progress at a reasonable temperature.

Bioreactors

A bioreactor is a reactor that utilizes either a living organism or one or more enzymes from a living organism to accomplish a certain chemical transformation. Bioreactors can be either CSTRs (in which case they are known as chemostats) or PFRs.

· Certain characteristics of a bioreactor must be more tightly controlled than they must be in a normal CSTR or PFR because cellular enzymes are very complex and have relatively narrow ranges of optimum activity. These include, but are not limited to:

1. Choice of organism. This is similar to the choice of catalyst for an inorganic reaction.

2. Strain of the organism. Unlike normal catalysts, organisms are very highly manipulable to produce more of what you're after and less of other products. However, also unlike normal catalysts, they generally require a lot of work to get any significant production at all.

3. Choice of substrate. Many organisms can utilize many different carbon sources, for example, but may only produce what you want from one of them.

4. Concentration of substrate and aeration. Two inhibitory effects exist which could prevent you from getting the product you're after. Too much substrate leads to the glucose effect in which an organism will ferment regardless of the air supply, while too much air will lead to the pasteur effect and a lack of fermentation.

5. pH and temperature: Bacterial enzymes tend to have a narrow range of optimal pH and temperatures, so these must be carefully controlled.[image: image20.png]
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