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The term mass transfer is used to denote the transference of a component in a mixture from a region 

where its concentration is high to a region where the concentration is lower Mass transfer process can 

take place in a gas or vapour or in a liquid, and it can result from the random velocities of the molecules 

(molecular diffusion) or from the circulating or eddy currents present in a turbulent fluid (eddy diffusion 

. 



9· Learning Outcomes, Teaching, Learning, and Assessment Method 

A- Knowledge and Understanding/ 
1. It is frequently necessary to separate a mixture into its components, and, in a physical 

process, differences in a particular property are exploited as the basis for the separation 

process. To explain how heat energy may be transferred. 

2. Consideration will be given to the basic principles underlying mass transfer both with and 

without chemical reaction, and to the models which have been proposed to enable the rates 

of transfer to be calculated. 

3. Mass transfer takes place across a phase boundary where the concentrations on either side 

of the interface are related by the phase equilibrium relationship.  

B. Subject-specific skills 

  Understanding Separation Processes 

 Analyze and design separation techniques such as distillation, absorption, extraction, 

leaching, and drying. 

  Application of Mass Transfer Principles 

 Apply laws like Fick's Law to model and solve diffusion problems in gases, liquids, and 

solids. 

  Design and Analysis of Equipment 

 Calculate and optimize parameters for mass transfer equipment (e.g., packed columns, tray 

towers, evaporators, dryers). 

  Equilibrium Analysis 

 Interpret phase equilibrium data (e.g., vapor-liquid, liquid-liquid, solid-liquid) for process 

development and simulation. 

  Mass Balance Calculations 

 Perform mass and component balances for steady-state and unsteady-state systems. 

  Rate-Based Modeling 

 Develop and use rate-based models to predict mass transfer rates and process efficiency. 

  Problem-Solving and Critical Thinking 



 

 

 

 Solve complex engineering problems involving multiple phases, non-ideal behavior, and 

coupled heat and mass transfer. 

  Use of Graphical and Analytical Methods 

 Employ tools like McCabe-Thiele and Ponchon-Savarit diagrams for stage calculations in 

distillation and absorption. 

  Equipment Selection and Scale-Up 

 Choose appropriate separation techniques and scale them up from lab to the industrial 

scale. 

  Safety and Environmental Considerations 

 Understand the implications of mass transfer operations on safety, emissions, and 

sustainability. 

 

      Teaching and Learning Methods 

In-person lectures, online lectures, quizzes, assignments, and practical work in the laboratory and 

workshop. 

       Assessment methods 

Oral tests, Written tests, Midterm exams, Final exams, Daily assessment, Electronic (or online) tests. 

C. Thinking Skills 
1. Continuous evaluation of student behavior during class hours. 

2. Direct discussions with students during lectures. 

3. Monitoring behavioral changes in some students and following up with them. 

4. Implementing mini-projects within the lecture sessions. 

 



 

Course structure 

Week Hours Intended Learning Outcomes Teaching 

Method 

Assessment 

Method 

First 4 Distillation, vapor–liquid equilibrium, 

relative volatility, methods of obtaining 

equilibrium curve 

Lecture Quizzes and 

Assignments 

Second 4 Methods of distillation: Differential, Flash, 

and Rectification 

Lecture Quizzes and 

Assignments 

Third 4 Fractionating columns, calculation of the 

number of theoretical plates, operating 

lines 

Lecture Quizzes and 

Assignments 

Fourth 4 Lewis-Sorel and McCabe-Thiele methods 

for calculating the number of theoretical 

plates 

Lecture Quizzes and 

Assignments 

Fifth 4 Reflux ratio: importance and minimum 

value. Batch Distillation: operation at 

constant product composition 

Lecture Quizzes and 

Assignments 

Sixth 4 Operation at constant reflux ratio, isotropic, 

extractive, and steam distillation. Mass 

transfer by diffusion: Fick’s law, methods, 

types of diffusion, and diffusion theories 

Lecture Quizzes and 

Assignments 

Seventh 4 Gas absorption: equilibrium, relation to 

film theory, solvent selection, operating 

line equation, column height calculation, 

absorption in plate towers, theoretical 

stages 

Lecture Quizzes and 

Assignments 

Eighth 4 Mass transfer equipment: tray towers, tray 

types, factors affecting tray efficiency, 

packed columns 

Lecture Quizzes and 

Assignments 

Ninth 4 Liquid–liquid extraction: solvent selection, 

equilibrium systems, solubility curves, 

temperature effect on solubility 

Lecture Quizzes and 

Assignments 

Tenth 4 Stage-wise contact: single-stage and multi-

stage 

Lecture Quizzes and 

Assignments 

Eleventh 4 Continuous extraction towers, types of 

extraction equipment 

Lecture Quizzes and 

Assignments 

Twelfth 4 Leaching: influencing factors, theoretical 

principles, leaching equipment 

Lecture Quizzes and 

Assignments 

Thirteenth–

Fourteenth 

4 Heat and mass balance for continuous 

dryers, drying equipment 

Lecture Quizzes and 

Assignments 

Fifteenth 4 Crystallization: theories, crystallization 

rate, equipment, Drying: equilibrium, 

drying rate, drying rate curve, drying time, 

Lecture Quizzes and 

Assignments 



batch and Drying: equilibrium, drying rate, 

drying rate curve, drying time, batch and 

continuous drying mechanisms continuous 

drying mechanisms 

 

 

 

 

 

 

Learning and teaching resources  

Ref. 1-Separation Process Engineering 

Includes Mass Transfer Analysis Fifth 

Edition, PHILIP C. Wankat.  
2-Heat and Mass Transfer: A Textbook 

for Students Preparing for B.E. and 

B.Tech., B.Sc. Engg., and gate 

examination in SI units Er. R.K. 

RAJPUT. 

3-Mass transfer in chemical engineering 

Processes edited by Jozef Markos.  

4-Volume 4 Petroleum Refining Design 

and Applications Handbook 

A.KAYODE COKER. 

5-Fundamentals of Heat and Mass 

Transfer, sixth edition by: 

Incropera/Dewitt/Bergman/Lavine. 

6- Chemical Engineering Coulson and 

Richardson's volume 1, Fluid Flow, Heat 

Transfer and Mass Transfer, sixth 

edition. 

7- Principles of Mass transfer and 

Separation processes Binay k. Dutta. 

 
 



 

 

 

  

1 / A –Target population :-  
  

For students in the second year  

Technological Institute of Basra 

Dep. Of Chemical Industrial Techniques 

  
  

1 / B –Rationale:-  
  

Mass transfer is a fundamental process in engineering and science where a 

chemical species moves from one location to another due to a concentration 

gradient. It plays a critical role in various natural and industrial processes, 

including distillation, absorption, drying, extraction, and biological transport. 

  

  

1 / C –Central Idea:-  
  Diffusion: Movement of molecules from high to low 

concentration (governed by Fick’s Laws). 

 Convection: Mass transfer enhanced by bulk fluid motion. 

  

1 / Overview 

  



 Interphase transfer: Movement of species between phases (e.g., 

gas to liquid in absorption). 

These processes are essential in operations such as distillation, drying, 

absorption, extraction, and membrane separation, which are 

foundational to both chemical and biochemical engineering. 

 

1 / D – Performance Objectives  
By the end of this unit, the student will be able to: 

1. Define key concepts of mass transfer such as diffusion, convection, 

mass transfer coefficient, and driving force. 

2. Explain the mechanisms of mass transfer in different phases (gas, 

liquid, solid) and across phase boundaries. 

3. Apply Fick’s First and Second Laws to solve basic diffusion 

problems in steady and unsteady states. 

4. Calculate mass flux and mass transfer rates in systems involving 

simple geometries and boundary conditions. 

5. Use dimensionless numbers (e.g., Sherwood, Reynolds, Schmidt) to 

characterize mass transfer processes. 

6. Analyze the effects of fluid velocity, concentration gradient, and 

system geometry on mass transfer performance. 

7. Design or evaluate basic mass transfer equipment (e.g., absorption 

columns, diffusion cells) under specified conditions. 



8. Compare mass transfer mechanisms with analogies from heat and 

momentum transfer. 

9. Interpret real-life and industrial applications of mass transfer 

principles, such as in separation processes or environmental 

engineering.  

 

  

 

2 /  Pretest 
 : 
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1 / A –Target population :-  
  

For students in the second year  

Technological Institute of Basra 

Dep. Of Chemical Industrial Techniques 

  
  

1 / B –Rationale:-  

 Liquid-liquid extraction (LLE) is a separation process based on the mass 

transfer of a solute from one liquid phase into another immiscible or partially 

miscible liquid phase. This process relies fundamentally on concentration 

gradients and the differences in solubility of the solute in each liquid phase. 

Understanding mass transfer in LLE is essential because the rate and extent of 

solute transfer directly affect the efficiency and selectivity of the separation. 

Engineers must analyze and control factors such as interfacial area, diffusion 

coefficients, phase contact time, agitation, and solvent choice to optimize 

extraction performance. 

Mastery of mass transfer principles in LLE enables: 

 Efficient design of extraction equipment (e.g., mixers-settlers, packed 

columns). 

 Minimization of solvent usage, reducing cost and environmental impact. 

  

1 / Overview 

  



 Improvement in product purity and recovery rates. 

 Proper scale-up from laboratory to industrial operations.  

  

2 / C –Central Idea:-  

 Liquid-liquid extraction is a separation technique that utilizes the selective 

mass transfer of a solute from one liquid phase into another immiscible or 

partially miscible liquid phase. This process leverages differences in solute 

solubility and distribution between the two phases to achieve effective 

separation. 

The efficiency of liquid-liquid extraction depends on the interfacial area, 

concentration gradients, and mass transfer rates between the phases. 

Understanding these factors allows for the design and operation of extraction 

systems that maximize solute recovery and purity while minimizing solvent 

usage and operational costs. 

In essence, liquid-liquid extraction combines principles of mass transfer, 

equilibrium, and fluid dynamics to separate components based on their 

preferential solubility, making it an essential method in chemical, 

pharmaceutical, and environmental processes. 

 

1 / D – Performance Objectives  
By the end of this unit, the student will be able to: 

After studying liquid-liquid extraction, the student will be able to: 

1. Explain the fundamental principles of liquid-liquid extraction, including 

solute distribution between two immiscible liquids. 

2. Describe the role of mass transfer and equilibrium in the extraction process. 

3. Identify the key factors affecting extraction efficiency, such as interfacial 

area, solvent selection, agitation, and phase contact time. 

4. Calculate the distribution coefficient and understand its significance in 

predicting solute transfer. 

5. Analyze batch and continuous liquid-liquid extraction operations. 



6. Design simple liquid-liquid extraction equipment like mixers and settlers 

based on mass transfer concepts. 

7. Evaluate the performance of an extraction process using mass transfer 

coefficients and equilibrium data. 

8. Apply safety and environmental considerations in selecting solvents and 

operating conditions. 

 

 

  

 

2 /  Pretest 
 : 

    

  

       



 

 

x= mass fraction of Solute in Feed and Raffinate stream 

X = the ratio of Solute to solvent in the Raffinate streams. 

y= mass fraction of Solute in Solvent and Extract stream. 



Y = the ratio of the Solute to Solvent in the Extract streams. 

 

 



 

 



 

The following definitions may be made: 

X = the ratio of solute to solvent in the raffinate streams. 

Y = the ratio of the solute to solvent in the extract streams. 

If the two solvents are immiscible, the solvent in the raffinate streams 

remains 

as A, and the added solvent in the extract streams as S. The material 

balances 

for the solute may then be written as: 
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1 / A –Target population :-  
  

For students in the second year  

Technological Institute of Basra 

Dep. Of Chemical Industrial Techniques 

  
  

1 / B –Rationale:-  

 Drying is a crucial unit operation used to remove moisture or liquid from a solid or semi-

solid material by vaporization, typically through the application of heat and mass transfer 

principles. This process is essential in many industries—including food processing, 

pharmaceuticals, chemicals, and agriculture—to improve product stability, shelf life, and 

handling. 

The rationale for studying drying operations lies in its impact on product quality, energy 

efficiency, and process optimization. Understanding the drying mechanism helps engineers 

design equipment and select operating conditions that minimize drying time and energy 

consumption while preserving the material’s physical and chemical properties. 

Moreover, drying plays a vital role in preventing microbial growth, reducing weight for 

transportation, and preparing materials for further processing or storage. Mastery of drying 

principles enables professionals to solve challenges related to uneven drying, product 

degradation, and scale-up, ensuring sustainable and cost-effective industrial processes. 

  

  

1 / Overview 

  



3 / C –Central Idea:-  

 Drying is the process of removing moisture from a solid or semi-solid 

material by transferring liquid as vapor into the surrounding air or gas phase. It 

involves the simultaneous heat and mass transfer, where heat is supplied to 

evaporate the moisture, and the vapor is removed to prevent saturation. 

The efficiency of drying depends on factors such as temperature, humidity, 

airflow, and properties of the material. Understanding drying mechanisms enables 

the design and operation of drying equipment that maximizes moisture removal 

while preserving product quality and minimizing energy consumption. 

In essence, drying is a vital unit operation used to enhance product stability, reduce 

weight, and prepare materials for storage or further processing in various 

industries. 

The subject of drying operation focuses on the principles and mechanisms of heat 

and mass transfer involved in moisture evaporation, the factors influencing drying 

rates, and the design and optimization of drying equipment across various 

industrial applications. 

 

1 / D – Performance Objectives 

After completing the study of drying operations, the student will be able to: 

1. Define the drying process and explain its industrial importance in various 

applications. 

2. Describe the mechanisms of moisture removal, including heat and mass 

transfer principles involved in drying. 

3. Differentiate between drying periods (e.g., constant rate period and falling 

rate period). 

4. Identify the key factors affecting drying rate, such as temperature, air 

velocity, humidity, surface area, and material properties. 

5. Classify different types of dryers (e.g., tray dryer, rotary dryer, fluidized bed 

dryer) and select suitable equipment for specific materials and processes. 

6. Calculate drying time and rate using drying curves and moisture content 

data. 



7. Analyze energy requirements for different drying operations and propose 

energy-efficient solutions. 

8. Apply drying operation knowledge to improve product quality, minimize 

degradation, and ensure safe moisture levels for storage and transportation. 

  
 

Drying operation 

INTRODUCTION 

The drying of materials – whether solids, liquids or slurries – to 

improve storage life or reduce transportation costs is one of the oldest 

and most commonly used unit operations. Drying of fruit, meat and 

various building and craft materials date back before the discovery of 

fire. The physical laws governing drying remain the same, even though 

the machinery to accomplish it has improved considerably! Today, 

dryers are in operation in most manufacturing industries, including 

chemical, pharmaceutical, process and food. Products that are dried 

range from organic pigments to proteins, as well as minerals to dairy 

products. Because of the spectrum of duties required, there is a great 

variety of dryers available. The correct choice depends on the 

properties of the feed material and the desired characteristics of the 

final product. Gases and liquids containing small amounts of water can 

be dried by adsorption operations. 

Purpose of Drying Operations: It is carried out for a number of 

reasons: 

(1) It is used for purifying a crystalline product so that the solvent 

adhering to the crystals is removed or the solvent can be recovered. 

(2) Storage of dry solid as compared to wet solid is easy. 

(3) The cost of transportation for dry material would be reduced. 



(4) Drying can provided definite desired properties to the material as in 

the case of pharmaceutical substances such as tablets, syrups etc. 

(5) Presence of traces of moisture may lead to problems of corrosion as 

in the case of chlorine gas. Dry chlorine gas is not corrosive but traces 

of moisture make it very corrosive. 

(6) Sometimes can be an essential part of the process, e.g. drying of 

paper. However, care must be taken to avoid shrinkage of material or 

loss of flavor in food product or cracking etc.; which may take place 

during drying operations.  

 

 

 TYPES OF MOISTURE 

Equilibrium moisture X*: This is the moisture content of a substance 

when at equilibrium with a given partial pressure of the vapour. 

Bound moisture: This refers to the moisture contained by a substance, 

which exerts an equilibrium vapour pressure less than that of the pure 

liquid at the same temperature. 



Unbound moisture: This refers to the moisture contained by a 

substance, which exerts an equilibrium vapour pressure equal to that of 

the pure liquid at the same temperature. 

Free moisture: Free moisture is that moisture contained by a substance 

in excess of the equilibrium moisture: X – X*. Only free moisture can 

be evaporated, and the free-moisture content of a solid depends upon 

the vapour concentration in the gas.  

RATE-OF-DRYING CURVE 

From the data obtained during such a test, a curve of moisture content 

as a function of time. This will be useful directly in determining the 

time required for drying larger batches under the same drying 

conditions. Much information can be obtained if the data are converted 

into rates (or fluxes) of drying, expressed as N mass/(area)(time), and 

plotted against moisture content. This can be done by measuring the 

slopes of tangents or by determining from the curve small changes in 

moisture content ∆X for corresponding small changes in time ∆θ and 

calculating the rate as N = –Ss ∆X/A ∆ θ Here SS is the mass of dry 

solid, A is the wet surface over which the gas blows and through 

which evaporation takes place in the case of cross-air circulation 

drying. In the case of through-circulation drying, A is the cross section 

of the bed measured at right angles to the direction of the gas flow. The 

rate-of-drying curve is sometimes plotted with the ordinate expressed 

as mass moisture evaporated/ (mass dry solid) (time), which in the 

present notation is – d/dθ. There are usually two major parts to the rate 

curve of Fig. 8.3, a period of constant rate and one of falling rate, as 

marked on the figure. While different solids and different conditions of 

drying often give rise to curves of very different shape in the falling-

rate period, the curve shown occurs frequently. Some of the differences 

which may arise will be considered later, but for the present let use 

briefly review the reasons generally advanced for the various parts of 



the curve shown. If a solid is initially very wet, the surface will be 

covered with a thin film of liquid, which we shall assume is entirely 

unbound moisture. When it is exposed to relatively dry air, evaporation 

will take place from the surface. The rate at which moisture evaporates 

can be described in terms of a gas mass transfer coefficient KY and the 

difference in humidity of the gas at the liquid surface YS and in the 

main stream Y. Thus, for cross-circulation drying. 

NC = KY (YS – Y) 

 

TIME REQUIRED FOR DRYING 

If one wishes to determine the time of drying a solid under the same 

conditions for which a drying curve such as Fig. 8.3 has been 

completely determined, one need merely read the difference in the 

times corresponding to the initial and final moisture contents from the 

curve. Within limits, it is sometimes possible to estimate the 

appearance of a rate-of-drying curve for conditions different from 

those used in the experiments. In order to determine the time for drying 

for such a curve, we proceed as follows. 
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1 / A –Target population :-  
  

For students in the second year  

Technological Institute of Basra 

Dep. Of Chemical Industrial Techniques 

  
  

1 / B –Rationale:-  

 Gas-liquid absorption is a key mass transfer operation in which one or more 

gaseous components are selectively transferred from a gas phase into a liquid 

solvent. It plays a vital role in many industrial processes such as air pollution 

control, gas purification, chemical synthesis, and environmental protection. 

Understanding the gas-liquid absorption process is essential because it combines 

principles of mass transfer, thermodynamics, and fluid dynamics to achieve 

efficient solute removal or recovery. The process depends on factors such as 

solubility, interfacial area, contact time, and mass transfer coefficients, which 

must be optimized for effective design and operation. 

Studying this operation equips engineers and scientists with the skills to: 

 Design and analyze absorption columns (e.g., packed or tray towers), 

 Select appropriate solvents based on solubility and chemical compatibility, 

 Control emissions of toxic or greenhouse gases, 

  

1 / Overview 

  



 And improve process sustainability by integrating absorption with 

regeneration or chemical reaction. 

Therefore, the rationale for studying gas-liquid absorption lies in its scientific 

importance, its broad industrial applications, and its critical role in ensuring 

safety, environmental compliance, and process efficiency. 

  

4 / C –Central Idea:-  

 Gas-liquid absorption is a mass transfer operation in which one or more 

components of a gas mixture are transferred into a liquid solvent due to a 

difference in concentration. This process relies on the driving force created by 

the concentration gradient between the gas and liquid phases and is often 

enhanced through equipment that increases contact surface area and residence 

time. 

The core of this operation is the interaction between gas and liquid phases, 

where solutes dissolve into the liquid either physically or chemically. It is widely 

used in industries for gas purification, pollution control, and reactive 

separations, making it essential for environmental and chemical engineering 

applications. 

The subject of gas-liquid absorption focuses on the principles of mass transfer 

between gas and liquid phases, design and operation of absorber equipment 

(e.g., packed and tray columns), the role of equilibrium and rate-based models, 

and factors that influence the absorption efficiency, such as solvent properties, 

flow rates, pressure, temperature, and interfacial area. 

In summary, the central idea of gas-liquid absorption revolves around the efficient 

and selective transfer of gaseous components into a liquid phase to achieve 

desired separation or purification goals. 

 

 

1 / D – Performance Objectives 

After completing the study of gas-liquid absorption, the student will be able to: 



1. Define the gas-liquid absorption process and explain its industrial 

applications (e.g., air pollution control, CO₂  removal, gas purification). 

2. Differentiate between physical absorption and chemical absorption. 

3. Describe the mechanisms of mass transfer from the gas phase into the liquid 

phase, including the role of concentration gradients. 

4. Interpret equilibrium data such as Henry’s law and apply it to gas 

absorption problems. 

5. Identify and evaluate key factors affecting absorption efficiency, including 

solvent selection, temperature, pressure, flow rates, and interfacial area. 

6. Classify different types of absorption equipment (e.g., packed towers, plate 

columns) and understand their operating principles. 

7. Calculate mass transfer rates, number of transfer units (NTU), and height of 

transfer units (HTU) in absorber design. 

8. Design a basic absorption column using theoretical and empirical 

correlations. 

9. Analyze the performance of existing gas absorption systems and suggest 

improvements for energy efficiency and effectiveness. 

10. Apply knowledge of gas-liquid absorption to solve real-world problems in 

environmental and chemical engineering contexts. 

 

 

 

 



 

 
 



 

 
 



 

 



 

 



 

 
 



 
 

 
 



 

 



 

 



 

 
 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 



 

 



 

 



 



 

 
 

 

 


